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ASPECTS OF ROBUSTNESS IN FLOW CONTROL 
PROCESSES 

 

Mircea DULĂU1, Horaţiu GRIF2, Stelian OLTEAN3 
“Petru Maior” University of Tîrgu Mureş, N. Iorga st., No. 1, 540088, Tîrgu Mureş, Romania  

1
mdulau@engineering.upm.ro, 

2
hgrif@engineering.upm.ro, 

3
soltean@engineering.upm.ro 

ABSTRACT 
In the industrial domain, a large number of applications is covered by slow processes, 

including the flow, the pressure, the temperature and the level control. Each control 

system must be treated in steady and dynamic states and from the point of view of the 

possible technical solutions. Based on mathematical models of the processes and design 

calculations, PC programs allow simulation and the determination of the control system 

performances. 

The paper presents a part of an industrial process with classical control loops of flow and 

temperature. The mathematical model of the flow control process was deducted, the 

control structure, based on experimental criterions, was designed and the version witch 

ensure the imposed performances was chosen. Using Matlab, the robustness 

performances were studied. 

Keywords: robustness, robust control, uncertain models, control systems, tuning algorithm  

 
1.  General aspects of the plant 
The plant is designed to cool the product in a 

heat exchanger HE and transport at constant flow to a 

container of (pro)culture.  

The plant consists of two hydraulic circuits, 

namely cooling agent circuit and product circuit, with 

the following equipments (Fig.1):  

• P1 pump, for cooling agent recirculation, with 

constant rotation at 3000 rot/min; cooling agent 

temperature value in the input range C0)7...0( − ; 

• P2 pump, for product transport, with max. flow 80 

hm3 ; product temperature value in the input 

range C0)8...3( ++ ; 

• HE heat exchanger, with steel plates and V1, V2 

volumes; 

• proportional valve with three ways; 

• pipelines for cooling and product circuits; 

• flow transducer and indicator FI, placed on product 

circuit, at L distance of pump; 

• PT 100 temperature transducer, placed on product 

circuit, at the exchanger output; measurement 

range is (-20...80) C0 , (4...20) mA output; 

• VS variable rotation, up to max. 1500 rot/min,  the 

current (4...20) mA; 

• FC flow controller (PLC Siemens), with analogical 

and digital inputs/outputs; the reference flow is 

hmF 3
0 40= ; 

• TIC temperature indicator and controller, with 

analogical and digital inputs/outputs; 

• On/Off valve for opening/closing the cooling 

circuit. 

Initially, the P2 pump for product transport 

turn on and signals start are transmitted to the 

controllers, P1 pump and On/Off valve. 

The three ways valve keeps the set point 

temperature ( CT 0
0 6.2−= ). If the temperature falls 

below 1.9 C0 , the On/Off valve closes and the P1 

pump ensures the cooling agent recirculation. 

The P2 pump with variable rotation is the 

actuator for keeping the flow to the reference value. 

If the flow falls below minimum value, the plant 

enters in emergency mode, potentially freezing the 

heat exchanger. 

If the flow reaches maximum value and the 

pump speed is low, the plant automatically stops 

because (perhaps) inappropriate viscosity of the 

product. 

 

2. Mathematical modelling of the process  
It is considered the hydraulic circuit for 

product, located between P2 pump and FI transducer. 

For this, the input/output mathematical model and the 

transfer function are determined, considering the case 

when the pipeline is equivalent with a hydraulic 

resistance (short pipeline). 

The relationship between flow and differential 

pressure is: 
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Fig. 1 – The process with flow and temperature loops 
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F
P

α

ρ ⋅
=∆ ,   (1) 

where: F – the flow by pipeline; ∆ P – differential 

pressure; A – the pipeline section; α - the flow 

coefficient; ρ - the product density. 

In steady state, the equilibrium relationship 

between product press force and reaction force is: 

0
2 22

2
0

0 =
⋅

−∆ A
A

F
AP

α

ρ
  (2) 

In dynamic state, the flow variations determine 

the speed variations, so the appearance of inertial 

effects: 

( )
( )

( )tF
dt

d
L

A

tF
AtP ρ

α

ρ
=

⋅
−∆

2

2

2
  (3) 

For quantities that are time function, arbitrary 

variations over the steady state are given: 

( ) ( )( ) ( )
( ) ( )tFFtF

tpPtPPtP

∆+=

∆+∆=∆∆+∆=∆

0

00
, (4) 

then take account the steady state relationship and 

neglect the terms with ∆F2(t). The result is:  

( ) ( ) ( )tF
dt

d
LtFF

A
Atp ∆⋅=∆−∆ ρ

α

ρ
02

. (5) 

After normalization to the steady state values, 

of the form: ( ) 0FFty ∆= , ( ) ( ) 0Ptptu ∆∆= , results 

the mathematical model of the pipeline in 

dimensionless variables: 

( )
( ) ( )tukty

dt

tdy
T pp =+   (6) 

Based on Laplace transform, the transfer 

function of the process is: 

( )
1+⋅

=
sT

k
sH

p

p
p   (7) 

where: )(
2

0
2

0
2

FAPk p ρα ∆=  is the amplifier 

value and 0
2

FLATp α=  is the time constant. 

No mathematical system can exactly model a 

physical process. The mathematical model take into 

account the dynamic model of the pipeline, between 

the measurement point and the controlled point, base 

on the impulse conservation low. 

Typically, the pipeline length L, the flow F, 

the pressure P, the section A, the density ρ  and the 

constant α  would be measured experimentally 

and/or calculated, leading to the confidence intervals 

for these parameters and not just a single value: 

[ ]FFF n ∆±∈ ;  

[ ]PPP n ∆±∈ ;       (8) 

[ ]ααα ∆±∈ n . 

The values nnn PF α,,  are called nominal 

values and the α∆∆∆ ,, PF  are called the maximum 

deviations from the nominal values [1,6,7]. 

In practice, there are many admissible transfer 

functions for this process, one for each possible 

combination of F, P and α  in the given intervals.  

 

3.  The control structure and robustness 
aspects 

For the flow control loop, the transfer function 

of the whole process, results by serial connection of 

the transducer, the actuator and the pipeline, corrected 

with the delay time τ , due to the product transport 

phenomena.  

The flow transducer and the actuator (VS+P2) 

are considered proportional type, with the transfer 

function kT and Ek , resulting: 

( ) s

f

fs

p

p
ETF e

sT

k
e

sT

k
kksH

⋅−⋅−
⋅

+
=⋅

+
⋅⋅=

ττ

11
 (9) 

A proportional-integrative (PI) algorithm is 

chosen, witch ensure by P component, speed in 

command development and by I component, high 

performances in steady state [5,12,13]. 

In this case, the open-loop transfer function of 

the system is: 

( ) ( )
( )

s

f

f
i

i

R
d e

sT

k
sT

sT

k
sH

⋅−
⋅

+
⋅+=

τ

1
1      (10) 

For tuning, the experimental criterions: 

Zeigler-Nichols, Oppelt, Chien-Hrones-Reswick and 

8



 

 

Kapelovici are used and is chosen the version witch 

ensure the imposed control performances. 

For example, the Oppelt criterion recommend 

the tuning relationships for PI controller [8,9,10]: 

τ⋅
⋅=

f

f
R

k

T
k 8.0 ;   τ⋅= 3iT  (11) 

There are a variety of techniques that have 

been developed for robust control. 

To be robust, the control system should meet 

the stability and performance requirements for all 

possible values of uncertain parameters.  

The plant model uncertainty can be a 

fundamental limiting factor in determining what can 

be achieved with the feedback.   

Considering some characteristic of the 

feedback system (ex. internally stable), a controller is 

robust with respect to this characteristic if this 

characteristic holds for every plant.  

The two matrices S and T are known as the 

sensitivity function and the complementary sensitivity 

function, in the relationship [1,2,11]: 

1=+TS          (12) 

 The singular value Bode plots of each of 

these functions give information about the control 

system design.  

 
4.  Experimental results and conclusions 
With Oppelt relationships (11), the closed-

loop system ensures the imposed performances, 

namely: overshoot %4=σ , settling time 

.sec40<tt , steady state error 0=stε  (Fig.2). 

 

 
Fig. 2 – Step response with PI Oppelt 

controller 
 

The Matlab interface allows to simulate the 

behaviour of the flow process with different types of 

controllers, determined by experimental criterions. 

The closed-loop system responses, considering 

step inputs can be viewed individually or in the same 

axes, allowing comparative studies about 

performances (Fig.3). 

Some of parameters from the nominal 

relationship (7) have exact value (L, A) and some of 

these varies within a specific range of values, 

defining the uncertain model of the flow process, as 

follow:  

- the nominal value of 5.0=pk  (depending of P∆  

and F) and a range between 0.25 and 0.75; 

- the nominal value of .sec8=pT  (depending of α  

and F) and a range with 10%. 

 
Fig. 3 – The Matlab interface 
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To find how variations of the parameters from 

the nominal model affect the process and the closed-

loop performances, with Matlab techniques are 

generated a number of random samples of the 

uncertain parameters and plot the corresponding step 

responses (Fig.4) [3,4]. 

The closed-loop robustness analyze, refer to 

the stability and performance robustness of the 

closed-loop flow process and this analysis of the 

nominal closed-loop system indicates that the system 

is very robust, with 60 deg of phase margin (Fig.5). 

The sensitivity function is a standard measure 

of closed-loop performances for the feedback system 

(Fig.6). In the time domain, the sensitivity function 

indicates how well a step disturbance can be rejected. 

In addition is possible to compute the worst-

case value of the uncertain sensitivity function and 

the disturbance rejection characteristics. 

 

 
Fig. 4 – Closed-loop responses 

 

 
Fig. 5 – Closed-loop responses 

 

 
Fig. 6 – Sensitivity function 

Good models of systems are difficult to 

construct and require a variety of skills from physics, 

electrical, mechanical and computer engineering to 

design and implement. For this process the 

determined mathematical models allows to: describe 

the mechanism of the process; simulate the 

behaviour; establish the control structure and strategy.   

The Matlab Toolbox offers a collection of 

functions that allows to analyze and to design the 

control system without/with uncertain elements [3,4]. 
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ABSTRACT 
The model of the reactive sputtering process has been determined from the dynamic 

equilibrium of the reactive gas inside the chamber and the dynamic equilibrium of the 

sputtered metal atoms which form the compound with the reactive gas atoms on the 

surface of the substrate. The analytically obtained dynamical model is a system of 

nonlinear differential equations which can result in a hysteresis-type input/output 

nonlinearity. The reactive sputtering process has been simulated by integrating these 

differential equations. Linearization has been applied for classical analysis of the 

sputtering process and control system design. 

Keywords: reactive sputtering process, dynamical modeling, linearization, steady state operating point, stability. 

 
1.  Introduction 
Mathematical models may be developed along 

two methods: the analytical and the experimental way 

to get the dynamical model. Development of the 

analytical dynamic model does not necessarily 

involve any experimentation on the actual system. 

The other way towards mathematical modeling is 

directly based on experimentation, and this method is 

generally referred to as “system identification”. The 

analytically obtained dynamical model generally is a 

system of nonlinear differential equations. 

When faced with an engineering problem of a 

nonlinear system, the first approach usually is the 

linearization; in other words, trying to avoid the 

nonlinear aspects of the problem. In this paper we 

present one simple linearization method of the 

analytical model of the reactive sputtering process. 

The linearized model is valid just in a small region of 

the selected operating point [1][2]. 

 The linearization is useful in model analysis 

and on the other hand we can specify the system 

stability in the given operating point. The reactive 

sputtering is a highly nonlinear process, which 

frequently exhibits stability problems. The 

mathematical model itself is nonlinear, with a 

hysteresis-type input-output nonlinearity. 

 

2.  Modeling the reactive sputtering process  
A very sensitive aspect of the reactive 

sputtering process is the dynamic equilibrium of the 

reactive gas inside the chamber and of the metal 

atoms which form the compound with the reactive 

gas atoms on the surface of the substrate [3]. The 

components of this rather complex balance are 

schematically shown in Fig. 1. The phenomena on 

both the surfaces of the target and of the substrate 

include sputtering and gettering of the reactive gas 

atoms. 

 

 
Fig.1 – Schematic representation of the reactive 

gas balance and of the main particle fluxes on the 
target and substrate surfaces. 

 

The larger the surface of elemental nonreacted 

metal, the stronger the flux of sputtered metal atoms 

which further reduces the reactive gas concentration 

by forming compound on the surface of the substrate. 

The reactive gas consumption increases when the 

fractional coverage with compound is smaller. It 

results that the reactive sputtering process is strongly 

nonlinear. The main type of nonlinearity is hysteresis, 

which can be observed both from theoretical results 

(obtained from simulation using the mathematical 
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model), and from practical measurements. 

The mathematical model developed is based 

on the hypotheses and formulation used by S. Berg 

[4] [5] [6] [7] as follows: 

- the partial pressure of the reactive gas has uniform 

distribution in the processing chamber; 

- the secondary electron emission due to the ionic 

bombardment of the target surface is uniform and 

independent of the surface fraction covered by 

compound; 

- the glow discharge takes place in a mixture of inert 

gas and reactive gas (ex. Ar and 2…3% of N2) 

- the contribution of the reactive gas ions to the 

bombarding ion flux is negligible due to the small 

concentration of the reactive gas; 

- no reactive gas is consumed at the fraction of the 

target surface that is already covered by compound; 

- homogenous sputtering rate is assumed on the 

whole surface of the target. 

These hypotheses are based on widely 

accepted research results in the field of PVD by 

reactive magnetron sputtering; respectively provide a 

reasonably correct description of the process by a 

model which is simple enough to be considered for 

stability analysis and process controller design [8]. 

The dynamic model of the reactive magnetron 

sputtering process is defined by the system of 

equations (1): 
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In this mathematical model the following 

notation has been used: 

pN- the partial pressure of reactive gas (nitrogen) in 

the sputtering chamber; 

θt- the fraction of the target surface covered by 

compound molecules; 

θc- the fraction of the condensation area covered by 

compound molecules; 

FN- the flux of reactive gas molecules (N2) on the 

target or on the substrate; 

qin- the input reactive gas flow; 

qp- the gas flow evacuated by the vacuum pump; 

At- the target area; 

Ac- the substrate (condensation) area (including the 

substrate and the chamber); 

mN- mass of the reactive gas molecule (28 a.u. 

( kgua 271066.1..1 −⋅= )); 

mTi - mass of the metal (47.9 a.u.); 

ηM- sputtering yield of the elemental metallic material 

(titanium); 

ηN- sputtering yield of the compound (titanium 

nitride); 

αtM, αcM- sticking coefficients for the nitrogen 

molecule (to the titanium target or to the covered 

part); 

NTi- the superficial density of the titanium atoms on 

the surface of the metallic target; 

J- the particle density of argon ions on the surface of 

the target, which can be calculated using the 

relationship: 

)/( eAIJ td ⋅=                                 (2) 

e- the charge of electron ( C19106.1 −⋅ ); 

Id –the intensity of the discharge current;  

k1- coefficient, calculated in function of temperature 

and chamber volume.  

VmN

TR
k

NA ⋅⋅
⋅

=1 ;            (3) 

R – ideal gas constant ( molKJ /8314 ); 

NA – Avogadro’s number ( 12310022.6 −⋅ mol ); 

T – temperature; 

V – volume of the sputtering chamber. 

This mathematical model in state space 

representation (1) has three state variables (pN, θt and 

θc) two inputs (qin and Id) and for the output  we can 

choose between the fraction of the target surface 

covered by compound molecules θt or the sputtering 

rate (Rp) defined by the relationship (4): 

( )[ ]tMtNp JR θηθη −⋅+⋅⋅= 1   (4) 

 

3.  Modeling results 
The reactive sputtering process has been 

simulated employing a Runge-Kutta step control 

algorithm [9][10]. The sampling time was typically 

set to 0.01 sec. The parameters used for simulation 

are listed in Table 1.  

 

Table 1. Parameters used for simulation 
Notation Value 

T 300K 

V 331075 m−⋅  

ηM 1.5 

ηN 0.3 

NTi 
21210140 m−⋅  

At 221084.0 m−⋅  

Ac 222.0 m  

αtM, αcM 1 

 

The steady-state analysis of the process yields 

very nonlinear characteristics defining the steady-

state relation between the input reactive gas quantity 

and the state variables from equations (1). For 

simulation we considered the reactive gas flow as 

input. Different time variations of the input signal, 

used in our experiments, are presented in Fig. 2 

[11][12]. 

The fractional coverage of the target (θt) in 

function of the input N2 quantity (qin) is shown in 

Fig.3, where the bombarding particle density of argon 

ions (J) is calculated for constant discharge current 

intensity (Id=1.125 A). These results obtained by 

simulation using the dynamic model (1) put in 
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evidence the hysteresis loop described in the plane 

defined by θt and qin (Fig. 3.) at different variation 

speeds of the input reactive gas flow in accordance 

with Fig. 2. 

 

 
Fig. 2 – Variation in time of the reactive gas flow 

in case of different variation speeds 

 
Fig. 3 – The steady-state relation between the 

fractional surface coverage of the target and the 
input reactive gas flow, respectively the hysteresis 
loops obtained in case of different variation speeds 

of the input reactive gas flow 
 
4.  Linearization with Taylor series 

approximation method 
The object of linearization is to derive a linear 

model the response of which agrees closely with that 

of the nonlinear model. Numerous technological 

dynamic processes can be analytically modeled by 

means of differential equations, which in the state 

space representation have the form: 
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where the input signal u(t) is an independent (m x 1) 

variable, y(t) is the output vector (p x 1) and x(t) is the 

state vector (n x 1).The number of input signals is m, 

the number of output signals is p and the number of 

state variables is n. The aim of linearization methods 

is to determine a linear mathematical model, which 

has the general form in state space representation: 
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where the matrices of the system are: A(t) (n x n), B(t) 

(n x m), C(t) (p x n) and D(t) (p x m). 

The linearization approach presented in this 

section is based on the small signal linearization 

method. For the linearization of the equations the 

Taylor series approach has been applied. According 

to this method, a nonlinear continuous function F(t) 

can written as: 
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where 
kx represents the pivot moment at the sequence 

k and δxk is the perturbation, considered small 

enough. The index k is used here for the functions 

specification at xk. This relation is possible to apply if 

the right side members of the equation (5) are 

continuous, differentiable functions and the initial 

conditions are considered known. If we ignore the 

higher order members (q>1), for the linearized model 

we can use the following relationship: 
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For the discrete-time model, we can apply methods 

with polynomial approximation and numerical 

integration, and the model becomes: 
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where Φk, Γk, Ck and Dk  are the matrices of the 

linearized discrete time system with adequate 

dimensions. 

The results of linearization are valid just in a 

small region around the selected operating point. The 

responses of the linear and nonlinear models do not 

agree exactly and may differ significantly under some 

conditions. Generally there exists a set of inputs and 

initial conditions for which the agreement will be 

satisfactory. 

 

5.  Stability analysis of the nonlinear process 
and the results of linearization 

The linearization of the dynamic model of the 

reactive sputtering process has been performed for 

different operating points. In Fig. 4 there is presented 

the steady state relation between the fractional surface 

coverage of the target and the input reactive gas flow 

with three selected operating points P1, P2 and P3. 

Stability analysis of a dynamical system helps us to 

understand what is going to happen with the state 

variables after perturbation. Stability properties of a 

physical system refer to the way the system responds 

to some perturbation of initial states; whether the 

system can recover on its own after being perturbed 
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or it has an unpredictable behavior. In Fig. 5, 6 and 7 

we show the variation of states after perturbation for 

different operating points. 

.
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 Fig. 4 – The steady-state relation between θθθθt and 
qin with three selected operating points 
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Fig. 5 – Perturbation results for operating point P1  

 After simulation we can draw the conclusion 

that the operating points P1 and P3 are stable 

operating points, but the P2 is an unstable operating 

point. Using these selected operating points we can 

calculate the linearized discrete time Φ matrices 

(fundamental matrices). For stability analysis we 

determine the eigenvalues for these operating points: 

9915.09986.07744.0: 3211 === λλλP  

9769.09654.00014.1: 3212 === λλλP  

8690.08690.09988.0: 3213 === λλλP  
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Fig. 6 – Perturbation results for operating point P3 
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Fig. 7 – Perturbation results for operating point P2 

 

It can be observed the existence of a single 

unstable pole in case of the operating point situated 

on the negative slope of the characteristic (P2). For 

this unstable operating point the root locus method 

can be used to test the controllability [13][14]. 

Two control methods have been analyzed: by 

means of the reactive gas flow (qin) only (Fig.8) and 

by means of the discharge current (Id) (Fig.9). 
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Fig. 8 – Root locus for the reactive gas flow 

controlled system (operating point P2). The right 
side figure shows details of the root locus. 
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Fig. 9 – Root locus for the discharge current 

controlled system (operating point P3) 
 

 Analyzing the root locus, the following 

conclusions can be drawn: if the process works in this 

unstable operating point P2, the system is controllable 

using a proportional controller in case of both types 

of control input. When the control signal is the 

reactive gas flow then the controller gain may be 

varied only in a small range ( 610)1603.7( −⋅÷−∈k ). In 

this case the discharge current is fixed (Id=1.125A). 

In the other case, when the control signal is the 

discharge current the controller gain can be in the 

range )0508( ÷−∈k . In this case the input reactive 

gas flow is qin=6.23 sccm. In conclusion we can say 

that for this unstable operating point the controller 

parameter tuning is much easier in case of control by 

means of the discharge current than in case of control 
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by means of the reactive gas flow. The simulation 

results obtained in case of the two different control 

inputs are presented in Fig. 10 and Fig. 11. 

 
Fig. 10 – Results of simulation for gain controlled 

system, when the control signal is qin  

 
Fig. 11 – Results of simulation for gain controlled 

system, when the control signal is Id 
 

6. Conclusions  
The present investigation shows that the 

dynamical modeling of the reactive sputtering process 

is characterized by nonlinear differential equations. 

The majority of design methods on the classical 

control theory require the knowledge of a linear 

model of the controlled process. The first approach 

usually is the linearization of the nonlinear model. In 

this paper there was presented a simple linearization 

method based on the analytical model of the reactive 

sputtering process, which is valid only in a small 

region around the selected operating point. The 

linearization approach presented in this section is 

based on the small signal linearization method, using 

the Taylor series approach. The linearization method 

has been performed for three operating points 

selected on the steady state characteristics, There 

have been analyzed the stability and the degree of 

controllability of the system in these points. The 

existence of a single unstable pole has been proven in 

case of the operating points situated on the negative 

slope of the steady state characteristic. 
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SPUTTERING PROCESS 
 

Sándor PAPP1, László JAKAB-FARKAS2, Dominic BIRÓ3, Willibald SZABO4  
1,2,3 Department of Electrical Engineering, Faculty of Technical and Human Sciences,  

Sapientia University, Tîrgu Mureş, Şos. Sighişoarei, No. 1C, 540485, Tîrgu Mureş/Corunca, Romania, 
4 Department of Electronics and Computers, Faculty of Electrical Engineering and Computer Science, 

Transilvania University, Politehnicii St., No. 1-3, 500019 Braşov, Romania 
1spapp@ms.sapientia.ro, 2 jflaci@ms.sapientia.ro, 3 dbiro@ms.sapientia.ro, 4 w_l_szabo@yahoo.co.uk 

ABSTRACT 
Automatic control of reactive sputtering process involves controlling the state of the 

electrical discharge plasma and the definition of control variables. Obtaining a thin film 

with a determined constant structure and composition, involves maintaining in every part 

of the substrate and at all time of the deposition process a constant number of collisions, 

i.e. activated plasma density. This condition is greatly hampered by the dynamics of 

surface phenomena that occur at the sputtered target. . 

Keywords: dynamic pressure, modeling and identification, reactive sputtering process   

 
1.  Introduction 
Variation of dynamic pressure inside the 

vacuum chamber has a decisive influence on the 
formation and maintenance of the electrical discharge 
parameters (by modifying plasma impedance) and the 
formation of thin layer structure.[1,2,3] 

To achieve an efficient control, which ensures 
a constant pressure for changes in gas flow process 
modeling, identification and simulation of physical 
processes of the dynamical pressure were performed. 
In general the assumption of separation, the design of 
automatic control system is divided into two stages, 
first determining a mathematical model for the 
process and determining the structure and tuning the 
regulator [4]. 

 
2.  Experimental 
The experimental measurements were 

conducted on a reactive magnetron sputtering system. 
The volume of vacuum chamber is 80 l. The two 
stage pumping system consists of a TMP with 
500l/min pumping rate and a oil sealed fore-vacuum 
pump. This pumping system provides a base pressure 
of 2x10-6 Torr. The process gases flows (argon the 
inherent gas and N2 the reactive gas) are controlled 
with Mass Flow Controllers in range of  
q = 0-10 sccm. To obtain the required pressure during 
the sputtering process of 3x10-3 Torr, the flow rates 
were: qAr=6 sccm and qN2=3 sccm.   

For pressure measurement we used a 
compact ceramic gauge type CMR375 from Pfeiffer.  

 
 
The TMP conductance control was done 

using a “butterfly” type throttle valve, shown in fig.1. 

 
Fig. 1 – Vacuum chamber pressure management 

system 
In downstream pressure control, the valve 

position is adjusted, changing the system pumping 
speed and effectively achieving and maintaining 
pressure regardless of input gas flow. Downstream 
pressure control has fast response, wide dynamic 
range and is compatible with all vacuum pumps and 
most effluent gases.[5] 

Figure 2 shows the dynamic pressure variation 
depending on the valve angle adjustment. The 
movement of throttle valve was performed with a 
position controlled DC servomotor in range within 0 
to 90 degree with 5 degree resolution and 3 minutes 
settling time.  
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Fig. 2 – Dynamic pressure variation
the valve angle adjustment

  
3.  Identification from indicial function of 

first order systems with dead time
We consider the transfer function
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Following the steps of parametric model 
identification, based on experimental
k-gain, T-time constant and τ-dead time
are calculated. Figure 3 show the model’s unit step 
response. 

 

Fig. 3 – The model’s unit step response
 

variation depending on 
the valve angle adjustment 

Identification from indicial function of 
dead time 

We consider the transfer function:  
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k is the gain, T is time constant and τ dead 
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of parametric model 
experimental measurements 

dead time parameters 
Figure 3 show the model’s unit step 

The model’s unit step response 

Using graphic identification methods the
transfer function has been defined
terms: 

)575,0exp()( −= ssH

In Matlab Simulink, based on
transfer function the behavior of a
shown in fig 4., with the following structure
simulated. 

Fig. 4 – Simulated PI controller structure
 

The transport delay module simulate
behavior, delay between the change
conductance caused by throttle
the appearance of pressure 
pressure sensor mounted on the
pumping port.[6] This phenomen
fig. 3. 

Graphical representation of output of the 
simulated PI controller is shown in fig. 5:

Fig. 5 – The response of PI controller
 

4.  Identification of physical
We started from the equation of state

ideal gas: 

�� � �
� ��	

	⇒	
�
�
We can express the flow

dependent on the speed of action of
system according to the α angular position
throttle valve: 
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From the above equations: 
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defined with the following 
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based on the obtained 
function the behavior of a PI controller, 

the following structure has been 

Simulated PI controller structure 

module simulates the real 
between the change in vacuum line 

conductance caused by throttle valve movement and 
 change detected by 

mounted on the opposite side with the 
This phenomenon can be seen on 

Graphical representation of output of the 
controller is shown in fig. 5: 

The response of PI controller  

of physical model  
equation of state of the 

⇒ �

� �

��
��


�

�                 (6) 

flow of exhaust gas qout 
of action of the vacuum 

angular position of the 

��� � 
�

�                      (7) 
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� � ∗ ����                 (9) 
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For ease of calculation the dynamic
Pascal) and inlet flow (volume flow
have been converted [6]. 
 

� � 2,5 ∗ 10 !"�#$$% � 0,033

�'�( � 1	")**+% � ��,- � 0,027

In a stationary state pressure inside the
 

� � /,-
0�1�                               

where the speed of action of the vacuum
the form: 

���� � 2 ∗ 3                          

A - is the section of pumping port
angular position of the butterfly valve
graphically in fig.6: 
 

Fig. 5 – The section of pumping 
 

Total section of vacuum
components, component A1 resulting from
distance between the tube wall and
with constant section  and A2 variable component
depending on the angular position
valve α. Such the action speed of 
takes the form: 

���� � 2 ∗ 431 5 32 ∗ *#)

If the valve is closed completely
becomes: 
 

���� � 2 ∗ �31 5 32 ∗
� 21 5 22 ∗ )67�.                         

In stationary state the pressure is: 

� � /,-
89:8;∗<�1                     

Using these equations we can calculate the
mathematical model to physical process
Based on measurements we have two

a) If α = 0 ˚, the pressure p = 1.16 [Pa], K1 has 
the value: 

21 � 0,14 ∗ 10
b) If α = 90 ˚ , the pressure p 

has the value: 
 

22 � 0,41 ∗	10

the dynamic pressure (Torr in 
(volume flow in mass flow) 
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                          (13) 

port according to the 
tterfly valve α presented 

 
of pumping port 

vacuum tube has two 
resulting from the 
and butterfly valve, 
variable component 

the angular position of the butterfly 
of vacuum system 

*#) 4D;E�E          (14) 

 
If the valve is closed completely α = 0, S(α) 

∗ )67�� 
                        (15) 

 

                     (16) 

equations we can calculate the 
process. 
two different cases: 

˚, the pressure p = 1.16 [Pa], K1 has 

10 @                  (17) 

 = 0.29 [Pa],  K2 

10 @                 (18) 

Finally the derivative of the pressure
expressed: 

��
��


�

� � �� �

 

�

� � 0,12 � � ∗ �0,1 5

Based on these calculations in
simulation of the model with the following structure
was done (shown in fig. 6) [9] 
 

Fig. 6 – Physical model 
 
Figure 7 show the model’s unit step response:
 

Fig.7 -  The model’s unit step response
 

Based on the obtained model
PI controller with the following structure
simulated in Simulink  
 

 
Fig. 8 – Simulated PI controller structure
 
Graphical representation of output of the 

physical model based PI controller is shown in fig. 9:
 

the pressure can be 

� � ∗ ��∝�              (19) 

� 5 0,31 ∗ )67 ∝�     (20) 

in Matlab Simulink the 
the following structure 

 

Physical model  

Figure 7 show the model’s unit step response: 

model’s unit step response 

obtained model the behavior of a  
the following structure was 

Simulated PI controller structure 

Graphical representation of output of the 
PI controller is shown in fig. 9: 

18



   
Fig. 9 – The response of PI controller

 
5. Conclusions 
In this paper, based on measurements

physical model, we performed the steps
and modeling pressure control in 
The need of studying a dynamic model
The final purpose of these 
implementation of an automatic pressure
system. 
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ABSTRACT 
Electron beams have many special properties which make them particularly well suited 

for use in materials processing, wherever conventional techniques failed or proved to be 

inefficient. The entire process has a lot of time varying parameters, so using a distributed 

control system for 3d position of the electron beam spot may improve the quality of the 

material processing. Matlab environment was used for model implementation and 

simulations of the control system which contains the focusing and deflecting components. 

Due the nature of the process and knowing the electron beam equipment we proposed for 

the simulations scenarios with a 3D virtual surface. 

Keywords: electron beam material processing, modelling and simulation   

 
1.  Introduction 
The electron beams properties like high 

resolution, long depth of field attainable, high power 

density energy make them very useful in many fields. 

One of these is material processing. So, electron 

beam can be used in melting, welding, evaporation, 

refining and thermal surface treatment material in 

microelectronics, nuclear technologies, aeronautics.  

The electron beam equipment is a 

multivariable process which makes the modelling 

process a difficult task to solve. The heat absorption, 

the penetrations of the electrons in metal, focusing of 

beam are some of the complicated problems provided 

by the study of the equipment. Also, the examination 

of the electron gun’s variable is very difficult due the 

nature of the process. These reasons are sufficient to 

look after modern control strategies. After these 

methods have been found, an important stage prior to 

their implementation is modelling and simulation. 

The quality of the processing and the technical 

demands depend on the electron beam equipment 

variables such as electron beam current, accelerating 

voltage, focusing distance, electron beam speed, 

deflections in the Ox and Oy directions, electron 

beam diameter, focusing coil current and deflection 

coil current, electrons emission, vacuum in the work 

chamber or electron beam gun, electromagnetic 

fields, X radiation, material properties [1,2,3,4]. 

From the variety of parameters which can be 

chosen to be controlled, the focusing and the 

deflection of the electron beam have a lot of influence 

on the processing performance. So, we present in this 

paper some aspects from the modelling and 

simulation stage of the electron beam control system 

implemented in Matlab environment, considering a 

3D virtual surface. 

Because of the complex physical processes 

taking place in the electron beam focus point we 

designed in [5] a fuzzy adaptive focusing system 

which controls the energy density of the electron 

beam transmitted to the workpiece. The minimum 

spot diameter of the electron beam on the material 

surface provides the highest depth of penetration. 

Deflecting system or/and mechanical 

movement with CNC table are used to cover all 

possible target points positions of the workpiece 

surface or to follow the seam trajectory. We designed 

in [6] a PI control system for linear deflection of the 

electron beam. 

Combining these automatic systems (one 

focusing and two deflecting components for the Ox 

and Oy directions) result a multivariable 3d control of 

the electron beam spot. The reference signals for the 

focusing and deflecting systems are obtained using a 

3d decomposition of the seam trajectory. 

The paper is structured in three parts: 

- the presentation of the electron beam 

equipment; 

- the presentation of the 3d control system of 

the electron beam spot position; 

- the presentation of the simulations for a case 

study using the electron beam 3d control. 

In the final section of the paper some 

conclusions about the electron beam processing 

control are given. 

The study of the documentation in this field 

and the experiments are currently being put into 

practice by the authors based on the electron beam 
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equipment CTW 5/60 (5kW maximum power at 

60kV accelerating voltage) developed by “Petru 

Maior” University of Târgu Mureş in partnership with 

Electrical Research Institute ICPE Bucharest [7]. 

 

2.  Electron Beam Equipment  
The most common systems of this type used in 

manufacturing are high vacuum design. The main 

parts of the equipment are the triode gun and the 

vacuum system that provides high vacuum 

environment, without the beam cannot be generated. 

The triode gun design consists of the cathode, 

composed of the filament and the massive cathode, 

electrode or grid, anode, focusing and deflection 

coils. The vacuum system ensures a pressure level of 

10
-3

–10
-4

 Pa and it is controlled by a multi-tasking 

digital system implemented on the microcontroller 

and PC. To avoid accidents, any error that may 

appear in this unit is pointed out and preparing 

sequences for material processing are halted [4,7]. 

The emission of electrons from the 

incandescently heated termoemission filament, which 

is saturated during the process by a predetermined 

amount of electrical current, generates the main 

beam. A negative high voltage potential is applied to 

the filament cathode assembly, referred to as the 

accelerating voltage of 40…60kV.  

Another voltage, lower than the accelerating 

voltage is applied to the grid cup or bias assembly. In 

this way the grid cup acts as a valve that controls the 

volume of electron energy that can flow from the 

cathode to attracting targets. 

The first target, situated in the triode gun, is an 

anode at a positive potential, which forms the beam. 

Then the focused beam of electrons is led using 

focusing coil to a secondary target, situated in the 

workbox, consisting of a metallic workpiece, where 

the kinetic energy of the electrons is converted into 

thermal energy and the metal is heated. The metallic 

workpice offers a conductive path to earth to 

complete the circuit. This target can be stationary and 

the electron beam energy deflected using deflection 

coils or the workpiece can be moved using a CNC 

table [1,2,7,8]. 

The high power electron beam system with the 

classic triode gun is shown in the Fig. 1. In this 

scheme the high voltage supply, high voltage 

controller, electron beam current controller and other 

intermediary or secondary modules are not drawn [7]. 

The magnetic focusing coil is located beneath 

the anode assembly and is circular in design and 

concentric with electron beam. An electrical current 

is passed through the coil, which produces magnetic 

fluxes that provides convergence of electron beam. 

The deflection coil is created with four wound coils 

positioned at right angles to the column. 

Another important part in the experimental 

equipment is the electron’s collector composed of the 

four electrodes used to capture reflected electrons 

from target surface (workpiece). These electrons offer 

utile information about the material processing. 

 

 
Fig. 1 – The electron beam equipment 
 

3.  Electron Beam 3D Control System 
Usually following a regular trajectory on the 

workpiece surface with electron beam spot can be 

done with manual control of the deflecting and 

focusing systems or moving the CNC table. If the 

seam trajectory is complex in a random manner, the 

tracking process must be assisted by digital 

equipments and the desired seam is obtained using 3d 

control systems. 

First of all, we proposed that seam trajectory is 

contained in 256x256 pixels digital images 

representing the 5x5cm
2
 workpiece surfaces. One of 

these images saved in grayscale bitmap format with 

8bits per pixel is shown in Fig. 2. 

 

 
Fig. 2 – The 256x256 pixels digital image 

 

The desired 3D seam trajectory that must be 

extracted from the 256x256 pixels digital image is 

presented in Fig. 3. Also, the three-dimensional axes 

was converted to the real physical values [6]. 
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Fig. 3 – The 3d seam trajectory 

 

Having the virtual trajectory, our next task was 

to design a 3d system which controls the movement 

of the electron beam spot in the material. The three 

dimensional control system scheme of the electron 

beam spot is shown in Fig. 4. 

 

 
Fig. 4 – The electron beam 3d control system 

 

The two deflecting coils, located beneath the 

focusing coil, create two magnetic fields; both are 

perpendicular to the symmetry axis of the electron 

gun. A constant deflection on the linear axis (Ox or 

Oy) needs a magnetic field with constant intensity 

generated by the one deflecting coil (Ox or Oy).  

The magnetic fields created with both coils 

determine the position of the focal spot on the 

workpiece plane xOy. To prevent the aberrations of 

the magnetic lenses and deformations of the spot, the 

deflection is made on small angles. From this point of 

view the resulting maximum working area is 5cm
2
. 

The mathematical model of the deflecting 

systems contains two components: the stationary 

model and the dynamic model. 

The deflection of the electron beam on Ox axis 

xdefl depends on the deflecting current ixdefl if the 

accelerating voltage Uacc is constant. The dynamic 

model of the deflecting system on the linear axis Ox 

is given by a first order differential equation [6,8]. 

xdefl

acc

bdeflb

e

defl in
Ua

ldk

m

e
x ⋅⋅

⋅

⋅⋅⋅
⋅

⋅
≈

00

2

µ
 

 ( ) ( )tutiR
dt

di
L xdeflxdefls

xdefl

s =+  (1) 

Where ddefl is the distance from the coils to the 

material surface, lb the coil length, a the coil 

dispersion, kb the induction curve, e0 the electron 

charge, me the electron mass, µ0 the absolute 

permittivity, n the number of turns , Ls the coil 

inductivity and Rs the resistance. 

Due the nature of the deflecting system we 

designed in [6] a PI controller with 0.045 seconds 

integrative and 73.94 proportional constants. This 

controller was translated in discrete time form using 

Tustin method and 1 milliseconds sampling time.  

In the Oy direction the process and controller 

models have similar forms. 

Using the focusing coil the convergence of 

electron beam and Oz axis movement are assured at 

high precision. Mathematical model of the focusing 

system has also two components: the stationary 

model and the dynamic model [5]. 

The stationary model of the focusing system 

consists in the nonlinear dependencies between the 

number of turns n, focusing current ifoc and focusing 

distance zfoc [5,8,9]. The dynamic model has as input 

the prescribed focusing coil voltage ufoc and as output 

the focusing current ifoc.  
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dt

di
L focfocs
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s =+  (2) 

Because the stationary model (2) is an 

approximation, influenced by the electron beam 

equipment variables, nonlinearity and disturbances 

we proposed in [5] a fuzzy model reference learning 

control FMRLC for the focusing system. This fuzzy 

adaptive system is capable to learn and to adapt to 

different unknown situations. FMRLC has the same 

structure as conventional model reference adaptive 

control MRAC, which is composed of four main 

parts: the plant, the controller, the reference model 

and the adjustment mechanism [10,11,12]. 

 

4.  Simulations and conclusions  
This section presents the results obtained using 

the multivariable control system of the electron beam 

spot which contains deflections on two axes and 

focusing in depth of the material.  

The reference for every control loop of the 

distributed system is determined from the 

decomposition of the three dimensional seam 

trajectory on the Ox, Oy and Oz axes. 

Along the Ox axis the reference is 2.5 cm step 

type. For Oy deflecting system the reference varies 

from 0 to 5 cm in 2.5 seconds (considering a 2cm/s 

movement speed). The reference for the third 

directing part (Oz axis) is a sum of the desired depth 

of the seam in the workpiece and the distance from 

the electromagnetic lens to the material surface. 
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Fig. 5 – The decomposition of the seam trajectory 

 

The responses of the 3d control system are 

shown in Fig. 6. 

 

 
Fig. 6 – The responses of the 3d control system 

 

It is obvious that the deflection on Ox axis xdefl 

tracks the reference signal xdefld obtained from the 

seam trajectory and steady state error is zero. The 

deflection on Oy axis ydefl follows the reference signal 

ydefld and steady state error resulting from the Fig. 5 

and Fig. 6 converges to zero. 

The focusing distance zfoc follows very closely 

the reference signal zfocd and for this component the 

steady state error converges also to zero. The demand 

for this module is carried out via the fuzzy adaptive 

control. 

The response of the 3D control system 

represents the 3d position of the electron beam spot. 

The 3d response is shown in Fig. 7 and tracks the 

seam trajectory shown in Fig. 3. 

 
Fig. 7 – The 3D movement of the electron beam 

 

In conclusion, focusing distance control and 

trajectory tracking are the final stages of automation 

in the electron beam equipment. So, these can be used 

to improve the quality of the processing. The major 

problem is provided by the focusing component, 

because the overfocused or underfocused beams are 

some effects that must be avoided.  

The paper presented o distributed 3d control 

which combines the deflections components with the 

focusing part. The results of simulations indicate the 

possibility to perform a distributed and modern 

control of the 3d spot position of the electron beam. 

 

References  
[1] Bakish, R. - Introduction to electron beam 

technology, John Wiley & Sons, New York, 1985 

[2] Fireteanu, V. - Procesarea electromagnetică a 

Materialelor, Ed. Politehnică Bucureşti, 1995 

[3] Clarke, J.A., - High energy density beam welding 

of aluminium, Metalase Technologies LLC , 2003 

[4] Tănăsescu, FT and Costin, I. Electrotehnologii, 

vol.I., Institutul Politehnic Bucureşti, 1988 

[5] Oltean, S.E., Grif, H. and Duka, A.V. - Fuzzy 

adaptive control simulation of the electron beam 

focusing, 13th International Symposium SIMSIS, 

Galaţi, 2007, pp. 46-51 

[6] Oltean, S.E. and Dulau, M. - Focusing and 

Deflecting Systems Modelling and Simulation of the 

Electron Beam Equipment CTW 5/60, Scientific 

International Conference InterEng, Tg. Mureş, 2009, 

pp. IV-26-1-IV-26-6 

[7] *** - Technical documentation. Instalaţia de 

prelucrare cu fascicul de electroni CTW5/60, 

Universitatea Petru Maior Târgu Mureş 

[8] Dulău, M. - Controlul procesarii cu fascicul de 

electroni, “Petru Maior” Univ. of Tg Mureş, 2005. 

[9] Zhigarev, A. - Electron optics and electron beam 

devices, Mir Publishers Moscow (translation from 

Russian by Utkin N.), 1975 

[10] Passino, K. M. and Yurkovich, S. - Fuzzy 

Control, Addison Wesley Longman, 1998 

[11] Ioannou, P. - Robust adaptive control, University 

of Southern California, 2003 

[12] Astrom, K.J. and Wittenmark, B. - Adaptive 

Control, Addison Wesley Longman Inc., 1995. 

23



H2 ROBUST CONTROL OF A SERIES LOAD INDUCTION 

HEATING INVERTER WITH KALMAN FILTER STATE 

ESTIMATOR 
 

Tibor SZELITZKY
1
, Adrian O. NEAGA

2
, Miron TULBURE

3
, 

Cristian FILIP
4
, Roxana BOTH

5 

Technical University of Cluj Napoca, Faculty of Automation and Computer Science, Department of Automatic 

Control,  G. Baritiu st., No. 26-28, 400027 Cluj-Napoca, Romania 

( e-mail:sztibi82@yahoo.com, adrian.neaga@aut.utcluj.ro, miron.tulbure@aut.utcluj.ro 

cristian.filip@aut.utcluj.ro, roxana.both@aut.utcluj.ro) 

ABSTRACT 
Kalman filters allows state estimation, which are advantageous in the case of 

unobservable states of a complex process. The paper deals with a LabVIEW™ v8 

implemented frequency controlled induction heating inverter state estimator. Based on 

experimental results, simulations have been carried out to prove the reliability and 

practical implementation possibilities of the H2 robust controller, ensuring safe operation 

of the plant during parameter variations. 

Keywords: Induction heating, Kalman state estimator, H2 control, LabVIEW™ 

 
1.  Introduction 

Induction heating equipments are high 

efficiency none polluting, safe heaters. The Joule-

Lenz effect of the induced eddy currents of the 

alternating electromagnetic field generates heat 

directly on the surface of the workpiece. The heating 

process is clean, without the release of toxic or 

corrosive gases. An accurate temperature control 

algorithm assures minimum byproducts (such as slag) 

yield. 

Modern control algorithms like LQR, H2 

robust control or Lyapunov [1] based control require 

access to the controlled systems states for easier and 

better (optimal) control. Since the states of the system 

model used are not measurable, a Kalman state 

estimator is proposed. 

In the present article, is presented the design 

and possible implementation of a Kalman state 

estimator and H2 controller for a frequency controlled 

induction heating inverter. The input variable of the 

inverter is the commutation frequency of the power 

transistors and the measured output variable is the 

capacitor voltage in the resonant load. Figure 1 

presents the block diagram of the system. 

 
Fig. 1 – Block diagram of a frequency controlled 

induction heating inverter 

 

The system is supplied by the main line. The 

voltage is rectified using four diodes and filtered by a 

filter choke and electrolytic capacitors. The obtained 

voltage supplies the inverter bridge constructed of 

four power transistors. A voltage controlled oscillator 

generates the commutation frequency for the power 

transistors [2, 3]. 

 

2.  Process description 

For low power and high frequency 

applications, the series load induction heating 

inverters are preferred. They are simple in design and 

easy to control [4]. For this experiment, the topology 

presented in figure 2 was proposed. 

The resonant load consists of a capacitor, a 

matching transformer and the heating inductor. The 

capacitor has a value of 7.4µF and the matching 

transformer (Tr) has a transformation ratio of 12:1. 

 
Fig. 2 – Resonant circuit with feedback and 

estimator 
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Fig. 3 – Inductor-workpiece geometry with 

magnetic field lines 

 

The L and R represent the equivalent 

inductivity and resistance of the heating coil. These 

two values were estimated using FEMM 4.2 

(Magnetostatic Finite Element Methods program) for 

the inductor-workpiece geometry presented in fig. 3.  

In parallel with the load capacitor, a voltage 

transformer (Trm) separates galvanically and adjusts 

the amplitude of the supplied data to the estimator. 

The signal provided by this transformer contains 

noise due to high intensity electromagnetic fields 

generated by the high frequency, high intensity 

currents and by the switching properties of the power 

transistors [5]. 

The use of the Kalman filter not only provides 

filtering of the signal, but also allows the estimation 

of the unmeasurable states of the system. 

 

3.  Kalman Filter 

R.E. Kalman invented Kalman filter in 1960. 

He proposed a recursive solution for the discrete data 

linear filtering problem. It is considered the optimal 

tracking, navigation and data prediction algorithm in 

many applications. Kalman filter uses the state space 

representation, which enables the use of the filter as a 

smoother, filter or predictor [6]. 

The filter minimizes the mean square error [7]: 

2)ˆ()( kkk xxef −=   (1) 

Let us consider the following system: 

kkkk

kkkkkk

vxHz

wuBxAx

+=

++=+1

  (2) 

Where, A: state transition matrix, B: input 

matrix, H: observation matrix, x: state vector, u: input 

vector, w: noise vector, v: measurement noise vector 

The Kalman filter performs two operations: 

prediction and correction. When the filter is in 

prediction mode, it forecasts the next states taking in 

consideration the past states. Posterior estimation 

 
Fig. 4 – Kalman filter operations 

 

using measured data allows for the improvement of 

the forecast states while the filter is in correction 

mode [8]. 

Appropriate initial conditions for process noise 

covariance matrix and measurement noise covariance 

matrix must be chose with care.  

The Kalman filter algorithm is [9, 10]: 

1. Estimate the state: 

kkkkk uBxAx +=+1
ˆ    (3) 

2. Estimate the covariance matrix: 

QAAPP T
kk +=+1

ˆ    (4) 

3. Compute Kalman gain: 

1
111 )(ˆ −
+++ += RHHPHPK T
k

T
kk   (5) 

4. State vector correction: 

)(ˆ
111 +++ −+= kkkkk HxzKxx   (6) 

5. Covariance error update: 

kkk PHKIP )( 11 ++ −=    (7) 

In these steps, the estimation of the next states 

and the covariance is made based on prior states. 

Steps 3 through 5 implement the corrector part of the 

filter. First, the Kalman gain is computed (see step 3). 

Then the posterior estimate is calculated using the 

systems measured output (zk). The final step is the 

update of the covariance error matrix. This allows for 

a more accurate estimation of the next new states. 

A special case is the starting of the algorithm. 

To be able to perform the steps 1 and 3, initial states 

(x0) and the covariance matrix (P0) have to be 

provided. 

The advantage of this algorithm up against 

other filters, like Wiener filter, is the recursive nature, 

which makes is easier to implement. 

 

4.  H2 Robust Control  

H2 robust controllers were developed based on 

LQR controllers, which minimize the quadratic cost 

defined as [11]: 

∑ ∫
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resulting an optimal state feedback law: 
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In order to compute the controller, the plant 

has to be transformed in the classic state space 

representation [12]: 
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 (10) 

Were: x- state vector; v- input vector; u- control input 

vector; y- measurement vector; z- output vector. 

The controller can be computed, if the new 

system satisfies the following requirements [13]: 

- A, B2 stabilizable; 

- C2, A detectable; 

- 1212DD
T

 and
TDD 2121  invertible; 

- 112CD
T

and 
TBD 121  =0; 

- C1,A and A,B1 has no uncontrollable 

modes on the imaginary axis. 

To calculate the controller, the following two 

steps algorithm has to be performed [14]: 

1. Solve the algebraic Riccati equation: 

0)( 112
1

12122 =+−+ − CCSBDDSBSASA TTTT (11) 

2. Compute Kopt: 

SBDDKopt TT
2

1
1221 )( −−=   (12) 

The controller stabilizes the plant and 

minimizes the cost function defined as: 

2

22 ),()( kGFKJ =   (13) 

 

5.  State estimator of an induction heating 

inverter using Kalman filter  

The design procedure of the filter started from 

the extended description function with Fourier series 

model developed for series load resonant inverters 

[15, 16]. With slight modifications for this particular 

application (neglecting unused input and output 

variables), it is obtained the following new nonlinear 

model. 
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Through linearization, and taking into account 

that the inverter is frequency controlled, the following 

model resulted. The values of Ucs, Is, Ucc, Ic, were 

obtained using Cramer’s rule. 
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Where: R, L and C are the resistor’s, 

inductor’s and capacitor’s values from the load 

circuit, ω – inverters switching pulsation, Ucs – 

capacitor voltage first harmonic sine amplitude, Ucc 

– capacitor voltage first harmonic cosine amplitude, 

Is – load current first harmonic sine amplitude, Ic – 

load current first harmonic cosine amplitude. 

To construct the estimator, we used the circuit 

presented in figure 2. The voltage transformer has a 

10:1 transformation ratio. The signal provided by the 

transformer was converted to DC signal using a 

RMS-DC converter. This converter was made using 

AD736 specialized integrated circuit. Its output 

together with the VCO driving signal was recorded 

 
Fig. 5 State estimator practical realization 
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using an ADS1062CA digital oscilloscope. Figure 6 

presents these recorded signals. After filtering, theses 

signals are fed to the estimator presented in figure 5.  

 
Fig. 6 – Recorded input-output signals 

 

The program of the estimator was developed 

in LabVIEW™ v8.6, based on the Kalman Filter 

algorithm presented in part 3. To implement the 

estimator a “Flat Sequence Structure” was used [17]. 

Each “sequence” from the structure implements an 

equation from the algorithm. The algorithm begins 

with the pressing of the start button. The first input 

data is read (u_mas, y_mas). The first sequence 

calculates the state estimate using u_mas and the 

initial states, x_est. In the next iterations, the initial 

states are provided by the fourth sequence. 

The second sequence calculates the covariance 

matrix using the previous value of PK. For matrix 

multiplication, the AxB.vi block was used [18]. 

The third sequence computes the Kalman gain. 

It receives as input variable matrix H_k_2 and the 

covariance matrix. A sequential selection is necessary 

to assure the correct order of execution of the 

mathematical operations. 

In order to compute the Kalman gain, the 

previous two sequences, state estimate and covariance 

matrix must provide outputs. 

The fourth sequence calculates the state vector 

correction. It receives as input: P_est, K and y_mas, 

and provides the next initial states for the first 

sequence. 

The last sequence calculates the covariance 

error update, which is fed back to the second 

sequence. 

The program generates a state vector of four 

elements: 

• the first element represents the amplitude of the 

sine function of Fourier expansions for capacitor 

voltage (uc); 

• the second element represents the sine amplitude 

of load current; 

• the third element represent the cosine amplitude 

of capacitor voltage; 

• the fourth element represents the cosine 

amplitude of load current. 

Figure 7 presents the four states and the 

estimated system outputs. For representation 

Matlab™ plot was used. At approximatively 35msec, 

the input signal receives a 25 kHz step. The 

appropriate states begin 20msec transient to the next 

work point. After the transient period, the following 

states were obtained: 

[ ]Tx 07.03.202.04.7~ −−−=  

 
Fig. 7 – Recorded input-output signals 

 

6.  H2 control applied to an induction 

heating inverter 

The states obtained from the Kalman estimator 

was feed to the H2 controller designed based on the 

algorithm described in section 4. 

The augmented model was obtained based on 

equation 10, which was upgraded with additive 

uncertainties describing each parameters variation 

throughout the heating cycle. 

Defining the additive uncertainties: 

- Resistance variation: 

RRR δ+= 0   (16) 

- Inductivity variation: 

LLL δ+= 0   (17) 

- Switching frequency variation: 

fff δ+= 0   (18) 

Resulted the following uncertainty matrixes: 

- Resistance variation: 
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01
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R
M R   (19) 

- Inductivity variation: 









=

01

10

L
M L   (20) 

- Switching frequency variation: 









=

01

10

f
M f   (21) 

For the introduction of the uncertainties 

upper linear fractional transformation was used. Since 
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the uncertainties appear ten times in the system 

model, system order was increase by the same 

amount. 

  
Fig. 8 – Introduction of model uncertainties 

 

To ensure a better tracking and control signal 

bandwidth, two weighing function were defined [19]: 

- error weighing function We; 

- control signal weighting function Wu. 
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Applying the two step controller design 

algorithm, results the following controller: 
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( )46.651.26.5189.3502.8874.393 eeCK reg −−−−=   

Robust controllers are dedicated for systems 

with uncertainties. In order to ensure safe operation 

with acceptable performances H2 robust controllers 

were proposed. Figure 9 present the step response of 

a frequency controlled inverter, heating a 50 mm iron 

rod at room and casting temperature. 
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Fig. 9 – Controlled inverter step response 

 

At the beginning of the transient, the output 

variable (capacitor voltage) is oscillatory, but after 

1msec the controller ensures a safe and stable 

variable evolution. At approximatively 20msec, the 

new set point is reached, with a negligible steady 

state error. The controller is capable to ensure fast 

system responses and stability over the entire 

parameter variation range. 

 

7.  Conclusions 

Observing figure 7, we can conclude that by 

using the Kalman filter, the systems unmeasurable 

states are estimable. The advantage of the algorithm 

is its simplicity. It runs sequentially which makes it 

attractive for embedded applications. 

Simulations have been carried out to prove the 

feasibility of H2 controller design and application for 

frequency controlled induction heating inverters. 

For further work, we propose to use a PXI 

(PCI extensions for Instrumentation) for integrated 

Kalman filtering and H2 controller implementation. 
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ABSTRACT 
The paper presents the design and the tuning of a CMAC controller (Cerebellar Model 

Articulation Controller) implemented in an automatic daylight control application. After 

the tuning process of the controller, the authors studied the behavior of the automatic 

lighting control system (ALCS) in the presence of luminance disturbances. The luminance 

disturbances were produced by the authors in night conditions and day conditions as 

well. During the night conditions, the luminance disturbances were produced by turning 

on and off a halogen desk lamp. During the day conditions the luminance disturbances 

were produced in two ways: by daylight contributions changes achieved by covering and 

uncovering a part of the office window and by turning on and off a halogen desk lamp. 

During the day conditions the luminance disturbances, produced by turning on and off 

the halogen lamp, have a smaller amplitude than those produced during the night 

conditions. The luminance disturbance during the night conditions was a helpful tool to 

select the proper values of the learning rate for CMAC controller. The luminance 

disturbances during the day conditions were a helpful tool to demonstrate the right 

setting of the CMAC controller.  

Keywords: daylight control system, CMAC, B-spline, learning rate, luminance 

 
1.  Introduction 

From the moment the Cerebellar Model 

Articulation Controller (CMAC) was proposed by 

Albus in [1], it has increasingly aroused the interest 

of the researchers from different fields of process 

control and informatics. This type of artificial neural 

network, which simulates the information processing 

activities within the cerebellum [15], is preferred due 

to its local generalization, extremely fast learning 

speed and easy implementation in software and 

hardware [6],[13],[18]. Even if the CMAC is 

preferred in robotic control applications 

[8],[11],[16],[17], it found a deserved place in other 

control problems such as: ship steering control 

system [14], control of inverted pendulum system 

[3], [9],  power controller for the DC–DC converters 

[7], temperature control [10], daylight control [5], [6]. 

The paper is organized as follows: section 2 

presents the control system configuration and the 

experimental stand. Section 3 presents the structure of 

the CMAC – based controller. In section 4 are 

presented the experimental results corresponding to 

the controller tuning procedure and corresponding to 

the behavior of the automatic control system in the 

presence of the perturbations. In section 5 presents 

the conclusions of the paper. 

 

 

2.  The control system configuration and the 

experimental stand 

The control structure applied to the lighting 

process is depicted in fig. 1 where: Edesired – the 

desired luminance; Emeasured – the measured 

luminance; Ereal – the luminance; Edaylight – the 

daylight luminance; Eelectric – the luminance due to 

electric light; ε - control error; ∆ε - change in control 

error; U – control action. 

 
Fig. 1 - The block diagram of the control system 

 

Implementing the controller as incremental 

type [12], [5], [6] the control action is calculated by: 

)()()( kTUTkTUkTU ∆+−=  (1) 

The ε and ∆ε  are given by: 

( ) ( ) ( )kTEkTEkT measureddesired −=ε  (2) 

( ) ( ) ( )TkTkTkT −−=∆ εεε   (3) 
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where T is the sampling time. 

Because the model of the process is unknown 

an experimental model was used. The experimental 

direct model of process, a look up table (LUT) of 

measured data at the input and the output of process, 

are presented in fig. 2. 
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Fig. 2 - The experimental model of the process (the 

direct model) 

 

The meaning of the notation d8bv is “digital 8 

bits value” and the meaning of the notation d10bv is 

“digital 10 bits value”. A value followed by lxd10bv 

represents the value of the measured luminance on 

working plane converted by a 10 bits AD converter. 

A value followed by Vd8bv represents a digital 8 bit 

value which will be converted in an analogical 

voltage by an 8 bits DA converter in case of the 

control action. 

Figure 3 shows the experimental stand 

composed of: (1) calculation equipment (PIC 

18F4455) which supports the CMAC controller, (2) 

the execution element, (3) the technological 

installation based on one 20W halogen desk lamp 

(controlled desk lamp), (4) light sensor, (5) computer 

for programming the calculation equipment and for 

acquisition data from calculation equipment, (6) 20W 

halogen desk lamp (disturbance desk lamp) used for 

generating luminance disturbance on desk surface, (7) 

the desk surface (working plane). 

 

 
Fig. 3 - The experimental stand 

 

The measured luminance on the desk surface 

may be the luminance obtained by one of the 

following three situations: 

- the sum of the luminances produced by the 

controlled desk lamp and the daylight contribution 

through the office windows; 

- the sum of the luminances produced by the 

controlled desk lamp and the luminances produced by 

the disturbance desk lamp; 

- the sum of the luminances produced by the 

two halogen desk lamps and the daylight 

contribution. 

 

3.  The CMAC controller 

As is presented in fig. 1 the controller have 

two inputs and one output. Following the used 

description of controller in [5] and [6] the design 

choices for CMAC controller are: 

- control error (ε) and the change in control 

error (∆ε) are the input variables of controller; 

- the variation in command (∆U) is the output 

variable of the CMAC controller; 

- the basis functions are implemented with B-

spline function type of order 3 (fig. 4a) given by [2]: 
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where λj is the j
th

 knot (each basis function support is 

divided in three equal intervals, the start and the end 

of each interval are called knots); 

 

      
a)    b) 

Fig. 4 – B-spline basis function of order 3: a) one-

dimensional; b) two-dimensional [4] 

 

- the generalization parameter of CMAC, ρ, is 

set to value 3; 

- on each layer, the basis functions (one-

dimensional functions) attached to ε  and those 

attached to ∆ε are connected together using the 

linguistic and the resulting two-dimensional basis 

functions. Using the product operator to implement 

the connector and the two-dimensional basis 

functions will have the shape like the one depicted in 

fig. 4b; 

- each layer attached to an input variable was 

divided in equal intervals by 5 interior knots (fig. 5); 

the width of each basis function was determined by 

multiplying the width of an interval by the value of 

generalization parameter ρ; 

- the overlay displacement vector is set as in 

[5], [6] to d=(1,2), the basis functions displacement 

for each input of controller are presented in fig. 5; 

- the universe of discourse for the input 

variable ε was set to the range [-60,290] (lxd10bv). 

Considering the desired luminance on the desk 
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surface set to 290lxd10bv the universe of discourse of ε 
was determined as follows: replacing in (2) the value 

of desired luminance and the minimum converted 

value of measured luminance with the 10 bits A/D 

converter (0lxd10bv) will produce the maximum value, 

εmax = 290lxd10bv, of the universe of discourse; 

replacing in (2) the value of desired luminance and 

the maximum luminance contribution of the halogen 

lamp (the lamp no. 3 from fig. 3) converted by 10 bits 

D/A converter (350lxd10bv) will produce the minimum 

value, εmin = -60 lxd10bv, of the universe of discourse; 

 

 
Fig. 5 - The displacement of the basis functions on 

the overlays attached to the inputs of controller 

when d=(1,2) and ρρρρ=3 

 

- the universe of discourse for the input 

variable ∆ε are set experimentally to the range          

[-60,290] (lxd10bv); 

- the two-dimensional input space of the 

CMAC controller (there are two input variables) is 

converted by the two-dimensional basis functions 

layers in a higher dimensional space (there are 22 

two-dimensional basis functions) in which only a 

small number of variables have non-zero values (the  

ρ two-dimensional basis functions are active at all 

times). The output of the CMAC controller represents 

the weighted sum of the active two-dimensional basis 

functions outputs. The weights are stored in a vector 

with 22 components. The active weights 

(corresponding to the active two dimensional basis 

functions) are modified according to the learning 

signal of the Delta learning rule. 

 

4.  Experimental results 

This section presents the experimental results 

achieved during the tuning process of the CMAC 

controller (via learning rate modification) and the 

behavior of the automatic lighting control system 

(ALCS) in the presence of disturbances. 

The performances achieved by the ALCS are 

imposed by user’s human eye perception. For this 

purpose the overshoot of the system response may 

have reduced values (≤5%) and the steady-state error 

may have to be in the interval                                     

[-0.05⋅Edesired,0.05⋅Edesired]. 
The desired luminance on the working plane is 

set to 290 lxd10vb. The sampling time is T= 29.898 ms. 

The source code which runs on PIC18F4455 

controller was written in C and compiled with 

MPLAB IDE. After the compilation process the 

resulted hex file was uploaded on PIC18F4455 with 

PICDEM(TM) FS USB Demo Tool. The data from 

PIC were acquired using Terminal v1.9b. 

Figure 6 shows the step response family when 

the learning rate is variable. The increase of the 

learning rate will reduce the transient response time 

but will increase the overshoot. 

 

 
Fig. 6 - Step response family of the ALCS 

(γγγγ=0.05÷0.9, T=29.898ms) 

 

For the sets of learning rate values used in 

fig.6 we tested the stability of the ALCS when the 

luminance on the desk surface was disturbed by the 

additional luminance (electric luminance disturbance) 

produced by the disturbance desk lamp. 

The shape of the electric luminance 

disturbance is presented in fig. 7 and was achieved by 

turning the power ON, keeping it a while in this 

position and then turning power of the disturbance 

desk lamp to OFF. In this case the disturbance desk 

lamp is situated near the light sensor. When the desk 

lamp disturbance is ON and the controlled desk lamp 

is OFF the luminance on the working plane has its 

average value around 368lxd10bv. The disturbance 

luminance presents oscillations in the range [364, 

373]lxd10bv (fig. 8). These oscillations are not 

perceived by the human user. 
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Fig. 7 – The shape of luminance disturbance 
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Fig. 8 – The shape of luminance disturbance 

(detail from fig. 12) 

 

The ALCS is stable, according to fig.9 ÷ 

fig.13, but after the luminance disturbance disappears, 

the luminance on the working plane presents 

attenuated oscillations until it achieves the desired 

value (Edesired = 290lxd10bv). The user does not 
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perceive the luminance oscillations in the case of the 

learning rate γ=0.05. In the other cases the 

oscillations are perceived by the user and they create 

visual discomfort. 
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Fig. 9 – The behavior of the ALCS in the presence 

of disturbances (γγγγ=0.9) 
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Fig. 10 – The behavior of the ALCS in the 

presence of disturbances (γγγγ=0.5) 
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Fig. 11 – The behavior of the ALCS in the 

presence of disturbances (γγγγ=0.3) 
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Fig. 12 – The behavior of the ALCS in the 

presence of disturbances (γγγγ=0.1) 
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Fig. 13 – The behavior of the ALCS in the 

presence of disturbances (γγγγ=0.05) 

Following the previous observation for the 

CMAC controller we chose the learning rate γ=0.05 

and we studied the behavior of ALCS in the presence 

of daylight changes and electric luminance 

disturbance. The luminance trajectory is presented in 

fig. 14. The area denoted by 1 represents the behavior 

of the ALCS in the presence of the daylight changes. 

The daylight changes were achieved by fast covering 

a part of the office windows, keeping it covered for a 

few seconds and fast uncovering the covered part of 

the office windows. The area denoted by 2 represents 

the behavior of the ALCS in the presence of the 

constant daylight contribution and in the presence of 

the electric luminance disturbance. The shape of the 

electric luminance disturbance is similar to the one 

presented in fig. 7 but the amplitude of the signal is 

smaller (the disturbance desk lamp is situated as in 

fig. 3, far from the light sensor). According to fig. 14 

the ALCS is stable and does not produce visual 

discomfort for the human user. 
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Fig. 14 – The behavior of the ALCS in the 

presence of disturbances (γγγγ=0.01): 1) the presence 

of the daylight disturbances; 2) the presence of the 

electric luminance disturbance 

 

For a faster response of the ALCS in the 

presence of the disturbances, supplementary studies 

are required. A solution for this situation is the 

supplementary controller tuning via universe of 

discourse of the input/output variables of the CMAC 

controller as those from [5], [6]. 

 

5.  Conclusions 

Even though the experimental inverse model is 

a gross approximation of the process model the 

ALCS will achieve the imposed performances by the 

tuning the controller via learning rate. Using the 

learning rate as the unique tuning parameter the 

ALCS does not have the possibility to achieve an 

increased response in the presence of the disturbances 

without the appearance of the oscillatory behavior 

which is perceived by the user as a visual discomfort. 

For this reason the studied ALCS is recommended for 

office or home applications where the user needs to 

feel the daylight changes in the light environment. 
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 ABSTRACT 
The modeling process of certain systems using the neural network approach is currently 
of an increased interest. Since the process model results immediately, the neural network 
modeling technique presents its usefulness in the case of dynamic processes where the 
mathematical model is difficult, or virtually impossible to obtain. This paper describes the 
modeling process using neural networks modeling for an unloading arm horizontal 
positioning system from a rotary hearth furnace. The learning algorithm used consists in 
the back propagation algorithm, while the training data set is obtained using the 
simulation results obtained from a previous mathematical model. 

Keywords: Rotary hearth furnace, unloading machine, neural network, back propagation algorithm, parallel 

structure 

 
1.  Introduction 

The hot rolling process is one of the main 

processes for manufacturing seamless pipes. The 

technological flow of hot rolling consists of several 

stages, each stage based on a different aggregate. The 

first stage is the heating process and the aggregate is 

the rotary hearth furnace [1]. The role of the furnace 

is to heat up blocks of billets from the ambient 

temperature to the rolling temperature, which is about 

1250
○
C. Before the heating process begins the billets 

are cut at the required lengths. The billets heating 

process makes the material change from the elastic 

state to the plastic one, and prepares the billet for 

manufacturing. 

The heating process is slow and the furnace 

consists of five regulating temperature sectors which 

have a total of 48 burners, a sector for preheating and 

a sector for loading and unloading billets. 

The furnace’s hearth is rotated by two 

mechanisms of action located at the furnace exterior 

on opposite directions. The furnace has two 

machines, and when the hearth stops one is used for 

the loading and the other for the unloading of the 

billets from the furnace. Figure 1 presents the loading 

and the unloading machines principle scheme. The 

unloading machine connects the first stage and the 

next one, the drilling mill. 

The unloading machine consists of a trolley 

moving on a rail way track and a robotic arm that has 

a clamp at the furnace end [2]. The clamp is design to 

catch the billet and has one fixed and one movable 

jaw, according to fig. 2. The robotic arm has to be 

positioned over a billet so that the clamp catches the 

block right in the middle according to its length. 

Driving the machine and the clamp opening is done 

hydraulically. 

 

 
Fig. 1 – The principle scheme of loading and 

unloading machines 

 

The billets charging and discharging is being 

done according to the billet length and the rhythm of 

rolling [3]. The charging of the hearth can be made on 

one row, or on two rows, depending on the billets 

length. Billets that are longer than 2000 mm should 

be charged on one row. According to the loading 

scheme the distance from the unloading machine’s 

initial position and the position of the billet on to the 

furnace hearth it is priory known [4]. 
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Fig. 2 – Detailed transverse view of the unloading 

clamp and a billet 
 

When the unloading or the loading machine 

moves from front to back, in order to unload or to 

load the billet block, the machine distance from its 

initial position it is measured using an incremental 

encoder placed behind the machine. At the unloading 

door the billet block has a small displacement from 

the rail way axis position. To achieve the left-right 

positioning inside de furnace the arm is able to rotate 

around a static point. The maximum distance that 

results from the rotation of the arm is about 300–400 

mm, and it is approximated by a linear motion. 

An automatic control loop is needed in order 

to precisely position the unloading arm over a billet, 

to achieve a correct grip for the clamp. The design 

and performance verification of a control system 

requires the existence of a model for the controlled 

process.  

 

 
Fig. 3 – View of the unloading billet detection 

inside the furnace  

 

The billet displacement from the rail way axis 

is calculated using a video camera. In the pictures 

taken from the camera the billet is detected as a circle 

and a computer calculates the distance between the 

billet circle centre and the rail way axis, considered as 

the point zero, as presented in fig. 3. This distance is 

going to be the reference for the arm positioning 

system control loop, and the output for the control 

loop will be the real arm movement. 

 

2.  Mathematical model for the unloading 

arm’s horizontal positioning system  

The mathematical model for the left to right 

arm movement process starts with the assumption that 

the arm is an electro-hydraulic axis, because the 

driving system consists of a hydraulic cylinder 

operated by a proportional directional valve, directly 

controlled with an electrical position feedback. The 

dynamic of the electrical part is neglected due to time 

constants consideration [5, 6]. Dynamics of the 

hydraulic part are described by the following 

equations.   

Linear equation of servo valves: 

Q C mQ K x K p∆ = ∆ − ∆                        (1) 

Equation of flow conservation: 

( )( )
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∆ = + ∆ +          (2) 

Mechanical equation of motion: 
2
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m R

d y d y
S p m f F

dt dt

∆ ∆
∆ = + +             (3) 

Where: KQ – flow gain, Kc – flow-pressure 

coefficient of the proportional valve, ∆Q – flow 

differential, ∆x – billet displacement, ∆pm – pressure 

differential, S – piston area, α – overall rate of oil 

loss, VT – total oil volume, ∆y – output size (arm 

displacement), E – coefficient of oil elasticity, m – 

mass of the piston and the load, f – viscous damping 

coefficient, FR – static force strength. 

Applying the Laplace transform to (1) - (3), 

and neglecting the parameters α, Kc, and FR the 

mathematical model (4) is obtained: 
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The state space model parameters are defined 

as follows: 
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The model parameters have the following 

values, obtained by replacing the constructive 

parameters with the values given in the datasheets. 

7
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3.  Neural network design  

Neural networks are being applied nowadays 

in many fields of engineering even if there is no 
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general procedure through which we can select the 

appropriate neural network design for a specific task 

[7, 8]. Neural network have a wide range of 

application, especially after the back propagation 

algorithm was developed, in fields like modeling, 

pattern recognition or signal processing. In the 

modeling field neural networks are used to model 

processes for which the mathematical model is hard 

to obtain, or for processes that can’t be described 

using mathematical equations [9, 10]. Different 

techniques are used in the modeling approach in 

neural networks [11]. These networks are also used 

for estimating the values of parameters for which no 

analytical method has been developed. 

An important element in network design is the 

network structure and structurally networks are 

composed of single or multi layers that include a 

finite number of neural cells. A typical neural 

network consists of nodes, units or artificial neurons, 

which interconnect [12]. In order to shape a dynamic 

process the neural network should take into account 

the past values of input and output. For a neural 

network to reproduce the dynamic behavior of a 

system it has to be trained using the same input signal 

as the system, and the purpose is to minimize the 

network errors, the difference between the exact 

value of the systems output and the value predicted 

by the network. 

In terms of structure several types of neural 

networks have been investigated [12, 13]. For 

dynamic systems modeling we can highlight two 

typical structures used for the neural network: a 

parallel structure, presented in fig. 4, and a series-

parallel structure, presented in fig. 5. 

 

 

Fig. 4 - Parallel neural network structure 

 

In the series-parallel structure the neural 

network and the dynamic system have the same input 

signals, but in this case, the output signals (and the 

past values of it) are applied to the neural network 

inputs. In this case the neural network and the system 

are not independent entities, like in the case of 

parallel structured network. For this case the system 

output is affecting the behavior of the network. 

 

 

Fig. 5 - Series-parallel neural network structure 

 

From the point of learning algorithms the 

neural networks are divided into various groups [14-

16]. In this paper we use the back propagation 

algorithm. A multilayered network with back 

propagation algorithm is very useful for mapping 

nonlinear functions, mapping of inputs onto a desired 

output vector [17, 18]. 

To train the designed network we can use the 

experimental data from the process or the simulation 

results. As input signals used to identify a system on 

which no knowledge exists, or they are in a limited 

quantity, we can use persistent signals. Persistent 

signals will excite all the system modes under 

identification, in fig. 6 we have an example of a 

persistent signal. This persistent signal is generally a 

white noise. 

 

 
Fig. 6 - Persistent signal 

 

4.  Simulation results for the movement 

modeling using neural networks 

Using MATLAB 7.6 we designed a neural 

network with a series-parallel structure and we 

simulated the step response obtained for the trained 

network in comparison with the output signal of the 

mathematical model for the model assessment [19].  

The neural network used to model the 

unloading arm positioning system is built with a 

single hidden layer containing 10 linear neurons and 

one linear neuron on the output layer. The training 

algorithm used is a back propagation algorithm with 

variable learning rate. 
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Because we have information about the 

dynamic system, in this case from the mathematical 

model, we use four delay elements for the input and 

four delay elements for the output data. 

In order to obtain the input-output pairs for 

training the network we apply a noise input signal, 

like the one in fig. 6, to the mathematical model (4) 

with the parameters values (6).  

The period of time for the simulation is 0.5 s, 

and the signal sampling period is 0.001 s, thus we 

obtain 501 input-output pairs to train the network. In 

Fig. 7 we have represented the applied input signal 

sequence and the corresponding mathematical model 

outputs. 

 

Fig. 7 – Training data set 

 

 
Fig. 8 –Resulting mapping and the mathematical 

model step response for a period of 0.08 s 

 

A unitary step signal was used as input for the 

trained network in order to compare it to the 

mathematical model response at the same reference. 

Figure 8 shows the two step responses on the same 

plot for a time period of 0.08 s, and we can observe 

that the signals are overlapped. 

The number off delay elements used for the 

input and for the output is very important. If we 

choose for the neural network one delay element for 

the input, and two delays elements for the output, 

instead of four we obtain the step response from fig. 

9, after training the network with the data set from 

fig. 7. As we can see from this figure it is 

recommended that the number of delay elements for 

the input and the output signal to be given as 

accurately as possible, in order for the neural network 

to reproduce the behavior of the system we want to 

model.  

 

 
Fig. 9 - Model output and the step response for a 

neural network constructed with a smaller 

number of delay elements 

 

Fig. 10 - Model output and the step response for a 

neural network trained with a smaller number of 

input-output pairs 

 

The network capacity to reproduce the 

system’s behavior depends on the number of input-

output pairs from the training data set. If we apply at 

the mathematical model’s input a persistent signal for 

a period of time of 0.1 s at a sampling time of 0.001 s 

we obtain a total of 101 pairs of input-output data. 

This set of input-output pairs is used to train a 

network that has four delay elements for the input and 

four delay elements for the output data. In fig. 10 we 
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have the trained network step response, and the 

mathematical model response for the same unitary 

step signal. 

 

 
Fig. 11 - Trained network and the mathematical 

model step response for the simulation period of 3 

seconds 

 

 
Fig. 12 - Mean squared error evolution for the 

network training 

 

From the above figures we observe that the 

modeled system’s behavior is best reproduced by the 

neural network built with four delay elements for the 

input and four delay elements for the output data, and 

trained with the training data set from fig. 7, having 

501 input-output pairs. We simulated the best trained 

network step response for a longer period of time, 3 

seconds, in order to observe if the network behavior 

is the same as the mathematical model behavior. In 

fig. 11 we have the two responses and they are 

overlapped, meaning that the trained network 

behavior is the same as the mathematical model 

behavior. From this figure we can determine that the 

dynamic systems settling time is about 2.5 seconds. 

For this network the error reaches the allowed 

value after 4 training epochs as can be seen in fig. 12. 

Other training performances such as the gradient 

evolution can be seen in fig. 13. 

 

 
Fig. 13 - Training performances 

 

5.  Conclusion 

In this paper the unloading arm positioning 

model is obtained using a neural network. Neural 

networks are very useful in modeling dynamic 

systems because the process model results 

immediately, one only need to have the training data 

set in order to train the network. The training data set 

is a set of input-output pairs that are obtained by 

applying a persistent signal to the input of the process 

we want to model, and reading the corresponding 

values of the process output. 

For the unloading arm positioning system 

model we can retrain the network when we have the 

experimental data from the actual process and we will 

obtain the real behavior of the robotic arm. For the 

experimental data the same input signal as presented 

in this paper will be use.  

In order for the neural network to learn the 

true behavior of the system it must be properly 

constructed. It is recommended that the number of 

delay elements for the input and the output signal to 

be given as accurately as possible. If we do not have 

priori information about the process we will use a 

larger number of delay elements. For the neural 

network to be properly trained we must use a 

sufficient number of input-output pairs, which 

compose the training data set. 
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ABSTRACT 
This paper examines the development of a genetic adaptive fuzzy control system for the 

Inverted Pendulum. The inverted pendulum is a classical problem in Control 

Engineering, used for testing different control algorithms. The goal is to balance the 

inverted pendulum in the upright position by controlling the horizontal force applied to its 

cart. Because it is unstable and has a complicated nonlinear dynamics, the inverted 

pendulum is a good testbed for the development of nonconventional advanced control 

techniques. Fuzzy logic technique has been successfully applied to control this type of 

system, however most of the time the design of the fuzzy controller is done in an ad-hoc 

manner, and choosing certain parameters (controller gains, membership functions) 

proves difficult. This paper examines the implementation of an adaptive control method 

based on genetic algorithms (GA), which can be used on-line to produce the adaptation of 

the fuzzy controller’s gains in order to achieve the stabilization of the pendulum. The 

performances of the proposed control algorithms are evaluated and shown by means of 

digital simulation. 

Keywords: inverted pendulum, fuzzy control, genetic adaptive control, genetic algorithm 

 
1.  Introduction 

The control of the inverted pendulum system 

is a challenging problem in Control Engineering. Due 

to its characteristics (nonlinear, unstable), this system 

is widely used to demonstrate and test various control 

algorithms. 

Fuzzy control is a practical alternative for 

controlling the inverted pendulum, and also for other 

challenging control applications. It provides a 

convenient method for constructing nonlinear 

controllers by using heuristic information. In the case 

of the inverted pendulum, fuzzy control provides an 

attractive solution, since, for the balancing problem, 

the fuzzy control rules are easily deducted. While it is 

easy to describe human knowledge with fuzzy 

linguistic terms, it is not as easy to tune other 

parameters of a fuzzy system (e.g. the controller’s 

gains). This is where the genetic algorithm comes into 

place.  

A genetic algorithm (GA) can be seen as a 

probabilistically guided optimization technique 

modeled after the principles of genetic evolution.[6] 

The GA applied in this case performs a 

random search on a population of fuzzy controllers to 

determine which one is the best to implement at 

specific sampling time periods. 

Since the performance of the control system is 

evaluated by means of digital simulation, a Simulink 

model of the plant was first developed. Based on this 

model a direct fuzzy controller was developed and 

was roughly tuned. As tuning the controller’s scaling 

gains proved difficult, a GA was developed which 

chooses the best solution for these parameters. The 

adaptive control algorithm based on the GA involves 

searching for an optimal controller during each (or 

every several) sampling periods. The fitness 

evaluation consists of characterizing the expected 

closed loop performance of each controller (encoded 

by its scaling gains) in the population based on error 

analysis. This type of evaluation requires a model of 

the plant for prediction purposes and a reference 

model for comparison.[10] 

 

2.  Dynamical Model of the Plant  

The Inverted Pendulum system consists of a 

rigid pole attached to a cart by a free joint which 

allows it one degree of freedom. The cart is 

constrained to move along a linear horizontal 

direction when a force is exerted on it. If appropriate 

forces are applied to the cart, the pole can be kept in 

its unstable upright position. 

The dynamic of the inverted pendulum system 

shown in Figure 1 is described by the nonlinear 

equations in (1). 
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Fig. 1 - The inverted pendulum system 

 

Assuming the pendulum is a uniform rod, its 

moment of inertia is I=ml
2
/3, the nonlinear equations 

which describe the motion of the inverted pendulum 

system are: 
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Table 1 describes the parameters of equations (1). 

 

Table 1: Plant parameters 

θ Angle of the pendulum 

F Force applied to the cart 

Xp Position of the pivoting point 

 

m 0.5 kg Mass of pendulum 

M 1 kg Mass of cart 

l 0.5 m 

Distance between the pivot  

point p and the centre of  

gravity cg of the pendulum 

m 9.81 m/s
2
 Gravitational constant 

I 0.0833 kg·m
2
 Inertia of pendulum 

 

A linear model of the plant was developed. 

This model will be used later by the genetic module 

to predict the behavior of the various controllers 

encoded in the population. Based on the response of 

this model, the controllers will be evaluated and the 

GA will choose the best solution which will control 

the actual plant.  

To obtain the model of the plant used for 

prediction, equations (1) were linearized about the 

equilibrium point Θ = 0. This linearization assumes 

the the following approximations for small angles: 

 

0  ;1)cos(  ;0)sin(
2

2

=
Θ

=Θ=Θ
dt

d
 

2) 

 

Considering the assumptions in (2), the 

following linear ISO (input state output) model 

resulted for the inverted pendulum: 
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(3) 

where x1 = Θ is the angle of the pendulum, x2 is the 

rotational speed of the rod, u = F is the input to the 

system and y = x1 is the system’s output.[2] 

For implementation on digital systems, which 

is required for the computation of the GA, the ISO 

model of the plant in equation (3) was digitized with 

a sampling rate T=0.001s. The discrete ISO model is 

given in equation (4). 

 

( ) ( ) ( )
( ) ( )




=

Γ+=+

kxHky

kukxkx φ1
 (4) 

where: ( )kx  represents the state vector at sampling 

time kT, u(k)= F is the control input of the plant at 

time kT and y(k) is the system’s output (the angle of 

the pendulum). Matrixes H,,Γφ  have the following 

values: 

( )01

0013.0

0

10196.0

001.01

=










−
=Γ









=

H

φ

 (5) 

 

3. Development of the Fuzzy Controller 

This section discusses the design of the direct 

fuzzy controller as applied to the inverted pendulum 

system. 

Generally, a fuzzy controller presents itself as 

a nonlinear input-output mapping. The design of a 

fuzzy controller can be resumed to: choosing and 

processing the inputs and outputs of the controller 

and designing its four component elements (the rule 

base, the inference engine, the fuzzification and the 

defuzzification interfaces) 

For the designed fuzzy controller, the error 

and change in error were considered as inputs, and 

the force applied to the cart was considered the output 

variable, thus resulting a PD type fuzzy controller. 

The crisp values for the input variables are computed 

as follows: 

( )

( ) ( ) ( )
T

TkTekTe
kTc

yrkTe r

−−
=

Θ−Θ=−=
 

(6) 

where r=Θr=0 represents the setpoint of the 

system, which coincides to the upright position of the 

pendulum. 

The universe of discourse of the variables (that 

is, their domain) was normalized to cover a range of   

[-1, 1] and scaling gains (ge, gc, gu) were used to 

normalize. A standard choice for the membership 

functions was used with five membership functions 
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for the three fuzzy variables (meaning 25 = 5
2
 rules in 

the rule base) and symmetric, 50% overlapping 

triangular shaped membership functions (Figure 2), 

meaning that only 4 (=2
2
) rules at most can be active 

at any given time. 

 

 
Fig. 2 - Membership functions for the input and 

output variables of the fuzzy controller 

 

The fuzzy controller implements a rule base 

made of a set of IF-THEN type of rules. These rules 

were determined heuristically based on the 

knowledge of the plant and are very intuitive. An 

example of IF-THEN rule is the following: 

IF e is negative big (NB) and c is negative big (NB) 

THEN u is positive big (PB) 

This rule quantifies the situation where the 

pendulum is far to the right of the vertical and it is 

moving clockwise, hence a large force (to the right) is 

needed to counteract the movement of the pendulum 

so that it moves toward zero.[2] 

The resulting rule table is shown in the Table 

2, having a form which is specific to fuzzy PD 

systems.[1,3,11] 

 

Table 2. The fuzzy controller’s rule base 

 
 

For the inference engine the min-max method 

was chosen and as defuzzification method the center 

of gravity (COG) was used. The resulting crisp value 

represents the controller output. 

While determining the rule base of the 

controller, based on heuristic knowledge was quite 

intuitive, choosing the scaling gains (ge, gc, gu) proved 

difficult and was done by roughly estimating the 

variation domain of the controller’s input and output 

variables.  

The results in Figures 4, 5 and 6 show the 

system’s response (angle of the pendulum) when 

fuzzy controllers with different values for the scaling 

gains are applied to the plant. These results were 

obtained by simulation using the Simulink model of 

the closed loop system shown in Figure 3. 

 
Fig. 3 - Simulink model of the closed loop system controlled by a fuzzy controller 

 

 
Fig. 4 - System output (ge, gc, gu)=(π/2, π/2, 30) 

 
Fig. 5 - System output (ge, gc, gu)=(π/10,100,10) 
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Fig. 6 - System output (ge, gc, gu)=(π/10,20,10) 

 

For all three simulations the same initial 

condition was considered. This corresponded to a 10 

degrees displacement of the pendulum. As seen from 

the results, testing the system for various values of 

the scaling gains can lead to more satisfactory results. 

However, this task is difficult and time consuming 

and will be handled by the GA presented in the next 

section. 

 

4. Fuzzy Controller Tuning by a Genetic 

Algorithm 

A Genetic Algorithm (GA) is a parallel search 

technique modeled after the principles of genetic 

evolution, which tries to find optimal solutions to 

complex optimization problems.  

Because of their robustness and ability to find 

global solutions, GAs have been used to identify 

various parameters of Fuzzy Logic Controllers. Since 

GAs work on coding a set of parameters they are 

capable of solving a vast range of optimization 

problems.[xx] Finding the best values for the scaling 

gains of a fuzzy controller can be considered such a 

problem. The GA presented in this section is used to 

tune the three scaling gains of the direct fuzzy 

controller developed in section 3. 

 

4.1 The Proposed Genetic Algorithm 

The GA performs a random search for the 

fittest element of a population within a search space. 

The population consists of strings of binary numbers, 

called chromosomes, which hold possible solutions of 

the problem. In the case of the inverted pendulum 

control system the chromosomes encode the scaling 

gains of the controller. 

The members of the population are 

manipulated cyclically through the following genetic 

operations: selection, crossover, mutation and 

replacement, to produce a new generation (a new 

population) that tends to have higher overall fitness 

evaluation. By creating successive generations which 

continue to evolve, the GA will tend to search for an 

optimal solution for the controller’s parameters. 

The key to the search is the fitness function. 

This function is computed for each member 

(chromosome) of the population and characterizes 

how well that particular member solves the given 

problem. Parents for the next generation are selected 

based on this fitness value. That is, chromosomes 

with a higher fitness value are more likely to be 

chosen as parents for the next generation. During the 

crossover stage of the GA the selected members of a 

population are randomly paired together to “mate” 

and share genetic information. The resulting 

population suffers mutation and at the final stage in 

the GA the replacement operation introduces the new 

population.[4,8,9,10] 

 

The implemented GA, in the case of the 

inverted pendulum control system, is performed as 

follows: 

1. A population of n chromosomes is generated. 

Each chromosome has m genes (the information 

encoded by the chromosome is encoded as a 

binary m-bit string) 

2. The fitness value for each chromosome in the 

population is computed 

3. Based on the Roulette-Wheel selection algorithm 

the fittest chromosomes are selected.  

4. For each of the selected chromosomes, a 

probability of crossover pc is computed. Based on 

this probability some of the chromosomes will 

become the parents for the next generation and 

others will go to the next generation without 

producing any off-springs. 

5. The resulting parents are paired together and a 

single-point crossover is performed. This way 

two new chromosomes are produced which will 

replace their parents. 

6. The population resulting after the selection and 

crossover stages suffers mutation with a 

probability pm. This genetic operation randomly 

selects a gene in the population and changes its 

value. 

7. The resulting population becomes the new 

generation 

8. The algorithm is repeated from step 2 until an 

optimum is achieved or until a predefined 

number of generations are produced.[7] 

The proposed GA uses an additional genetic 

operation, called elitism, which assures that the 

chromosome with the highest fitness value in a 

population will propagate to the next generation 

without being modified.[10,12] 

 

4.2. The Adaptive System 

The control algorithm based on the GA 

developed in this paper involves searching for an 

optimal controller on every N sampling periods. This 

control algorithm is based on the GMBC (Genetic 

Model Based Control) structure shown in Figure 7. 
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Fig. 7 - Genetic Model Based Control System[12] 

 

The functional diagram in Figure 7 contains 

the following blocks: 

1. The plant described by equations (1) 

2. The fuzzy controller with the structure presented 

in section 3 

3. The adaptation mechanism which produces the 

adaptation of the controller’s gains based on the 

GA described in section 4.1 

The GMBC uses the GA described earlier to 

evolve a population of possible controllers. Each 

controller in the population is evaluated using a 

fitness function that characterizes its expected 

performance based on error analysis. This type of 

evaluation requires a model of the plant for prediction 

purposes and a reference model for comparison. The 

prediction model P is the linear discrete model 

developed in section 2, equations (4) and (5). The 

reference model characterizes the desired response of 

the system. For balancing the inverted pendulum the 

obvious choice for the reference model is ym=r=0. 

The prediction model P uses the output iû of 

each controller in the population ( niCi ,1, = ) and 

produces an estimated output iŷ  which is then 

compared to the reference model producing the error: 

imi yy ˆ−=ε  (7) 

This prediction is performed over a horizon of 

10 samples. At the end, the fitness of each controller 

in the population is evaluated and the fittest controller 

{ }niCC i ,1,* =∈  is selected to control the plant for 

the next 10 samples. Based on the fitness values 

associated to each controller, the population evolves 

to the next generation. 

Since the control objective is to balance the 

pendulum, the fitness function used by the genetic 

algorithm considers the minimization of the square 

error for each controller in the population and it is 

computed over the selected horizon according to 

equation (8): 

∑
=

=
N

j

jiJ
1

2ε
 

(8) 

where: jε  denotes the estimation error at 

moment ],1[ Nj∈  corresponding to controller Ci  in 

the population and N denotes the length of the 

horizon. In this case N=10. 

For balancing the inverted pendulum the GA 

was used to tune the three scaling gains of the fuzzy 

controller as follows: 

1. Each controller parameter was represented as a 

unique trait. Accordingly, there were 3 traits, 

represented with mi genes per trait, making the 

total chromosome length for each individual 

m=30 genes. The probabilities of crossover and 

mutation were set to pc=0.8 and pm=0.3. The GA 

was run with a population size of n=20 

chromosomes. As a starting point, the initial 

population was randomly chosen such that each 

trait was within pre-specified allowable ranges 

for each controller parameter (Table 3). 

 

Table 3: Encoding of the scaling gains as 

chromosomes 

Parameter 

Number. 

of genes 

(mi) 

Lower 

limit 

(ai) 

Upper limit 

(bi) 

ge 11 0 π/10 

gc 10 0 10 

gu 9 0 30 

 

2. A sampling rate of T=0.001s was chosen and a 

prediction horizon of N=10 samples was set 

3. The initial conditions for the plant, the prediction 

model and the controller were set. 

4. The reference input was set to r(k)=0 and the 

states of the system x(k) were measured. These 

were fed to the adaptive mechanism. 

5. for each member of the population niCi ,1, =  

the controller output iû  is computed using the 

known structure of the controller and then the 

predicted output iŷ is determined using the 

prediction model of the plant P 

6. jε  is determined 

7. We move on to the next sampling period t=t+T. 

As long as j<N step 5 is executed 

8. when j=N, the fitness function Ji for each 

member of the population is evaluated. This 

function captures the behavior of each controller 

if it had been controlling the plant for the 

duration of the selected horizon 

9. the controller Ci with the highest fitness value 

becomes C* and will control the plant for the 

duration of the next horizon. 

10. the next generation of controllers evolves based 

on the GA and the cycle is repeated from step 4 

The simulation of the GMBC for the inverted 

pendulum system was done using the Simulink 

model in Figure 8. 
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Fig.  8 - Simulink model of the Genetic Model Based Control system for the inverted pendulum 

 

The initial conditions of the simulation 

considered (ge, gc, gu)=(1,5,5) as scaling gains of the 

fuzzy controller and a 10 degree displacement of the 

pendulum. The objective of the system was to balance 

the pendulum. 

 

 
Fig.  9 - GMBC system output 

 

 
Fig. 10 - GMBC controller output 

 

The output of the system (angle of the 

pendulum) is shown in Figure 9 and the output of the 

fuzzy controller (force applied to the cart) is shown in 

Figure 10. 

The results show a faster stabilization of the 

pendulum than the one shown in Figures 4, 5 and 6. 

To quantify the genetic evolution of the system, 

Figure 11 shows the evolution of the square error Ji of 

the fittest controller in each population. 

 

 
Fig. 11 - Evolution of the fitness value for the best 

controller in each population 

 

5. Conclusion 

Designers are especially attracted to fuzzy 

systems because fuzzy systems allow them to capture 

domain knowledge quickly using rules that contain 

fuzzy linguistic terms. However, tuning the 

parameters of these controllers heuristically is often 

difficult. The genetic adaptive technique presented in 

this paper offers a solution for the online adaptive 

tuning of a fuzzy controller’s scaling gains. The plots 

shown throughout this paper represent the response of 

the adaptive schemes for one trial. They are not 

guaranteed to perform in the same manner given the 

same reference inputs and plant initial conditions. 

While all trials showed similar responses, the graphs 

presented here are not meant to convey any type of 

average behavior or guarantee of such. 
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ABSTRACT 
In the time–dependent network, the travel time on each arc is a known function of the 

departure times. The optimal intermodal routes planning to move freight from origin to 

destination can significantly reduce both the shippers’ and customers’ costs. The paper 

treats the shortest path container routing problem, in the time–dependent intermodal 

network, using a genetic algorithm. The algorithm uses a variable–length chromosome 

and after what the crossover operator is realized, a correction method is performed in 

order to eliminate the possible appeared loops in the paths. 

Keywords: time – dependent network, intermodal transport, genetic algorithm, container routing, time–

dependent shortest path problem. 

 
1.  Introduction 

In our days the intermodal transport plays a 

key role in international logistics, having significant 

effect about both the carriers’ and customers’ 

benefits. For the long distance transport of goods, 

taking into account the selection of the optimal 

routes, a single mode of transportation can no longer 

satisfy the customer’s requirements. Intermodal 

transportation is a combination of two or more 

transport modes to move the cargoes or passengers 

from one source to a destination [1], [2], [3]. 

The general time-dependent shortest path 

problem is at least NP-Hard since it may be used to 

solve a variety of NP-Hard optimization problems 

such as the knapsack problem. However, depending 

on how one defines the problem, it may not be in NP 

since its output is not polynomially bounded [4]. 

The routing of a container from one source to 

a destination has practical application, because the 

most of transport companies don’t have the 

possibility to form, in railway traffic system, new 

trains to transport the goods, but they can attach 

wagons of goods at the existed trains. 

In the time-dependent shortest path problem, 

it’s assumed that the travel times along each arc are a 

function of the departure times, and all such functions 

are known in advance over all time. 

The remainder of this paper is structured as 

follows. In Section 2 is presented the state of the art 

of the treated problem, in Section 3 will be described 

the problem, notation and the basic concepts. Section 

4 presents the proposed method based on genetic 

algorithm technique. In Section 5 are outlined the 

results. Finally the conclusions are presented in 

Section 6. 
 

2.  State of the art 

The Multimodal Transportation Problem 

(MTP) has been addressed by many authors, 

proposing different methods and applications to solve 

it [5]. In [6] the authors propose a new approach to 

time-dependent shortest path in multimodal networks. 

The approach derives from initial graph, a more 

simplified and non-time-dependent structure is 

obtained, called abstract graph, by using Ant Colony 

Optimization. Then, a time-dependent Dikstra’s 

algorithm is used to compute the shortest path on the 

new structure. Based on the characteristic of the 

container multimodal transportation to choose a 

variety of transportation models and routes, in [7] the 

authors propose a model for multimodal 

transportation organization to minimize the total cost 

under the consideration of the transport costs between 

nodes, transfer costs and average delay costs for 

mode change.  

In [8] the authors propose genetic algorithm-

based algorithm to find simultaneously several 

alternate routes depending on different criterion, 

according to driver’s choice such as shortest path by 

distance, path which contains minim number of turns, 

path passing mountains or by the side of the a river. 

An algorithm of shortest path in multimodal network 

has been proposed in [9]. The proposed algorithm 

identifies the set of constraints concerning of time 
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planning and the sequence of modes utilized to find 

the optimal path from source to destination. In [10] 

the authors use a technique based on label correcting 

algorithm for shortest path from source to destination 

in multimodal transport. They consider a path to be 

viable if the sequence of the nodes respects the set of 

constraints. 

 

3.  Problem description 

The problem which needs to be solved can be 

described in this way: select optimal transport route 

and the optimal combination of transports modes to 

minimize the total trip time from site source S to site 

destinationD . Between any two cities that are 

connected, there are a variety of transportation modes 

(M ) to choose from. The transport mode can be 

changed in each city. The input to time-dependent 

shortest path problem is a directed network 

),,,,( CTMEVG = , where },...,{ 1 nvvV = is the 

set of nodes, },...,{ 1 leeE = is the set of arcs, 

},...,{ 1 kmmM = is the set of transport modes, 

T represents the departure time of each transport 

mode from each node to a connected node, C  is the 

set of travel times between nodes ( )(tcij  gives the 

travel time along arc Vvv ji ∈),( if one departs at 

time Tt∈ from node iv ). An arc will be called 

time-dependent multimodal arc. The node iv  is 

connected with the node jv if exists the arc 

EVVe →×: which bounds iv  and jv . A time-

dependent multimodal arc EVVe →×: is defined 

as
ij

dk

c

tmji vv ,),( , where MmVvv kji ∈∈ ,, , 

TtCc
ijdij ∈∈ ,  are defining above.  The arc 

emeans that it may go from the node iv  to jv  using 

transport mode  km , which leaves from iv  at dt  and 

the  travel time along Vvv ji ∈),( is ijc . The 

quantity )( ijd ct
ij
+  gives the time of arrival at je  if 

one departs at time Tt∈ from the node iv .  

Given ),,,,( CTMEVG = , will be called 

route r between two nodes pv and qv  the set of arcs 

)),(,...,),(( ,1

1

1,

,1,1
qq

qdk

pp

pdk

c

tmqq

c

tmpp vvvvr −

−

+

−+
= , where 

Evvqppj jj ∈⇒−+∈∀
+
),(}1,...,1,{ 1 , 

Vvv jj ∈
+1, , Mmk ∈ , Cc jj ∈

+1, , Tt
jd
∈ . 

Moreover },...,1,{ qppi +∈∀  doesn’t exist 

},...,1,{ qppj +∈ \ }{i such that ji vv = , which 

means that a route doesn’t have two identical nodes. 

So the cycles aren’t allowed here.  If R  represents 

the of the routes from ),,,,( CTMEVG = , then 

the function 
+

ℜ→Rf :  is the cost of the route 

Rr∈ , where 
+

ℜ  is the set of positive real 

numbers.  Into a time-dependent multimodal network, 

),,,,( CTMEVG = , the Time-Dependent Shortest 

Path (TDSP) between two nodes Vds ∈, is defined 

as the route shortestr  from s  to d  such that )(pf  to 

be minim.  

In this paper the time-dependent intermodal 

transport network it’s defined as graphG , where: 

� },{ 21 mmM = , truckmtrainm == 21 , ; 

� V represents the set of transit points of time-

dependent multimodal transport network; in 

these points, the container can be unloaded 

from a transportation mode and loaded on 

other transportation mode or on an identical 

mode; the time of unloading/loading it isn’t 

taken into account, but the waiting time in 

transit points is allowed; 

� E is the set of physical routes between the 

transit points; 

� },...,{
1 ndd ttT =  represents the set of 

timetables of each transit point; 

},,...,1{ ni∈∀ },...,{ 1 iii kd ttt =  indicates 

the departure times of the transportation 

mode from i  to connected transit points; 
� C  is the set of travel times for each 

departure time. 

It is supposed that the cargoes from container 

cannot be divided. So the transportation mode that 

takes the container in a transit point has the capacity 

to move the whole cargo forwards. 

The proposed algorithm must determine: 

� the train or truck on which the container of 

cargo will be loaded at source s ; 

� the departure time 
sd
t  from source s ; 

� the transit points in which the container will 

be unloaded/loaded on other transportation 

mode; 

such that the container will arrive to destination 

d through a route of type shortestr .  So the proposed 

algorithm will determine the shortestr  such that 

)( departurearrival tt −  to be minim, where arrivalt  is the 

arrival time at destination and departuret  is the 

departure time from source. The waiting time in 

transit points is allowed in this case.  

 

4.  Proposed method 

In this paper the proposed method is based on 
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the genetic algorithm, which is an evolutionary 

method. Genetic algorithms (GA) [11], [12] are 

stochastic P-meta-heuristics that have been 

successfully applied to many real and complex 

problems (multimodal, multi-objective, highly 

constrained problems, etc). Compared with most of 

the classical algorithms, genetic algorithm has lots of 

advantages, such as: widely viable solution, group 

searching, no information assistance, internal 

heuristic random search, parallel computing, etc [13]. 

A key role of the genetic algorithms is that they can 

solve complex problems which aren’t polynomial 

problems. These techniques have been applied for 

combinatorial optimization problems, where exact 

optimal solutions are hard to be determined. A 

drawback of these techniques is that cannot ensure an 

exact optimal solution, but they can provide other 

practical solutions [14]. 

The steps of genetic algorithm are depicted in 

fig. 1.  

 

 
Fig.1 – Genetic algorithm framework 

 

The description in pseudo-code of the 

implemented genetic algorithm is as following: 

1. Find the way of  encoding of the 

solutions(chromosomes); 

2. Use a generation method for finding initial 

population of size sindividualNo ; 

3. Find the fitness of each solution to be evaluated; 

4. Use roulette strategy to select the parents for 

genetic operators(use the same strategy during 

the algorithm); 

4.1 make the crossover and mutation; 

4.2 evaluate the  fitness function.  

5. If stopping criteria is attained then Go to step 6 

      Else  

5.1 use elitism strategy for replacement; 

5.2 create new population of size sindividualNo ; 

5.3 go to step 4. 

6. Stop the algorithm. Select the best individual. 

4.1 Algorithm description 

In fig. 2 is depicted an example of time-

dependent multimodal transportation network formed 

of 5 transit points and 24 arcs. 

 
Fig. 2 – Example of time-dependent   

intermodal transportation network 

 

In fig. 2 }4,...,0{=V represents the set of 

transit points, },...,{
40 dd ttT = , },...,{ 510

tttd = , 

},...,{ 711
tttd = , },...,{ 312

tttd = , },...,{ 413
tttd = , 

}{ 14
ttd =  is the set of timetables of each transit 

pointes. It can observe that between two connected 

nodes p and q there are more oriented arcs which 

represents the timetable between those nodes.  

Table 1 contains the timetables for a period of 

24 hours for the network depicted in fig. 2. This 

timetable one may change from day to day. With the 

data from table 1, fig 2 can be read as: for instance 

the node 1 has two connected nodes (node 2 and node 

3) and there are 8 possible routes; the routes with id 

0,…,3 is the timetable to arrive in node 2 and the 

routes 4…7 is the timetable to arrive in node 3. For 

instance: the route which goes from node 1 at node 2 

with id 0 means that the container is moved with the 

transport mode truckm =2 , departure time is 6:20 

and the travel time is of 20 minutes. If we want to 

move the container from node 0 to node 4 there are 

more possible routes. In fig. 3 are depicted two of 

them. Figure 3 can be read using table 1. If the 

departures times are not successively, it means that 

the container will wait in the transit point until next 

day and accordingly the total travel time will be 

longer. 

The paper uses the method proposed in [15], 

but in this case the intermodal network is a time – 

dependent one.  

 
Fig. 3 – Two of the possible routes from 

node 0 to node 4 
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Table 1. The timetable for fig. 2  

Node Neighbors Type of 

transport 

Dep. 

time 

Trip 

time 

Id 

route 

 

 

0 

 

 

1 

 

 

 

Train 5:30 0:30 0 

Truck 9:20 0:20 1 

Train 13:0 0:15 2 

Truck 7:40 0:10 3 

Truck 6:40 0:35 4 

Train 2:20 0:40 5 

 

 

 

 

1 

 

 

2 

Truck 6:20 0:20 0 

Truck 7:20 0:5 1 

Train 12:0 0:3 2 

Truck 14:20 0:12 3 

 

 

3 

Train 6:10 0:10 4 

Train 10:10 0:7 5 

Truck 8:0 0:8 6 

Train 10:0 0:3 7 

 

 

2 

 

 

4 

Truck 6:20 0:20 0 

Truck 7:30 0:15 1 

Train 12:4 0:5 2 

Train 11:4 0:12 3 

 

 

3 

 

 

4 

Truck 6:30 0:25 0 

Truck 11:30 0:15 1 

Train 10:20 0:5 2 

Train 8:10 0:3 3 

Truck 10:2 0:2 4 

4 2 Train 8:30 0:26 0 

 

4.2 Chromosome codification 

In order to use genetic algorithm, feasible 

solution of the problem needs to be encoded into 

symbol string.  Each locus of the spring represents the 

order of a node in the path and each gene is formed of 

two bits: a node of the path and the link’s id chosen to 

go from that node to the next. The length of the 

chromosome is variable, but no longer than V, which 

is the number of the transit points of the network. 

This is because to arrive from a source to a 

destination, the maximum nodes of the path is V. 

Considering the multimodal network represented in 

fig. 2, an example of the chromosome codification is 

depicted in fig. 4.  

 

locus 0 1 2 3 

node 0 1 3 4 

id 0 4 3 x 

Fig. 4 – Chromosome codification 

 

It has to be noted that, in the second line, the 

first and last nodes are always the source node, 

respectively destination node. In fig. 4 the second line 

represents the nodes of the path and the third line 

represents the ids of the links. The decoding of the 

chromosome is making using the data from table 1. 

For instance the decoding of chromosome from fig. 4 

is made in fig. 3 b). In fig. 4, the allele’s value labeled 

with x can take any possible value, because that isn’t 

important in chromosome decoding as one can be 

seen in fig. 3 b) (the destination has been reached). 

4.3 Fitness function  

Each chromosome represents a feasible 

solution and each solution (chromosome) has a fitness 

function.  This function is used to measure the 

environmental adaptability of a chromosome. 

The cost function of the route r , named travel 

function, is defined as 
11,)(
+

+=
+ iwii tcrf , 

}1,...,1,{ −+∈∀ qppi ; Cc ii ∈
+1, represents the 

travel time from node i  to next node 1+i and 

1+iw
t represents the waiting time or the 

unloading/loading time of the container in node 1+i  

}2,...,1,{ −+∈∀ qppi . The scope of the 

proposed algorithm is to find the route r from source 

to destination such that )(rf to be minim. The 

smaller travel function, )(rf , the better fitness 

function is. 

 

4.4 Population initialization 

It is used random initialization approach, but 

each chromosome must be generated with the 

encoding method from section 4.2. 

 

4.5 Crossover operator 

The selection of the individuals is made using 

roulette method. Each individual gets a probability to 

be selected for genetic operators: mutation and 

crossover. This probability depends on value of 

fitness function. The better of fitness function of the 

individual, the better the probability to be chosen. 

The two selected individuals for crossover operator 

must have at least one common gene (node), different 

of the first and last, which will be the crossover point.  

If they don’t have, other two chromosomes are 

chosen, until they will have at least such a point. The 

fig. 5 presents the crossover method. It can see that, 

from the point where the crossover is made to the 

destination, the ids of chosen links can be different, 

because the departure times must be successively.  

Using this type of crossover method, it is 

possible to obtain some path with loops (the red part 

from fig. 5). In these situations it is applied a 

correction, as one can see in fig. 5 

 

4.6 Mutation operator 

For the mutation operator has been randomly 

chosen one gene (node) and for this is generated a 

random number between 0 and 1−nrRoute ; where 

nrRoute  represents the number of routes which go 

from that node to his neighbors, the length of the 

timetable of that node to connected nodes. The 

algorithm is repeated of maximum V times or the 

destination node is reached. 

 

4.7 Replacement  

The replacement phase concerns the 

supervisor selection of both the parents and offsprings  
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Fig. 5 – Crossover operator and correction method 

 

population. As the size of the population is constant, 

the replacement phase allows to pull and replace 

individuals according to a given selection. In this 

paper has been used the elitism strategy. Elitism 

always consists in selecting the best individuals from 

the parents and the offsprings. 

 

4.8 Stopping criteria 

Many stopping criteria based on the evolution 

of the population may be used. The proposed 

algorithm stops after a number of generations which 

is established a priori. 

 

5.  Experimental results 

In this section the experimental results are 

presented in order to demonstrate the correctness and 

the performance of the proposed method.  

The application has been implemented in Java 

programming language. The proposed algorithm has 

been tested for different sizes of the time-dependent 

multimodal transportation network. The results have 

been compared with those obtained with the standard 

genetic algorithm. 

In fig.6 is depicted an intermodal 

transportation of 20 nodes and 89 arcs. Because of 

space limits the timetable is not presented here. Each 

node can have one or more connected nodes and in 

each transit point, the container can wait a time 
iw

t . 

It has been searched the time-dependent shortest path 

from node 0 to node 10. The proposed algorithm must 

determine the train or truck on which the container of 

cargo will be loaded at source s , the departure time 

sd
t from source s  and  the transit points in which the  

container will be unloaded/loaded on other 

transportation mode such that the container will be 

arrived to destination d through a route of type 

shortestr . Both the proposed algorithm and standard 

one have been run of 50 times with a population 

length equals with 270 and a generation number 

equals with 30. It has been observed that the proposed 

algorithm has performed the best path every time, but 

the standard one sometimes hasn’t. The best path can 

be observed in fig. 6 (with the green color) and the 

details in right. The decoding is presented in fig. 7. 

 
Fig. 6 – The multimodal network representation and the obtained path 

 

 
Fig. 7 – The time – dependent obtained 

shortest path 

6.  Conclusions 

In the process of container transportation there 
are a variety of nodes of transportation that can be 

selected. A genetic algorithm-based method to solve 

the time-dependent shortest path problem in 

intermodal transportation network has been proposed. 
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A variable-length chromosome was utilized and after 

the crossover operator, a correction method is applied 

in order to erase the possible loops from resulted 

paths. The algorithm had to determine the time– 

dependent shortest path from one source to a 

destination.   

The tests were made on different sizes of the 

network. It has observed that running of a number of 

times, on the same network and the same size of 

population and number of generation, the proposed 

genetic algorithm has obtained better results than the 

basic one. Accordingly, the proposed method can 

reduce the size of population and the number of 

generations, and implicitly a shorter running time, 

offering a better convergence to the global optimal. 

Finally a simulation example shows the correctness 

and the effectiveness of the proposed algorithm.  
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 ABSTRACT 
The aim of a robust control consists in designing a controller that stabilizes both the 
process for its nominal parameters values and the process when its nominal parameters 
vary. In this paper we present the design of a sub-optimal H∞ robust controller for an 
uncertain horizontal positioning control of an unloading machine. The horizontal 
positioning model was obtained from first-principle knowledge. The mass of the 
unloading machine was considered as an approximation of the real value, thus, 
uncertainties in the model were introduced. In order to improve the unloading rate of the 
furnace, and therefore to increase positioning process stability, the robust controller was 
designed using multiplicative uncertainties. The assessment of the robust controller is 
made via simulation considering both the nominal and the perturbed parameters cases. 

Keywords: Rotary hearth furnace, unloading machine, positioning system, robust control, suboptimal H∞ control 

 
1.  Introduction 

The rotary hearth furnace is the first important 

aggregate in the technological flow of the hot rolling 

process [1]. The main role of this furnace is to heat up 

blocks of billets from the ambient temperature to the 

rolling temperature, which is about 1250
○
C [2]. The 

furnace consists of five regulating temperature 

sectors, a sector for preheating, a sector for charging, 

and a sector for discharging billets [3]. For the 

loading and unloading process the furnace is 

equipped with a loading and an unloading machine. 

The furnace’s hearth is rotated and its rotation regime 

can be jerky with stops at fixed, or continuous, 

angles. When the hearth stops the machines load, 

respectively unload, the block of billets from the 

furnace. 

 

Fig. 1 – The unloading machine representation 

 

The unloading machine from Tenaris Silcotub 

Zalau is essentially a trolley that moves on a rail way 

track. The fig. 1 shows the schematic representation 

of the unloading machine that has a long arm with a 

clamp at the furnace end. The clamp is design to 

catch the billet right in the middle according to its 

length and it is designed to have one fixed and one 

movable jaw. The robotic arm has to be positioned 

correctly over a billet in order for the clamp to catch 

it [4]. To ensure the entrance of the clamp jaws the 

minimum distance between two adjacent billets inside 

the furnace is 100 mm, and in addition to avoid 

deteriorating the billets. 

The distance between the initial position of the 

machine and the position of the billet on to the 

furnace hearth is known according to the loading 

scheme. An incremental encoder is used in order to 

measure the machine’s distance from the initial 

position to the billet’s position inside de furnace. 

An issue that appears during the billets 

unloading process is that a very precise brake is 

needed for the rotary hearth, in order to stop the billet 

exactly at the position of the unloading rail way axis. 

Because of this, at the outlet door of the furnace, the 

billet has a small displacement from the rail way axis. 

The billet displacement is calculated by a billet 

detection system, based on a video camera positioned 

at the furnace’s outlet door.  In order to position the 

clamp over the billet, the unloading arm is able to 

rotate around a static point, allowing a horizontal 

movement of 300 – 400 mm, like in fig. 2. Since the 

distance obtained by the rotation of the arm is small 

compared to the arm’s length, the motion is 

approximated by a linear movement. 
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Fig. 2 – Unloading arm’s horizontal positioning 

 

For obtaining a correct positioning of the 

clamp over the unloading billet, an automated control 

system is used to control the horizontal unloading 

arm positioning. The position control system, 

implemented at Tenaris Silcotub Zalau uses a PID 

controller for the unloading arm movement. The 

current control system performances are an overshoot 

of 11%, a settling time of 2 seconds and stationary 

error zero.   

The goal of this paper is to improve the 

unloading rate of the furnace, which means 

decreasing the current settling time, by designing a 

sub – optimal H∞ controller. To the authors best 

knowledge we are the first to treat this issue. 

 

2.  Mathematical model for the unloading 

machine’s positioning system  

The horizontal positioning system for the 

unloading arm consists of a hydraulic cylinder which 

is controlled using a proportional directional valve, 

because of precision motion due to high accuracy and 

high stiffness.   

The electro-hydraulic proportional valve used 

is manufactured by Bosch Rexroth, and it consists in 

a directly controlled valve with integrated electrical 

position feedback. The nominal working flow 

amounts to 75 l/min at 10 bar valve pressure 

differential [5]. The hydraulic cylinder is 

manufactured by Parker Hannif Corporation and it is 

a type MP3 from MMA duty series. It was designed 

for service in steel mills and it has a minimum stroke 

of 25 mm and a maximum stroke of 150 mm [6]. 

The position of the cylinder is measured with a 

linear transducer. The measurement signal is used to 

determine the displacement of the arm from the rail 

way axis in mm unit, a displacement to the right of 

the rail way relates to a positive value, and a 

displacement to the left of the rail way axis relates to 

a negative value. The linear encoder is manufactured 

by Gefran and it can measure displacement or speed. 

The sampling time of the typical position read is 1 ms 

[7]. 

Due to constituent elements of the positioning 

system for the unloading arm, the system is 

considered to be an electro-hydraulic axis and for 

consideration of time constants we take into account 

only the dynamics of the hydraulic part, through the 

main equations described below [8]. 

Linear equation of servo valves: 

Q C mQ K x K p∆ = ∆ − ∆                        (1) 

Equation of flow conservation: 

( )( )

4

mT
m

d pVd y
Q S p

dt E dt
α

∆∆
∆ = + ∆ +          (2) 

Mechanical equation of motion: 
2

2

( ) ( )
m R

d y d y
S p m f F

dt dt

∆ ∆
∆ = + +             (3) 

Where: KQ – flow gain, Kc – flow-pressure 

coefficient of the proportional valve, ∆Q – flow 

differential, ∆x – billet displacement, ∆pm – pressure 

differential, S – piston area, α – overall rate of oil 

loss, VT – total oil volume, ∆y – output size (arm 

displacement), E – coefficient of oil elasticity, m – 

mass of the piston and the load, f – viscous damping 

coefficient, FR – static force strength. 

By applying the Laplace transform to (1) - (3), 

and by neglecting the parameters α, Kc, and FR the 

mathematical model (4) was obtained: 

2

2 22

k
x

s s
y

ω

ξω ω
∆

+ +
∆ =                      (4) 

From (4) the state space representation was 

obtained: 

1 2

2 1 2

2

( )

( 2 )

x u x

x x x

y kx

ω

ω ξ

•

•

= −

= −

=

                         (5) 

The mathematical and the state space model 

parameters are defined as follows: 

2

2

2

4

4

8

Q

T

T

T

K
k

S

ES

V m

V f ES

ES V m

ω

ξ

=

=

= ⋅

                          (6) 

The mass of the unloading machine was 

calculated by multiplying its density with an 

approximated volume. The machine’s mass is found 

in the system’s damping ratio ξ, and natural 

frequency ω, formula. The state space parameters 

were obtained by replacing the parameters with the 

values from the data sheets and considering the 

approximated value of the mass. The following 

values were obtained. 

7

13.281

797.1495

3.0355 10

k

ω

ξ −

=

=

= ⋅

                          (7) 

 

3.  H∞ robust control design  

The main goal of a robust control is to design 

a controller that stabilizes the process not only for its 

nominal parameters values, but for the case in which 

the system parameters vary within certain limits also 

[9]. The controller and the controlled plant must 
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satisfy certain performance requirements like: low 

overshoot, short settling time and also disturbance 

rejection. In order to satisfy the above requirement we 

designed and simulated a H∞ robust control. 

The robust H∞ optimization investigation 

began with the consideration of minimizing the ∞-

norm of the sensitivity function of a single-input 

single-output linear feedback system [10]. It was soon 

extended to more general problems, when the 

stability robustness criterion confirmed the relevance 

of the ∞-norm for robustness [11]. The H∞ controller 

is an effective and efficient robust design method for 

linear systems and it ensures robust performance in 

response to both external disturbances and parameter 

uncertainty [12].  

The H∞ sub-optimal controller design consists 

in finding a controller K, for which the H∞ norm of 

the closed loop transfer function will be less than a 

given positive number [13]. The controller has to 

ensure robust stability for the closed loop system, 

good tracking, attenuate the influence of the 

exogenous input signals on the controller signal and 

to reject the noise [14]. The H∞ robust control design 

consists in finding a controller that minimize the 

lower linear fractional transformation (LFT) for both 

the plant, and the controller F(G,K) [15]. 

( ) ( , )J K F G K γ∞ ∞
= <                (8) 

In order to design the robust controller the 

augmented plant mathematical model (G) described 

by the following state space equations has to be 

constructed.  

)()()()(

)()()()(

)()()()(

22212

12111

21

tuDtvDtxCty
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tuBtvBtAxtx

++=

++=

++=&

     (9) 

Here x is the state variable vector, v the 

exogenous inputs vector, u is the control input vector, 

z is the vector of the signals that are considered to be 

important for the closed-loop performance, while y is 

the vector of measurements. The matrix form of the 

augmented plant model is: 

1 2

1 11 12

2 21 22

A B B

G C D D

C D D

 
 =  
 
 

                   (10) 

In order to obtain better performances for the 

closed-loop system weighting functions (W) can be 

added:  

1

2

1

1
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min

−

−

+

+

GKIKW

GKIW
Kstab

             (11) 

The sensitivity function S (12) characterizes 

the sensitivity of the control system output to 

disturbances. To limit the control signal the KS 

sensitivity was introduced. 
1)( −+= GKIS            (12) 

 

4.  Robust control for the unloading 

positioning system 

The H∞ suboptimal controller design begins 

with the state-space representation of the positioning 

system for the unloading machine describe by (5). 

Figure 3 shows the block representation for the state 

space system’s model. 

 

+
u

+

y

k

x2
x1
.

x1 x2
.

v 2
v 1

v 3v

v 4

Fig. 3 -  Block representation for the system model 

 

The model parameters (7) are considered to be 

the nominal values for the state space model of the 

unloading arm positioning system. It was considered 

that the mass can vary ±20% and, thus, the model 

parameters ω and ξ can vary up to ±10%. The 

uncertain parameters ω and ξ may be represented as 

follows: 

(1 )

(1 )

N

N

p

p
ω ω

ξ ξ

ω ω δ

ξ ξ δ

= +

= +
                      (13) 

where Nω , Nξ  are the nominal values that 

can be found in (7), while pω , pξ  are the maximum 

relative uncertainties, and δω ,δξ ∈[-1,1] being the 

relative variations, which means that the parameters 

ω and ξ vary by ±10%. The parameters ω and ξ may 

be represented as a lower LFT:  
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  = =
     

       (15) 

For the uncertain parameters blocks containing 

the parameter ω, or the parameter ξ, from fig. 3, will 

be replaced with the group of block like the ones in 

fig. 4 or in fig. 5.  

The equations corresponding to the blocks in 

fig. 4 and in fig. 5 are (16), respectively (17). 
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Fig. 4 -  Block for ω parameter with uncertainties 
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Fig. 5 -  Block for ξ parameter with uncertainties 
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By replacing each parameter block from fig. 3, 

we obtain five exogenous inputs: uω1, uω2, uω3, uζ1, 
uω4, and five important signals: yω1, yω2, yω3, yζ1, yω4.  

The equations that govern the dynamic 

behavior of the system with perturbed parameters are: 
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(18) 

From the above equations the augmented plan 

model G is obtained, and it corresponds to the state 

space representation (9). 
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(19) 

In order to ensure good disturbance 

attenuation and good transient response, weighting 

functions were added.  

The following two weighting functions were 

obtained iteratively, starting with the weighting 

functions [16]: 

 

2

2

5 10
0.3

2 0.0001
p

u

s s
W

s s
W 0.02

+ +
=

+ +
=

           (20) 

The coefficients were adjusted until the 

systems transient response for the nominal values had 

the required performances. 

The transformation from the state-space 

representation to the transfer function representation 

is given by: 
1( ) ( )fH s C sI A B−= −              (21) 

Considering the plant augmented model (19), 

the weighting functions (20), and the transformation 

(21), we obtained the fourth- order H∞ sub-optimal 

controller [17]: 
3 2 7 7

4 4 3 8 2 8 4

47.18 157.3 2.998 10 9.99110
( )

1.626 10 1.33 10 2.655 10 1.327 10
K

s s s
H s

s s s s

+ + ⋅ + ⋅
=

+ ⋅ + ⋅ + ⋅ + ⋅
(22) 

   

  

5.  Simulation results for the closed-loop 

position control system 

The H∞ suboptimal controller was determined 

using the Robust Control Toolbox within MATLAB 

7.6 [18]. The system’s outputs were also plotted using 

MATLAB, by simulating the closed-loop position 

control system that has the H∞ sub-optimal controller 

and the state space mathematical model for the 

unloading machine on the direct path. 

 For the closed-loop performance assessments the 

robust positioning system’s unitary step response, for 

the nominal case, was simulated and the result are 

shown in fig. 6. 

 

 
Fig. 6 – Robust positioning system’s step 

response for the nominal case 
 

The settling time for the robust position control is 

approximately 1.6 s compared with the 2 s settling 

time obtained for the current PID positioning system. 

The overshoot is 5%, lower than the current one of 
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11%. The closed loop system has no stationary error.  

 
Fig. 7 - Unitary step responses for the nominal and the perturbed systems 

 

 
Fig. 8 - Closed loop step responses for the nominal and the perturbed systems 

 

In fig. 7 we plotted the robust positioning 

system’s unitary step response, for the nominal case 

and for the ±10% and ±5% perturbed system. Thus 

the performances for the closed-loop positioning 

system remain the same even if the machine’s mass 

varies up to ±20%. 

Figure 8 shows the step responses for the 

perturbed and for the nominal system. It can be seen 

the overlapping of the responses for the ±10% 

perturbed system, ±5% perturbed system, and the 

nominal system step response. We applied the 8 mm 

positive reference and the -6 mm negative reference 

which can be related to a billet displacement to the 

right of the rail way axis for the positive reference, 

and a billet displacement to the left of the rail way 

axis, for the negative reference. 

 In order to demonstrate the robust 

performances in response to external disturbances the 

±10% perturbed system, the ±5% perturbed system 

outputs for a 2 mm step disturbance are presented in 

fig. 9. The robust positioning controller rejects the 

disturbance in about 1.5 s. 

 

Fig. 9 - Transient responses for a 2 mm 

disturbance 

 

Figure 10 shows the inverse of performance 

weighting function and the nominal sensitivity plot. 

From this plot we observe that for low frequencies the 

closed-loop system must attenuate the output 

disturbance. The stability of the nominal, and the 

perturbed, system is proved by the sensitivity 
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function of the closed-loop system being lower than 

the inverse of the weighting function. 

 
Fig. 10 -  Inverse of performance weighting 

function 

 

6. Conclusion 
In this paper, the robust control of a horizontal 

positioning system for an unloading machine with 

uncertain parameters is designed. The simulation 

studies of the dynamic system behavior are based on 

the state space mathematical model. For the task of 

designing a robust H∞ suboptimal controller an 

uncertain model has been derived from the state space 

position model. 

The application of linear robust control design 

techniques on an unloading machine positioning 

system resulted in a controller that is able according 

to simulation to decrease the settling time from 2 s to 

1.6 s and to improve the billets unloading rate from 

the furnace with 20%. The controller is also able to 

decrease the system’s overshoot by approximately 

50%. The robustness of the controller designs is 

validated via simulation. The resulting robust 

controller guarantees stability and better 

performances for the closed-loop system 
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ABSTRACT 
Adaptive controllers are used for plants with unknown or time varying parameters. The 

multi links robotic arm is a classical case of plant with unknown parameters because the 

load modifies in time. Using the Lyapunov stability theory for the controller’s parameters 

adaptation assures the global stability and superior performances in presence of the 

disturbance (or in case of plant parameters changes). An alternative to global control of 

the robot is the local compensation of the load and interdependencies between different 

links of the robot arm. The local compensation for the robot arm means that we can treat 

every link of the robot independently and this strategy simplifies the overall control 

problem to multiple D.C. motor adaptive controls. 

The paper presents two design methodology of model reference adaptive control for a 

single D.C. motor gear driven link which can be used as local adaptive control of the 

robotic arm. The globally models of the systems designed using Lyapunov stability theory 

are implemented and simulated in Matlab Simulink. 

Keywords: model reference adaptive control; Lyapunov stability theory; D.C. motor gear drive; robot control 

 
1.  Introduction 

A solution for processes with unknown or time 

varying parameters and known structure, in presence 

of great disturbances is offered by the adaptive 

systems. Depending on the type of the real plant a 

model reference adaptive system or a self-tuning 

controller, continuous or discrete, is chosen. 

Excepting the intelligent systems, the adaptive 

systems are the only ways to compensate the large 

variations of the plant parameters [1,2]. 

The actual tendency in study of automatic 

systems and robot arms control is to replace the 

classic controllers with intelligent and adaptive 

systems, especially where the desired performances 

and the technical demands are not satisfied [2,3]. 

The first research in adaptive systems domain 

was made around 1950. At that time the studies were 

focused on automatic pilot for high performance 

airplanes. In time Whitaker, Bellman, Landau, 

Kalman, Astrom, Wittenmark and others contributed 

to adaptive system theory progress and industrial 

implementation [3]. 

The serial robots have a kinematic chain with 

a serial construction, which involves many influences 

between the forces and moments of the various 

degrees of freedom. So, the dynamic model of the 

robot has nonlinearities, modeling uncertainties or 

strong variations of process parameters [4,5,6]. The 

main cause generating these design issues of 

regulators is the interdependence between different 

axes of movement which is a serial robot typical 

phenomenon. 

If we assume that we are dealing with a robot 

gear driven by D.C. servomotors and using the axes 

decoupled method to control the robot than we can 

treat every robot joint independently. So, we reduced 

the robot control problem to a D.C. motor control 

[7,8,9]. The unknown parameters variations are 

compensated locally for every link of the robot by 

using the adaptive control. 

In the next sections of the paper we present 

two design procedures that can be followed to create 

a local model reference adaptive control of a single 

robotic link.  

The first design procedure consists in the 

adaptation of the parameters of the chosen controller. 

The controller has a known structure and main 

problem is to find the adaptation laws [10].  

The second design procedure considers that 

we have a proportional control of the D.C. 

servomotor and the load and the unknown influences 

are compensated using an adaptive compensation 

signal which must been found.  

In both cases the desired performances are 

imposed via the reference model and the Lyapunov 

theory assures the stability of the system [3,11]. 
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2.  Modeling the local adaptive control of the 

gear driven robotic link 

 

A. Modeling the robotic link driven by D.C. 

servomotor 

We suppose that each link (joint) of the robot 

is gear driven by a D.C. servomotor. So, our plant 

used in simulation is in fact a D.C. servomotor. The 

axes decoupled position control technique allows us 

to treat every joint independently.  

The dynamic equations of the D.C. servomotor 

are [4,9,10]: 









⋅==Ω

+Ω⋅+Ω⋅=⋅
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)()(,)()(
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)()()()(
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tkdttdiLtiRtu

dcdcdc

dcdcm

dce

θµθθ
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Where the plant parameters are voltage u, 

current i, circuit resistance R, circuit inductance L, 

electromotive voltage keΩdc, motor torque kmi, inertia 

J, viscous frictional coefficient B, load torque τ, 

rotational speed Ωdc, reduction ratio µ, motor angle 

θdc, gear angle θ [10]. 

The plant is described by a third order 

differential equation and has as input the voltage u 

and as output the rotational gear angle θ. Because the 

electrical time constant of the D.C. motor is very 

small relative to his electromechanical time constant 

and to simplify the adaptive controller design 

procedure the plant model will be approximate with a 

second order system. The load torque can be 

considered a disturbance. 

Considering τ=0 and L very small the input-

output simplified model for every robotic link which 

contains the D.C. servomotor and the gear drive is 

given by (2). 
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Figure 1 shows the simplified simulink model 

for one robotic link gear driven with D.C. servomotor 

and the step unit response. The step response 

highlights the good approximation of the third order 

model with the second order system. 

 

 
Fig. 1 –Simulink simplified model of a robotic link 

B. Adaptive control of the robotic link using 

feedback-feedforward controller 

The first procedure presented for our robotic 

link is actually a classic procedure to design a model 

reference adaptive control (MRAC) with Lyapunov 

stability theory based adaptation laws. 

The MRAC structure consists of four main 

parts: the plant, the controller, the reference model 

and the adjustment mechanism. The model reference 

adaptive control scheme is shown in figure 2 [1,3]. 

In MRAC, the technical demands and the 

desired input-output behavior of the closed loop 

system is given via the corresponding dynamics of 

the reference model. Therefore, the basic task is to 

design such an adaptive control, which will ensure the 

minimal error between the reference model and the 

plant output (named adaptation error) despite the 

uncertainties or variations in the plant parameters and 

working conditions [12]. 

 
Fig. 2 – Model reference adaptive control scheme 

 

The reference model for our MRAC generates 

the desired trajectory, θm, which the plant output θ has 

to follow. A standard second order differential 

equation was chosen as the reference model, with the 

following coefficients: am=2, bm=1. 

rbbdtdadtd mmmmmm ⋅=⋅+⋅+ θθθ
22        (3) 

and using Laplace transform the continuous transfer 

function of the reference model is given by (4). 

mm

mm

m
bsas

b
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s
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+⋅+
==

2)(

)(
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θ
            (4) 

Due to the specifics of the plant and the 

reference model (second order model), the 

feedforward-feedback controller for the D.C. motor 

gear driven [7] has a fixed structure with three 

parameters k1, k2, k3. The control law for the model 

reference adaptive control structure takes the 

following form [10]: 
•

⋅−⋅−⋅= )()()()( 321 tktktrktu θθ             (5) 

For k1=k2 the controller becomes a 

proportional derivative (PD) controller with the 

derivative component on the feedback loop [10].  

The adjustment mechanism uses the adaptation 

error θe to adjust the controller parameters. The 

adaptation (tracking) error θe=θm-θ represents the 

deviation of the plant output from the desired 

trajectory. The adaptation laws for the controller 

parameters are determined using Lyapunov stability 
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theory and the input-state-output models of the 

closed-loop and model reference systems.  

The state equations for these systems result 

from the (1), (3) and (5). 
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The dynamics of the adaptation error is 

described by a second order system with the state 

equation (7). 
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where xe is a 2x1 vector, containing the adaptation 

error and its derivative 
T

eeex 



=

•

θθ . 

In the Lyapunov stability theory the first major 

problem is to choose the proper positive definite 

function V(t,xe) [2,3,11]. 
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The equilibrium point xe=0 is asymptotically 

stable if: V is positive definite (P is positive definite), 

V(0)=0 and dV/dt is negative definite. 

The second problem is to obtain the derivative 

of the function V [10]. 

Matrix P is the symmetric and positive definite 

solution of the Lyapunov equation (8). We assume 

that Q is the identity matrix. 

The derivative of the Lyapunov function V is 

negative definite if the adaptation laws for the variant 

closed-loop system matrix are: 
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Solving (9), from the first equation results the 

matrix P, given by (10), and from the other two 

equations the adaptation laws for the controller 

parameters, given by (11). 

In the adaptation laws (11) some terms were 

absorbed into the adaptation gains γ1, γ2, γ3 [13]. 
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C. Adaptive control of the robotic link using a 

compensation signal 

The second procedure of adaptive control 

design for our robotic link, which will be presented in 

the following paragraphs, assumes that we have a 

control structure with known parameters and an 

adaptive compensation signal. This signal 

compensates the unknown load and plant 

uncertainties [4]. 

In our case (for the robotic link) we use a 

proportional control depending on the plant known 

dynamics. Because the compensation signal is 

determined using the same Lyapunov stability theory 

and the performances of the global system are 

imposed via the reference model, the resulting system 

is actually another version of model reference 

adaptive system.  

The block diagram of the adaptive control 

structure of the robotic link which uses the 

compensation signal is shown in figure 3. 

 

 
Fig. 3 – Adaptive control scheme with 

compensation signal 

 

Considering τ=0 and L very small, the input-

output simplified model for adaptive control of the 

robotic link (which contains the D.C. servomotor, the 

gear, the proportional controller and the 

compensation signal) is described by a second order 

equation. 
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where the damping ratio and the natural frequency 

are: 
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,
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The reference model for this design procedure 

is the same second order system described by (3) and 

(4).  

Using the (3) and (12) we obtained the 

Laplace equation that describes the dynamics of the 

adaptation error θe=θm-θ. 
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If we consider that load torque can be 

decomposed in three terms τ=τ0+η1·(r-θ)+η2·dθ/dt 

and by transforming the (14), which is a complex 

relation, in the time domain results: 
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Equation (14) consists in a three terms relation 

which describes the adaptation error dynamics, one 

term depends on the angular velocity Ω(t)=dθ/dt, one 

term depends on control error e(t)=r(t)-θ(t) and the 

other one is a stationary term. So, the compensation 

signal should be such as to compensate each of the 

three adaptation error terms. 
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Using the vector θe=[θe dθe]
T
 the matrix 

equation which describes the dynamics of the system 

becomes: 
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where we made the following notations: 
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The Lyapunov function used to determine the 

adaptation laws has a similar form with (17). Also, 

this function V(t) must satisfy the Lyapunov stability 

theory. 
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The function V(t) is positive definite if the 

matrix P is positive definite (p11>0 şi p11p22-p12p21>0) 

and a1, a2, a3 are positive gains. The Lyapunov 

function derivative is negative definite and the 

equilibrium point θe=θm-θ=0 is asymptotically stable 

if we consider (19). 
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where Q is a symmetrical positive definite matrix 

(identity matrix). 

Solving the first equation from (19) to have 

the matrix P and knowing the previous notation from 

(17) we obtained the three components of the 

adaptation signal g(t). These components will 

compensate the variations of the plant parameters or 

the uncertainties of the load torque. 
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3.  Simulation of local model reference 

adaptive control of the robotic link 

This section presents the simulations and 

results obtained using the block diagrams presented in 

the previous section (the classical MRAC structure or 

the compensation adaptive system from figures 2 and 

3) and the relations determined.  

In the models design, simulations and systems 

testing the following values were used for physical 

constants: µ=0.01, J=8kgm
2
, ke=0.5247Vmin/rot, 

km=6.1Vmin/rot, B=1.5 Nms/rad, R=1.025Ω. 

The main problem is to test the capability of 

the closed-loop adaptive systems to adapt to a desired 

trajectory. The reference proposed for the simulation 

is a square input with 20 seconds period and π/3 

amplitude. Although the calculations were made with 

the simplified model of the robotic link, the 

simulations uses the real model are similar. 

Figure 4 shows the reference and the reference 

model output (desired evolution of the gear angle). 

These signals are used in both control structures. 
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In the first stage we tested the model reference 

adaptive control structure from figure 2. So, figure 5 

shows the reference, the reference model output 

(desired evolution of the gear angle), the real gear 

angle and the adaptation error. 

 

 
Fig. 4 – Reference r(t) and desired  trajectory for 

gear angle θm(t) 

 
Fig. 5 – Functional signals r(t), θm(t), θ(t) and p(t)  

 

After two of the impulses the gear angle 

follows the desired trajectory and so the adaptation 

error tends to zero. The amplitude of the oscillations 

from the beginning of the simulation is reduced and 

practically disappears. 

The figure 6 shows the time evolution of the 

model reference adaptive controller parameters k1(t), 

k2(t) and k3(t). 

The second stage consists in the comparative 

simulation of the adaptive control of the robotic arm 

using the compensation signal presented also in the 

previous section. So, figure 7 shows the reference, the 

reference model output (desired evolution of the gear 

angle) and the real gear angle. The gear angle follows 

the desired trajectory imposed by model reference 

output. 

The evolutions of three components g1(t), 

g2(t), g3(t) of the compensation signal from the 

dynamic equation of the adaptation error are 

presented in figures 8 and 9. 

 
Fig. 6 – Controller parameters k1, k2 and k3 

 

 
Fig. 7 – Reference r(t), desired  trajectory for the 

gear angle θm(t), real gear angle θ(t) 
 

 
Fig. 8 – The components of the 

compensation signal g1(t), g2(t) 
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Fig. 9 – The component g3(t) of the compensation 

signal   
 

4.  Conclusions 

The paper studied two design methods of a 

local model reference adaptive control for a single 

robotic link which can be generalized to compensate 

the interdependences between different axes of a 

multi-link robot and unknown loads.  

First adaptive system consists in a classical 

implementation of the model reference adaptive 

control. In this case the controller has a known 

structure (PD modified type) but with variable 

parameters, adapted using the Lyapunov stability 

theory. The second method presents an adaptive 

system which contains a known controller and a 

compensation signal. The signal is determined to 

compensate the uncertainties by imposing a desired 

model reference and also using the Lyapunov stability 

theory. 

Although the robotic link model used for the 

simulation is a third order type, for both adaptive 

systems design has been used a second order 

approximate model with similar response. A simple 

comparison of the two adaptive systems from the 

mathematical point of view shows that both contain 

three components (parameters for the classical model 

reference adaptive controller and signals for 

compensation). 

The local adaptive systems for the single 

robotic link were simulated in Matlab-Simulink to 

different references. The square responses of the 

adaptive systems were presented in the paper and 

these highlight the capacity of the systems to adjust 

its parameters/signals to compensate the unknown 

variations in the robotic arm after a specified time. A 

comparative study of the results shows similar 

evolutions of the gear angle in both cases. From other 

point of view, the stability of the closed-loop systems 

and the convergence are assured by the Lyapunov 

stability theory. 

However, there are certain tradeoffs required 

to achieve this success practically. These include the 

digital conversion of the adaptive structure, the 

computational complexity and experiments for the 

practical implementation to a robotic arm with several 

links to see whether unmodeled dynamics are 

successfully handled. 
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ABSTRACT 
This paper presents the adaptation of a classic foot pedal operated Singer sewing 

machine to a computerized numerical control (CNC) sewing and embroidery machine. 

This machine is composed of a Singer sewing machine and a two-degrees-of-freedom XY 

stage designed specifically for this application. The whole system is controlled from a PC 

using adequate CNC control software. 

Keywords: CNC, sewing machine, stepper motor, stepper driver, Mach 3 soft 

 
1.  Introduction 

The sewing machine is a mechanical machine 

used to stitch fabric or other materials together using 

a thread. The first sewing machines were invented 

during the first Industrial Revolution. They appeared 

out of the necessity to increase the productivity of 

sewing and to reduce the cost of the fabric[1] [2]. 

This paper presents what can be accomplished using 

modern CNC equipment to extend and improve the 

capabilities of a foot pedal operated sewing machine. 

For this application we used a one needle 

Singer model 99 sewing machine (Fig. 1). The frame 

of the machine was specifically designed for this 

sewing machine using low cost materials like 

plywood sheets.  

 

 
Fig.  1- The Singer sewing machine 

 
The frame has two compartments: one for the 

PC and one for the CNC command system (Fig. 2). 

On top of the frame we have mounted two stepper 

motor driven linear translation stages (Fig. 3). The 

linear stage consists of two induction hardened 

precision steel shafts with a diameter of 16mm 

mounted in shaft supports. The X stage contains two 

linear ball bearing slides, while the Y stage contains 

only one linear ball bearing slide on each shaft. Both 

stages are driven by a TR12x3 lead screw. The nut is 

made of polyamide polymer providing adequate 

accuracy and repeatability, quiet operation and low 

cost.  

 

 
Fig.  2- The frame of the sewing machine 

 

 
Fig.  3- The linear translation stages 
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The linear translation stages, which are driven 

by stepper motors, move the embroidery hoop in 

which we have placed the fabric. The main purpose 

of the linear stage is the synchronization of the 

embroidery hoop’s movement with the movement of 

the needle. The fabric can be moved only when the 

needle is in the up position; this ensures that the 

needle will not break.  

For this application the 57H76-2008B stepper 

motor proved to be adequate. The motor is a 1.8 

degrees/step stepper motor which provides a holding 

torque of 1.9Nm in bipolar parallel wiring.  

 The camshaft of the sewing machine is also 

driven by the same model stepper motor. The stepper 

motor that drives the camshaft is connected to the 

shaft using a synchronous timing belt transmission 

(Fig. 4). This transmission consists of two “T” 

pulleys. On the shaft of the stepper motor we have a 

pulley with 16 teeth and on the camshaft a pulley 

with 36 teeth. The pulleys are connected with a T 

10mm width timing belt with a 5mm pitch.  

 

 
Fig.  4- The timing belt transmission 

 

2.  Stepper Motor Driver  

The stepper motors are driven by a stepper 

motor driver. The stepper motor driver is an 

electronic equipment which provides an interface 

between a step pulse generator (in this case a PC) and 

the stepper motors. The CNC4X35A [14] is a 4 axis 

stepper motor control board which is capable of 

controlling up to 4 different stepper motors in bipolar 

micro stepping mode. The driver can control a wide 

variety of stepper motors (5-30V and 0.7- 3A) in full, 

half, quarter and 1/16 micro stepping resolutions. The 

current limit and the micro stepping are adjustable by 

dip switches. The driver requires a minimum of 15V 

DC and accepts a maximum of 32V DC and is 

connected to a PC using the parallel port.  

For this application we used a professional a 

Mean Well SP-320-27 320W, 27V DC CNC power 

supply. For the XY stage stepper motors we used a 

current of 2.25A and half-step micro stepping mode. 

The camshaft stepper motor was set to run also on 

2.25A current but without a micro stepping mode 

(full-step mode).[3] [4] [7] [8]  

The stepper motor driver and the power supply 

assembly can be seen in figure 5. 

 

 
Fig.  5- The driver and the power supply 

 

3.  Control software 

To create different embroidery models the 

Sophie Sew [1] free embroidery digitizing software 

was used. The embroidery models were designed        

(Fig. 6) with the above mentioned software and saved 

in tajima format (DST). The DST file was opened 

with the Embroidery Gcode Generator program [2], 

which translated the file into a gcode file format. 

Then a gcode interpreter program, in this case Mach3, 

was used to read the file and to sew or embroider the 

design (Fig 7).  

 

 
Fig.  6- Sophie Sew program interface 

 

 
Fig.  7- Mach3 program interface 
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Fig.  8- The CNC sewing and embroidery Machine 
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Fig.  9- Experimental results 
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4.  Experimental results 

A part of the experimental research was 

performed in Mechatronics and Robotics Laboratory 

from the Engineering Faculty, “Petru Maior” 

University of Tirgu-Mures. The general view of the 

CNC sewing and embroidery machine is shown in 

figure 8. 

The purpose of the experiment was to 

determine the optimal micro stepping modes for the, 

the accelerations and the maximum speed for the 

stepper motors, and also to determine the productivity 

of the machine by determining the maximum and the 

optimum sewing speeds. Also the experiment helped 

to determine what models can be embroidered. 

The optimal result were obtained using half 

step micro stepping mode for the XY stage stepper 

motors with a maximum speed of 1.5m/min and an 

acceleration of 0.1m/s
2
. Using the above settings the 

machine managed to achieve a sewing speed of 200 

stitches/min. 

The embroidered models can be seen in    

figure 9. 

 

5.  Conclusions 

 

We managed to prove that it is possible to 

create a CNC sewing machine, and that it is also 

possible to extend the capabilities of the classical 

sewing machine to an embroidery machine.  

This design can be improved by using 

aluminum or steel for the frame. By building a frame 

out of these materials we can further increase the 

sewing and embroidery speed of the CNC machine. 
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ABSTRACT  

 
This paper presents types and operating mode of vibration sensors. Piezoelectric sensing 
elements are often used in accelerometers. A force applied perpendicular to the 
piezoceramic material causes a charge production and a voltage at the other two surface of 
the material. The seismic mass acts on the piezoceramic material and if the movement of 
the seismic mass is proportional with displacement, or velocity, or acceleration, the 
produced charge and voltage will be also proportional to these. It will be investigate the 
structure and transfer function of the seismic mass type sensing element. The article 
presents how the piezoelectric sensing element works and how can be modeled with an 
electronic circuit. The transfer functions of the electronic circuit models are studied in 
Matlab and the results are presented. It will be presented the influence of the seismic mass 
on the accelerometer’s working frequency domain also.  
Differential capacitor sensing elements are also often used in integrated accelerometers. It 
will be investigate the transfer function of the seismic mass and capacitive sensing element 
structure. It will be presented the similarity between the piezoelectric sensing element and 
capacitor sensing element. It will be presented the model of the capacitor sensing element 
in Simulink. 
An important part of the accelerometer is the charge amplifier that transforms the charge 
output of the sensing element into a low impedance voltage signal.  
The ADXL accelerometer with differential capacitor sensing element is capable of acting 
simultaneously as a shock and vibration detector as well as a tilt sensor. An application of 
the ADXL sensor is investigated and presented.  
 
Keywords: vibration sensor, piezoelectric, capacitive sensing element,  Simulink model.  

 

 

1. Introduction 

Vibration and shock are present in all areas of 

our lives. They may be generated and transmitted by 

motors, turbines, machine-tools, bridges, towers, and 

even by the human body. Some vibrations are 

desirable; others may be disturbing or even 

destructive. Consequently, there is often a need to 

understand the causes of vibrations and to develop 

methods to measure and prevent them.  

Accelerometers can be used in a wide variety 

of low g applications such as tilt and orientation, 

vibration analysis, motion detection, etc. There are 

many types of sensors that measure acceleration, 

vibration, shock, or tilt. These sensors include piezo-

film, electromechanical servo, piezoelectric, liquid 

tilt, bulk micromachined piezo-resistive and 

capacitive sensors, as well as surface micromachined 

capacitive sensors. Each of these sensors has distinct 

characteristics in the output signal of the sensor. 

Measurement of acceleration can also provide 

velocity by single integration and position by double 

integration. Vibration and shock can be used for 

machine health determination as well as motion and 

shock detection for car alarms, airbags, and sports 

training products. Static acceleration due to gravity 

can be used to determine tilt and inclination. [8] 
The piezoelectric accelerometers are widely 

accepted as the best choice for measuring absolute 
vibration. Compared to the other types of sensors, 
piezoelectric accelerometers have important 
advantages: extremely wide dynamic range, almost 
free of noise - suitable for shock measurement as well 
as for almost imperceptible vibration, linearity over 
their dynamic range, wide frequency range, compact 
and highly sensitive, no moving parts - long service 
life, self-generating - no external power required, 
great variety of models available for nearly any 
purpose, integration of the output signal provides 
velocity and displacement determination. The 
disadvantage of piezoelectric sensors, only 
alternating acceleration can be measured. This type 
of accelerometer is not capable of true dc response, 
e.g. gravitation acceleration. The sensor has a high 
impedance output what needs to be converted first 
into a low impedance signal. For sensors with charge 
output, an external charge amplifier is required. For 
processing the sensor signal, a variety of equipment 
can be used, such as: RMS and peak value meters, 
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frequency analyzers, recorders, PC instrumentation. 
However, the capability of such equipment would be 
wasted without an accurate sensor signal. In many 
cases the accelerometer is the most critical link in the 
measurement chain. To obtain precise vibration 
signals some basic knowledge about piezoelectric 
accelerometers is required. [1], [8]  

2. The vibration sensor 

The displacement, the velocity and the 
acceleration are bond. If we know the equation which 
describes the motion of a piece (of a body) due to a 
force, we can provide through single derivation the 
velocity and acceleration by double derivation. In 
practice we measure the acceleration with a proper 
sensor and we get velocity and displacement through 
integration, because integration circuits are most 
simple.  

The acceleration transducers have two parts: 
sensing element and conversion circuit. The sensing 
element is a seismic mass type and it is fixed on the 
moving body and takes over the movement precisely 
(Fig.1). The movement of the seismic mass can be 
described with the equation:  
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Where m is the seismic mass, k is springiness 
coefficient, c is the damping coefficient, a is the 
acceleration and F is the force. [10]  
The transfer function of the sensor’s system is:  
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Fig.1. Sensing element’s general structure and 

piezoelectric sensing element.  
 

Depending on the relation between m, k and c 
the movement of the seismic mass is proportional 
with displacement, or velocity, or acceleration of the 
body. For acceleration measurement m and c are 
small, negligible against k.  
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The sensing element of a piezoelectric 

accelerometer, the piezoceramic material, is 

sandwiched between two electrodes. A force applied 

perpendicular to the disk causes a charge production 

and a voltage at the electrodes. Since the seismic mass 

is constant the charge output signal is proportional to 

the acceleration of the mass. [2], [10] 

The charge sensitivity of the piezoceramic material 

is aqSq /= , and the voltage sensitivity auSq /= .  

Over a wide frequency range both sensor base 

and seismic mass have the same acceleration 

magnitude. Hence the sensor measures the 

acceleration of the test object. 

A piezoelectric accelerometer can be regarded 

as a mechanical low-pass filter with resonance peak. 

The seismic mass and the piezoceramics form a spring 

mass system. The resonance frequency of the system 

defines the upper frequency limit of an accelerometer. 

To achieve a wider operating frequency range the 

resonance frequency should be increased. This is 

usually done by reducing the seismic mass. However, 

the lower the seismic mass, the lower the sensitivity. 

Figure 2 shows a typical frequency response curve of 

an accelerometer when it is excited by a constant 

acceleration. [2], [8]  

At approximately 1/5 of the resonance 

frequency the response of the sensor is 1.05. This 

means that the measured error compared to the lower 

frequency is 5%.  

At approximately 1/3 of the resonance 

frequency the error is 10%. For this reason the 

“linear” frequency range should be considered limited 

to 1/3 of the resonance frequency. The 3dB limit with 

approximately 30% error is obtained at approximately 

one half times of the resonance frequency. 

 

 
Fig.2. Frequency response of an accelerometer. 

 

The output of the sensor can be a charge or a 

voltage. Accelerometers with charge output generate 

an output signal in the range of some pC with very 

high impedance. To process this signal by standard ac 

measuring equipment it needs to be transformed into a 

low impedance voltage signal with a charge amplifier. 

The input stage of a charge amplifier features a 

capacitive feedback circuit which balances the effect 

of the applied charge input signal. The feedback 

signal is then a measure of input charge (Fig.3). [5], 

[9] 

 
Fig.3. Charge amplifier.  

 

The Cc is the cable capacitance, Cinp is the 

amplifier input capacitance and Cf the feedback 

capacitor. We can assume that the input voltage of the 

charge amplifier uinp is equal to zero and we get an 
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output voltage proportional to the input charge. The 

feedback resistor Rf has the function to provide dc 

stability to the circuit and to define the lower 

frequency limit of the amplifier (the RC time 

constant). The voltage signal can be transmitted over 

longer distances.  

The charge amplifier and other added circuits 

can form a built-in circuit powered by a constant 

current source (Fig.4). The vibration signal is 

transmitted back to the supply as a modulated bias 

voltage. Both supply current and voltage output are 

transmitted via the same coaxial cable (IEPE 

transducer). The capacitor CC is a coupling capacitor 

and removes the sensor bias voltage from the 

instrument input providing a zero-based ac signal. Cc 

and Rinp acts as a high pass filter, its time constant 

should be sufficiently high to let all relevant low 

frequency components of the sensor signal pass. The 

output impedance is typically 100 - 300Ω. The dc 

output voltage of the sensor without excitation is 

between 8V and 12V and it varies with supply current 

and temperature. In most applications voltage output 

accelerometers are used. [3], [4].  

 
Fig.4. IEPE accelerometers.  

 

Charge sensitivity or voltage sensitivity 

describe the relationship between acceleration and 

output. The voltage sensitivity is expressed in mV/g 

or mV/ ms
-2

. [3] [8]  

3. Modeling the piezoelectric sensor 

The piezoelectric sensor has very high output 

impedance and can be modeled as a voltage source in 

series with the sensor’s capacitance (CS), or a charge 

source in parallel with the capacitance (Fig.5). The 

voltage V at the source is directly proportional to the 

applied force, pressure, or strain.  

 

 
Fig.5. Piezoelectric sensor models.  

 

The detailed model of the sensor includes the 

effects of the sensor's mechanical construction and 

other elements. The inductance Lm represents the 

seismic mass and inertia of the sensor, Ce is inversely 

proportional to the mechanical elasticity of the sensor, 

C0 represents the static capacitance of the transducer, 

Ri is the insulation leakage resistance of the sensor 

element. If the sensor is connected to a load resistance 

(input resistance of the measurement circuit), this also 

acts in parallel with the insulation resistance, both 

increasing the high-pass cutoff frequency of the 

sensor (Fig.6a).  

 

 
Fig.6. Schematic symbol and electronic model.  

 

To investigate the behavior of the sensor we 

use the transfer function of the electronic model. 
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The frequency response of the system and the 

influence of the Ri resistance, can be observed on the 

Bode diagram (Fig.7).  
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Fig.7. The frequency response at different R values.  

 

Analyzing the time response of the 

piezoelectric sensor model circuit we can observed 

the output fallows perfectly the input (Fig.8); this 

means the output voltage is the measure of the input 

signal.  
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Fig.8. System response to a sin excitation.  

 

Studying the accelerometer electronic model 

without the Ri resistance (Fig.6b) in frequency domain 
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we can observe the same behavior as shown 

previously. The transfer function of this model is:  
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Where LmC0 represent the resonant frequency 

of the system (ω0) and influences the frequency 

domain of the accelerometer.  

For ω<ω0 the sensor can be used as an 

accelerometer, in this frequency range the damping of 

the input signal is zero. The variation of the input 

signal is taking over precisely. For ω≅ω0 the sensor is 

functioning as frequency meter and for ω>ω0 the 

sensor is functioning as a vibrometer. If the seismic 

mass (Lm) of the sensor decreases the frequency 

domain of the accelerometer rises (Fig.9). Generally 

the accelerometer is calibrated for ω=0.3ω0.  

The accelerometer used at higher frequency has 

a smaller seismic mass, but the sensitivity is likewise 

smaller. For example an accelerometer with m=10-

50g has a charge sensitivity 1-10pC/ms
-2

 and an 

accelerometer with m=0.5-3g has a charge sensitivity 

0.1-0.3pC/ms
-2

. [4], [5] 
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Fig.9. The frequency response of the electronic model 

without Ri at different Lm values.  

 

The sensor considered as a system can be 

studied and modeled through the equation which 

described the electronic circuit model. The equation 

suitable for the circuit from figure 6b is:  

∫∫
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The proper Simulink model is presented on 

figure 10. The output signal is the voltage on the C0 

capacitor.  

The piezoelectric sensing element is connected 

usually at the input of a conditioning circuit. 

Considering the input resistance of this circuit and the 

output resistance of the sensing element, the 

electronic circuit model becomes as shown in figure 

6a. The equations suitable for the circuit are: 
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Fig.10. Simulink model for the piezoelectric sensing 

element.  
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The proper Simulink model is presented on 

figure 11. The output signal is the voltage on the Ri 

resistance.  
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Fig.11. Simulink model with Ri resistance.  

 

4. Modeling the ADXL type differential  

     capacitive sensor  

The ADXL202 is a dual axis accelerometer 

with a measurement range of ±2g from Analog 

Device. The ADXL202 outputs analog and digital 

signals proportional to acceleration in each of the 

sensitive axes. The ADXL202 is used for vehicle 

security systems, capable of acting simultaneously as 

a shock/vibration detector as well as a tilt sensor. The 

ADXL202 is a silicon micromachined type sensor 

with additional BiMOS circuit on-chip to provide 

signal conditioning too [6].  

Polysilicon springs suspend the structure over 

the surface of the wafer and provide a resistance 

against acceleration forces. Deflection of the structure 

is measured using a differential capacitor that consists 

of independent fixed plates and central plates attached 

to the moving mass. Acceleration will unbalance the 

differential capacitor, resulting in an output square 

wave whose amplitude is proportional to acceleration. 

Then the analogue signal is converted to a duty cycle 

output. Through an external resistor can be set the 

period of the duty cycle output. At 0g acceleration we 

have 50%duty cycle output. The acceleration can be 
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determined by measuring the length of the pulses with 

a counter/timer. An analog voltage output can be also 

obtained by passing the duty cycle signal through an 

RC filter. [7] 

Designing an acceleration measurement system 

means to determinate a few external components for 

the sensor, which set the period of the duty cycle, the 

bandwidth, the noise of the acceleration measurement, 

the measurement resolution due to the counter on the 

microcontroller. Analog Devices has simplified the 

design procedure by providing an excel spreadsheet 

“The XL202 Interactive Designer” that can be 

downloaded from their website. Through this we can 

obtain the values for the external components, all we 

need is to feed the supply voltage, the bandwidth, the 

time required to calculate the acceleration for two 

channels, needed to calculate the period of the duty 

cycle output, and finally the counter rate of the 

measurements system is used to calculate the 

measurement resolution due to the counter in g’s and 

degrees of tilt [6] [7].  
The sensing element of the ADXL202 is a 

differential capacitive type, where the central mobile 

plate is moving with the seismic mass. Figure 12 

shows the differential capacitor structure and the 

voltage distribution between the plates.  

 
Fig.12. Differential capacitor structure connected  

to the Sauty bridge.  

 

The capacitive variation is converted in voltage 

through a Sauty bridge and the output voltage varies 

linear with the central plate movement.  
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          (8)  

At acceleration measurement the seismic mass 

structure is built-up according to relation 3 which 

means the output voltage is proportional to 

acceleration.  

The output voltage of the bridge can be written 

as a function of the bridge elements also and the 

displacement of the central plates appears in this 

relation:  

( ) ( )
( )210
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2 RRd

RRyRRd
UU out +

+−−
=           (9)  

The differential capacitor is supplied through a 

constant voltage which means the variation of the 

capacitor leads to a modification of the electric 

charge. This case reflects a similarity between the 

piezoelectric sensor model (Fig.13a) and the 

capacitive element sensor model (Fig.13b).  

The model of the capacitive sensor includes the 

sensor’s capacitance CS, the mechanical elasticity  

represented by Ce, seismic mass and inertia of the 

sensor represented by L, the total resistance of the 

bridge Ri. If the sensor is connected to a load 

resistance (input resistance of the measurement 

circuit), this also acts in parallel with the bridge 

resistance, both increasing the high-pass cutoff 

frequency of the sensor (Fig.13b).  

 

 
Fig.13. Piezoelectric and capacitive sensor 

 element models.  

 

The transfer function of the capacitive sensor 

element model is:  
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Where C is the equivalent capacitor for CS and Ce.  

The capacitive sensor element can be studied 

through the equation which described the electronic 

circuit. The equations suitable for the circuit from 

figure 7b are:  
 

dt

di
Lidt

C
idt

C
uuuuVu

iRuu

eS

inLCeCsRi

iRiout

−−−=−−−=

⋅==

∫∫
11

    (11) 

The proper Simulink model is presented on 

figure 14. The output signal is the voltage on the Ri 

resistance.  

 

 
Fig.14. Simulink model of the circuit.  

 

The system presents a similar frequency 

response as the system for the piezoelectric sensing 

element (Fig.7). It means a similarity between the 

function of the two sensing elements.  

 

5. Conclusions  

Piezoelectric sensing element and differential 
capacitor sensing element are widely used for 
achieving accelerometers. In many applications the 
accelerometer, the transducers, are the most critical 
part in the measurement equipment. Compared to the 
other types of sensors, piezoelectric accelerometers 
have important advantages, but to obtain precise 
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output vibration signals some basic knowledge about 
piezoelectric accelerometers is required.  

It is presented and studied the general structure 

of the sensing element and the equivalent electronic 

circuit model. Simulink models are developed with 

the proper equations. Transfer functions are used to 

simulate the frequency response of the electronic 

models with and without Ri at different Lm (seismic 

mass) values.  
The ADXL type accelerometers for two or 

three axes are build-up with differential capacitor 
sensing element and are widely used for measuring 
absolute vibration, acceleration or tilt. General 
structure and model of the sensing element are 
presented and studied. Simulink models are 
developed for the proper equations. Differential 
capacitive sensing element related to the seismic 
mass is simpler as the piezoelectric sensing element.  

Developed transfer functions and models can 
be used to study the frequency domain of the 
electronic models related to the sensing elements.  
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ABSTRACT 

                 An encoder is a device that converts liniar or rotary displacement into digital  signals. 

Electronic measurement devices includes two distinct sections: electrical translator for 

displaces and electronic unit which process the signals from translator. 

Electric translator for displaces is realized by a circular ruler with equally distanced 

slots. To translate mechanical displace in electrical signal, the ruler is equipped with one 

or two optoelectronic reading heads. At least two reading heads must be used in order to 

determine the direction of moving object. The main problems that must be solved by the 

electronic block are the precision of measurement, the elimination of loss of impulses 

generated by the reading heads and to reduce the influence of parasite signals in 

measurement operation. The electronic circuit presented in this study guarantee the small 

mechanic displaces between +9,999 mm and -9,999 mm, with a resolution of 0,04 mm. 

The measured maximum frequency in condition of a 40 cm/s moving object is 10 kHz. 

 

Keywords: 0ptical encoder, Digital displace translator, Quadrature signal, Translator with 

circular ruler, Incremental translator, circular disk, optoelectronic heads. 

 
1.  Incremental electronic device for 

mechanical displaces measurement 
Incremental electronic devices for mechanical 

displaces measurement are structured in two main 

sections: electrical displace translator and electronic 

block for signal processing [1][2][6]. 

Electrical displace translator may be either 

analog if analog signals are provided, or digital if 

digital signals are provided. 

Digital displace translators have electrical 

output impulses, giving us device measured position 

information by number or range coded impulses. 

For industrial purpose, digital measurement 

devices for mechanic displaces must guarantee non-

linear errors below 1% for small displaces e.g. 4 mm, 

resolutions higher than 0,01 mm and the possibility of 

determining the direction of displace [ l][2][3]. 

Incremental electronic device for small 

displaces purposed in here contains: 

- digital displace translator; 

-  reading heads; 

- electronic process block. 

Digital displace translator converts mechanical 

displace in electrical signal. The translator is realized 

by an incremental measurement circular ruler. The 

ruler is operated by feel with rod, which translates the 

linear motion in circular motion. 

The circular ruler is equipped with distances, 

equal periodical slots, radial at with the ruler step. 

This ruler has the advantage that for any relative 

position from the reading head, the number of 

impulses for displaying the position might be tarred 

to zero, action that allow easily changing the place of 

zero. 

Two optoelectronic translators delayed with ¼ 

period of the circular ruler realize the reading heads. 

Using two reading heads the measurement 

sensitivity of the device is increased and the motion 

direction can be determined. [5][8][9]. 

The electronic process block will processes the 

electrical impulses generated by the reading heads in 

order to display the range and direction of motion [1] 

[9][12]. 

The electronic process block is structured by: 

- discrimination circuit for motion direction; 

- digital comparison circuit for signaling; 

- cross of pre-established thresholds; 

- counter; 

- digital display; 

- power unit. 

 

 

The 5
th

 Edition of the 

Interdisciplinarity in Engineering International Conference  

 “Petru Maior” University of Tîrgu Mureş, Romania, 2011 

 

 

 

77



 

 

 

 
 

Fig. 1 – Impulse information unit and direction detector unit scheme 
 
2. Electronic circuit for incremental 

translators  
The electronic circuit for incremental 

translators processes the electrical signals generated 

by the reading heads in order to display the range and 

direction of displace. 

Digital integrated circuits are used, to process 

the electrical information provided by the reading 

heads to generate successive impulses. The number of 

impulses is proportional with the range of the 

mechanical displace. The electronic incremental 

measurement device for mechanical displaces is 

composed of electronic process circuits and contains: 

- impulse formation unit; 

- direction detector unit; 

- counting validation unit. 

The impulse formation unit is realized by two 

integrated circuits SN 7413N, driven by impulses 

from the reading heads output (fig.1). Impulse 

formation unit will generate successively rectangular 

impulses delayed with ¼ period of repetition (fig.2). 

The displace direction measurement ruler will 

generate F1 or F2 impulses depending of the ruler 

motion direction. Every impulse generated by the 

formation unit is applied to a direction detector. 

Direction detector unit is realized by two 

bistable integrated circuits, connected as figured in 

fig. l. 

Supposing that both optoelectrical translators 

are generating logical 1 level at the SN 7413N trigger 

output, at the first rising front, the proper output turns 

to logic 1 which will constitute the data input for 

direction bistable. 

When the other trigger SN 7413N turns to 

logic 1, the bistable will set itself establishing the 

direction for the reversible counter. 

The first trigger output is used as date input for 

the bistable, the second trigger output is used to 

transfer input for the same bistable. 

For the other bistable the situation reverses. 

Only one of the two bistable circuits will have the tilt 

condition fulfilled, contain the one which has logic 1 

at input before
-
applying the transfer impulse. 

 

 

 

Fig. 2 – Signal validation from direction 
unit diagram 

 

The counting validation circuit (fig.3) is 

realized by integrated circuits as presented in 

diagrams in fig. 4, and guarantees the precise 

determination of motion direction. In order to 

determine this, it increments or decrements the 

content of counter in comparison with a reference 

shares previously defined (or zero share). 

Considering that the state measurement starts 

from high to low value, as usual in industry, in 

correlation with the way that the mechanical 

translator rod acts, that is from low to high, we 

suppose that is grasped first the slot A crossing, 

which will determine decreasing counting. That fact 

presumes the existence of dates in counting cells in 

order to decrement their contents. 

For this purpose we provided a data loading 

circuit which realizes this desire in the moment of 

plugging on the system. Manual command has been 

also provided for safety purposes. 

If the measured signal will change to 

ascending, the direction detectors will catch that 

change, the direction counting bistable will switch 

and the counting direction will be forward. 

When reaching ZERO, an impulse will be 

generated which will change the counting direction 

from reverse to forward.  

Similar functioning in measuring from low to 

high, if the state alternates in reverse direction, the 

direction detector will modify the counting sequence 
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from forward to reverse. 

In order to realize a proper correspondence of 

indication provided by this device; referring to real 

share, the device should be first standardized to zero 

share, as the 0000 or display to correspond with real 

zero share fact that can be made by the "reset" button. 

 

 

 

 
 

Fig. 3 – Counting validation circuit schema 
 
3. Conclusions
The electronic circuit for incremental 

translators allows: 

- measuring of small displaces between 

+9.999 mm and -9,999 mm, with a 

resolution of 0,04 mm; 

- maximum frequency of impulses to be 

measured of 10 kHz for an 0.04 mm 

increment and a maximum speed of moving 

object of 40 cm/s [1, 13, 14]. 

kHz
mm

scm
f 10

04,0

/40
max ==  (1) 

Comparing this device with other electrical 

circuit for incremental translators it has a clock 

generator with a frequency determined by the motion 

speed. The frequency of impulses generated by the 

reading heads depends by the speed of the object that 

is measured.
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Fig. 4 – Counting validation signal diagram 
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ABSTRACT 
Filtering is the most common task in digital signal processing, when some particular 

parameters of the input signal are removed or modified and a new signal is obtained at 

the output. The most common filtering goal is to remove noise from a signal. Digital 

filtering deals with discrete sequences, their implementation require both soft and hard 

solutions. This work focuses on some useful methods to implement digital filters in 

reconfigurable hardware structures, as FPGAs. This paper presents FIR filters of 

different order and structures, and using the MathWorks® tools, shows how these 

structures can be mapped to the Xilinx® FPGA architecture. The implemented digital 

filters are evaluated through signal to noise ratio and root mean square error between 

the filtered and the noisy signal.  

Keywords: digital filter, FPGA, FIR filter 

 
1.  Introduction 
Filtering is a fundamental aspect of signal 

processing which performs direct manipulations on 

the frequency band of signals, removing undesirable 

parts as noise or extracting useful components. There 

are two main types of filter, analog and digital, they 

are very different in physical structure and function. 

An analog filter uses analog electronic circuits made 

up from components such as resistors, capacitors and 

operational amplifiers to produce the required 

filtering effect. A digital filter uses a digital processor 

to perform numerical calculations on sampled values 

of the signal. They can achieve better performance 

than analog filters (limited by the accuracy of their 

electronic components), can easily be changed 

without affecting the circuitry (hardware). An analog 

filter can only be changed by redesigning the filter 

circuit. Digital filters are build from three basic 

elements: an adder, a multiplier and a delay element 

and can be implemented using either a block diagram 

or a signal flow graph. Recently the Field 

Programmable Gate Arrays (FPGAs) became one of 

the most preferred platform for evaluating and 

implementing signal processing algorithms. They 

have special features, like embedded multipliers, 

dedicated DSP circuitry, scalability and re-

configurability therefore they are one of the most  

attractive platforms for advanced signal processing 

algorithms [1, 6]. Some engineering tools like 

MATLAB have enabled the design of various digital 

filter structures in a faster and more accurate way 

with the possibility of implementation in FPGAs. The 

second part of this work presents briefly the most 

common digital filter structures and some 

possibilities to implement them. The proposed 

implementation and structures are shown in the third 

part. Experimental results obtained with different 

structures on test signal are presented in the fourth 

section. Finally, the conclusions show some possible 

directions for further work. 

 

2.  Digital filter realizations 
The Fourier transform theory says that the 

linear convolution of two sequences in the time 

domain is the same as multiplication of two 

corresponding spectral sequences in the frequency 

domain. Therefore filtering is in the multiplication of 

the signal spectrum by the frequency domain impulse 

response of the filter. Usually a digital filter is a 

simple discrete-time, discrete-amplitude convolver 

which performs a convolution of the time domain 

impulse response and the discrete (sampled) signal [7, 

11]. There are two types of digital filters: a non-

recursive (known as an FIR or Finite Impulse 

Response filter) and a recursive (named IIR or 

Infinite Impulse Response) filter [3, 4, 8, 12]. An FIR 

type has the output as a convolution between the 

input sequence and the impulse response of filter: 
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A large percentage of filters implemented in 

the digital domain are Finite Impulse Response (FIR) 
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filters. These filters are used over a wide range of 

sample rates and are supported in terms of software 

tools, and FPGA IP cores. An FIR filter is usually 

implemented by using a series of delays, multipliers, 

and adders in order to have the desired filter's output. 

Another type of digital filter is the Infinite 

Impulse Response (IIR) filter, which has the output 
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As it can be seen, portions of the output are 

returned to be recomputed "over and over" by the 

same few coefficients, meaning that IIR structure 

uses feedback [3, 4, 8, 12]. 

Structurally, FIR filters consist of two 

elements: a sample delay line and a set of 

coefficients. To implement the filter, the input sample 

is put into the delay line, each sample is multiplied by 

the corresponding coefficient and the result is 

accumulated, after that the delay line is shifted by one 

sample to make room for the next input sample [6]. 

This is the serial direct form, presented in fig. 1. 

 

 
Fig. 1 – Serial Direct Form FIR filter 

 

Another implementation structure called the 

transposed form FIR filter, where data samples are 

applied in parallel to all the tap multipliers through 

pipeline registers is shown in fig. 2. The products are 

applied to a cascaded chain of registered adders. 

 

 
Fig. 2 – Transposed FIR filter 

3.  The Implementation procedure 
The Filter Design and Analysis Tool (FDA 

Tool) is a graphical user interface (GUI) available in 

the Signal Processing Toolbox of MATLAB for 

designing and analyzing filters. The FDA Tool uses 

double precision floating point representation for the 

design calculations. This allows the tool to achieve a 

fair degree of precision, which is reflected in the 

close-to-ideal response of the reference filter. This 

tool along with the Simulink HDL Coder is a 

powerful utility to generate HDL versions of the 

designed filters. 

In the first place a model only using 

Simulink’s common blocks and the FDATool block 

from the Signal Processing Toolbox was designed. 

This can be seen in fig. 3. 

 

 
Fig. 3 – Filter simulation model 

 
To evaluate the performances of the designed 

filter model, a sine wave was used as a test signal 

with known added noise. This made possible to 

compute the signal to noise ratio and filtering error. 

This model was later built using Xilinx’s System 

Generator blocks from Simulink, created with the 

purpose to be transferable to FPGAs [5]. 

Five low-pass filters of different order (8, 12, 

16, 20, 24) were designed using FDA Tool, with the 

following parameters: Fs = 4 kHz, Fpass = 100 Hz, 

Fstop = 300 Hz. Figure 4 presents the specifications of 

the 24
th

 order filter, i.e. the magnitude and phase 

response in the specified frequency domain. 

 

 
Fig. 4 – Magnitude and phase response of the 24th 

order filter 
 

The designed filters were exported to VHDL 

models using the Simulink HDL Coder. The Black 

Box block from the System Generator blockset  

offered the possibility to simulate VHDL code within 

Simulink [9]. Figure 5 shows the obtained model. 
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4.  Results 
A 100 Hz frequency sine wave corrupted with 

a uniform noise was considered as input for the five 

filters. The signal to noise ratio, the gain and the 

resulting error were calculated in case of every filter. 

Equation 3 was used to calculate the signal to noise 

ratio, while the error was obtained using equation 4. 
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fsP  denotes the power of the filtered signal, 

nf ssP −  is the power of the difference between the 

filtered signal and the noisy signal (this difference is 

 the estimated noise) and s  is the original, 

uncorrupted sine wave. 

Figure 6 shows the input signal and the output 

of the filters. 

 

Table 1 Measurement results 
Filter order SNR [dB] Error 

8 7.0390 0.0780 

12 11.5297 0.0592 

16 11.7168 0.0573 

20 12.4403 0.0569 

24 12.8034 0.0561 

 

 
Fig. 6 – The original signal and the different 

filtered signals 
 

Figures 7 and 8 were are based on the values 

from table 1. Figure 7 shows the values of the signal 

to noise ratios for each filter. It can be observed that 

the higher the filter order is, the higher the signal to 

noise ratio becomes. 

Fig. 5 – Simulink model of a FIR filter, using Xilinx’s System Generator blocks 
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Fig. 7 – The obtained signal to nosie ratio values 

 
Figure 8 shows the evolution of the error 

during the filtering process.  

 

 
Fig. 8 – The obtained error for each of the filters 

 
5. Conclusions 
The filters were synthesized for the Spartan 3E 

FPGA produced by Xilinx. Table 2 contains the 

resource utilization statistics for the 24
th

 order FIR 

filter. 

 

Table 2 Resource utilization 
Resource name Used Available Percentage 

Slice Flip Flops 961 17344 4 % 

Slices 856 8672 9 % 

4 input LUTs 843 17344 4 % 

MULT18X18SIOs 1 28 3 % 

 
FIR filters are most widely used in FPGA 

implementations because they have linear phase. 

Compared to IIR filters, FIR filters have simple and 

regular structures which are easy to implement on 

hardware. However FIR filters require higher number 

of taps compared to IIR filters to achieve the same 

frequency specifications. 
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ABSTRACT 
Filtering electrocardiographic (ECG) signals is always a challenge because the accuracy 

of their interpretation depends strongly on filtering results. The Discrete Wavelet 

Transform (DWT) is an efficient, new and useful tool for signal processing applications 

and it’s adopted in many domains as biomedical signal filtering. This transform came 

about from different fields, including mathematics, physics and signal processing, it has a  

growing applicability due to its so-called multiresolution analyzing capabilities. FPGAs 

are reconfigurable logic devices made up of arrays of logic cells and routing channels 

having some specific characteristics which allow to use them in signal processing 

applications. This paper presents a DWT based ECG signal denoising method 

implemented on FPGA, using Matlab specific Xilinx tool, as System Generator, the 

procedure is simulated and evaluated through filtering specific parameters. 

Keywords: Discrete Wavelet Transform, Nonlinear filtering, FPGA 

 
1.  Introduction 
Electrocardiogram (ECG) obtained by 

noninvasive technique is a quick and safe method of 

cardiovascular diagnosis. The accuracy of extracted 

information needs specific evaluation of waveform 

morphologies, therefore good noise elimination is 

required. The purpose of ECG signal denoising is to 

separate the valid signal components from the 

undesired artifacts, so as to present an ECG signal 

that facilitates accurate interpretation. There are 

numerous advanced signal processing methods 

applied on the study of ECG noise reduction, such as 

wavelet [4, 5], adaptive filter [3], and independent 

component analysis , however, it is still an interesting 

and attractive approach to investigate ECG filtering 

characteristics. 

The wavelet transform provides a time-

frequency representation of the signal, and thus 

permits the inspection of characteristic waves of the 

ECG signal at different scales with different 

resolutions. The discrete wavelet transform (DWT) 

provides a dyadic division of the bandwidth allowing 

the application of subband filtering techniques which 

permit independent processing in these subbands 

(scales) [1, 7, 12]. 

This work tries to find solutions to implement 

the discrete wavelet transform based filtering 

methods in a reconfigurable hardware structure, using 

specific engineering tools as Matlab/Simulink and 

System Generator. 

2.  The discrete wavelet transform  
The discrete wavelet transform uses translated 

and scaled mother wavelets as a set of basis functions 

to represent a signal [11]. The translation factor shifts 

the original signal in the time domain and the scale 

factor determines the frequency band. A wavelet 

decomposition (or transform) simply re-expresses a 

function (a data signal) in terms of the wavelet basis, 

and, as a result, gives time-frequency joint 

representations of the original signal: 

 

 
( ) ( ) ( )∑∑
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where φ(t) is called the scaling function and 

ck and dk are the coarse and detail level expansion 

coefficients. The following equation show how 

wavelets are generated from the basic function, called 

the mother wavelet: 

 

 ( ) ( )ktt jj

kj −= 22

, 22 ψψ  (2) 

 

The discrete wavelet transform represents a 

one-dimensional signal f(t) in terms of shifted 

versions of a low-pass scaling function of multi 

resolution analysis (MRA), φ(t), and shifted and 

dilated versions of a prototype band-pass wavelet 

function of MRA, ψ(t). From a signal processing 

point of view the discrete wavelet transform is a 

mathematical function that involves multiplication 

and addition operations to convolve the signal of 

interest with a predefined wavelet. In the field of 
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signal processing, the implementation of the wavelet 

transform is performed using filter banks. In 

applications one never has to deal directly with the 

scaling functions or wavelets, only with the 

coefficients of the associated filters in the filter banks. 

In a wavelet transform system, the signal is 

convolved with a pair of maximally decimated 

quadrature mirror filters (QMF). These filters are 

related to wavelet and scaling functions as expressed 

in (1), the structure is presented on fig. 1: 

 

 

Fig. 1 – 2nd order DWT decomposition and 
reconstruction structure 

 

The coefficients are ordered using two dominant 

patterns, one that works as a smoothing filter (like a 

moving average), and one pattern that works to bring 

out the "detail" information of the data. These are 

performed by a quadrature mirror filter pair which 

split in half the frequency band after every 

decomposition, as can be seen in fig. 2. To eliminate 

the redundance from the signal, after every filtering a 

downsampler is applied to reduce to half the number 

of coefficients. 

 

 

Fig. 2 – The obtained frequency subbands after 
decomposition 

3.  The filtering procedure 
The wavelet based signal denoising is 

performed using a technique called wavelet shrinkage 

and thresholding. This means non-linear thresholding 

of coefficients in wavelet transform domain. After 

applying the DWT, some of the resulting wavelet 

coefficients correspond to details in the data set, 

others to the approximations. If the details are small, 

they might be omitted without substantially affecting 

the main features of the data set. The idea of 

thresholding, then, is to set to zero all coefficients that 

are less than a particular threshold. The thresholding 

procedure is applied only to detail coefficients 

because it is assumed that the major part of the noise 

is contained in these components. There are two ways 

to perform the thresholding, the hard and the soft 

procedure. Hard thresholding can be described as the 

usual process of setting to zero the elements whose 

absolute values are lower than the threshold, soft 

thresholding is an extension of hard thresholding, first 

setting to zero the elements whose absolute values are 

lower than the threshold, and then shrinking the 

nonzero coefficients towards zero, as shown in fig. 3. 

 

 

Fig. 3 – Soft and hard thresholding 

 
These thresholded coefficients are used in an 

inverse wavelet transformation to reconstruct the data 

set as presented in fig. 4.  

 

 

Fig. 4 – The nonlinear filtering procedure 

The choice of the threshold is a very delicate 

and important statistical problem, in literature there 

are many values used, the most important are the 

universal threshold (developed by Donoho and 

Johnstone [4, 1]), the minimax and the Stein’s 

unbiased risk estimator based threshold [3]. The 

proposed filtering procedure implemented with Xilinx 

System Generator is presented in fig. 5 
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Fig. 5 – The synthesized model for wavelet based denoising 

 

Xilinx System Generator is a design 

environment over Simulink for FPGAs, provided by 

Xilinx [7]. The FPGA boundary in the Simulink 

model is defined by Gateway In and Gateway Out 

blocks [8]. The Gateway In block converts the 

Simulink floating point input to a fixed point format, 

permitting for the designer to set the saturation and 

rounding mode [8]. The Gateway Out block converts 

the FPGA fixed point format to Simulink double 

numerical precision floating point format [8]. 

Basically, a two level DWT based decomposition, 

thresholding and reconstruction structure is 

implemented, using multiple analyzing functions 

(Daubechies, different orders) and the universal 

threshold value, defined as [1]: 

 

 NUNIV ln2=λ  (3) 

  

4.  Simulation results 
Xilinx System Generator allows minimizing 

the time spent by the designer for the description and 

simulation of a circuit. In order to evaluate the 

filtering parameters, such as absolute error or signal 

to noise ratio, signals from MIT-BIH database were 

used. The model for the noisy signal is the 

superposition of the signal and a zero mean gaussian 

white noise. A second order DWT transform was 

implemented, the way how the component blocks are 

synthesized in Xilinx System Generator is presented 

in fig. 6 

 

 

Fig. 6 – Component block for one level analysis 

A block is not necessarily a hardware circuit; 

it exists in relation with others blocks to generate the 

appropriate hardware.  

The experimental procedure was carried out in 

Simulink [9] using Xilinx System Generator and the 

results were processed using a Matlab script.  

The resulting absolute error was calculated in case of 

each filtering (using four different analyzing 

wavelets), with the help of equation 4: 
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where s and sf are the original and the filtered 

signals. Fig. 7 presents the different mean squared 

errors for db1, db2, db3 and db4 wavelets. 
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Fig. 7 – The obtained mean squared errors 

 

Increasing the complexity of the used 

analyzing functions the simulation results are not 

necessarily closer to the desired output, which means 

that the analyzing function should be chosen 

carefully, so that it is correlated with the signal to be 

analyzed. 
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Fig. 8 – Filtering results 

 

 

 

5.  Concluding remarks 
The created model works efficiently, the 

FPGA resources are used relatively efficiently and 

easy. On the other hand, the design is flexible; it is 

possible to change the design parameters and check 

quickly the effect on the performances and the 

architecture of the system. The Xilinx System 

Generator simulations are faster than traditional 

hardware description language simulators, and the 

results are easier to analyze. In Simulink each block 

is configured after opening its dialog window, this 

permits fast and flexible design. 

Topics for future research include algorithms 

for selecting optimal thresholds, distributed 

arithmetic based filtering procedures. 
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ABSTRACT 
 The paper presents a intelligent system for stepper motor control in a microstepping mode, which 

was designed and performed with a specialized integrated circuit (L292), made by SGS-THOMSON 

Microelectronics Company. With an interface and an adequate software, L292 circuit can be used 

as a chopper in 2 or 4 quadrant. The microstepping control system improves the positioning 

accuracy and eliminates low speed ripple and resonance effects in a stepper motor electric drive. 

The same microstepping system is ideal for robotics, printers, plotters, X-Y-Z tables and can 

facilitate the construction of very sophisticated positioning control systems while significantly 

reducing component cost, board space, design time and systems cost.  

 
Keywords: stepper motor, microstepping, chopper, positioning system, intelligent interface, open-

loop control

 

1. Introduction 
 The most remarkable effect of the integrated 

circuits increasing complexity and functions number is 

represents by, as it is widely accepted, its 

“intelligence”. There is almost no applications domain 

in which the microelectronic devices “intelligence” 

shouldn’t have played a major role, one of the fields 

enjoying its advantages being the low power electric 

drives [1]. By introducing the “intelligence” in the 

drives command, this one will take over some complex 

functions usually accomplished by the human factor. In 

the automatic regulation systems, the electric stepper 

motors are utilized as execution elements. Stepper 

motor is the most utilized motor in low power 

adjustable electrical drives due to relatively simple 

methods of speed control. The stepper motors are used 

in many applications because of their advantages. 

Thus, they move in quantified increments (steps) 

which lands them easy to digital control motion 

systems in open-loop mode. In addition, their drive 

signals are square waves  which are easily generated by 

the digital circuits with relatively high efficiency. But 

stepper motors are not free of problems. The most 

typical application for these drives is represented by 

the precision positioning systems. These ones must 

satisfy relatively exacting dynamic conditions, 

generally difficult to be fulfilled, sometimes even 

contradictory, fact that partially explains why is 

necessary that the command devices must be 

“intelligent”. Taking into consideration the above 

mentioned aspects, the author presents in this paper the 

command in microstepping mode of stepping motor 

with two L292 specialized integrated circuit. 

 

2. Microstepping mode 
 One way to avoid the problems associated with 

stepper motors while still retaining their open loop 

advantages is to use them in the microstepping mode. 

In this mode each of the steps is subdivided into 

smaller steps or  “microstep”. Applying currents to 

both phases of the motor creates a torque phasor which 

is proportional to the vector sum of both currents. 

When the phasor completes one “turn” (360 electrical 

degrees), the motor moves exactly four full steps or 

one torque cycle. Similarly, when that phasor moves 

22.5 electrical degrees the motor will move 

(22.5/90)•100=25% of a full step. Thus the position of 

the motor is determined by the angle of the torque 

phasor. When used with an appropriate motor a 

positioning accuracy of 2% of a full step can be 

achieved, equaling 0.036 degrees for a 200 full steps 

per revolution motor. In this manner the motor can be 

positioned to any arbitrary angle. A common way to 

control the angle of the torque phasor is by applying to 

the motor’s phases two periodic waveforms shifted by 

90 electrical degrees. Let the phase current equations 

be: 

iA = Io·cosθe                        (1)                                                                                                                      
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iB = Io·sinθe                             (2)                                                                                                                       
Note that θe is the electrical position. 

The resulting torque generated by the corresponding 

phases would then be: 

 

TA = Ko· iA = Ko· Io·cosθe         (3)                                                                                                      

TB = Ko· iB = Ko· Io·sinθe           (4)                                                                                                      
where Ko is the torque constant of the motor. 

 Substituting equations (1), (2) into (3), (4) and 

doing vector summation the resulting total generated 

torque measured on the motor shaft is given by: 

Tg = Ko· Io                         (5)                                                                                                                              
Note that in this case we have zero torque ripple. Using 

this technique one can theoretically achieve infinite 

resolution with any stepper motor. Since the drive 

current waveforms are sinusoidal instead of square, the 

step to step oscillations are eliminated and the 

associated velocity ripple. This greatly improves 

performance at low rotational speeds and helps avoid 

resonance problems. In an actual application, the extent 

to which these things are true depends on how the two 

sinusoidal reference waveforms are generated. 

Seemingly we have lost the quantized motion feature 

of a stepper when used in this mode. This can be 

regained by defining the term microsteps per step. 

Each full step is subdivided into microsteps by 

applying to the motor’s phases those intermediate 

current levels for which their vector sum tracks the 

circle of figure 2 and divides the full step (90 electrical 

degrees) into the require number of microsteps. An 

example of the required phase currents for full step and 

four microstep per step operation are shown in figure 1 

and figure 2 respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
         Fig. 1. Full Step Drive Waveforms              Fig. 2. Four Microstep per Step Drive Waveform

3. Microstepping system description 
 The block diagram of microstepping control system 

is shown in figure 3.[3][4][11] In this diagram the two 

L292 switch mode driver commands a two phases 

stepper motor in microstepping mode. To obtain this 

mode the current has to be as much sinusoidal as is 

possible in the two phases of the motor. A correct 

command is obtained when the two sinusoidal 

current’s waves corresponding to the phases are 90 

electrical degrees shifted. For this goal it has to be 

applied to the L292 driver’s inputs (VINA , VINB) two 

reference signals (SINE, COSINE) obtained using the 

two reprogrammable memories (EPROM) and the two 

D/A converters (DAC1,DAC2). A up/down counter is 

used to generate the most appropriate address location 

in EPROM’s. Pulses from a programmable divider 

(8254.) are used to increase or decrease the counter. 

The pulses frequency (CLK1) and direction (SENSE1) 

can be modified by specialized dedicated intelligent 

stepper motor control interface to computer based 

command (IBM-PC 586+ ISA interface)[3], 

programming to vary the motor’s speed, finally.  
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Fig. 3. The block diagram of microstepping control system 
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3.1. Input waveform generation (sine, cosine)  
 As it has been said before, has to apply two 90

o
 el. 

shifted sinusoidal reference signals to command a 

sinusoidal current to the stepper motor’s phases as a 

microstepping mode at L292  command circuit’s 

inputs.[12] The command input range is ± 9,1 V full 

scale. To obtain this two reference signals has more 

possibilities[5]. As seen in figure 4 this may be 

accomplished by using two look-up tables stored in 

EPROM’s (2732) and two DAC’s (TLC 7524) 

respectively. An up/down 8 bits counter (IC4, IC5) is 

used to generate the appropriate address locations for 

EPROM’s and the data outputs used to control DAC’s. 

To be able to get a certain variant, the used 4 Kbytes 

memory of EPROM’s (IC6, IC7) is divided in 16 x 256 

bytes zones, selected by  SW1. Another more precise 

way to change the motor’s rotation sense is using 

SENSE1(PC – INTERFACE) selection signal produce 

up or down counting of the reversible counter. The 256 

memory locations which are scanned by reversible 

counter contain binary values (8 bits) representing 

every sample magnitude of those 256 in which every 

phase reference sinusoids were divided. Then, binary 

values of these samples are converted in corresponding 

voltages levels (Vout sine1, Vout sine2) by those two DAC’s 

(TLC 7524) and amplifiers (TL 074-IC10). Thus, the 

reference sinusoidal signals frequency is 

 f = f CLOCK/256. The clock signal frequency and so the 

reference signals frequency can be modified by I8254 

programmable divider which has a dividing factor 

settable by the dedicated computer interface (PC - 

INTERFACE). 

The reference voltage necessary for the two DAC TLC 

7524 converters (IC8, IC9)  is generated by the TL 431 

stabilizing circuit (IC3). 

 

3.2. The power stage 
 

 In figure 5 is shown the electrical schematic of 

power stage with two switch mode driver L292 

[6][7][11] integrated circuits. A the input (Vsine1 , 

Vcosine1) there is the levels adapter, whose aim is to 

transform the symmetric error signal (issued by the 

speed controller) in a positive signal necessary for the 

following blocks command. The transformation is 

imposed by the fact that the L292 circuit do not have 

symmetric supply. Afterwards, through the error 

amplifier, in PI structure, the command positive signal 

is applied at the comparator input while at its other 

input there is a triangular voltage, generated by a local 

oscillator. From the two voltages, at the comparator’s 

output it is realized a PWM signal with variable duty 

cycle, necessary for the bridge command with the 

transistors T1÷T4. Depending on the duty cycle, in the 

bridge is established a current either positive, either 

negative, which flows through the measuring amplifier 

resistance’s Rs1=Rs2=Rs as well. Thus it formed 

reaction signal, which, through the filter R5-C1-R7 is 

applied at the error amplifier input. The L292 

integrated circuit is a switch-mode driver, driving 

capability: 2A( IMAX=2.5A), 36V, 30kHz, two logic 

chip enable, external loop gain adjustment, single 

power supply (18V to 36V), input signal symmetric to 

ground, thermal protection. 

 

4. Experimental results 

 The experimental research  was performed in the 

Electrical Drives Laboratory of the Electrical 

Engineering Faculty, “Petru Maior” University of 

Târgu-Mureş, where it has been realized an high 

performance microstepping system for stepper motor 

control[3] [4][10]. 

Figure 6 shows the general view of realized 

microstepping board. Figure 7shows the general view 

of the intelligent interface (ISA PC BUS). In Figure 8 

is shows the general view of the realized experimental 

precision positioning system. 

In order to measure the phase currents, two hall sensors 

(LEM modules – LA25NP) were used, and a data 

acquisition numerical system dedicated to the electric 

drives as in [3] [4][12]. 

 As experimental results, the phase currents of a 

two-phase bipolar stepper motor ( 2, 4, 8,16, 20 

microstep/step) are shown in Figure 9. 

 

5. Conclusions 
 

 The last progress both in control in motor drive 

domain impose on the researchers a continuous 

reorientation in order to solve the design problems with 

the newest technical means. In this sense the author 

have developed an original microstepping system for 

the open-loop control 1 to 3 stepper motors for 

precision positioning systems. Among the facilities 

offered by this system we mention: 

• resonance’s are significantly reduced 

• noise generation is considerably 

reduced 

• very high step resolution 

• bipolar switching operation 

• 3 independent channels 

• precise X-Y-Z position control 

• precise rotation control 

• robotics and assembly equipment 

• other stepping motor application 
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Fig. 4. Reference signals generating stage 
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Fig. 5. The electrical schematic of the power stage 
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Fig. 6. General view of the realized microstepping board 

 
Fig. 7. General view of the intelligent interface (ISA PC BUS) 
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 Fig. 8. General view of the realized experimental precision positioning system 

 
Fig.9. Experimental results, the phase currents of a two phase bipolar stepper motor
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ABSTRACT  
Stepper motors are electromechanical motion devices used primarily to convert 

information in digital form to mechanical motion. Whenver stepping  from one position to 

another is required, whether the application is industrial, military,or medical, the stepper 

motor is generally used.Advantages of stepper motors is: position error is noncumulation, 

a high accuraty motion is possible, even under open-loop control. Because of the 

incremental nature of command and motion, step motors are easily adaptable to digital 

control applications.The paper presents two pulse distributors are remarkable for 

simplicity, high-reliability, multifunctional facilities and a  unipolar bilevel R/L- driver 

circuit for four phases stepper motor. 

 
Keywords: stepper motor, unipolar control, R/L driver ,incremental position,oppen- loop control 

 

1. Introduction 
 

The progress of incremental motion control 

system has been enforced by the multiplicity of 

their utilization in numerically controlled machine-

tool drives, peripheral computer equipments, 

communication through laser and satellites, nuclear 

techniques, industrial robots, aeronautical and 

military equipments. 

A stepper motor can be considered as a digital 

electromechanical device where each electrical 

pulse input results in a movement of the rotor by a 

discrete angle called step-angle of the motor. In 

normal operation the number of the performed 

steps must correspond to input pulse number 

[1][2][3]. 

The advantages of the stepper motor use consist in 

the followings: 

• linearity of the pulse-movement 

conversion function, which allows open-

loop operation; 

• wide band of the control frequency; 

• high precision and resolution, hence 

leading simplifying the cinematic-link 

between motor and load; 

• allows start, stop, and reverse without step 

losses; 

• memorize the position; 

• they are compatible with digital technique 

 To achieve a high speed operating the stepper 

motor requires complex drive circuits adapted with 

the motor type. 

Without performances as: amortization, the maxim 

run frequency, the maxim dynamic torque, etc., as 

well as efficiency and power dissipation of the 

motor depends on the control and supply circuits.  

 This paper presents two pulse distributors and a 

unipolar drive circuit to force the current slope. 

 
2. Pulse distributors 

 
Pulse distributors are circuits which provide at 

the outputs pulse trains to control the motors 

corresponding with the input pulse frequency, 

direction and the chosen operating mode. To 

energize the motor phases this output pulses are 

passed through a drive circuit. 

A first pulse distributor scheme (shown in figure 1) 

is based on a 8–Bit Directional Universal Shift 

Register (SN74198).[4] [5] [6] 

 The possibilities of this multifunctional circuit 

such as parallel-parallel, serial-parallel shift left 

and shift right data transfer allow an easy 

implementation of a pulse distributors for a 4-phase 

stepper motor. 

 The motion direction for the stepper motor 

imposed by the SENS switch controls the mode 

selection inputs S0, S1. 

 The requested sequence (simple-S, double-D, 

mixed-M) may be chosen through the MOD 

switch. Thus, for each operating mode it is 

necessary a particular combination of parallel 

inputs D0-D7 which is transferred to the parallel 

outputs Q0-Q7 at start-up (INIT switch). 

 The output of the distributor: A, B, C, D are 

obtained by using a combinational circuit(CC). 

 The second pulse distributor, shown in figure 2 

is based on a PROM (MH74188) controlled by a 
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reversible binary counter MMC4029[3]. The 

motor-step control is achieved by the appropriate 

memory programming corresponding to the three 

operating mode (see Table1). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Fig. 1- Pulse distributor with register 
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Fig. 2 - Pulse distributor with PROM 
 

 
 

3.  Four phases stepper motor driver 
Since motor phases are inductive loads which are 

periodically switched on and off, the power stage 

must be designed to protect switching elements 

against transitory inductive overvoltage. 

The current through motor phase may be expressed 

[1][3] [5] 
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where Tm=Lm/Rm is the phase electromechanical time 

constant, Lm, Rm, the own inductance respectively 

the phase resistance, and U d.c. supply voltage.  

 To achieve high frequency operation the time in 

which the phase current reaching the U/Rm value 

must be as short as possible. Therefore power stage 

must provide current slope forcing through motor 

phases. 

This paper proposes a four step motor bilevel R/L- 

driver with improved performances. 

  The bilevel L/R drive provides a solution to the 

power waste using dropping resistors. In the 

beginning of the current build-up period, the winding 

is connected to a secondary high voltage supply.  

 After a short time, when the current has reached 

its nominal level, the second level supply is 

connected. Figure 3 explains further. The 

disadvantage of bilevel drive is the need of a second 

level power supply. 

 

Table 1 

Mode Adress Data Phase 
sw. E D C B A Y1 Y2 Y3 Y4 

4S 

0 0 0 0 0 1 0 0 0 F1 

0 0 0 0 1 0 1 0 0 F2 

0 0 0 1 0 0 0 1 0 F3 

0 0 0 1 1 0 0 0 1 F4 

0 0 1 0 0 1 0 0 0 F1 

0 0 1 0 1 0 1 0 0 F2 

0 0 1 1 0 0 0 1 0 F3 

0 0 1 1 1 0 0 0 1 F4 

4D 

0 1 0 0 0 1 1 0 0 F1; F2 

0 1 0 0 1 0 1 1 0 F2; F3 

0 1 0 1 0 0 0 1 1 F3; F4 

0 1 0 1 1 1 0 0 1 F4; F1 

0 1 1 0 0 1 1 0 0 F1; F2 

0 1 1 0 1 0 1 1 0 F2; F3 

0 1 1 1 0 0 0 1 1 F3; F4 

0 1 1 1 1 1 0 0 1 F4; F1 

4M 

1 0 0 0 0 1 0 0 0 F1; 

1 0 0 0 1 1 1 0 0 F1; F2 

1 0 0 1 0 0 1 0 0 F2; 

1 0 0 1 1 0 1 1 0 F2; F3 

1 0 1 0 0 0 0 1 0 F3; 

1 0 1 0 1 0 0 1 1 F3; F4 

1 0 1 1 0 0 0 0 1 F4 

1 0 1 1 1 1 0 0 1 F1; F4 

 

 In some applications where 5 V and 12 V / 24 V 

are available, it may be a cost effective solution, but, 

if is possible to use voltage doubling techniques as 
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well. An other very important consideration is 

current paths at turn-off and phase shift.  

 The inductive nature of the winding demands that 

a current path always exists. When using transistors 

as switches, diodes have to be added to enable 

current flow in both directions across the switch. The 

unipolar drivers is somewhat more complicated 

when it comes to current paths.  The reason being the 

full coupling between the two halves of each phase 

winding, except for a small amount of leakage 

inductance. 

 The electric scheme is shown in figure 4 [3]. The 

pulse sequences provided by the pulse distributors 

(U3-MMC40193, U4-PROM 74188) are applied to 

the motor phases through four amplifiers 

(Darlington: Q1-2N2222, Q2-BD237, Q3-2N2222, 

Q4-BD237, Q5-2N2222, Q6-BD237, Q7-2N2222, 

Q8-BD237). The forcing of the current slope through 

motor phases is achieved by using a high voltage 

U2(+32V) during the current increasing and then 

switching to a low voltage U1(+7V) corresponding 

to the rating current. The high voltage is achieved 

through Darlington transistors Q9, Q10(BD682) 

which  are controlled by the monostable 

multivibrators U5A, U5B(74LS123).The phase 

excitation begins with high voltage supplying on a 

length time achieved by the monostable RC groups. 

 The logic control of the two monostable 

multivibrators is achieved by PROM distributors. 

The transistor protection against inductive 

overvoltage is achieved by suppressor circuits with 

diodes (D5-D8). 

 

 

 
 

Fig. 3- The bilevel drive current 
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Fig. 4 - The electric scheme of unipolar driver for 4 phases stepper motor 
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Fig. 5 - The general view of driver card 
(for six stepper motor). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. 6 - The general view the Minimover 
Teachrobot MRIP-02 

 
4. Experimental results and conclusion 

 It is known that static and dynamic performances 

of the stepper motor depend as much on the motor 

type as well on the control and supply scheme. The 

proposed pulse distributors and driver were 

designed and experimented (shown in figure 5) on 

the electric drives systems with stepper motor[3], 

existing in Electric Drives Laboratory, Engineering 

Faculty, “Petru Maior” University of Tg.-Mureş. A 

hybrid stepper motor with four phases ,type MPPH-

1,8
o
-0,2 (S.C.RELE+E S. A. Mediaş) , with drive of 

the six axes of the Minimover Teachrobot (MRIP-

02, Automatica Buc., shown in figure 6), has been 

used. The pulse distributors are remarkable for 

simplicity, high-reliability and multifunctional 

facilities.  

By association one of the pulse distributors with 

propose driver, a multifunctional compact module 

for six 4-phases stepper motor control may be 

obtained. 
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ABSTRACT 
 

The paper presents some investigations and research results concerning the general 

purpose PWM (pulse-width modulation) with applications to stepper motor control and 

drive. In order to improve the dynamic performances of the motor, a PWM inverter has 

been realised using dedicateded ICs. The bridges are capable of sustaining 46V and 

include internal pulse-widht modulation(PWM) control of the output curent to 2A. The 

laboratory prototype of the implemented digital control system, and experimentally 

results are also presented in the paper. 

 
 Keywords: stepper motor, PWM control, stepper controller, LEM modules, chopper, dedicated ICS. 

 

1. Introduction 

 

  The bipolar stepper motor is very similar to 

the unipolar stepper, except that the motor coils lack 

center taps. Because of this, the bipolar motor 

requires a different type of controller, one that 

reverses the current flow through the coils by 

alternating polarity of  the terminals, giving us the 

name: bipolar. A bipolar motor is capable of higher 

torque since entire coil (s) may be energized, not just 

half-coils. Where 4-wire steppers are strictly 

“bipolar”, 5 and 6 wire motors with center-taps can 

be used with the bipolar controller. The bipolar 

stepper motor has 2 coils. The coils are identical and 

are not electrically connected.  The bipolar 

controller must be able to reverse the polarity of the 

voltage across either coil, so current can flow in both 

direction. And, it must be able to energize these coils 

in sequence. This circuit is called an H-bridge. Two 

such circuits are needed to drive both coils of bipolar 

stepper motor, and is commonly called a “dual H-

bridge”.           

 The most remarkable effect of the integrated 

circuits increasing complexity and functions number 

is represented by, as it is widely accepted, its 

“intelligence”. There is almost no applications 

domain in which the microelectronic devices  

“intelligence” shouldn’t have played a majore role, 

one of the fields enjoying its advantages being the 

low power electric drives [1]. 

 By introducing the “intelligence” in the drives 

command, this one will take over some complex 

functions usually accomplished by the human factor. 

In the automatic regulation systems, the electric 

motors are utilized as execution elements. The 

stepper motor was and still is the most utilized motor 

in low power  adjustable electrical drives, due to 

relatively simpe methodes of speed control.The most 

typical application for these drives is represented by 

precision positioning systems. These ones must 

satisfy relatively exacting dynamic conditions, 

generally difficult to be fulfilled, sometimes even 

contradictory, fact that partially explains why it is 

necessary that the command devices must be 

“intelligent”. Taking into consideration the above 

mentioned aspects, the autor present in this paper the 

comand and drive stepper motor with L297+ 

L298+L6210 specialized integrated circuits 

.[3][4][5]. 

 

2. The l297 stepper motor controller 

 

 The L297 [4][5][7] Stepper Motor Controller 

integrates all the control circuitry required to control 

bipolar and unipolar stepper motor. Used with a dual 

bridge driver such as the L298 forms a complete 

microprocessor-to-bipolar stepper motor interface. 

 Unipolar stepper motor can be driven with an 

L297 plus a quad darlington array. It receives control 

signals from the system’s controller, usually a 

microcomputer chip, and provides all the necessary 

drive signals for the power stage. Aditionally, it 

includes two PWM chopper circuits to regulate the 

current in the motor windings.   

 The heart of the L297 block diagram is a block 

called the translator which generates suitable phase 
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sequences for half step, one-phase-on full step and 

two-phase-on full step operation.  

This block is controlled by two mode inputs-

direction ( /CW CCW ) and ( HALF /FULL ) – and a 

step clock ( CLOCK ) which advances the translator 

from one step to the next. Four outputs are provided 

by the translator for subsequent processing by the 

output logic block which implements the inhibit and 

chopper functions. 

 Internally the translator consists of a 3-bit counter 

plus some combinational logic which generates a 

basic eight-step gray code sequence as shown in 

figure 1. All three drive sequences can be generated 

easily from this master sequence. 

 This state sequence corresponds directly to half 

step mode, selected by a high level on the 

HALF /FULL  input. The  output waweforms for 

this sequence are shon in figure 2. Note that two 

other signals, INH1  and INH2  are generated in this 

sequence. 

 

 

 

 

 

 

 

 

 

Fig. 1- the basic eight – step gray code sequence 

 

 The full step modes are both obtained by skipping 

alternate states in the eight-step sequence. What 

happens is that  the  step clock  bypasses the first 

stage of the 3-bit counter in the translator.The least 

significant bit ot this counter is not affected therefore 

the sequence generated depends on the state of the 

translator when full step mode is selected 

(the HALF /FULL input brought low). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 2- State sequence and output waveforms corresponding to the half step sequence. 
 

 If full step mode is selected when the translator  

is at any odd-numbered state we get the two- phase-

on full step sequence shown in figure 3. By contrast, 

one-phase-on full step mode is obtained by selecting 

full step mode when the translator is an even-

numbered state (figure 4). 

 In half step and one-phase-on full step modes two 

other signals are generated: INH1  and INH2 . These 

are inhibit signals which are coupled to the L298’s 

enable inputs and serve to speed the current decay 

when a winding is switched off. 

Since both windings are energized continuously in 

two-phase-on full step mode no winding is ever 

switched off and these signals are not generated.  

 The chopper oscillator frequency is determined 

by the RC network on pin 16. The frequency is 

roughly 1/0,7RC and R must be more than 10 KΩ. 

The L298 is a high voltage, high current dual full-

bridge driver designed to accept standard TTL logic 

levels and drive inductive loads. 

 Two enable inputs are provided to enable or 

disable the device independently of the input signals. 

The emitters of the lower transistors of each bridge 

ate connected together and the corresponding 

external terminal can be used for the connection of 

an external sensing resistor. 

 

 

3

1

2

4 5

6

78

1000

0010

0100

0001

0101

0110

1010

1001

HOME

CLOCK

A

B

C

D

INH1

INH2

3

1

2

4 5

6

78

1000

0010

0100

0001

0101

0110

1010

1001

HOME

1     2      3      4      5      6      7      8      1     2      3      4      5

106



   

 
 

 

 

 

 

 

 

 

 

      

 

 

 

 

Fig. 3 -  State sequence and output waveforms for the two phase on sequence . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 - State sequence and output waveforms for wave drive (one phase on). 

  

 
  3. The experimental laboratory system 

 The experimental research was performed in 

Electrical Drives Laboratory from the Engineering 

Faculty, “Petru Maior “ University of Târgu-Mureş, 

where it was implemented an electrical drive system 

using stepper motor. The electrical schematic of the 

realized board ( L 297+L298  +L6210) is shown in 

figure 5. In figure 6 is presented the general view of 

the realized board. 

 The general view of experimental laboratory test 

system is shown in figure 7.[3][4][5]. 

 As experimental results, the phase current of a 

two-phase bipolar stepper motor, are shown in figure 

8. These currents were measured in the following 

operating mode of stepper motor[11][12]: 

• normal drive mode (also called ”two-phase-

on” drive), low frequency and high 

frequency; 

• wave drive mode (also called ”one-phase-

on” drive), low frequency and high 

frequency; 

• half step mode, low frequency and high 

frequency; 

 In order to currents measurement, two Hall 

sensors[13] (LEM modules, LA-25NP) were used, 

owing to their performances, such as:  

• precision: ± 0,5 % ;  

• response time: ≤ 1µs;  

• bandwidth: 0÷150 kHz;  

• liniarity: : ≤ 1%; 

• current output (turns ratio 5/1000);  
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Fig. 5 - The electrical schematic of the realized board (L297+L298+L6210) 
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Fig. 6 - General view of the realized board ( L297+L298+L6210) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. 7 - General view of experimental laboratory test system 
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Fig. 8- Experimental results, the phase currents of a two-phase bipolar stepper motor. 

4. Conclusion 

The modern solution involve new power 

semiconductor devices with high performances, 

dedicated command circuits with multiple specific 

function and new control techniques. The test stand 

dedicated to the stepper motor command presented in 

this paper has the following advantages:  

• dramatically simplified stepper motor 

driving small-and medium-sized motors; 
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• complete microprocesor (microcontroller, 

PC) – to - bipolar stepper motor; 

• low cost assembly; 

• very few components are required; 

• software development is simplified; 

• flexibility in selecting constant-speed 

running frequencies; 
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ABSTRACT 
Renewable energy technologies offer the promise of clean, abundant energy gathered 

from self-renewing resources such as the sun, wind, earth, and plants. Virtually all 

regions of the world have renewable resources of one type or another. This paper deals 

with the modeling and analysis of a hybrid system based on renewable energy resources, 

located on the Mureş valley, using dedicated software named HOMER. Different types 

and topologies of renewable resources for the energy supply are analyzed; a small 

consumer situated on the Mureş Valley is modeled based on a load curve. Finally, the 

energy flows between the renewable energy system and the local supplying network are 

analyzed. 

Keywords: renewable energy, HOMER software, hybrid systems, energy flows, Mureş Valley  

 
1.  Introduction 

The dedicated software’s name HOMER 

originally stood for “Hybrid Optimization Model for 

Electric Renewables”. In spite of its name, HOMER 

can model systems that are not hybrids, like simple 

PV or diesel systems. It can also model thermal and 

hydrogen loads. Considering these aspects, 

HOMER’s motto became the “micropower 

optimization model”. 

The most important functions of HOMER are: 

- finding the lowest cost combination of 

components that meet electrical and thermal 

loads; 

- simulation of thousands of possible system 

configurations; 

- optimization of the lifecycle cost, and a 

sensitivity analysis on most inputs. 

HOMER simulates the operation of a system 

by making energy balance calculations for each of the 

8,760 hours in a year. For each hour, HOMER 

compares the electric and thermal load in the hour to 

the energy that the system can supply in that hour. 

For systems that include batteries or fuel-powered 

generators, HOMER also decides for each hour how 

to operate the generators and whether to charge or 

discharge the batteries. If the system meets the loads 

for the entire year, HOMER estimates the lifecycle 

cost of the system, accounting for the capital, 

replacement, operation and maintenance, fuel and 

interest costs. Hourly energy flows can be viewed for 

each component as well as annual cost and 

performance summaries.   

After simulating all of the possible system 

configurations, HOMER displays a list of feasible 

systems, sorted by lifecycle cost. The lowest cost 

system at the top of the list can be easily found and 

also the list for other feasible systems can be scanned. 

Sometimes, it may be useful to see how the 

results vary with changes in inputs, either because 

they are uncertain or because they represent a range 

of applications. HOMER can perform a sensitivity 

analysis on almost any input by assigning more than 

one value to each input of interest. It can also repeat 

the optimization process for each value of the input so 

that the effect of changes in the value on the results 

can be examined. A large number of sensitivity 

variables can be specified and the results can be 

analyzed by using HOMER’s powerful graphing 

capabilities [1]. 

The usage of HOMER software is an iterative 

process. It can be started with rough estimates of 

values for inputs, continued with the checking of 

results, refined with estimations and the repetition of 

the process to find reasonable values for the inputs. 

HOMER can be used to simulate a power system, 

optimize design options for cost-effectiveness, or to 

perform a sensitivity analysis on factors such as 

resource availability and system costs. 

HOMER is an hourly simulation model. 

HOMER models system components, available 

energy resources, and loads on an hourly basis for 

one year. Energy flows and costs are constant over a 

given hour. HOMER can synthesize hourly resource 

data from monthly averages entered in tables, or can 

import measured data from properly formatted files or 

dedicated websites. An example of imported solar 

data from NASA website [2] for a Mures Valley 

village is presented in Fig. 1. 
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Fig. 1 – Imported solar data from the 

NASA website [2] 
 

HOMER software is primarily an economic 

model. It can be used to compare different 

combinations of component sizes and quantities, and 

to explore how variations in resource availability and 

system costs affect the cost of installing and operating 

different system designs. Some important technical 

constraints, including bus voltage levels, intra-hour 

performance of components, and complex diesel 

generator dispatch strategies are beyond the scope of 

an economic model such as HOMER [3]. 

 

2.  Case study for available renewable 

energy resources on Mures Valley  

Two case studies were performed to illustrate 

the mode of consumed electricity coverage 

requirements for a power consumer (an agricultural 

farm located in the Mures Valley) at the same 

parameters of renewable energy sources, but at 

different installed power of generating groups [4].  

The consumer was modelled considering a 

mean daily consumption of 794 kWh, which was 

based on the load curve shown in Fig. 2. 

 

 
Fig. 2 – Daily load curve for a considered power 

consumer  

 

Based on the data provided by The National 

Meteorological Administration [5] and The Romanian 

Waters National Administration [6] for the 

parameters of renewable energy availability that can 

be considered on the Mureş Valley and with the help 

of HOMER a series of graphic characteristics were 

built showing the energy flows between the local 

network and the solar-wind-hydro hybrid system 

hybrid on a year’s period, but also, the contribution of 

each renewable energy source and of the local 

network in the proposed system. 

 

2.1. Case study 1 

In the first studied the renewable energy 

hybrid system shown in Fig. 3 was considered. It 

consists of an installed power made of 15 kW 

photovoltaic solar panels, 30 kW wind group, 14 kW 

hydro group and 24 batteries with 1900 Ah at 48 V to 

ensure energy independence of approx. 3h and 30 

min. 

 

 
Fig. 3 – Renewable energy hybrid system 

configuration [7] 

 

As shown in Fig. 3 the photovoltaic solar 

panels are connected on a 48 V DC bus bar using a 20 

kW inverter for converting DC voltage to AC. The 

hydro and wind groups are connected on a 400 V AC 

bus bar. The AC bus bar is also connected with the 

local power network to cover peak loads of the 

consumer or the unavailability of primary energy 

resources [8],[9].  

Fig. 4 illustrates a family of curves that 

describe the total energy purchased over a year, for 

different configurations and type of equipments. 
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The energy flows are shown in several cases: when 

the local network and the energy sources are 

available; when one or more energy sources are 

unavailable; when all sources are unavailable and the 

power supply is provided only by the local power 

supply network.  

The analyzed cases, depending on the 

availability of the energy sources [10], [11], as 

shown in Fig. 4, are: 

- local power supply network – wind – hydro – 

solar panels; 

- local power supply network – wind – hydro; 

- local power supply network – wind – solar 

panels; 

- local power supply network – hydro – solar 

panels; 

- local power supply network – wind; 

- local power supply network – hydro; 

- local power supply network – solar panels; 

- local power supply  network.  

 

 
Fig. 4 – Energy purchased over a year for 

different configurations and types of equipments  

 

Fig. 5 shows the energy sold over a year to the 

local power supply network from the hybrid system.  

 

 
Fig. 5 – Energy sold over a year for different 

configurations and type of equipments  

 

Fig. 6 illustrates the energy quantities 

purchased / sold from / to local power supply network 

during a year for different scenarios of the hybrid 

system in the above-mentioned configuration. 

 
Fig. 6 – Net purchases over a year for different 

configurations and type of equipments 

 

2.2. Case study 2 

The second case study considered a renewable 

energy hybrid system with the structure presented in 

Fig. 7, consisting of an installed power made of 10 

kW photovoltaic solar panels, 20 kW wind group, 

9,71 kW hydro group and 24 batteries with 3000 Ah 

at 48 V to ensure energy independence of approx. 3h. 

 

 
 

Fig. 7 – Renewable energy hybrid system 

configuration [7] 

 

As shown in Fig. 7 the photovoltaic solar 

panels are also connected on a 48 V DC bus bar using 

a 20 kW inverter for converting DC voltage to AC. 

The hydro and wind groups are connected on a 400 V 

AC bus bar. The AC bus bar is also connected with 

the local power network to cover peak loads of the 

consumer or the unavailability of primary energy 

resources [8], [9]. 

Fig. 8 illustrates a family of curves that 

describe the total energy purchased over a year, for 

different configurations and types of equipments. As 

in the previous analysis, eight hybrid system 
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configurations are taken into consideration. 

 

 
 

Fig. 8 – Energy purchased over a year for 

different configurations and type of equipments 
 

Fig. 9 shows the energy sold over a year to the 

local power supply network from the hybrid system.  

 

 
Fig. 9 – Energy sold over a year for different 

configurations and type of equipments  

 

Fig. 10 illustrates the energy quantities 

purchased / sold from / to local power supply network 

during a year for different scenarios of the hybrid 

system in the above-mentioned configuration. 

 

 
 

Fig. 10 – Net purchases over a year for different 

configurations and type of equipments 
 

3.  Conclusions 

During the months with a high renewable 

energy sources potential it can be observed that an 

important amount of energy is being injected into the 

local power supply network. This means that the 

months of May and October, register high values of 

electricity production due to high average wind speed 

and solar radiation (May), and abundant rainfall 

(October). The increasing amount of energy injected 

into the local power supply network is also 

determined by the number of renewable energy 

sources available at a given time. 

The most important energy contributions in 

the hybrid system are given by the wind and 

hydropower groups. Therefore, the most favorable 

case is the one in which all renewable energy sources 

are available and with a high potential for generating 

electricity and the worst is the exclusive supply from 

the local power network. Between these two 

extremes, the evolution of energy quantities injected 

or absorbed in the local power supply network can be 

followed depending on the availability of one or more 

of the renewable energy sources. 

The analysis performed in the cases mentioned 

above using HOMER recommends the 

implementation of consumer-based hybrid systems 

based mostly on wind power and hydro energy. Even 

if the provided data is indicating a high availability of 

renewable energy resources an economic study 

indicating the life depreciation expenses for the 

hybrid system is recommended, as well as a detailed 

analysis of the system using a diesel group. 
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ABSTRACT 
This paper deals with the implementation and development of a Matlab Simulink library 

named RegenSim designed for modeling, simulations and analysis of real hybrid solar-

wind-hydro electricity production systems connected to local energy distribution grids. 

Such hybrid power systems allow employing renewable and variable in time energy 

sources while providing a continuous electricity supply. Different types of simulation 

models and blocks such as permanent magnet wind and hydro generators, solar 

photovoltaic modules and accumulators are implemented based on developed 

mathematical models. The main objective is the development of simulation models for the 

study of real hybrid power systems behavior in research and teaching.   

Keywords: renewable energy sources, modeling and simulation, visual library, hybrid power systems, MATLAB 

toolbox 

 
1.  Introduction 

The importance of hybrid systems has grown 

as they appeared as the right solution for a clean and 

distributed energy production. Hybrid power systems 

consist on a combination of renewable energy sources 

such as: photovoltaic (PV), wind generators, hydro, 

etc., to charge accumulators and provide power to 

meet the energy demand, considering the local 

geography and other details of the place of 

installation.  

In this paper, the development of visual 

modelling tools based on Matlab functions for 

simulation, optimization and sensitivity analysis of 

small power generating systems based on renewable 

energy was considered useful by authors. Matlab 

software is built as a computer-aided design (CAD) 

application for modelling and simulation that allows 

adding new features for engineering applications.  

To allow the modeling, simulation and 

analysis of a wide variety of systems based on 

renewable energy and a proper management of these 

systems, into the libraries of Matlab software the 

RegenSim library was added. 

 

2.  RegenSim library 

This library was designed to allow visual 

modeling functions fulfilling the above conditions for 

hybrid systems based on renewable energy sources, 

but also to permit its components interfacing with 

components from other libraries, especially those of 

Matlab SimPowerSystems library [1] to assure 

facilities in modeling and simulation of components 

and power systems.  

RegenSim library was designed as a set of 

basic components shown in Fig.1. These basic 

components are: Wind group, Solar photoelectric 

panel, Hydro group and Accumulators. Each of these 

components was developed by considering their own 

mathematical models and specified parameters.  

Interfacing with Matlab library components 

was performed in order to make an elaborate study of 

modeled components of hybrid systems from local 

automatic control systems to centralized management 

systems. Each component of the RegenSim library 

has as input the primary energy source parameters. As 

output, different types of measurements can be 

tracked and displayed such as instantaneous voltages, 

currents, active and reactive powers or generated 

energy flows by interconnecting different blocks of 

Matlab libraries depending on the nature of the 

consumer.  

 

3. Wind group block 

Wind group model was developed by 

assimilating the idea of permanent magnet 

synchronous generator functioning with that of a DC 

generator with permanent magnets. The aim is to 

deduct a mathematical model that can be 

implemented as a simulation model based on physical 

equations of operation. This aim was achieved by 

using the modelling principles of automated systems 

theory. Deduction of the mathematical model is based 

on electrical circuit’s law and mechanical equilibrium 

law provided by (1) and (3) [2], [8]. 

 e
dt

di
LiRu

g

gggg +−−=  (1) 
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where: ug – generated voltage, [V]; 

Rg, Lg – resistance and inductance of stator 

circuit, [Ω],[H]; 

e – induced voltage in the rotor [V], given by: 

Ω= eke     (2) 

where: Ω – angular velocity of the blades, 

[rad/s]; 

ke – electric constant of   

proportionality. 

rgmm Cb
dt

d
JikC +Ω+

Ω
+=  (3) 

where: Cm – mechanical torque at generator shaft, 

[Nm]; 

Cr – resistant torque, [Nm]; 

km – mechanical constant of   proportionality; 

J – rotating masses moment of inertia, [kg m
2
]; 

b – viscous friction coefficient. 

Thus, the Wind group block with its 

mechanical and electrical input parameters graphical 

interface is presented in Fig. 2. 

 

4.  Hydro group block 

The hydro group can assimilate the 

mathematical model derived from the model of the 

wind group (relations 1 and 2) with the specification 

that the electrical and mechanical parameters of the 

hydro group are considered.  

Thus, for the hydro group block was designed 

a GUI (graphical user interface) for the introduction 

of electrical and mechanical modeling parameters as 

those presented in Fig. 3. 

 

5. Solar photoelectric panel block 

The model of the solar cell can be realized by 

an equivalent circuit that consists of a current source 

in parallel with a diode as in Fig. 4. [3], [6]. 

 

 Fig. 1 – RegenSim Library blocks 

 

 

 

 
 

Fig. 2 – Wind group block with mechanical and 

electrical parameters input window 

 

 

 
 

Fig. 3 –Hydro group block with mechanical and 

electrical parameters input window 

 

 
 

Fig. 4 – Equivalent circuit diagram of a solar cell  
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The diode is the one which determines the 

current-voltage characteristic of the cell. The output 

of the current source is directly proportional to the 

light falling on the cell. The open circuit voltage 

increases logarithmically according to the Shockley 

equation (relations 4 and 5) which describes the 

interdependence of current and voltage in a solar cell 

[3], [4], [5]. 
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where,  kB - Boltzmann constant, [J/K]; 

T – reference temperature of solar cell, [
o
C]; 

q – elementary charge, [As]; 

V – solar cell voltage, [V]; 

I0 – saturation current of the diode, [A]; 

If – photovoltaic current, [A]. 

 

Thus, the Solar photoelectric panel block with 

its physical and electrical input parameters graphical 

interface is presented in Fig. 5. 

 

6.   Accumulator block 

Accumulator block was developed with the 

main function to serve as a buffer for storing energy 

produced by renewable sources. It feds directly the 

DC consumers, but also the AC consumers through 

inverters blocks [9]. 

The mathematical model deduction of this 

block was based on Thevenin equivalent electrical 

model [7] shown in Fig. 6 and on the corresponding 

equations model, also presented in relations (6) and 

(7). 
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bbpb RIVV −= [V]  (7), 

where, V0 – open circuit voltage [V]; 

Vp – internal capacitor voltage [V]; 

Vb – terminal voltage [V]; 

Rc – charging resistance [Ω] 

Rd  - discharging resistance [Ω]  

Rb - internal resistance of the accumulator [Ω]    

C - polarization capacitance of the 

accumulator [µF]. 

The current Ib is taken as positive if 

discharging and negative otherwise.  

Thus, the Accumulator block with its electrical 

input parameters graphical interface is presented in 

Fig. 7.  

At the accumulator level can be monitored, 

measured and displayed parameters such as 

accumulator state of charge (SOC), terminal voltage 

or currents absorbed by consumers using compatible 

blocks from the Matlab's SimPowerSystems library.  

 

 
 

Fig. 5 – Solar photoelectric panel block with 

physical and electrical parameters input window 

 

 
 

Fig. 6 – Thevenin equivalent accumulator model 

 

7. Conclusions 

Paper presents the modeling in Matlab 

Simulink environment of a library named RegenSim 

developed for solar-wind-hydro hybrid system 

applications. Based on the presented mathematical 

models the RegenSim library represents a useful tool 

for analysis and simulation of real hybrid solar-wind-

hydro systems connected to local grids. 

The RegenSim library contains blocks like 

wind generators, solar photovoltaic modules, hydro 

generators and accumulators. It also represents a 

useful tool in research activity and also in teaching. 

RegenSim Library has the advantage of being a tool 

that can be used to analyze renewable energy sources 

and also for designing management systems based on 

renewable energy technologies. 

Also, based on RegenSim library, theoretical 

models of renewable-based systems can be built to 

identify problems such as renewable resource 

availability, power flows or the energy power quality 

problems. In this idea RegenSim can be used as a tool 

for assisting the design process of electro energetic 

systems based on renewable resources. 
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Fig. 7 – Accumulator block with electrical 

parameters input window 

 

Matlab’s software platform evolution does not 

allow for the moment the RegenSim library 

portability from one version to another. In the near 

future is intended to ensure this portability. 

The team currently works to develop a library 

that can be used on open source platforms such as 

Octave [10]. 
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ABSTRACT 
Nowadays industrial development faces a number of issues such as situation of economic 

crisis and global competition. To meet these challenges companies should improve 

productivity and reduce costs through restructuring and modernization of existing 

processes. But this goal must be achieved in many situations where we deal with large 

industrial distributed systems characterized by an increased structural and functional 

complexity. To solve these challenges,  scientific and technical literature shows that there 

are conducted numerous researches. This paper fits in this research directions proposing 

a solution for costs reduction and operation optimization of existing plants or newly 

developed facilities. The present work focuses on a solution suitable in many cases of 

large distributed industrial processes control systems used in power industry, chemical, 

pharmaceutical, transportation and storage. The main idea of the proposal is to adopt an 

agent-based structure for covering as many as possible related issues found in distributed 

process control systems. The main subject of the conducted research aims to provide an 

optimal solution for control systems developing in terms of costs, maintenance, reliability 

and flexibility. The paper focuses on requirements, architecture, functionality and 

advantages brought by the proposed solution. 

Keywords: distributed process control system, intelligent agents, multi-agent system, collaborative process 

automation systems, SCADA system, diagnosis, reliability 

 
1.  Introduction 
Improving of many products characteristics 

can be achieved by using high performance control 

systems to maintain productions parameters at 

established levels and through careful monitoring of 

the production flow. Both options are considered 

dependent on how processes and technological flows 

are organized. 

In many situations we deal with large 

technological flows and processes spread over large 

geographical areas, in some cases covering regions, 

entire countries or at continent level. Following there 

is presented some illustrative applications for the 

small-scale case:  

• facilities in the chemical and petrochemical 

industry; 

• pharmaceutical manufacturing; 

• water management systems; 

• metallurgical process plants; 

• traffic monitoring and coordination; 

• wireless sensor networks, etc. 

As examples for commonly used large-scale 

applications we can mention:  

• electric-power transmission and distribution 

systems; 

• generating power plants; 

• oil and gas tranportation systems; 

• environmental control systems  

Theoretically, not only spatial distribution is a 

problem but also complexity and special requirements 

for these systems. This constitutes a reason why their 

monitoring and control requires the adoption of 

appropriate solutions. 

Currently, both at theoretical and practical 

level, there are many solutions and implementations 

based on Supervisory Control and Data Acquisition 

Systems (SCADA), which cover as the first objective 

the industrial, infrastructure, or facility-based 

processes control and monitoring. 

Besides this, the interest of engineers and 
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researchers are turning to other basic functions, 

among which, some of them briefly are illustrated as 

follows: 

• real-time performance management;  

• alarm management; 

• virtual instrumentation availability; 

• etc. 

Improved performance of hardware devices as 

well as communications systems can be considered as 

a starting point in the growing importance of 

software, which can be seen for example by following 

directions of development: 

• business model based software and value-added 

services and 

• Collaborative Process Automation Systems 

(CPAS). 

This paper is focused on the direction of 

collaborative process automation systems, for which 

an implementation solution based on agents 

technology is presented. 

The upcoming part of the paper is organized as 

follows: Section 2 describes the intelligent agents as a 

solution for problems solving and control, in Section 

3 our solution is described, Section 4 outlines the 

advantages of the solution proposed by authors. 

 

2.  Developments of Systems Based on Agent 

Technology 
The cognitive systems represent an important 

current research field. Numerous studies and 

researches are focused on particular sub-domain of 

agent-based systems. This offers a solution for many 

complex technical problems [1, 2, 3, 4, 5, 6, 7, 8]. 

Agents, in general, represent a concept whose   

implementation is able to perform computations that 

have been used as a solution for problems/tasks 

solving in many domains. An intelligent agent is 

characterized, as main properties, by [9]: 

• increased autonomy in operation; 

• capacity of communication and cooperation; 

• reactive – in terms of responsiveness, agents 

should perceive their environment and respond to 

changes that occur in it; 

• goal-oriented - agents should not simply act in 

response to their environment, they should be 

able to exhibit opportunistic; 

• self-configurable. 

These proprieties are necessary in the features 

of the agents with capacities specific to the intelligent 

systems, like autonomous learning [9, 10, 16]. 

Autonomous learning allows the agents to adapt for 

performing efficient problems solving. 

A specific class of agents is represented by the 

software mobile agents [11, 12, 13, 14, 15, 16, 17]. 

The software mobile agents may be seen as a 

relatively new paradigm in the area of distributed 

programming and a useful supplement of traditional 

software approaches. Mobile agent technology has 

been applied to develop solving methods for various 

kinds of parallel and distributed computing problems. 

The features of the mobile agents with intelligence is 

more limited from practical reasons, such as [18]: 

• limitations in communication capacity; 

• intensive computational and memory resource 

usage on the hosting platform;  

• specific security issues to the mobile agents. 

In terms of intelligence, an attribute that still  

raises controversy, in case of a cooperative multi-

agent system could be considered at the level of the 

system where the agents operate [9]. The solutions  of 

many complex problems can be found by efficient 

cooperation though agents. The efficiency of the 

cooperation in the multi-agent platform defines the 

intelligence level of the system. This could be higher 

than that of the agents itself. In the literature [18, 19] 

there are described multi-agent systems, some of 

them made up of relatively simple agents that could 

be considered intelligent at the level of the system in 

that they operate. 

 

3.  Distributed Process Monitoring and 

Control by an Multi-Agent-Based System  
Building distributed process monitoring and 

control systems (DPMCS) can lead to reliable and 

high-performance scalable systems. Such an approach 

offers the possibility to optimize the processes over 

communication networks, finally obtaining a more 

reliable and higher-performance system [20]. 

Implementing such an approach can be put in 

front of other problems to be solved, common to the 

monitoring and control in distributed systems: 

• heterogeneity of systems – that can increase the 

system complexity on interconnections sides; 

• size and complexity, that may lead to 

• high costs; 

• standardization availability only in certain 

directions. For example on generalized using of 

virtual instrumentation there are limited solutions 

[22];  

• limitations in systems evolution, especially 

regarding future technologies.  

The structure of a DPMCS mainly consists 

from network of nodes and backbones. Each node 

will have specific function either process controlling, 

process parameters monitoring or both. 

Such an approach permits the design and 

implementation of a CPAS system. As a solution  

intelligent agents technology approach will be 

adopted. 

The proposed system mainly to classical 

functions will implement a decision support 

component. This module will be useful for 

diagnosing of system’s problems. The system is 

designed to operate in a transparent manner, so that a 

122



problem raised in a node of the system, depending on 

the situation, will benefits for assistance at the nearest 

level of management or operational management. 

Implementation of such a solution is subject to 

a series of issues, some of them common also to other 

decision support projects available on other domains: 

• access to the most relevant technical knowledge; 

• availability of quality data; 

• the way that data are stored; 

• design and implementation of decision support 

and learning algorithms; 

• interconnecting subcomponents in a 

heterogeneous communication system. 

A key factor in achieving a successful system 

would be a decision support system approach based 

on the decision making from perspective of the 

following levels: alerting, interpreting, critiquing, 

assisting, diagnosing and managing [8, 21]. 

Certainly, in a first phase, in many cases due 

to the complexity and volume of required data and 

knowledge it is not possible to achieve the proposed 

goal, but the system will function based on support 

from specialists, and then after knowledgebase 

completion will become autonomously. 

The proposed system is designed for 

monitoring, control and to support the decisions at 

various levels of interests, addressed to the 

corresponding management levels. The architecture 

of the system is shown in Fig 1. 

 
Fig. 1 – DPMCS architecture 

 

The system architecture is based on two main 

modules: distributed node level decision support 

module as supervised level and backbone monitoring, 

control and decision support module as supervising 

level. 

Distributed node level decision support 

module aims at analyzing the process data, then 

processing them and generating alerts, warnings or 

alarms that are transferred to the next level of 

decision if it is not possible to process an appropriate 

decision. 

Backbone monitoring, control and decision 

support module process and store data history 

received from the subordinated levels. 

Communication between system layers is based on 

priority, which is dynamically established. At this 

level are generated the supervising decisions and 

transferred to the subordinated levels. This module is 

able to collaborate with other ones of the same type in 

decision making process through brokerage engine.  

Knowledge-base and data storage interface is 

useful in case of systems that work with large amount 

of data to offer support on semantic data storage on 

service oriented distributed database. 

The DPMCS architecture implemented with 

the support of mobile multi-agent system is shown in 

Fig 2. 

 
Fig. 2 – Agent-based DPMCS architecture 

Conceptual, system consists of two parts: a 

node level domain and a supervising provider 

domain. 

The node level domain consists from an agent 

runtime environment specific to the platform where 

agents are loaded, an agent management module 

(AMM) and agents downloaded from the main 

system. 

The AMM is used to take care of agents 

running on user domains, in terms of creating or 

destroying agents as needed. 

Node level domain supports two types of 

agents: higher level agents (HLA) and lower level 

agents (LLA). As main features HLA provide the 

following features: 

• event analysis based on own knowledge base; or 

on collaboration with other agents; 

• generating alerts and alarms based on 

corresponding occurred event; 

• negotiation for direct communication with agents 

from suitable supervising domain when an 

adequate solution may not be found. 

Agents from LLA category provide the 

following features: 

• obtaining data from data acquisitions devices or 

from human operators though dedicated 

interfaces, usually mobile devices; 

• primary data processing that consist on 

o data filtering, conditioning and 

recording; 

o event detection. 

All these agents communicate in multi agent 

system environment with similar or with different 
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level agents. All communications are managed by the 

multi-agent system. 

Lower level agents are designed to detect 

events based on user inputs or based on data obtained 

from hardware devices that are provided to the higher 

level agents. 

A higher level agent may have one or more 

lower level agents associated to it depending on the 

number of sources necessary for generating alerts, 

alarms or decisions.  

Supervising provider domain through multi 

agent management module system (MAMS) manages 

lower and higher level collaborative agents. 

Higher level agents mission are to find the best 

suitable solutions for problems arising from node 

level domain. Solution may be found on own 

knowledge-base, after negotiating with other agents 

from own domain or other supervising domains. In 

case of failure it generates alerts and alarm direct to a 

most appropriate agent associated to a human 

operator or operational management. 

 

4.  DPMCS Implementation and Testing 
The new service oriented technologies 

represent a good choice for agent-based DPMCS 

implementation with restrictions in terms of at low 

level agents. This issue arise because of the field 

equipments implementations. Many of them represent 

real-time embedded devices based on system-on-a-

chip (SoC) processors, characterized by high 

reliability, low power consumption, but with low 

resources availability such as: limited memory and 

limited processing power. To solve this impediment, 

authors propose a lightweight embedded agent 

implementation to allow as many devices to 

participate in DPMCS. 

Our approach to allow inter-connectivity with 

existing systems manly must comply with existing 

standards, such as Foundation for Intelligent Physical 

Agents (FIPA). But this in many cases will suppose 

to overload the embedded devices causing in loss of 

many features, or worst, the impossibility to run the 

designated tasks. To overcome this, we designed a 

translation interface that permit agent to agent or 

agent to system transparent propagation and 

communications.  

Thus, implementations of agents, based on 

embedded deployment platforms become a realistic 

approach. Agent translation interface will transform 

an agent from agent platform to an object close to the 

implementation of embedded or real-time systems. 

This object will be seen as process, tasks or co-

routines, depending on the specific case. 

An open translation interface allows adding 

and future developments. We consider that in many 

cases resources fine tuning will be necessary.  

At current stage of development the translation 

interface deal with initial establishing the type of job 

to be performed, parameters and the necessary 

execution resources.  

Also, there are in an early stage of 

development a formal verification component to 

prevent interference with existing functionality and 

maintaining the optimum parameters for device 

execution. 

In order to validate our approach, the 

experimental monitoring and control system with 

field devices composed of several development 

boards based on ARM7TDMI-S microprocessor and 

FreeRTOS platform was used. 

Tests show that our implementations is 

feasible with restriction due to hardware resources 

limitation, on security and complexity of the agents 

tasks. 

 

5.  Conclusions 
Paper presents the design of a distributed 

process monitoring and control systems based on 

mobile multi-agents approach. 

The proposed system is distinguished by a 

number of advantages such as: 

- a scalable solution; 

- deals with a decentralized control and 

monitoring approach, and as consequences 

- avoidance of a single point of failure, so a 

higher robustness and reliability; 

- the proposed architecture is suitable for large 

and heterogeneous solutions. 

Implementation of agent-based DPMCS can 

benefit from development of available multi-agent 

platforms but may require special attention on 

resource planning for the system. 

In case of intensively use of embedded 

systems based on system-on-a-chip on nodes level, 

will arise an impediment in the use of dedicated 

platforms for multi-agent systems. In that case is 

needed for development of multi-agent support on 

specified devices. Authors see as a feasible solution 

the development of an agent description language to 

permit agent deployment on platform with constraints 

on availability of resources. 

If it is desired to implement control functions 

in DPMCS then a study on stabilization and real-time 

response of the system should be considered to be 

undertaken. 
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ABSTRACT 
The present study is intended to address the various aspects related to the use of 

dictionaries as an essential part of both a technical translator’s work and of a specialist’s 

research activities. After comparing different types of technical dictionaries available for 

these professional categories, the study offers several suggestions for improving the 

quality of these indispensable linguistic instruments (dictionaries and glossaries) and for 

encouraging lexicographers to invest energy in creating better and well-conceived 

specialized technical dictionaries and glossaries which today’s specialists dearly need. 

Obtaining better structured and more accurately referenced technical dictionaries will 

result in an improvement of both the linguistic specialists’ research and of the activity of 

professionals activating in various technical fields. Globalizing economic and industrial 

practices have led to the emergence of the English language as a lingua franca, hence the 

necessity of communication in specialized languages, a necessity which is addressed by 

such linguistic tools which need to keep the pace with the practical realities of the day. 

Keywords: technical dictionaries, entry structure, contextualization, entry selection 

criteria 

 
1.  Introduction 

Within the globalization process it is 

commonly accepted that English has become the 

universal language of communication for most 

citizens of different nationalities, and consequently 

more and more books for English learning and 

teaching have been published to satisfy the demands 

of their users (pupils, teachers, students, academics, 

research workers, vocational workers and so on). 

Apart from the use of English as a communicational 

language for general purposes, the necessity of 

specialized vocabulary has emerged as a result of the 

learners’ needs, either students or specialists 

practicing in specific fields. Accordingly, English for 

specific purposes has developed considerably in the 

last decades. This development can be explained by 

Norman Fairclough’s view of the language seen as an 

“integral part of social and material processes” 

[quoted in Wodak and Meyer 2001:122] 

Besides books and textbooks, dictionaries and 

glossaries have been seen as indispensable tools for 

specialists and non-specialists who use English in 

specific areas of activity or simply study in this 

language. 

Starting from this premise of the great need of 

specialized vocabulary our aim is to investigate a 

selection of technical dictionaries in order to point out 

what types of technical dictionaries/glossaries exist, 

what selection criteria were used for the included 

headwords, and in what way the entries are 

structured. We pay particular attention to entry 

structure, synonymy (the question whether the 

author/authors select(s) a single Romanian translated 

term or offer(s) several possible Romanian versions 

for a single English word/phrase etc.), 

contextualization (the inclusion of the translated 

terms into specific contexts of use), source(s) used for 

selecting the headwords, the inclusion of quotations 

in the analyzed books and morphological information 

regarding the selected entries. 

When faced with the situation of translating 

technical texts, the problem of correctly identifying 

the English equivalent of the Romanian technical 

term and vice versa is often a difficult attempt.  

The first tool that one resorts to when trying to 

identify the best translation is the dictionary; in the 

field of technical discourse, dictionaries and 

glossaries have often proved to be only suggestive 

and have not provided the accurate translation 

required for the specialized technical fields. On the 

other hand, it is widely accepted that these 

dictionaries or glossaries are perceived as 

authoritative records of how people ought to use 

language, and they are regularly invoked for guidance 

on correct usage. They are seen, in other words, as 

prescriptive texts [Atkinis 2008].  

However, in order to provide accuracy, 

contextualization must be indicated in order to avoid 

disambiguation. At the same time, citations are 

sometimes used in dictionaries to help the reader 
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better understand the translated term: ”A citation is a 

short extract from a text which provides evidence for 

a word, phrase, usage or meaning in authentic 

use.”[Atkinis 2008] 

This study analyzes both technical dictionaries 

and glossaries. The basic similarities and differences 

which exist between the two linguistic instruments 

are – according to the OUP online dictionary – the 

following ones: a “glossary” is ‘an alphabetical list of 

words relating to a specific subject, text, or dialect, 

with explanations; a brief dictionary’, while a 

“dictionary” is: ‘1. a book that lists the words of a 

language in alphabetical order and gives their 

meaning, or that gives the equivalent words in a 

different language; 2. a reference book on any 

subject, the items of which are arranged in 

alphabetical order: a dictionary of quotations.’ Since 

our paper deals with technical dictionaries and 

glossaries, we shall notice that glossaries are field 

oriented (they are specialized on a specific branch of 

engineering), while dictionaries provide a selection of 

terms from different engineering branches, which 

makes them be perceived as too general in content 

and sometimes as slightly inefficient by their users. 

Of course, in practice, the technical translator should 

make use of both dictionaries and glossaries, for both 

technical glossaries and dictionaries include 

specialized vocabulary. 

In order to understand the work that lies 

behind the creation of a dictionary/glossary, one 

should start with defining lexicography, which is 

commonly seen as “the activity or occupation of 

compiling dictionaries”. However, the work of a 

lexicographer is more complex than compiling entries 

in a book on the basis of special criteria which are 

meant to organize the included information: ”The 

lexicographer, according to Green (1996:13), is ’quite 

simply, the compiler of a dictionary’. But things are 

never quite so simple /.../. Landau (1984) entitles his 

textbook Dictionaries. The Art and Craft of 

Lexicography, while Svensén, in his book on 

Practical Lexicography (1993:1), defines 

lexicography as “a branch of applied linguistics 

which consists in observing, collecting, selecting and 

describing units from the stock of words and word 

combinations in one or more languages” and adds 

that it “also includes the development and description 

of the theories and methods which are to be the basis 

of this activity.” 

The first dictionary that we would like to introduce is 

a landmark in the field of Romanian technical 

reference books: “Dictionar tehnic englez – roman”, 

published at Editura Tehnica, Bucharest, 1997, a 

volume coordinated by Dragos Petrescu. It represents 

a second edition to what was the first technical 

English dictionary appeared in 1967. It is a 

comprehensive, over 1500-pages dictionary (170 000 

terms) comprising terminology of many industry and 

transportation branches as well as several correlated 

disciplines: theoretical mechanics, fundamental of 

physics, atomic physics, chemistry, geology, 

mineralogy, geodesy, geography, mathematics, 

construction, architecture, roads, photograph 

technology, medical devices, forestry, agriculture, 

astronomy, metrology, military equipment, industrial 

property. In an explanatory note on the first page the 

authors explained some changes they decided to 

operate in comparison to the first edition: the field 

“cybernetics” was transformed into “informatics” and 

“economy” changed into “management and 

marketing”.  

In a quantification of the modifications to the 

first edition the authors mention an addition of 35%, 

while 20% of the existing terms were modified and 

completed. At the same time, a number of terms were 

eliminated from the second edition, mainly consisting 

of compound words, syntagms and phrase units 

whose meaning becomes obvious by the translation of 

the composing words (e.g. “above the level”, 

“abrasive material”). 

This is a highly ambitious project attempting 

to form a reference book likely to be used by all those 

who are interested in the engineering / technical 

domain: students, translators, specialists, laypersons. 

The volume of work and the richness of the 

terminology employed is to be remarked.  

On the other hand, the dictionary does not 

offer phonetic script for the included headwords and 

contexts of use for the selected headwords are rarely 

indicated; there are no examples to clarify the 

meaning in context and the various translations 

provided makes it difficult for the reader to select the 

exact translation he/she needs for a specific context.  

Here are some demonstrative examples: 

For the term “compound”, the main entry 

translates it as: “compus, amestec, masa izolanta, 

mixtura, masa; substanta, component // a compune, a 

combina, a amesteca, a compounda”. There are no 

examples to clarify both the context in which these 

different translated terms may occur and the different 

grammatical categories to which they belong (nouns, 

verbs). Moreover, this main entry is followed by a 

long list of combinations of the term „compound”: 

• compound action 

• compound arc 

• compound arrangement 

• compound  bending dies 

• compound body 

• compound bridge girder and arch 

• compound catenary construction 

• compound cooking battery 

• compound color 

• compound compression 

• compound compressor 

• compound course 

• compound cross section 

• compound  curvature 

• compound cycle 

• compound decay curve 
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• compound department 

• compound die 

• compound distribution 

• compound drafting machine 

• compound duty 

• compound latex 

• compound effect 

• compound engine 

• compound excitation 

• compound fertilizer 

• compound gauge 

• compound gear 

• compound glass 

• compound horn 

• compound indexing 

• compound interest 

• compound lens 

• compound load 

• compound locomotive 

• compound magnet 

• compound mast 

• compound microscope 

• compound motion 

• compound movement 

• compound neddle 

• compound nucleus 

• compound number 

• compound order 

• compound pendulum 

• compound piercing dies 

• compound resonator 

• compound rest 

• compound-rest bottom 

• compound –rest swivel 

• compound-rest top 

• compound-slide assembly/rest 

• compound slides 

• compound state 

• compound steam pump 

• compound table 

• compound toggle lever stone breaker 

• compound train of gears 

• compound tube 

• compound turbine 

• compound winding 

• compound-wound engine 

The lack of examples and contextualization 

doubled by the lack of information with regard to the 

sub-field for each given translation puzzle the reader 

who may find it difficult to choose the right term; so 

in this respect, the purpose of the dictionary is not 

met. Despite the remarkable ambition of the authors 

to create a comprehensive reference book of the 

engineering field, the dictionary fails to serve the 

purposes of either the specialist, who would 

appreciate a more narrowed-down terminological 

approach, and the layperson who becomes lost in the 

multitude of variants and the little (if any) 

contextualization that the dictionary offers.  

 An alternative to this dictionary are the more 

specialized glossaries. Many of them appeared on the 

Romanian market quite recently to respond to the 

diversification of engineering domains and to the 

growing demand for more specialized terminology. 

While glossaries are more accurate with regard to 

contextualization and specialization, which is a 

definite advantage to the user, they present the 

disadvantage that the information they refer to 

belongs to continuously and rapidly changing 

realities. Therefore, they very soon become outdated 

and no longer reflect the entire sphere of terminology 

currently existent on the market.  

We have chosen to present the case of one 

such specialized dictionary, entitled “Dictionar 

explicativ de calculatoare englez-roman si roman-

englez”, by Marcel Teodor Ban, Alin Tavi Mirestean, 

Manuel Miclea and Cristian Miclea, appeared at 

Editura Tehnica, Bucharest 1994. The limited 

purposes of this dictionary are presented by the 

authors in the preface: “although this dictionary 

results from a large documentation, it is not 

exhaustive. It may be a starting point for further 

development and updating”. And the case is surely 

so, because the dictionary includes only about 2000 

terms. Among the advantages brought by this 

dictionary we mention the fact that in most cases 

there is enough explanation offered which should 

satisfy a non-specialist reader. When there is no 

Romanian equivalent for concepts, or when the word 

is a proper noun or an acronym, the authors explain 

them: 

• XENIX – XENIX: implementare realizata 

de Microsoft a sistemului UNIX care a 

cumparat licenta de la AT&T, care insa nu 

i-a acordat dreptul de a-l numi UNIX in 

actiunile publicitare. Este un sistem 

multisarcina (multitasking) si 

multiutilizator. Nu a avut success deosebit 

din cauza raspunsului lent, fiind consecinta 

insasi a limitarilor actuale ale arhitecturii 

PC. Odata cu aparitia calculatoarelor 386 

au aparut tot mai multe sisteme de calcul 

care au sistemul de operare UNIX/XENIX. 

[Ban 130] 

On the other hand, there are several 

instances in which no explanation is given: 

• XGA – Extended Graphics Array [130] 

Other limitations of this dictionary refer to the 

lack of phonetic transcript and information referring 

to the grammatical categories of the translated terms 

and even some cases of misspelling.  

A viable alternative to these types of 

dictionaries is offered by the online research sources. 

There is a whole array of materials which can be 

consulted online in a wide variety of specializations 

belonging to the engineering field. The definite 

advantage of these sources is that they can be – and 
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hopefully are – updated regularly so that the 

information they present is in accordance with the 

reality nowadays and with its rapid evolution in 

technology.  

Among the diversity of online research 

materials we would like to recommend the following: 

the KudoZ open glossary and the Interactive 

Terminology for Europe platform. 

KudoZ (www.kudoz.com) was originally 

created as a support tool for professional translators 

under the form of a forum to exchange opinions, 

share experiences and ask for advice. The interesting 

and useful thing about KudoZ is that it reunites both 

philologists and specialists in the various fields, 

which makes the information exchanged via KudoZ 

reliable and trustworthy. A query is inputted by 

anyone who wants specialist advice in translating 

specialized terms and a variety of answers is given, 

with the best answer being granted what is called 

“KudoZ points”. Apart from this type of free-of-

charge translation services, an open glossary has been 

created reuniting highly specialized terms in 

extremely particular contexts. The obvious 

disadvantage of this online glossary is that it is 

limited to the users’ queries, therefore it does not 

contain a comprehensive terminology in various 

domains. 

The Interactive Terminology for Europe 

platform (iate.europa.eu) is the EU inter-institutional 

terminology database and it is a project launched in 

1999 with the objective of providing a web-based 

infrastructure for all EU terminology resources, 

enhancing the availability and standardization of the 

information. The practicality of this platform consists 

of the availability of translating engineering terms 

(and from other domains as well) from and into all 

the languages of the European Union and of thus 

obtaining a standard EU translation. 

To conclude, we consider that specialized 

dictionaries and glossaries are both indispensable to 

professionals working in any field. We note a general 

trend towards overspecialization in the case of 

glossaries, which we consider to be a beneficial 

aspect, because it will eventually increase accuracy 

and contextualization. 
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ABSTRACT

We will must to be show that every new definition is compatible with precedent. We
will give first properties of integral

∫
X
fdµ for f ∈ S(X,A, µ) from which we will

deduce properties of integral
∫
X
fdµ for f ∈ M+(X,A, µ), then we deduce prop-

erties of integral
∫
X
fdµ for f ∈ M(X,A, µ). The most important results of this

section are: sufficient conditions of integrability, algebraical properties of integrable
functions, property of monotony of integral, the limit under integral. (Theorem of
monotonous convergence, dominated convergence theorem etc.).
We present some examples of Lebesgue integrable functions which is not Riemann in-
tegrable. We will define integral of a measurable function in three successive parts:
first for simple functions, next for positive measurable functions and finally for arbi-
trary measurable functions.

AMS 2000 Subject Classification: 31D05, 60J45

Key words: measure, measurable space, Riemann integrable functions, Lebesgue in-
tegrable functions, convergences

1 Integral of a numerical function with re-
spect to a positive measure

Definition 1. Let (X,A, µ) be a space with measure, f :
X → R a simple function and

∑n
i=1 ciφAi a canonical rep-

resentation of f. If expression
∑n

i=1 ciµ(Ai) has sense is
noted by

∫
X
f(x)dµ,

∫
X
fdµ or

∫
fdµ and this called in-

tegral of f (on X). We will say that f has integral. If f
has integral and its integral is finite i.e. |

∫
X
fdµ| < +∞, f

is called integrable (on X). We will say that f has integral
on A ∈ A if the function f · φA has integral;

∫
X
fφAdµ

is noted by
∫
A
fdµ and is called integral of f on A. If

moreover |
∫
A
fdµ| < +∞ f is called integrable on A. If

(X,A, µ) = (R,L, µ) integral of f defined above is called
Lebesgue integral. Let (X,A, µ) be a space with measure.
We will denote with S(X,A, µ) the set of all simple numer-
ical functions, M(X,A, µ) the set of all measurable numer-
ical functions and with M+(X,A, µ) the set of all positive
measurable numerical functions.

2 The elementary properties

Let (X,A, µ) be a space with measure and f =∑n
i=1 ciφAi a simple function defined on X . Then the fol-

lowing assertions hold:
1. f integrable if and only if for any i = 1, n with

µ(Ai) = +∞ we have ci = 0 if and only if for any i = 1, n
with ci ̸= 0 we have µ(Ai) < +∞.

2. If f ≥ 0 (resp. f ≤ 0) it follows that
∫
X
fdµ has

sense and we have
∫
X
fdµ ≥ 0 (resp. ≤ 0), hence f is

integrable if and only if
∫
X
fdµ < +∞ (resp > −∞).

3. If f is integrable (on X) then f is integrable on any
set A ∈ A.

4. If A ∈ A and µ(A) < +∞, particularly if µ(X) <
+∞ it follows that f is integrable on A.

5. If A ∈ A and µ(A) = 0 it follows that f is integrable
on A and

∫
A
f = 0.

6. If A ∈ A and f = φA we have
∫
X
fdµ = µ(A),

hence f is integrable if and only if µ(A) < +∞
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Examples. 1. Let f : R → R function of Dirichlet, hence
f = 1 · φQ + 0 · φR\Q = and hence

∫
R fdλ = 1 · µ(Q) +

0 · µ(R \Q) = 0, therefore f is integrable Lebesgue.
2. Let f : R → R be the function of Heaviside i.e.

f(x) =

{
1, if x ≥ 0

0, if x < 0
.

Then f = φR+ = 1 · φR+ + 0 · φR∗
−

hence
∫
R fdµ =

1 · µ(R+) + 0 · µ(R∗
−) = +∞. Therefore f has integral

but is not Lebesgue integrable. Is seen that
∫
[−1,1]

fµ = 1,

hence f is integrable on [−1, 1].
3. Let (N, 2N, µ) be, where µ : P(N) → R+, µ(A) =

cardA.
Then for any A ⊆ N we have

∫
N 1Adµ = cardA, hence

f is integrable if and only if card (A) < ∞.
4. Let sign:R → R the signum function, i.e.

sign(x) =


−1 if x < 0

0 if x = 0

1 if x > 0

, i.e sign(x) = −1φR∗−
+ 0 · φ{0} + 1 · φR∗

+

Then sum −1 ·λ(R∗
−)+0 ·λ({0})+1 ·λ(R∗

+) has not sense, hence function
sign has not Lebesgue integral.

Proposition 1. Let (X,A, µ) be a space with measure and
f : X → R a simple function which has integral. Then
integral of f is a number unique determinated by f.

Proposition 2. Let (X,A, µ) be a space with measure and
f : X → R a simple function. Then f is integrable if and
only if |f | is integrable.

Proposition 3. Let (X,A, µ) be a space with measure,
f, g : X → R two simple integrable functions (resp. pos-
itive). Then functions f + g, αf (α ∈ R) are simple inte-
grable (resp. positive) and we have relations:∫
X

(f+g)dµ =

∫
X

fdµ+

∫
X

gdµ;

∫
X

(αf)dµ = α

∫
X

fdµ.

Corollary 1. Let (X,A, µ) be a space with measure and
f, g : X → R two simple integrable functions (resp. posi-
tive) and f ≤ g. Then

∫
X
fdµ ≤

∫
X
gdµ.

Corollary 2. Let (X,A, µ) be a space with measure and
f, g : X → R two simple functions with |f | ≤ g and g is
integrable. Then f is integrable.

Proposition 4. Let (X,A, µ) be a space with measure and
f : X → R a simple function with f ≥ 0 µ-a.e. Then∫
X
fdµ ≥ 0.

Corollary 3. Let (X,A, µ) be a space with measure and
f, g : X → R two simple integrable functions. Then the
following assertions hold:

1. f ≤ g µ-a.e if and only if
∫
A
fdµ ≤

∫
A
gdµ, for any

A ∈ A

2. f = g µ-a.e if and only if
∫
A
fdµ =

∫
A
gdµ, for any

A ∈ A.

Proposition 5. Let (X,A, µ) be a space with measure and
f : X → R a simple, integrable function (resp. positive).
Then for any (An)n≥1 ⊆ A mutually disjoint family and
A =

∪
n∈N An we have

∫
A
fdµ =

∑
n≥1

∫
An

fdµ.

Corollary 4. Let (X,A, µ) be a space with measure and f :
X → R a positive simple function. Then function νf (A) =∫
A
fdµ, A ∈ A is a measure.

Definition 2. Let (X,A, µ) be a space with measure and
f : X → R+ a positive measurable function. The num-
ber (finite or +∞) sup{

∫
X
hdµ | 0 ≤ h ≤ f, h simple}

is called integral of f on X and is denoted with
∫
X
fdµ,∫

X
f(x)dµ, or

∫
X
f. We will say that f is integrable on

X if
∫
X
fdµ < +∞. If A ∈ A we will put

∫
A
fdµ =∫

X
f · φAdµ and we will say that f is integrable on A if∫

A
fdµ < +∞.

Definition 3. Let (X,A, µ) be a space with measure and f :
X → R an arbitrary measurable function. If

∫
X
f+dµ <

∞ or
∫
X
f−dµ < +∞ we will say that f has integral, and

number (finite or ±∞)
∫
X
f+dµ −

∫
X
f−dµ is called in-

tegral of f on X and is denoted by
∫
X
fdµ,

∫
X
f(x)dµ, or∫

X
f. If

∫
X
fdµ is finite we will say that f is integrable on

X. If A ∈ A we will put
∫
A
fdµ =

∫
X
f ·φAdµ if fφA has

integral, and we will say that f is integrable on A if
∫
A
fdµ

is finite i.e.
∫
A
f+dµ < +∞ and

∫
A
f−dµ < +∞.

Remark 1. 1. Let f : X → R a measurable function. If f
is integrable on a set A ∈ A the integral

∫
A
fdµ is unique

determinated by f and A.
2. A positive measurable function has integral always,

but is not necessarily integrable (ex. the function 1R).
3. An arbitrary measurable function can or can not to

have integral (ex. function sign).
4. If f : X → R+ measurable. Then

∫
A
fdµ ≥ 0 for

any A ∈ A.
5. If f : X → R is a measurable function with f = 0

µ-a.e. then f is integrable and
∫
X
fdµ = 0.

6. If f : X → R is measurable and f ≥ 0 µ-a.e. then
there exists

∫
X
fdµ and is positive.

7. Let f : X → R a measurable function. Then f is
integrable on any set A ⊆ X of null measure and

∫
A
fdµ =

0.
8. If f : X → R is a positive, measurable function then∫

A

(−f)dµ = −
∫
A

fdµ for any A ∈ A.

9. Let f, g : X → R+ be two measurable functions.
Then ∫

X

(f + g)dµ ≤
∫
X

fdµ+

∫
X

gdµ.
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Proposition 6. Let (X,A, µ) be a space with measure and
f, g : X → R two measurable functions. The following
assertions hold:

1. 0 ≤ f ≤ g it follows that
∫
A
fdµ ≤

∫
A
gdµ, for any

A ∈ A.
2. 0 ≤ f ≤ g and g is integrable it follows that f is

integrable.

Proposition 7. Let (X,A, µ) be a space with measure and
f : X → R a measurable function. Then f is integrable if
and only if |f | is integrable.

Corollary 5. Let (X,A, µ) be a space with measure and
f : X → R a measurable function. Then f is integrable if
and only if there exists g : X → R positive, integrable such
that |f | ≤ g.

Proposition 8. Let (X,A, µ) be a space with measure and
f : X → R an integrable function. Then f is integrable on
any set A ⊂ A.

Proposition 9. Let (X,A, µ) be a space with measure and
f : X → R an integrable function. Then∣∣∣∣∫

A

fdµ

∣∣∣∣ ≤ ∫
A

|f |dµ ≤ sup
x∈A

|f(x)| · µ(A) for any A ∈ A.

Remark 2. 1. Let (X,A, µ) be a space with finite measure
and f : X → R a measurable bounded function. Then f is
integrable.

2. Let (X,A, µ) be a space with measure and f : X →
R an integrable function. Then f finite µ-a.e.

(There exists measurable functions, finite µ-a.e but is not
integrable, ex. the constant function 1 on R).

Proposition 10. Let (X,A, µ) be a space with measure and
f, g : X → R two positive measurable function. Then
assertions hold:

1. f ≤ g µ-a.e it follows that
∫
X
fdµ ≤

∫
X
gdµ.

2. f = g µ-a.e it follows that
∫
X
fdµ =

∫
X
gdµ.

Corollary 6. Let (X,A, µ) be a space with measure and
f, g : X → R two functions such that f is measurable, g is
integrable and |f | ≤ g µ-a.e. Then f is integrable.

Proposition 11. Let (X,A, µ) be a space with measure and
f : X → R a measurable positive function. The following
assertions hold:

1.
∫
X
fdµ = 0 if and only if f = 0 µ-a.e.

2.
∫
A
fdµ = 0 if and only if f = 0 µ-a.e on A, for any

A ∈ A.

Proposition 12. Let (X,A, µ) be a space with measure and
f : X → R a measure function. Then the following asser-
tions hold:
1. (∀) α ≥ 0 and A : {x ∈ X | |f(x)| ≥ α} ⇒ αµ(A) ≤∫
A
|f |dµ ≤

∫
X
|f |dµ

2. (∀) β ≥ 0 and B := {x ∈ X | |f(x)| ≤ β} ⇒∫
B
|f |dµ ≤ βµ(B)

3. (∀) 0 ≤ α ≤ β and C := {x ∈ X | α ≤ |f(x)| ≤ β} ⇒
αµ(C) ≤

∫
C
|f |dµ ≤ βµ(C).

Corollary 7. Let (X,A, µ) be a space with measure and
f : X → R an integrable function. Then the following
assertions hold:
1. (∀) ε > 0, (∃) α > 0 such that µ({x ∈ X|f(x)| ≥
α}) < ε.
2. (∀) α > 0, µ({x ∈ X | |f(x)| ≥ α}) < ∞.
3. µ({x ∈ X | |f(x)| = ∞}) = 0 i.e f finite µ-a.e.

3 Sequences of integrable functions

Proposition 13. Let (X,A, µ) be a space with measure,
f : X → R a simple integrable function. Then for any
increasing sequence (An)n≥1 ⊆ A and A =

∪
n≥1 An we

have
∫
A
fdµ = limn→∞

∫
An

fdµ.

Theorem 1. (Beppo-Levi) (monotonous convergence the-
orem) Let (X,A, µ) a space with measure, fn : X → R+

(n ≥ 1) an increasing sequence of measurable functions
and f(x) = limn→∞ fn(x), for any x ∈ X. Then we have

lim
n→∞

∫
A

fndµ =

∫
A

fdµ for any A ∈ A.

Corollary 8. Let (X,A, µ) be a space with measure fn :
X → R+ (n ≥ 1) a sequence of positive measurable func-
tions. Then f :=

∑
n≥1 fn is a measurable function and∫

A
fdµ =

∑
n≥1

∫
A
fndµ, for any A ∈ A.

4 Algebraic operations with integrable func-
tions

Let be (X,A, µ) a space with measure, f, g : X → R
two integrable functions and α, β ∈ R. Then function αf +
βg is integrable and we have relation:∫

A

(αf + βg)dµ = α

∫
A

fdµ+ β

∫
gdµ for any A ∈ A.

Proposition 14. Let (X,A, µ) be a space with measure and
f, g : X → R two integrable functions. Then the following
assertions hold:

1. f ≤ g µ-a.e if and only if
∫
A
fdµ ≤

∫
A
gdµ for any

A ∈ A.
2. f = g µ-a.e if and only if

∫
A
fdµ =

∫
A
gdµ for any

A ∈ A.

Corollary 9. Let (X,A, µ) be a space with complete mea-
sure and f, g : X → R two functions such that f = g µ-a.e.
If f is integrable then g is integrable and

∫
A
fdµ =

∫
A
gdµ,

for any A ∈ A.
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Theorem 2. (Fatou) Let (X,A, µ) be a space with measure
and fn : X → R, (n ≥ 1) a sequence of positive measur-
able functions. Then we have that∫

A

limn→∞fndµ ≤ limn→∞

∫
A

fndµ

for any A ∈ A.

Corollary 10. Let (X,A, µ) be a space with complete mea-
sure and fn : X → R (n ≥ 1) a sequence of positive mea-
surable functions, such that fn

µ−a.e−→ f, f : X → R, with
fn ≤ f µ-a.e for any n ≥ 0. Then limn→∞

∫
A
fndµ =∫

A
fdµ for any A ∈ A.

Remark 3. In the above theorem we have not necessarily
equality.

Example. We consider space with measure ((0, 1),L |(0,1)
, µ) and fn : (0, 1) → R, where fn = nφ(0,1/n) (n ≥ 1).

Then fn
s→ 0, hence

∫
(0,1)

limn→0fndµ = 0. On the
other hand we have

∫
(0,1)

fndµ = 1 for any n ≥ 1, hence
limn→∞

∫
(0,1)

fndµ = 1. Hence inequality from above the-
orem is strictly.

Remark 4. The condition as functions (fn)n≥1 to be pos-
itive from above Theorem is essentially. If we consider
space with measure (R,L, µ) and fn : R → R where
fn = − 1

n · φ[0,n], (n ≥ 1). Then fn
s→ 0 and we have∫

R fndµ = − 1
n

∫
[0,n]

dµ = −1, hence∫
R
limn→∞fndµ > limn→∞

∫
R
fndµ.

Theorem 3. (Lebesgue) (dominated convergence theorem)
Let (X,A, µ) be a space with measure and f, fn : X →

R (n ≥ 1) measurable, such that fn
µ−a.e−→ f and there ex-

ists, g : X → R integrable with |fn| ≤ g µ-a.e for any n ≥
1. Then f is integrable and limn→∞

∫
A
fndµ =

∫
A
fdµ for

any A ∈ A.

Theorem 4. (Integral absolute continuity theorem)
Let (X,A, µ) be a space with measure and f : X → R

an integrable function. Then limµ(A)→0

∫
A
fdµ = 0 i.e.

for any ε > 0 there exists δ > 0 such that |
∫
A
fdµ| ≤ ε for

any A ∈ A, µ(A) < δ.

Corollary 11. Let be (X,A, µ) a space with measure and
f : X → R an integrable function. Then for any fam-
ily (An)n≥1 ⊆ A, which for µ(An) → 0 it follows that∫
An

|f |dµ → 0 (n → ∞).

Corollary 12. Let (X,A, µ) be a space with measure and
fn : X → R+ (n ≥ 1) a monotonous increasing of positive
measurable functions such that supn≥1

∫
X
fn < ∞. Then

there exists f : X → R integrable such that fn
µ−a.e−→ f and∫

X
fndµ →

∫
X
fdµ.

Corollary 13. Let (X,A, µ) be a space with measure and
fn : X → R+ (n ≥ 1) a decreasing sequence of positive,
measurable functions such that

∫
X
f1dµ < ∞. Then func-

tion f(x) = limn→∞ fn(x) for any x ∈ X is integrable
and

∫
X
fndµ

n→∞−→
∫
X
f.

5 Particular classes of integrable functions

Proposition 15. Let f : [a, b] → R a function. Then f is
Riemann integrable if and only if f is bounded and the set
Df = {x ∈ [a, b] | f is not continuous in x} is Lebesgue
negligible.

Theorem 5. Let f : [a, b] → R a Riemann integrable func-
tion. Then f is Lebesgue integrable and two integrals coin-
cide.

Therefore Lebesgue integral is strict extension of Rie-
mann integral (Dirichlet function example).

1. A set f : [−1, 1] → R Riemann function defined as:

f(x) =

{
0, if x ̸∈ Q or x = 0
1
q , if x = p

q (irreducible fraction) (q ̸= 0)

f is discontinuous at any rational point x = p
q (q ̸= 0) and

continuous at any irrational point and f is bounded.
A = Q ∩ [−1, 1] \ {0} the set of discontinuity points of

f . Hence µ(A) = 0.

Therefore f is Riemann integrable on [−1, 1], hence
Lebesgue integrable

∫ 1

−1
f(x)dx =

∫
[−1,1]

fdµ = 0, be-
cause f = 0 µ-a.e.

2. Let f : [0, 1] → R, f(x) =

{
1√
x
, x ∈ [0, 1]

0, x = 0.
To

show that f is Lebesgue integrable and integral to calculate.
f is not Riemann integrable because is not bounded. f

is Lebesgue measurable because is λ-a.e. continuous. Let

fn(x) =

{
1√
x
, x ∈

(
1
n , 1

]
0, x ∈

[
0, 1

n

] , n ≥ 2. fn is continuous, for

any n ≥ 2 ⇒ fn Riemann integrable (resp. Lebesgue inte-
grable).∫

[0,1]

fndµ =

∫
fndx =

∫ 1/n

0

0dx+

∫ 1

1/n

1√
x
dx =

= 2x1/2

∣∣∣∣1
1/n

= 2

(
1− 1√

n

)
.

We have that limn→∞ fn = f.

Then
∫
fdµ = limn→∞

∫
fndµ = 2.

133



Another remarkable class of Lebesgue integrable func-
tions is given by uncompact absolutely integrable functions
on Riemann improper sense on intervals of R (resp. Rn)

Let f : R → R such that f Riemann integrable on [a, b]
for any a, b ∈ R and there exists next limit

lim
a→−∞
b→+∞

∫ b

a

|f(t)|dt ∈ R.

Under these conditions is said that integral
∫ +∞
−∞ f(t)dt is

absolutely convergent or that |f | is Riemann integrable in
the improper sense on R.

Putting fn = |f | · λ[−n,n], ∀ n ∈ N, then we get fn ↑
|f |. Hence fn is Riemann integrable (resp. Lebesgue) and∫
R fndµ =

∫ n

−n
|f(t)|dt. Since there exists

lim
a→−∞
b→+∞

∫ b

a

|f(t)|dt ∈ R.

it follows that from Beppo-Levi theorem the function |f | is
Lebesgue integrable on R.

Since f · λ[−n,n], n ≥ 1 are Riemann integrable, hence
Lebesgue measurable then we get f Lebesgue measurable.
Hence ∫

R
fdµ = lim

a→−∞
b→+∞

∫ b

a

f(t)dt =

∫ +∞

−∞
f(t)dt.

Example. Let µ : P(N) → R+ µ(A) ={
card A, A finite
+∞ A infinite.

Then we obtain the space with mea-

sure (N,P(N), µ) and f : N → R. Obviously f is mea-
surable and f =

∑
n∈N f(n)λ{n}. f will be integrable if

and only if
∑

n∈N |f(n)| < +∞, i.e. series
∑

m∈N f(n) is
absolutely convergent.

Remark 5. Theory of absolutely convergent series is in fact
a theory of integrability.
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ABSTRACT

In the following we define several classes of sets: algebra of sets, σ-algebra of sets,
σ-algebra of Borel sets on a topological space, positive measures, additive functions,
Lebesgue measure on R, simple functions, measurable functions.
We present some measurable functions, specially Borel and Lebesgue measurable
functions.
We show that there exists Lebesgue measurable functions which is not Borel mea-
surable functions. We will observe that there exists functions f : R → R Lebesgue
measurable, but which are discontinuous in every point (The Dirichlet function).
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1 Remarkable classes of sets and positive
measures

Definition 1. A class of sets on X is a part nonempty of
P(X).

Definition 2. A class of sets R on X it is called ring of sets,
provided that, from A,B ∈ R it follows that A ∪ B ∈ R
and A \B ∈ R.

Definition 3. A class of sets A will be called algebra of sets
provided that it holds:

1. X ∈ A
2. For any A,B ∈ A we have A∪B ∈ A and A\B ∈ A.

Definition 4. An A algebra will be called σ algebra if
for any family (An)n≥1 included in A it follows that
∪n≥1An ∈ A.

It’s clear that the set of parts of X (i.e. P(X)) is a σ-
algebra of sets and intersection of a family of σ-algebras is
also a σ-algebra of sets.

If A is a class of sets we denote by σ(A) the intersection
of the family of σ-algebras of sets including A. This class
of sets is the smallest σ-algebra of sets including A and is
called σ-algebra generated by A.

Definition 5. Let X be a topological space and T (F) the
open (resp. closed) sets of X. We denote by B(X) the σ-
algebra generated by T . Elements of B(X) is called the
Borel sets on X. Obviously F ⊂ B(X) and B(X) is also
the σ-algebra generated by F .

2 Positive measures

Let X be a set and let A be a σ-algebra on X.

Definition 6. A function µ : A → R+ is called a positive
measure if µ(ϕ) = 0 and for any sequence (An)n included
in A such that An∩Am = ∅ whenever n ̸= m we have that
µ (

∪∞
n=1 An) =

∑∞
n=1 µ(An).

We denote by M+(A) the set of positive measures on
A. From the definition the following assertions hold:
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1. µ is finite additive, i.e. if A,B ∈ A, such that A∩B =
ϕ it follows that µ(A ∪B) = µ(A) + µ(B).

2. µ is increasing. i.e. A,B ∈ A, such that A ⊂ B it
follows that µ(A) ≤ µ(B), and if µ(A) < ∞ then we get
µ(B \A) = µ(B)− µ(A).

Proposition 1. Let µ ∈ M+(A) be and (An)n a sequence
of A. The following assertions hold:

a) An ↑ A, A ∈ A it follows that µ(An) ↑ µ(A);
b) An ↓ A, A ∈ A and infn µ(An) < +∞ it follows

that µ(An) ↓ µ(A).

Remark 1. If µ : A → R+ is a finite additive function
then affirmation a) from above proposition is a necessary
and sufficient condition that µ to be a measure on A. If
moreover µ is finite then b) affirmation from above propo-
sition represents also a necessary and sufficient condition
that µ to be a measure on A.

So, we consider the set of natural numbers N, A =
P(N) and the function µ : A → R, µ(A) ={
0, if A is finite
+∞, if A is infinite.

Indeed the function µ is additive

finite, has verified b) but is not a measure.

3 Lebesgue measure on R

Let R be the set of real numbers. We denote by

S = {[a, b) | a ∈ R, b ∈ R}.

We denote by µ the function µ : S → R+, defined by
µ([a, b)) = b− a.

Definition 7. It is called Lebesgue outer measure the func-
tion

µ∗ :

{
A ⊂ R | (∃) (En)n∈N ⊂ S,

∪
n∈N

En ⊃ A

}
→ R+

defined by

µ∗(A) = inf

{∑
n∈N

µ(En) |
∪
n∈N

En ⊃ A, (En)n∈N ∈ S

}

Remark 2. Since R =
∪

n[−n, n) =
∪

n∈Z[n, n + 1) we
have {A ⊂ R | (∃) (En)n∈N ⊂ S,

∪
n En ⊃ A} = P(R).

Hence µ∗ : P(R) → R+.

Theorem 1. The Lebesgue outer measure holds the follow-
ing properties:

1. µ∗(ϕ) = 0
2. A ⊂ B ⊂ R ⇒ µ∗(A) ≤ µ∗(B)
3. (An)n∈N ⊂ P(R) ⇒ µ∗(

∪
n∈N An) ≤∑

n∈N µ∗(An)

4. A ⊂ R, t ∈ R ⇒ µ∗(A+ t) = µ∗(A)
5. µ∗ | S = µ.

Definition 8. A subset E ⊂ R is called Lebesgue measur-
able if the following equality holds:

µ∗(A) = µ∗(A ∩ E) + µ∗(A ∩ CE), for any A ∈ P(R)

Remark 3. Since µ∗ is increasing the equality is equivalent
by inequality µ∗(A) ≥ µ∗(A ∩ E) + µ∗(A ∩ CE). Hence
equality is not trivial only for A ∈ P(R) with µ∗(A) <
+∞.

We denote by L = {E ∈ P(R) | E is Lebesgue measur-
able}.

Theorem 2. For the couple (L, µ∗) the following assertions
hold:

1. E,F ∈ L we get E ∪ F ∈ L
2. E,F ∈ L we get F \ E ∈ L
3. (En)n∈N ⊂ L we get

∪
n∈N En ∈ L

4. µ∗ | L is a positive measure
5. E ∈ P(R), µ∗(E) = 0, F ⊂ E we get F ∈ L and

µ∗(F ) = 0
6. S ⊂ L.
7. for any E ∈ L we get {x+ t | x ∈ E} = E + t ∈ L,

for any t ∈ R.

Conclusion 1. From above Theorem it follows that the
Lebesgue measurable sets L form a σ-algebra which in-
cludes S and µ∗ |L is a positive measure.

Remark 4. Restriction of µ∗ to L is called induced measure
by µ∗ and was noted by µ.

Remark 5. The set S and the function µ have the following
properties:

1. E,F ∈ S ⇒ E ∩ F ∈ S
2. E,F ∈ S ⇒ E − F =

∪p
k=1 Ek, (Ek)1≤k≤p ⊂ S,

Ei ∩Ej = ϕ.
3. F ∈ S, F = F1 ∪ F2, F1 ∈ S, F2 ∈ S, F1 ∩ F2 = ϕ

it follows that µ(F ) = µ(F1) + µ(F2).

4 Special properties of Lebesgue measure
and measurability

We denote by µ restriction of outer Lebesgue measure to
class of Lebesgue measurable sets and will call µ Lebesgue
measure. We denote by L the sets Lebesgue measurable.

We denote by B the Borel sets on R.
Any Borel set is Lebesgue measurable.
Lebesgue measure is only measure σ-finite on B whose

restriction to S is the length intervals.
For any subset of R with outer Lebesgue measure finite

there exists a Borel subset which contains and which has the
same outer measure.
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Any Lebesgue measurable set is reunion of a Borel set
and a subset a Borel set of null Lebesgue measure.

For any Lebesgue measurable subset A of R with outer
Lebesgue measure finite and for any ε > 0 there exists a
finite reunion of intervals from S which differ to A whose
outer Lebesgue measure is smaller than ε.

Lebesgue measure coincide with outer measures induced
by restrictions of Lebesgue measure to I(S), B,L we have

µ∗(A) = inf{µ(E) | A ⊂ E,E ∈ B}
= inf{µ(M) | A ⊂ M,M ∈ L}.

Theorem 3. Let DR be topology of R, FR be the closed
sets of R,

I1 = {(a, b) | a, b ∈ R}; I2 = {(a, b] | a, b ∈ R},
I3 = {[a, b] | a, b ∈ R}, I4 = {[a,+∞) | a ∈ R},
I5 = {(a,+∞) | a ∈ R}, I6 = {(−∞, a] | a ∈ R},
I7 = {(−∞, a) | a ∈ R}.

Then B = σ(DR) = σ(FR) = σ(Ik) for any k, 1 ≤ k ≤ 7.

Corollary 1. R is a Borel set, {x} is a Borel set for any
x ∈ R and any subset at most countable of R is Borel set.

The outer Lebesgue measure is µ∗(A) = inf{µ(D) |
A ⊂ D,D ∈ DR}, for any A ⊂ R.

Any at most countable set of R has Lebesgue measure
null.

5 Measurable functions

5.1 Simple functions

Proposition 2. Let X be a set. For every subset A of E we
denote by 1A the characteristic function of A (i.e. the func-
tion equal 1 on A and 0 on X \A). The following assertions
hold:

1. φA = 0 if and only if A = ∅; φA = 1 if and only if
A = X.

2. φA ≤ φB if and only if A ⊆ B

3. φA = φB if and only if A = B.

4. φA∪B = φA + φB − φA · φB

5. φA∩B = φA · φB

6. φA\B = φA(1− φB)

7. φA∪B = φA + φB if and only if A ∩B = ∅
8. φA△B = φA + φB − 2φA · φB .

Definition 9. Let A be a σ-algebra on X (i.e. A is a σ-ring
and X ∈ A). A function f : X → R is called simple (i.e
A-simple) if f =

∑n
i=1 ciφAi with (ci)i=1mn ⊆ R and

(Ai)i=1,n a partition of X with sets of A.

Remark 6. The condition as family (Ai)i=1,n to be par-
tition of X not is essential we can consider (Ai)i=1,n an
arbitrary family of X.

Examples. 1. The constant functions are simples. 2. The
function sign, the function integer part on bounded interval
and heaviside function are simple. 3. The Dirichlet function
is simple (f = 1 · φQ + 0 · φR\Q).

Proposition 3. Let A be a σ-algebra on set X , X ∈ R and
f, g : X → R two simple functions. Then functions f ± g,
λf, f · g, |f |,max{f, g}, min{f, g} are simple.

Corollary 2. Let f =
∑n

i=1 ciφAi , ci ∈ R and Ai ∈ A
(i = 1, n). Then f is a simple function.

If X is a set, A is a σ-algebra on X and µ is a measure
on A then (X,A, µ) is called the space with measure.

Definition 10. Let (X,A, µ) be a space with measure and
P a propositional function defined on X i.e. for any x ∈ X,
P (x) is a proposition (true or false). We say that P is true
almost everywhere (a.e.) if P (x) is true for any x ∈ X \ A
with A ⊆ X negligible (i.e. µ(A) = 0).

Examples. 1. Let (X,A, µ) be a space with measure and
f : X → R a function. We say that f is finite a.e. if there
exists A ⊆ X negligible such that f is finite on X \ A i.e.
|f(x)| < +∞ for all x ∈ X \ A. 2. Let (X,A, µ) be a
space with measure, X being metrical space. A function
f : X → R will say it is continuous a.e. if there exists
A ⊆ X negligible such that f is continuous on X \ A. If
every Pn(n ≥ 1) is true a.e. then there exists A ⊆ X
negligible such that Pn(x) is true for all x ∈ X \ A and
n ≥ 1.

Definition 11. Let (X,A) be a measurable space, Y a met-
rical space, τY is the family of open sets of Y. We say that f
is A-measurable if f−1(τY ) ⊆ A i.e. f−1(G) ∈ A for all
G ⊆ Y, G open. If X = R and A = L (resp. A = B) then
f is called Lebesgue measurable (resp. Borel measurable).
We say that f is measurable on M ⊆ X (we can assume
that M ∈ A) if M ∩f−1(G) ∈ A, for all G ∈ τY ) |M⊆ A.

Examples. 1. The constant functions are measurable. 2.
Let X = [0, 1], A = {∅, [0, 1

2 ), [
1
2 , 1], [0, 1]} and f :

[0, 1] → R, f(x) = x2. Then f is not A-measurable, since
G = (0, 1) is open and f−1(G) ̸∈ A. 3. Let A ⊆ R a
Lebesgue m. set but is not Borel m. i.e. A ∈ L \ B and
f = 1A. Then f is Lebesgue m., but is not Borel m. In-
deed for any D ⊂ R, open we have f−1(G) equals with
A,CA,R, when D ∋ 1, D ̸∋ 0; D ∋ 0, D ̸∋ 1; D ∋ 0,
D ∋ 1. Therefore f−1(D) ∈ L and f−1(D) ̸∈ B if D ∋ 1
and D ̸∋ 0. etc.

Proposition 4. Let (X,A) a measurable space, X,Y two
metrical space, f : X → Y a measurable function and
g : Y → Z a continuous function. Then g◦f is measurable.
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Remark 7. If f : R → R is continuous any g : R → R
Lebesgue measurable is not necessarily as g ◦ f Lebesgue
measurable.

Theorem 4. Let (X,A) a measurable space, Y a metrical
space, τY the open sets of Y and f : X → Y a function.
Then the following assertions are equivalent:

1. f measurable i.e. f−1(σY ) ⊆ A.
2. f−1(BY ) ⊆ A, where BY = σ(τY ) Borel sets of Y.
3. There exists C ⊆ 2Y with σ(C) = σ(τY ) (i.e. σ-

algebra generated by C coincides with Borel sets of Y ) such
that f−1(C) ⊆ A.

Proposition 5. Let (X,A) be a measurable space and f :
X → R a function. Then the following assertions are equiv-
alent.

1. f is measurable.
2. {x ∈ X | f(x) > α} ∈ A, for any α ∈ R.
3. {x ∈ X | f(x) ≥ α} ∈ A, for any α ∈ R.
4. {x ∈ X | f(x) < α} ∈ A, for any α ∈ R.
5. {x ∈ X | f(x) ≤ α} ∈ A, for any α ∈ R.

Corollary 3. Let (X,A) be a measurable space and f :
X → R a function. Then the following assertions hold:

1. {x ∈ X | f(x) = α} ∈ A, for any α ∈ R;
2. {x ∈ X | α < f(x) ≤ β} ∈ A, for any α, β ∈ R,

α < β;
3. {x ∈ X | α ≤ f(x) < β} ∈ A, for α, β ∈ R, α < β

etc.

Corollary 4. Let (X,A) a measurable space and f : X →
R a function. Then f is measurable on set A ∈ A if and
only if for any α ∈ R, A ∩ {x ∈ X | f(x) > α} ∈ A.

Proposition 6. (The elementary properties of measurable
function). Let (X,A, µ) be a space with measurable and f :
X → R an arbitrary function. Then the following assertions
hold:

1. If f is constant then is measurable.
2. If f is measurable and A ∈ A it follows that f is

measurable on A.
3. If there exists (Ak)k∈K ⊆ A a family at most count-

able which cover X and f is measurable on Ak, for all
k ∈ K it follows that f is measurable.

4. If there exists (Ak)k∈K ⊆ A a family at most count-
able which cover X and f is constant on Ak, for all k ∈ K
it follows that f is measurable.

5. If there exists A ∈ A with f constant on A and mea-
surable on X \A it follows that f is measurable.

6. If µ is complete and A ∈ A is negligible results that
f is measurable on A.

7. If µ is complete and f is measurable, changing values
of f on a negligible set A ∈ A, the obtained function f̃ is
measurable.

Remark 8. The condition µ is complete from 6 and 7 is
essential.

Example. Let X = [0, 1], A = {∅, X}, A = [0, 1
2 ], f =

φA and µ : A → R, µ = 0. Then f = 0 µ a.e. and is not
measurable because {x ∈ X | f(x) > 0} = A ̸∈ A.

8. If f is measurable and f̃ : X → R is defined by

f̃(x) =

{
f(x), if |f(x)| < +∞
0, if |f(x)| = +∞

then f̃ is measurable.
9. If f is measurable and finite µ-a.e. it follows that the

above function f̃ is measurable and f = f̃ µ-a.e.
10. If f is measurable then sign(f) is measurable.

Corollary 5. Let (X,A) be a measurable space and 1A the
characteristic function of A, where A ⊆ X. Then 1A mea-
surable if and only if A ∈ A.

Corollary 6. Let (X,A) a measurable space f, g : X →
R two measurable functions, A ∈ A and h : X → R a
function defined by

h(x) =

{
f(x), if x ∈ A

g(x), if x ∈ X \A.

Then h is measurable.

Corollary 7. Let (X,A) be a measurable space and f :
X → R a measurable function. Then for any A ∈ A, a
function f · φA is measurable.

Corollary 8. Let (X,A, µ) be a space with measure, where
X is metrical space and τX ⊆ A. Then a function f :
X → R is measurable if and only if f is measurable on
each bounded and closed (resp. open) set of X.

Proposition 7. Let (X,A) be a measurable space and f :
A → R. Then f is simple if and only if f is measurable and
takes a finite number of values.

Example. Let M ⊆ R a Lebesgue measurable set and f :
M → R a continuous function µ-a.e. Then f is Lebesgue
measurable.

Proof. Let A be the set of discontinuities of f . Then f is
µ-negligible, hence A ∈ L and M \ A ∈ L. Let α ∈ R.
Obviously {x ∈ M | f(x) > α} = {x ∈ M \ A | f(x) >
α} ∪ {x ∈ A | f(x) > α} = M1 ∪M2. Since f is contin-
uous on M \A it follows that the set M1 is open in M \A,
hence there exists D ⊆ R open with D ∩ (M \ A) = M1

and hence M1 ∈ L, hence D and M \ A are in L. We
have M2 ⊆ A and λ(A) = 0, hence M2 ∈ L. Therefore
{x ∈ M | f(x) > α} = M1 ∪M2 ∈ L i.e. f is Lebesgue
measurable.
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Proposition 8. Let (X,A, µ) be a space with complete
measure f, g : X → R, f = g, µ-a.e. If f is measurable
then g is measurable.

Remark 9. Condition µ complete is essential.

Example. Let ([0, 1],B |[0,1], µ) be the space with measure,
C ⊆ [0, 1] Cantor set and A ⊆ C a Lebesgue measurable
set and is not Borel measurable and f = φA. Then f = 0
µ-a.e. (because µ(C) = 0) and A = {x ∈ [0, 1] | f(x) >
1
2} ̸∈ B | |[0,1], hence f is not B |[0,1] measurable.

Theorem 5. Let (X,A) be a measurable space. The fol-
lowing assertions hold:

1. If f, g : X → R are measurable then functions f ± g,
λf, |f |, max{f, g}, min{f, g}, f · g are measurable.

2. If fn : X → R, n ≥ 1 is a sequence of
measurable functions then functions supn≥1 fn, infn≥1 fn,

limn→∞fn, limn→∞fn are measurable.
3. If f, fn : X → R (n ≥ 1), where fn(n ≥ 1) are

measurable and fn
s→ f, then f is measurable.

Corollary 9. Let (X,A) be a measurable space and f, g :
X → R two measurable functions. Then function f + g is
measurable.

Corollary 10. Let (X,A) be a measurable space and f :
A → R a function. Then f is measurable if and only if
f+ = max{f, 0}, f− = max{−f, 0} are measurable.

Since f = f+ − f− the proof is obviously.

Theorem 6. Let (X,A) a measurable space and f : X →
R a measurable function. Then there exists a sequence of
simple functions fn : X → R, (n ≥ 1) such that fn

s→ f.
If f is bounded (resp. f ≥ 0) the sequence (fn)n≥0 is
uniform convergent (resp. increasing).

Proof. We suppose f ≥ 0 and let fn : X → R (n ≥ 1) a
sequence of functions defined by:

fn(x) =

{
k−1
2n , k−1

2n ≤ f(x) < k
2n (k = 1, n · 2n)

n, f(x) ≥ n

We put A0 = {x ∈ X; f(x) ≥ n} and Ak = {x ∈ X |
k−1
2n ≤ f(x) < k

2n }, k ∈ 1, n− 2n where n ≥ 1 is fixed.
Obviously (Ak)k=0,n·2n is a measurable partition of X and

we have fn(x) =
∑n·2n

k=1
k−1
2n φAk

+ nA0, hence fn is a
simple function. It’s clear that fn+1 ≥ fn for all n ≥ 1.

If x ∈ X and there exists N natural with f(x) ≥ N it
follows that 0 ≤ f(x)− fn(x) ≤ 1

2n , for all n ≥ N, hence
fn(x) → f(x). Hence if 0 ≤ f ≤ N we deduce fn

u→ f.
If x ∈ X and f(x) = ∞, we have f(x) ≥ n, for all

n ≥ 1, hence fn(x) = n, for any n ≥ 1 and hence fn(x) →
f(x).

Therefore in both cases we have fn(x) → f(x), for all
x ∈ X. We suppose now f is arbitrary measurable. Then

f+ and f− are positive measurable and f = f+ − f−.
There exists fn, gn : X → R (n ≥ 1) two sequences of
simple functions with fn

s→ f+ and gn
s→ f−, therefore

hn = fn − gn (n ≥ 1) are simple and hn
s→ f.

Definition 12. Let (X,A, µ) be a space with measure and
fn : X → R (n ≥ 1) a sequence of functions, finite µ-
a.e. We say that sequence (fn)n≥1 converges µ-a.e. if there
exists A ⊆ X negligible and f : X → R such that the
numerical sequence (fn(x))n≥1 is convergent (in R) and

has limit f(x) for all x ∈ X \A. We write now fn
µ−a.e−→ f.

Remark 10. 1. If (fn)n≥1 is a sequence of functions finite

µ-a.e. and fn
µ−a.e−→ f then f is finite µ-a.e.

2. If sequence (fn)n≥1 converges µ-a.e. then function

limit is uniquely determinated µ-a.e., i.e. if fn
µ−a.e−→ f and

fn
µ−a.e−→ g then f = g µ-a.e.
3. If (fn)n≥1 is a sequence of functions finite µ-a.e. then

there exists A ⊆ X negligible such that each fn (n ≥ 1) is
finite on X \A.

Proposition 9. Let (X,A, µ) be a space with complete
measure and fn : X → R (n ≥ 1) a sequence of measur-
able, finite µ-a.e. functions which converges µ-a.e. Then
function limit f is measurable.

Remark 11. Condition µ complete is essential.

Example. Let X = [0, 1], A = {∅, X}, µ = 0, f = φ{0}

and fn = f, for all n ≥ 1. Then fn
µ−a.e−→ f, because

µ(X) = 0, but f is not measurable.

Definition 13. Let (X,A, µ) be a space with measure and
fn : X → R (n ≥ 1) a sequence of measurable functions,
f µ-a.e finite. We say that (fn)n≥1 converges almost uni-
formly (a.u.) if there exists f : X → R measurable such
that for any ε > 0 there exists Aε ∈ A with µ(Aε) < ε and
fn

u
X\Aε

f. We write then fn
a.u→ f.

Remark 12. If (fn)n≥1 converges a.u. to f not necessarily
it results that (fn)n≥1 converges uniformly µ-a.e. (i.e. a
complementary of a negligible set) to f.

Example. Let fn : R → R (n ≥ 1), fn = φAn , where
An =

(
1
n ,

2
n

)
. Then fn

a.u→ 0 and fn
µ−a.e−→ 0.

Proposition 10. Let (X,A, µ) be a space with measure,
fn : X → R (n ≥ 1) a sequence of measurable, finite µ-
a.e. functions and f : X → R a measurable function. If
fn

a.u→ f, then f is finite µ-a.e and fn
µ−a.e−→ f.

Theorem 7. (Egorov) Let (X,A, µ) be a space with finite
measure and f, fn : X → R (n ≥ 1) measurables, finite
µ-a.e such that fn

µ−a.e−→ f. Then fn
a.u−→ f.
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Remark 13. If µ is not finite then Theorem is not true.

Example. Let (R,L, µ) be a space with measure and fn :
X → R (n ≥ 1) fn = φAn , where An = [n, n+ 1]. Then
fn

s→ 0 (hence fn
µ−a.e−→ 0), but fn

a.u9 0.

Lemma 1. Let E ⊆ R a Lebesgue measurable set and f :
E → R a Lebesgue measurable function. Then (∀) ε > 0,
(∃)Aε ⊆ E closed such that µ(A \ Aε) < ε and f |Aε

continuous.

Lemma 2. Let E ⊆ R a Lebesgue measurable set with
µ(E) < +∞ and f : E → R a Lebesgue measurable
function finite µ-a.e. Then (∀) ε > 0, (∃)Aε ⊆ E closed
such that µ(E \Aε) < ε and f |Aε continuous.

Theorem 8. (Luzin) Let E ⊆ R a Lebesgue measurable set
and f : E → R a function Lebesgue measurable, finite µ-
a.e. Then (∀) ε > 0, (∃)Aε ⊆ E closed with µ(A\Aε) < ε
and f |Aε continuous.

Corollary 11. Let E ⊆ R a Lebesgue measurable set and
f : E → R a function finite µ-a.e. Then f is Lebesgue
measurable and if and only if f is almost continuous (i.e. ∀
ε > 0, (∃)Aε ⊆ X closed with µ(X \ Aε) < ε and f |Aε

continuous.

Remark 14. To understand this Theorem we observe that
there exists functions f : R → R Lebesgue m., but which
are discontinuous in every point (The Dirichlet function).
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ABSTRACT 
The glass ionomer cements are used clinically in different areas of restorative dentistry. 

The life span of dental restorations depends on the properties of the material such as 

durability, wear resistance and type of damage to the tooth. The purpose of this study is 

to evaluate the effect of arficial saliva with different pH on the surface roughness of glass 

ionomer cements (GIC). The factors under study are three types of glass ionomer 

cements(one conventional glass ionomer cement, one resin modified glass ionomer and 

one polyacid-modified composite) and artificial saliva at three different pHs (3, 7, 9). The 

association between GICs and storage media resulted in four groups. The analysis 

surface roughness was quantitatively carried out by means of a surface roughness 

measuring instrument (A Perthograph R100). The measurement procedure were repeated 

for 1, 7, 14, 28 days. No significant difference in surface roughness existed between 

distilled deionizer water and artificial saliva with pH 5 or 9. At 28 days, Ketac Molar was 

found to have suffered the greatest increase in surface roughness, after immersion in 

artificial saliva with pH3. As long as the material is being tolerated and protected by the 

dental structure, its resistance to abrasion will be satisfactory. All the materials have 

increasing trends of surface roughness as the immersion time increased. 

Keywords: glass ionomer cement, restoration, artificial saliva, pH, roughness 

1.  Introduction 

Dental restorative materials used include 

biomaterials such as resin composites (RC), glass-

ionomer cements (GICs) and resin-modified glass-

ionomer cements (RMGIC). Restorative materials 

generally used in daily clinical practice, such as glass-

ionomer cements, composite resins can be used for 

re-establishing tooth structure, function and aesthetic, 

as well as for controlling hypersensitivity.  

One factor which influences the clinical 

performance of dental restorations is their resistance 

to damage. In the oral cavity, this process includes 

sliding, abrasion, chemical degradation and fatigue 

[1,12]. These mechanisms can act alone or in 

combination. Considering the intricacy of the oral 

enviroment, the breakdown of dental materials 

mediated by biological activity is very complex 

[2,5,7].  

However, it has been suggested that the oral 

enviromenment is likely to cause more pronounced 

filler degradation than indicated by storage in distilled 

water [3,11]. Little is known of the chemical changes 

associated with the surface roughness changes in 

various media such as artificial saliva. 

The purpose of this study is to evaluate the 

effect of arficial saliva with different pH on the 

surface roughness of three types of glass ionomer 

cements. 

 

2.  Materials and methods 

The factors under study are three types of 

glass ionomer cements and artificial saliva at three 

different pHs. The association between GICs and 

storage media resulted in four groups. 

The glass ionomer cements used in this study 

are given in Table 1. 

 

Table 1. Restorative materials used in study 

Brand / 

Manufacturer 

Manufacturer 

 
Ketac Molar, ESPE Conventional glass ionomer 

cement  filling (GIC) 

Dyract, Dentspy Polyacid-modified composite 

resin (PAMRC) 

Vitremer, 3M Dental Resin modified glass ionomer 

cement (RMGIC) 

 

Specimen preparation. Three direct restorative 

materials, including one conventional glass ionomer 
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cement, one resin modified glass ionomer and one 

polyacid-modified composite resin were evaluated in 

this study. For each material, 20 specimens (10 mm 

diameter x 2 mm thickness) were randomly made. 

Restorative materials were handled according 

to each manufacturers instructions. 

Artificial saliva. The artificial saliva (SAL) was of 

the following composition: NaCl, 0,400g; KCl 

0,400g; CaCl2H2O, 0,795g; NaH2PO4 0,69g; 

Na2Sx9H20 0,005g; urea 1,0g; distilled water 

1000ml. The pH was then adjusted to 3, 7, or 9 with 

NaOH or HCl, and the volume made up to 1L. 

Storage protocols. The specimens were weighed and 

submerged by pouring 50±1ml of distilled water and 

artificial saliva (pH 3, 7, or 9), and stored at 37±1°C 

for 24 hours, 48 hours, 72 hours, 7 days, 14 days and 

28 days.  

At the end of each time period, specimens 

were removed from the saliva, blotted with clean 

absorbent paper, and stored in a desicator until 

constant weight was attained. Amount of weight loss 

was calculated as the difference between the initial 

weight of the specimen and its final constant weight 

after storage in the desicator. Percentage of solubility 

was calculated as 100 per cent times weight loss 

divided by the initial weight of the specimen. 

Surface roughness measurements. The specimens 

were subjected to final reading of surface roughness. 

The measurement procedure was similar to that for 

the baseline condition. The analysis surface 

roughness was quantitatively carried out by means of 

a surface roughness measuring instrument (A 

Perthograph R100). Surface roughness was 

characterized by the height parameter, Ra (µm), 

defines as the arithmetical average of the absolute 

values of profile departures in relation to length. The 

measurement procedure were repeated for 1, 7, 14, 28 

days.  

Statistical analysis. The results were analyzed by 

means of one-way ANOVA  and Tukey's test. 

 

3.  Results 

 A study of the interaction among the factors 

analyzed (restorative materials and storage media) 

was made.  

 

Table 2. Averages and standard deviations for 

percentage of weight loss 

Material Mean weight 

loss (%) 

Standard 

deviation 
Ketac Molar 1.4837 0.3895 

Dyract 2.0813 1.0086 

Vitremer 1.158 0.1299 

 

Table 2 presented the adjusted mean values 

(standard error) of the percentage of weight loss (%) 

of each one of the three groups.  

The surfaces micro morphology examination 

showed that all the materials have increasing trends 

of surface roughness as the immersion time increased. 

No significant difference in surface roughness existed 

between distilled deionizer water and artificial saliva 

with pH 5 or 9 (Table 2).  

In the period 1–14 days the surface 

roughness of all materials increased with no 

significant difference between groups.   

Dyract and Vitremer – the Ra values in all 

groups had increased in 14-28 days time interval 

(graph 2, graph 3). 

Graph 1.  Changes in surface roughness of 

Ketac-Molar over 28 days 

 

Graph 2.  Changes in surface roughness of 

Dyract over 28 days 

 

Graph 3.  Changes in surface roughness of 

Vitremer over 28 days 
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Graph 4.  Changes in surface roughness over 

28 days 

 

At 28 days, Ketac Molar was found to have 

suffered the greatest increase in surface roughness, 

after immersion in artificial saliva with pH3. No 

significant difference was found between pH9 and 

pH5 (graph 3). 

The roughness average increased when 

specimens were immersed a log time in acid artificial 

saliva (pH 3). 

 

4.  Discussion 

 In attempting to understand the phenomena 

involved in the biodegradation of resin-based 

restorative materials, in vitro (Chadwick et al., 1990; 

de Gee et al., 1996; Cattani-Lorente et al., 1999), in 

situ (Roulet et Walti, 1984) and in vivo (Sidhu, 

Sherriff and Watson, 1996) experiments have been 

carried out. In spite of the mounth being the ultimate 

testing environment for predicting the behavior of 

restorations, because of the complexity and diversity 

of intra-oral conditions, in vitro models may be most 

important in providing an insight into the 

fundamental mechanism of biodegradation [6,9,10]. 

 

Table 3.  Results of Tukey's test for Ra (µm) 

Medium/material Ketac 

Molar 

Dyract Vitremer 

Distilled water 0.1561 0.0788 0.0740 

Arficial saliva  

pH 9 

0.1573 0.0811 0.0712 

Articial saliva  

pH 5 

0.1601 0.0795 0.0714 

Artificial saliva 

pH 3 

0.1899 0.0963 0.0889 

 

 The degradability of restorative materials by 

chemicals has been evaluated by various methods 

such as micro hardness (van Groeningen et al., 1986; 

Chadwick et al., 1990), surface roughness (Roulet 

and Walti, 1984), profile tracings (de Gee et al., 

1996), weight change (Lavis et al, 1997), leaching of 

filler elements (Soderholm et al., 1996), scanning 

electron microscopy (Gao et al., 1997) and polarized 

light microscopy (Wu et al., 1984). 

In the present study, surface roughness 

assessment was chosen because it is well documented 

that surface micro morphology can play a role in 

bacterial colonization and in maturation of plaque on 

restorative materials. Although the effect of surface 

properties on these phenomena have been reported as 

contradictory (Steinberg et al., 1999), the interactions 

may predispose a restoration to the development of 

secondary caries and may lead to periodontal 

inflammation. 

 

5.  Conclusions 

Under the conditions this study was carried 

out, it may be concluded that: 

1. All the materials have increasing trends of 

surface roughness as the immersion time increased. 

2. That restorative materials are influenced by 

the storage media, presenting significance alteration 

in acid storage (in the present study, the storage was 

in artificial saliva of different pHs). 

3. Conventional glass ionomer cement is less 

resistant to abrasion, compared with resin composite, 

but GICs resistance increases in time. 

4. As long as the material is being tolerated 

and protected by the dental structure, its resistance to 

abrasion will be satisfactory. 

Alterations in the surfaces topography and 

changes in wear rate, can not fully predict the clinical 

behaviour of restorative dental materials. 
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ABSTRACT 
Occlusal stress factors have gained increasing attention as causes of non carious cervical 

lesions. 

Restoring these defects can reduce stress concentrations in these lesions. 

The purpose of this study is to evaluate the behavior of dental materials used in tooth restoration 

and the effects of these materials on intact and restaurated tooth structure.  Our study uses finite 

elements method (FEM) owing to its multiple advantages. In this study, we generated a 

bidimensional plane mathematical finite elements model, that represents a section through an 

intact human mandibular canine. The loading values (40 – 200N) are considered “study loads” 

covering the whole range of clinical situations. Loads applied under various angles result in 

different flexures of the tooth. The following work hypothesis was used: there exist no differences 

in stress profile between intact teeth and restored/unrestored lesionned teeth. 

The significant results bearing relevance to the phenomena are fallowing: Von Mises Stresses 

σech; Minimum Principal Stresses σ2; displacements of the structure. Simulations on a restored 

lesion showed that after restoration the values of the stress in all the elements of the dental 

structure exhibited slight differences similar to those noticed in the healthy tooth . 

Since the quality of any material is defined by its elastic characteristics it is extremely important 

to use those restoration materials which present the closest elastic characteristics to the 

material to be restored. 

Keywords: dental materials, lesion, restorations, tooth structure, finite elements 

1.  Introduction 

The destructive processes that originate on the 

external surface and affect the teeth causing 

irreversible loss to the tooth structure are described, 

such as erosion, abrasion, attrition and abfraction 

[7,11]. 

One current hypothesis is that the tensile or 

compressive strains gradually produce micro 

fractures.  

The tooth has not a rigid structure; hence it can 

suffer strains when various forces/loads are applied. 

Intraoral loads vary from 10N to 430N, the normal 

[1,3,6]. 

Cervical areas are morphologically and 

histological different from the crown and the root 

portions of the tooth. Mechanical interlocking 

between enamel and dentin in the cervical area is 

weaker than that in the other regions of dentin-enamel 

junction [12,13]. Furthermore, this area has an 

aprismal enamel and contains less mineral.  

These structural features may adversely affect the 

performance of the restorative materials used in the 

cervical area. 

FEM is one of the more recently used 

techniques for stress analysis. FEM divides the 

problem domain into a collection of smaller elements. 

An overall approximated solution to the original 

problem is determined [2,4,14]. 

The purpose of this study is to evaluate the 

behavior of dental materials used in cervical lesion 

restorations and their effect on tooth structure. 

 

2. Materials and Method 

A two-dimensional finite elements analysis 

model was generated for analysis, using an intact 

normal human mandibular canine. 

A plan model reproducing a vestibular and 

lingual section of the lower canine was created. The 

finite elements are type 2D. A denser mesh with a 

large number of EF was built in the area of interest in 

order to obtain the best replica of the tooth and the 

most faithful analyses of the situation.  
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The quality of the analysis results depends on 

the accuracy of the model. 

To simulate material continuity, all the parts of 

the dental structure are considered connected and 

forming whole body. 

Our study used four restorative materials: GIC, 

Dyract AP, Vitremer, Fuji IX. 

  

Table 1. Mechanical properties of the materials 

 

 

Materials 

Young’s modulus E 

 [MPa] 

Poisson’s 

ratio  

 

Dentine 1,6710
4

 0,3 

Enamel 6,9.10
4 

0,3 

GIC 1,08.10
4 

0,3 

Dyract AP 1,07.10
4
 0,28 

Vitremer 0,98.10
4
 0,3 

Fuji IX 1,72.10
4
 0,3 

 

All materials were considered elastic (right 

proportion between stresses and specific strain and 

Hooke law valability) and isotropic (with identical 

elastic characteristics on all directions) even if the 

components of the structures are not fully 

homogeneous [4,8,9,12,14]. 

In order to obtain a situation as close to reality as 

possible, the model loading was achieved with a 

charge distributed on five different nodes. Nodal 

charges were of 40 degrees to vertical, applied on the 

vestibular side at h = 8,993 mm to colet, of increasing 

magnitudes: F = 20 N; F = 40 N; F = 60 N; F = 80 N; 

F = 100 N; F = 120 N; F = 140 N; F = 160 N. 

 

The model was generated bearing in mind the 

ideal medical situation that is to present adhesion 

between tooth and restoration [5,7]. 

 

3. Results 

Based on the simulations carried on both for 

restorative materials and for the periodontal structure 

materials, the characteristic curves of the materials 

were drawn – the proportion between stress [MPa] 

and strain [mm/mm]. 

A comparation between elastic characteristics 

of the materials in study vs. dentine was carried out 

(Fig.2., Fig.3., Fig.4., Fig.5., Fig.6.). 
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Fig.2. Comparison stress– strain Dentine-GIC 
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Fig.3. Comparison stress – strain 

 

0

10

20

30

40

50

3,74E-04 1,32E-03 2,62E-03 3,72E-03
Strain [mm/mm]

S
tr

e
s
s
 [

M
P
a
]

Dentine Vitremer

 
Fig. 4. Comparison stress – strain 

Dentine-Vitremer 

 

 

After interpreting the results of the 

simulations, a proportionality between stress and 

strain is evident for all restorative materials and 

dentine, thus validating Hooke law  = E  . 

 

   Bone 

Pulp 

Enamel 

Restoration 

PDL 

Dentine Cervical lesion  

 

Fig. 1: 2-D model of the lower canine 

used in study 
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Fig.5. Comparison stress– strain 

Dentine-Fuji IX Dentine-Dyract AP 

 

.The elastic characteristics of Fuji IX 

(E=1,72x10
4
 MPa) are the closest to those dentine 

(E=1,72x10
4 

MPa) exhibiting the greatest 

compatibility. 

The almost identical elastic characteristics of 

Fuji IX and dentine correspond to higher rigidity and 

lesser elasticity materials as compared to the other 

materials used in the study (GIC, Dyract AP, 

Vitremer). 

The elastic characteristics of GIC, Dyract AP 

and Vitremer are fairly close, exhibiting a higher 

elasticity than that of Fuji IX. 
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Fig.6. Comparison for different materials: 

Stress [MPa] – Strain [mm/mm] 

Our study deemed as significant analyzing the 

variation of equivalent stress values (Von Mises). 

The Von Mises stresses in the unrestored tooth 

and Fuji IX restoration is compared (Fig.7., Fig.8., 

Fig.9., Fig.10., Fig.12., Fig.13.). 

Since lesions are mostly found in dentine and 

enamel area, our study assesses the effect of 

restorations with different dental materials through 

Von Mises stress variation in dentine and enamel.  

 

 
Fig.7. Von Mises stresses for F= 140 N 

Tooth with cervical lesion 

 

 

 
Fig.8. Detail – Stress Von Mises 

 

 

 
Fig.9. Von Mises stresses for F= 140 N 

Tooth with restoration – Fuji IX 

 

4. Conclusions 

After interpreting the results obtained 

following the simulations, the conclusions are: 

 For all reconstructions using the four materials, 

the Von Mises equivalent stress observed in all 

periodontal structure elements showed lesser values 

as compared to the lesion tooth; 

 After restoration the area of stress concentration 

in the bottom of the cavity disappears (Fig.10., 

Fig.11., Fig.12.); 
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Fig. 10. Detail – Stress Von Mises 

 

 
Fig. 11. Restoration Stress Von Mises for F=140 N 

 

 
Fig. 12. Restoration – Stress Von Mises  

for F=140 N 

 

 The behavior of the restored tooth using the four 

materials is similar to that of the healthy tooth; 

 Tests showed that loads over F=80N damage the 

tooth structure (since maximum strain for the dentine 

is:  a dentine = 105,5 MPa [2008, Shubhashini 

Narayanaswamy]; 

 Consequently, loads of F=80N and less 

correspond to the maximum strain of the dental 

materials used in our study [2005, RG Balaji]; 

 GIC, Dyract AP and Vitremer exhibited closed 

values of stress while Fuji IX exhibited a highest 

values of stress; on the other hand  a stress relaxation 

in dentine was noted after restoration with Fuji IX; 

 Fuji IX was the only restoration material of the 

four that led to a stress distribution similar to that in 

the healthy tooth; 

 The elastic characteristics of Fuji IX recommend 

it for restorations in areas of thicker enamel and 

dentine layers; 
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Fig.13. Maximum stress Von Mises 

in restoration 
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Fig.14. Maxim stress Von Mises in dentine 
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Fig.15.Maxim stress Von Mises in enamel 

 

 The elastic characteristics of GIC, Dyract AP and 

Vitremer recommend them for restorations in areas of 

thinner dentine layers; 

 It is recommended that class V cavities be 

rounded off before restoration since a wedge-shaped 

cavity constitutes the highest stress concentrator. 
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The study showed beyond no doubt that the 

restoration materials should be used according to the 

closeness between their elastic characteristics and 

those of the area they are used for (Young’s modulus 

and Poisson ratio). 
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ABSTRACT 
The aim of this study was to evaluate the effect of different bleaching agents used for teeth 

whitening on the microhardness of the enamel. 35% HP and 17% CP were applied on 

several samples of human incisors. Different treatment strategies were followed and the 

results show that all of bleaching agents caused a reduction in Vickers microhardness of 

specimens. Remineralization treatment was applied on samples, after this process the 

microhardness of the teeth being restored close to initial values measured prior to 

whitening. 

Keywords: microhardness, teeth enamel, whitening, bleaching agents, remineralization 

 
1.  Introduction 

Dental enamel is a crystalline latticework 

composed of various minerals, the principal 

component of which is a complex calcium phosphate 

mineral called hydroxyapatite. A substantial number 

of mineral ions can be removed from hydroxyapatite 

latticework without destroying its structural integrity; 

however, such demineralized enamel transmits hot, 

cold, pressure and pain much more readily than 

normal enamel. Many users of whitening products 

experience temporary tooth and gum pain, which in 

some cases can be severe. The most common side 

effects are mild or moderate tooth sensitivity and gum 

irritation. Tooth sensitivity corresponds to the 

concentration of bleaching agent; higher percentages 

of peroxide are apt to cause more irritation. 

Since its introduction by Haywood and 

Heymann, teeth bleaching have been suggested as an 

efficient and simple procedure for removing intrinsic 

and extrinsic stains from teeth. Many products and 

systems have appeared on the market for in-office 

use, such as 35 percent hydrogen peroxide, as well as 

for over-the-counter use. However, a 10 percent 

carbamide peroxide bleaching agent is the most 

commonly used at-home bleaching product, owing to 

its safety and effectiveness. Variations of this 

technique have been introduced, including the use of 

higher concentrations of carbamide peroxide agents 

(from 10 to 22 percent), with carboxy polymethylene 

polymer used as a thickening agent to improve tissue 

adherence and to result in a timed or sustained release 

of the whitening agent. Many studies [1-7] revealed 

that different concentrations of bleaching agents 

result in decreases in enamel microhardness from 

baseline values. 

Remineralization of teeth is a process in which 

minerals are returned to the molecular structure of the 

tooth itself. Our bodies utilize carbon dioxide from 

our breath and water from our saliva to create a mild, 

unstable acid, carbonic acid. Carbonic acid is the 

heart of the natural remineralization process. Like all 

acids, carbonic acids can dissolve minerals in our 

saliva (present from our food); however, unlike 

strong stable acids, carbonic acid quickly and easily 

converts to carbon dioxide and water. When this 

happens, the mineral ions that are dissolved in it 

precipitate out as solid mineral ions again - but not 

necessarily as the original mineral molecules. If a 

particular mineral ion is near a demineralized portion 

of the hydroxyapatite crystal that requires that ion, the 

ion is incorporated into the dental enamel. Though 

natural remineralization is always taking place, the 

level of activity varies according to conditions in the 

mouth. 

Fluoride therapy is often used to promote 

artificial remineralization. This produces the stronger 

and more acid-resistant fluorapatite, rather than the 

natural hydroxylapatite. Both are made of calcium. 

The fluoride takes the place of a hydroxide. Fluoride 

exerts its major effect by creating low levels of 

fluoride ions in saliva and plaque fluid, thus exerting 

a topical or surface effect. When fluoride ions are 

present in plaque fluid along with dissolved 

hydroxyapatite, and the pH is higher than 4.5, a 

fluorapatite-like remineralized veneer is formed over 

the remaining surface of the enamel; this veneer is 

much more acid-resistant than the original 
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hydroxyapatite, and is formed more quickly than 

ordinary remineralized enamel would be.  

 

Studies showed that the detrimental effect of 

bleaching treatment can be eliminated by using a well 

conducted remineralization treatment [8]. 

The mechanical behavior of dental enamel has 

been the subject of many investigations. Initial 

studies assumed that it was a more or less 

homogeneous material with uniform mechanical 

properties. Now it is generally recognized that the 

mechanical response of enamel depends upon 

location, chemical composition, and prism 

orientation. 

Microhardness tests are commonly used to 

study the physical properties of materials, and they 

are widely used to measure the hardness of teeth. This 

method is easy, quick, and requires only a tiny area of 

specimen surface for testing. 

 

2.  Experimental 

For our experiments 3 integer human incisor 

were prepared. Each of incisors were treated in 

different way, being the subject of bleaching with 

different chemical agents. After the whitening, the 

teeth undergo a remineralization treatment with a 

fluoride based product (Ultraez). Between different 

stages of the treatment the teeth were preserved in 

artificial saliva. Incisor 1 was bleached during 4 

series of treatment with 35% hydogen peroxide (35% 

HP). After that, 19 series of remineralization occur. 

Incisor 2 was bleached during 2 series of treatment 

with 35% hydrogen peroxide (35% HP), followed by 

8 series of remineralization. Incisor 3 was the subject 

of 14 series of bleaching with 17% carbamide 

peroxide (17% CP) followed by 5 series of 

remineralization. 

Determination of microhardness of as treated 

teeth was made using a CV-AAT 400 Vickers 

microhardness tester. Enamel and dentin have 

specific microstructures; thus their hardness may 

depend upon indentation loads or times. In the case of 

Vickers microhardness test applied on human teeth, 

studies revealed that loading time has no significant 

influence on test results [9]. Thus, in our experiments 

a loading time of 20 s was chose. The loading force 

was set in the domain of micro loads (25 gf) having in 

mind that the depth of indentation has to be less than 

10% of enamel thickness.  

 

3.  Results and discussion 

On each sample, after each phase of treatment, 

there were made 10 determination of Vickers 

microhardness, on different location of each tooth. 

The following tables and figures present the average 

values of these measurements. 

Table 1 presents the strategy of whitening 

followed by remineralization treatment for incisor 1. 

Figure 1 shows the evolution of Vickers 

microhardness during this treatment. Examining the 

results some conclusions can be formulated. It is to 

observe that, after each series of 2 whitening 

treatment, there is a great drop in Vickers 

microhardness of teeth enamel. The average 

decreasing percent for microhardness is 40% for each 

bleaching treatment. In the case of sample 1, after 2x2 

series of whitening treatment the original natural 

microhardness of sample (406 HV) dropped with 

64%, being only 148 HV at the finish of the 

treatment.  

 

Table 1. Vickers microhardness during the 

treatment of sample 1 

Sample Incisor 1 

Treatment strategy 

Hardness HV 

[kgf/mm
2
] 

Before whitening 406 

After 2 x whitening with 35% HP 240 

After 4 x whitening with 35% HP 148 

After 4 x remineralization 164 

After 8 x remineralization 247 

After 14 x remineralization 314 

After 19 x remineralization 326 
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Fig. 1 – The evolution of Vickers microhardness during the treatment of incisor 1 
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These results, even if they seem dramatically, 

are concordant with the data presented in a meeting of 

Materials Research Society, data which showed that 

the diminishing of teeth microhardness during 

whitening treatments with concentrated bleaching 

agents (such is 35% HP) is up to 82% [10]. 

In order to restore the initial teeth condition, 

related with their hardness, a remineralization 

treatment was planned and conducted in the manner 

that is presented in Table 1. It consists in 19 several 

stages, after 4, 8, 14 and 19 stages Vickers 

microhardness determination were made. As the 

Figure 1 shows, there is a clear process of hardness 

restoration, the process started slowly in the first 

stages, being accelerated in the following ones. After 

14 stages of remineralization the tooth hardness is 

77% of initial one. The next stages bring only a small 

improvement in microhardness, at the finish of the 

treatment its value being 326 HV. This is 82% from 

initial microhardness value of 406 HV, presented by 

the tooth before the whitening treatment to begin. 

This can be considered a good result, proving the 

value of remineralization treatment from the point of 

view of teeth microhardness restoration. 

Table 2 presents the strategy of whitening 

followed by remineralization treatment for incisor 2. 

Figure 2 shows the evolution of Vickers 

microhardness during this treatment. 

 

Table 2. Vickers microhardness during the 

treatment of sample 2 

Sample Incisor 2 

Treatment strategy 

Hardness HV 

[kgf/mm
2
] 

Before whitening 423 

After 2 x whitening with 35% HP 252 

After 4 x remineralization 259 

After 8 x remineralization 367 
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Fig. 2 – The evolution of Vickers microhardness during the treatment of incisor 2 

 

After whitening treatment there is a great drop 

in Vickers microhardness of teeth enamel with a 

percentage of 40%. This result is concordant with the 

results obtained in the case of incisor 1. We can 

conclude that after each 2 subsequent bleaching 

processes the microhardness decrease has an average 

value of 40% from previous one. A process of 

hardness restoration occurs also on incisor 2 by the 

means of remineralization treatment. After 8 stages of 

remineralization the tooth hardness is 87% of initial 

one.  

For sample 3, a much milder bleaching agent 

was chose. This is 17% carbamide peroxide, a 

whitening solution that can be use in at home 

treatments. Incisor 3 was the subject of 14 successive 

whitening stages, followed by 5 remineralization 

stages.  Table 3 presents the strategy of whitening 

followed by remineralization treatment for incisor 3. 

Figure 3 shows the evolution of Vickers 

microhardness during this treatment. 

After whitening treatment there is only a mild 

drop in Vickers microhardness of teeth enamel. If the 

initial value was 421 HV, the final one is 373 HV, 

with a total drop percentage of 12%. We can conclude 

that after each 7 subsequent bleaching processes (this 

means a week of home treatment) the microhardness 

decrease has an average value of 6% from previous 

one. Even the diminishing of hardness is low in the 

particular case of 17% CP, remineralization treatment 

can be applied, restoring the initial microhardness 

close to the value before the whitening treatment. 

After 5 stages of remineralization the tooth hardness 

is 94% of initial one. 

  

Table 3. Vickers microhardness during the 

treatment of sample 3 

Sample Incisor 3 

Treatment strategy 

Hardness HV 

[kgf/mm
2
] 

Before whitening 421 

After 6 x whitening with 17% CP 396 

After 14 x whitening with 17% CP 373 

After 5 x remineralization 394 
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Fig. 3 – The evolution of Vickers microhardness during the treatment of incisor 3 

 

4.  Conclusions 

Figure 4 presents the comparative results of 

whitening combined with remineralization treatments 

that were applied on this work.  

The results of the present experimental study 

show that there is a significant reduction in 

microhardness of teeth that undergoes a whitening 

treatment when concentrated bleaching agents (such 

35% hydrogen peroxide) are used.  This treatment is 

generally applied by the dentist in the medical unit. It 

can be done in 2, or 4 separate stages. The reduction 

in terms of teeth hardness is dramatic, being of 40% 

from previous one, at each pair of subsequent 

whitening treatments. The patient can find himself in 

the situation in which, the original hardness of teeth is 

reduced even with 80% percent. It is clear that there 

is a need of hardness restoration and this can be done 

by using remineralization treatments. After several 

stages of remineralization with dedicated products, 

the hardness of teeth can be recuperated. The restored 

value can be up to 80...90% from original value of 

teeth hardness before whitening treatment. 

In the case of whitening with mild agents, such 

as 17% carbamide peroxide, generally the treatment is 

performed at home, by applying the bleaching agent 

for a limited period of time of several hours, each 

day, during one or two weeks. Our study shows that 

in this case the drop in terms of teeth hardness is only 

minor (approx. 10% from initial value) and is very 

easy to recuperate by using remineralization 

treatments which restore the final value of 

microhardness very close to initial value.  The 

restored value can be up to 95% from original value 

of teeth hardness before whitening treatment. 

 

406

148

326

423

252

367

421

373
394

0

50

100

150

200

250

300

350

400

450

Before whitening After whitening After remineralization

H
V

 [
k

g
f/

m
m

2
]

Incisor 1, whitening with 35% HP

Incisor 2, whitening with 35% HP

Incisor 3, whitening with 17% CP

 
Fig. 4 – The evolution of Vickers microhardness during different whitening followed by 

remineralization treatments 
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ABSTRACT 
The paper presents the modern device and methodology for computer occlusal analysis.  

The method allows clinical and experimental studies directly on the patients measuring 

occlusal parameters in static positions and during dynamic of the mandible. The 

advantages compared to other methods of occlusal analysis on articulated dental casts 

consist in elimination of the deficiencies caused by the impossibility of isolating 

individual variables. T-Scan system is rapid and accurate in identifying the distribution of 

the tooth contacts in the same time evaluating the bite force; it shows great promise as a 

clinical diagnostic screening device for occlusion and for improving the occlusion after 

various dental treatments.  

Keywords: occlusion, functional parameters, computer analysis, center of force, T-Scan III 

 
 1. Introduction 

 Dental occlusion refers the act of closure of 

dental arches, depending on the relations of lower and 

upper teeth. Occlusion has a functional role and is 

involved in different functions of the dentition: 

speaking, mastication, deglutition or esthetics. "The 

key of dentistry”, as it is called, occlusion is studied 

nowadays in universities all over the word under 

different names of disciplines:  gnathology, 

occlusion, prosthetics or orthodontics [1]. 

 Occlusion is not a fixed anatomical state, it 

suffers changes and adaptive remodeling during 

lifetime.  Considering this, the study of occlusion is 

now directed towards studying the variability of 

normal occlusion that permits functional comfort, 

stability and esthetics[2]. In prosthodontics and 

orthodontics there is a special interest in 

determination of occlusal static and dynamic 

parameters, which should be correlated to the 

physiology of temporo-mandibular joints[2].  

 An important step in the study of 

biomechanics of occlusion was made when 

articulators were developed and used as individual 

simulators. These have the possibility to recreate the 

complex movements of the mandible in three spatial 

directions permitted by the condyles.  With all these, 

modern devices used in simulating condylar 

movements are unable to represent precisely the 

function of neuromuscular complex, so the best 

articulator is the stomatognathic system.   

This paper presents the modern devices and 

methods for clinical and experimental computer 

analysis of occlusal parameters. This evaluation is 

made entirely on the patient, eliminating deficiencies 

resulted from the impossibility of isolating individual 

variables.  

  2. Materials and method 

 The method considered for the occlusal 

analysis was a computerized system, T-Scan III 

(Tekscan Corp, Boston, Massachuttes) a simple and 

easy to use device for examination of occlusal 

contacts.  The T-Scan III technology has application 

in all phases of dentistry in which occlusal diagnosis 

and treatment are involved, and remains the only 

practical quantitative method to analyze the 

occlusion, displaying accurate and relevant data [3]. 

 
Fig. 1 - T-Scan Sensors: small and 

large  
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 The system is composed of a computer with 

a specific board and software capable of converting 

information recorded by the sensor to visual and 

numerical information on tooth contact. For the 

Tekscan system to function properly, computer 

system must meet or exceed specified system 

requirements.  

 The Tekscan USB handle does not require 

an additional interface card or parallel box in order to 

be connected to computer. Most computers now come 

equipped with at least 2 USB connectors. These 

handles can be connected directly to computer via the 

handle’s USB cable.  When inserted into computer, 

the computer’s operating system will automatically 

detect and configure the hardware for use. The T-

Scan III sensor (Fig.1, and Fig.2) is an ultra-thin 

(.004", 0.1 mm), flexible printed circuit that detects 

the patient’s occlusal parameters.  

 These sensors are made up of 1370 active 

pressure sensing locations for the large sensor, and 

1122 pressure sensing locations for the small sensor. 

These sensing locations are referred to as ‘sensing 

elements’, or ‘sensels’. The ‘sensels’ are arranged in 

rows and columns on the sensor.  The T-Scan III 

software offers features that allow the user to: Record 

the patient’s occlusal contact data; View the patient’s 

tooth contacts and associate them with specific teeth;  

Analyze the data, with the force and time 

relationships of the contacts displayed as color 

contour images, showing: Instant Intercuspidal 

Position; Center of Force; Center of Force Trajectory; 

More advanced features, such as: Max, Delta, Graph, 

Graph Zoom and 3-D Columns, Manage patient 

records and movie files through the use of an intuitive 

database. The T-Scan III software is compatible with 

Microsoft (MS) Windows 2000/XP/Vista/7. 

 
 

Fig.  3 - Computer analysis of one frame of the occlusal record  

 
Fig. 2 - T-Scan handle and large sensor support 
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 The recording is taken by placing the sensor 

in the patient’s mouth, with the sensor support pointer 

between the two central incisors and keeping the 

scanning handle as parallel to the occlusal plane as 

possible.  Having the patient bite down normally on 

the sensor, the first tooth contact will cause the 

system to begin recording. While recording is in 

progress, the Real-time Status Bar shows the frame 

count progress.  

 By default, the first contact on the sensor 

will trigger the recording, and 20 frames that lead up 

to that trigger event are automatically included at the 

beginning of the movie. This assures that if there is 

any light contact leading up to the contact that 

triggers the movie, it will be included in the 

recording. By using the Triggering option, the 

operator needs to be careful not to allow anything to 

press on the sensor before the intended event occurs, 

as this may cause premature recording. Each sensel 

can be seen as an individual square on the computer 

screen by selecting the 2-D display mode or as a bar 

in 3-D mode. The output of each sensel is divided 

into 256 increments, and displayed as a value (raw 

sum) in the range of 0 to 255 by the software [3]. The 

analytical software displays, such as "Center of Force 

(COF)" and "Center of Force Trajectory," provide in-

depth understanding of the overall balance of the 

occlusion, which cuts to the heart of occlusal analysis 

[4].  Center of Force analysis allows the dentist to 

examine easily the total effect of restorative dentistry 

on the patient’s maximum closure and excursions. 

Records were taken on patients presented in the 

orthodontic department before initiating any 

orthodontic therapy.  

 3. Results and discussions 
 The occlusal records of two patients are 

presented. Preliminary data resulted from occlusal 

analysis enables occlusal contacts graphical 

representation and also force quantification and 

distribution along dental arches and on each tooth. 

Figure 3 presents a case of a female patient with a 

complex malloclusion: open bite 14-24, unilateral 

cross-bite, agenesis of 35 and missing 36. The four 

windows show different aspect of occlusal 

examination.  The upper right box is a 3D chart of 

occlusal contacts intensities on every tooth of the 

dental arch. The height and color of the bar is related 

to the pressure of the contact. The upper left window 

show the distribution of contacts on the arch, also 

quantified on the left and right sides. The intercuspal 

position show only 4 contact areas that correspond to 

the permanent first molars and first bicuspids. Also 

 
 

Fig.  4 - Example of a computer analysis. Remark the occlusal contacts on the chart correspondent 

to the red arrows on the casts. 
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this paraclinical investigation offers the information 

about the intensity of these contacts, with a dominant 

right side 61.1% compared with the 38.9% on the left 

side. The center of force is located eccentric to the 

right.  The movie created from the recording offers 

the possibility to evaluate the first tooth contacts as in 

Fig. 3 the first contact is on the right side of the arch 

at the permanent first molar. The lower windows 

present data that can be used to calculate different 

parameters of the occlusion, such as maximal force, 

occlusion time, disclosure time. For this patients there 

is a good distribution for the two sides, 43,9% on the 

right and 56,1% on the left. To be noticed that 

although the cuspid is  missing on the left side the 

occlusal contact area is larger on this side, as it is 

known the small contact and force on the cuspid in 

static occlusion. In fig. 4 the center of force is placed 

in the white ellipse, meaning that the vectors of force 

meet in the central point of the arch, showing a 

favorable situation.  Occlusal analysis marked out in 

the first patient even and in the second one uneven 

distribution of occlusal contacts. Further study will 

correlate occlusal analysis results with 

electromyographic data, clinical and other 

paraclinical parameters.  

 

 4. Conclusions and discussions 

 T-Scan is a high technology instrument that 

helps the dentist detect in a very precise way 

functional and parafunctional occlusal contacts. 

Unlike articulating paper which is leave color 

marking on every tooth contact the sensor is able to 

determine the timing and sequence of contacts, 

without being affected by the presence of saliva[8]. 

This is helpful in considering and eliminating the 

premature contacts and interferences Center of force 

can be easily visualized on the chart created by the 

analysis software, and in every frame COF track can 

be followed and the degree of balanced occlusion 

assessed. Articulating paper labeling is an inadequate 

indicator of perceived occlusal contact time 

simultaneity as it renders no occlusal contact force or 

time sequencing [9]. T-Scan measures the intensity 

and timing of every contact, and also builds easy to 

interpret graphics, being able to record static but also 

the correlation that exists between static and dynamic 

occlusion[10]. Computerized occlusal analysis is 

becoming a very good tool available to clinicians that 

makes easy to understand and relate functional and 

parafunctional forces of occlusal contact, contact 

timing sequences, and occlusal surface interface 

pressures as all these parameters are correlated to 

each other and influence the functional behavior of 

the stomatognathic system [11, 12].  The T-Scan III 

technology has application in dentistry in which 

occlusal diagnosis and treatment are involved, and 

remains the only practical quantitative method to 

analyze the occlusion. An important aspect is the 

quantification of occlusal contact area and the bite 

force in the same time. It is known that the 

masticatory performance is related to these 

parameters [13] that are difficult to evaluate because 

the accuracy and precision are affected by mechanical 

properties of measuring equipment. In order to make 

a useful recording for correlation of the area, location 

and bite force T-Scan as a pressure sensitive device is 

able to record all these parameters in the same time. 

T-Scan system is rapid and accurate in identifying the 

distribution of the tooth contacts; it shows great 

promise as a clinical diagnostic screening device for 

occlusion, guiding dental treatment to obtain 

measurable bilateral occlusal contacts simultaneity. 
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ABSTRACT 
Simulation of physical phenomena has been over the time, a constant concern in 

attempts to engineer the right track as the actual behavior of different situations. 

Physical reality is the logical starting point in modeling all the process. The 

complexity of real physical process, however, raises many problems. Most of these 

problems find their solution using numerical methods. One of these methods is the 

FEM, the method allows to using accurately geometry of the structure would be 

considered no matter how complex, and then analyzes its conduct of loads action 

that require. 

This paper presented a FEM analysis of stress and strain state of a worm face-

gear with reverse tapered pinion. Considering the geometric complexity of the 

structure analyzed, proceed to a simplification of the phenomenon of contact 

between the worm-worm wheels. 

Thus, the corresponding geometric data of a plane section is an analysis of 

instantaneous action contact between the worm-worm wheels, succeeding the 

correct an interpretation of the case study. 

Keywords: Worm-Face Gear, Reverse tapered, FEM analysis, Finite Element, Stresses, Displacements  

 
1.  Theoretical aspects 

The worm face-gear (Fig.1.) belonging to the 

group of gear with cross axis is defined as a worm 

face-gear with reverse taper pinion. 
Compared to the other gears [3] these face-

gear presented many constructive and functional 

advantages: increased bearing force to general-

purpose worm gear which makes them to be sensitive 

overall dimensions smaller, contact line incomparably 

high coverage, good lubrication conditions, higher 

ratios, increased accuracy and quiet operation. 

Due to the particular geometry of worm face-

gear with reverse taper pinion - the flanks of worm 

being strongly asymmetric approach, allows the 

absolute control of the backlash, the axial 

displacement of a worm or screw worm-wheel. 

The characteristic geometry elements of a 

worm face-gear with reverse tapered are presented in 

Fig 2. 

 

 

 

 

 

 

 
Fig. 1. The worm face-gear with reverse tapered 

pinion 

 

. 
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Fig. 2. The constructive geometry of worm face-

gear. The contact position of worm-wheel in 

operation  

 

worm-wheel front

with reverse taper

worm conjugate

 
Fig.3. Section through the worm worm-wheel; the 

bearing flank 10
0
 

 

2. Modeling and meshing 

Having analyzed the studied structure, it was 

found that a correct interpretation of the phenomenon 

of contact between worm-worm wheels can be seen 

in axial section plan between the two elements of 

face-gear (Fig. 3) [1,2,5, 6,8,9,10]. 

 
Fig. 4. Modeling – Inventor 10 

 

Geometric data corresponding section of the 

plan was made in program design modeling 

Inventor.10 (Fig. 4) and then made the transfer to 

ALGOR V16 Fempro analysis program (Fig.5) 

[7,11,12]. 

 

 
Fig.5. Meshing – Loads - Constraints 

 

Finite elements used are type 2D - two-

dimensional quadrilateral and triangular 

After meshing result: 

a. Number of nodes : 12,989 

b. Number E.F.- type 2D: 13,042 

Nodal boundary conditions are fixed in the 

nodes of the worm-wheel. 

The features elastic material of wheel which is 

by: ERTACETAL C, the elastic characteristics: 

E = 3600 N/mm
2
,  = 0.4 [13]. 

The loading flank’s was done by calculating 

the forces corresponding to the 5 points of contact 

between teeth of worm-wheel in contact with the 

conjugated surface of the worm (Fig.3). 

The torque transmitted of the worm-wheel Mt 

was calculating with relationship: 

].[10.55,9 6 mmN
n

P
M t    (1) 

Which:  

- P - power [kW]; 

- n - speed [r.p.m]; 

On the other hand the torque transmitted Mt is: 

2
.
d

FM t     (2) 

Which: 

- F - force in contact point of worm-worm-

wheel [N]; 

- d - diameter of contact point corresponding 

for each tooth of the worm wheel; 

][10.55,9.
2 6 N

n

P

d
F             (3) 

Considered the following corresponding to 

experimental values: 

P = 1,5 kW and  n=1500 rpm  input  speed,  

output  speed 32rpm, gear ratio i =1:47, axial distance 

A=58mm, the module m=2,5mm, bearing flank angle 

α1=10°, support flank angle α2=30°, Archimedes 

worm type taper, δ1=5°,  reverse tapered worm 

wheel drive δ2 =8°, [4]. 
Thus, corresponding the diameter of contact 

points of five teeth of worm-wheel results: 

1 - 1d 158,35 mm    1F 120,62 N 

2 - 2d 151,06 mm    2F 126,44 N 
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3 - 3d 144,84 mm    3F 131,87 N 

4 - 4d 138,46 mm    4F 137,95 N 

5 - 5d 131,70 mm    5F 145,03 N 

Constructive and functional reasons, the tooth 
five is considered a hard drive smaller force than that 

calculated, namely: 5F 130,5 N. 

 

3. Results  

The results are considered to be significant for 

the interpretation and relevance given the 

phenomenon studied, are the values: 

- Stress by Von Mises equivalent theory ech;; 

- Minimal by main stress 2 (with compression 

effect); 

- Resultant structure shift; Displacement. 

They studied four cases of loading: 

Case I - load bearing flank to 10
0
: 

a) Entry into gear 

b) Loading in operating 

Case II - load bearing flank to 30
0
: 

a) Entry into gear 

b) Loading in operating 

On the simulations performed were obtained 

the following results:  
Case I - load bearing flank to 10

0
: 

a) Entry into gear 

 

 
Fig. 6. Equivalent Von Mises stress distribution 

 

 

 
Fig. 7. Detail – Equivalent Von Mises stress 

distribution in area with high application 

 

 
Fig. 8. Minimum principal stress distribution 

(compressive stress distribution) 

 
Fig. 9. Displacement distribution – areas of equal 

displacement. Deformed position of the structure 
 

b) Loading in operating  

 

 
Fig. 10. Equivalent Von Mises stress distribution 

 

 
Fig. 11. Detail – Equivalent Von Mises stress 

distribution in area with high application 
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Fig. 12. Minimum principal stress distribution 

(compressive stress distribution) 

 
Fig. 13. Detail – Minimum principal stress 

distribution in area with high application 

 

 
Fig. 14. Displacement distribution – areas of equal 

displacement. Deformed position of the structure 

 

Case II - load bearing flank to 30
0
: 

a) Entry into gear 

 

 
Fig. 15. Equivalent Von Mises stress distribution 

 
Fig. 16. Detail – Equivalent Von Mises stress 

distribution in area with high application 

 
Fig. 17. Minimum principal stress distribution 

(compressive stress distribution) 

 

 
Fig. 18. Displacement distribution – areas of equal 

displacement. Deformed position of the structure 

 

b) Loading in operating 

 

 
Fig. 19. Equivalent Von Mises stress distribution 
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Fig. 20 Detail – Equivalent Von Mises stress 

distribution in area with high application 

 

 
Fig. 21. Detail - Minimum principal stress 

distribution (compressive stress distribution) 

 

 
Fig. 22. Displacement distribution – areas of equal 

displacements. Deformed position of the structure 

 

Maximum values of tension in the contact 

points are shown in Table 1 

 

Table 1. Values of stresses in the contact points 
 

Maximum stresses 
Equivalent 

Von Mises 

stress ech 

[MPa] 

Minimum 

principal 

stress 2  

[MPa] 
Case I 

Bearing flank 
100 

a 387,211 -212,108 

b 228,537 -261,885 

Case II 

Bearing flank 
300 

a 416,813 -245,880 

b 268,459 -174,231 

 

4. Conclusion 

Interpreting results based on simulations can 

be seen: 
 For both cases studied,  the 10

0
 and the 30

0
 

bearing flank, the maximum stresses 

produced on the 4th tooth; 

 Maximum stresses that occur are beyond  

 

allowable resistance of the material the worm-

wheel is made of: 
2/75 mmNc  ;  

2/100 mmNr   

 Loading on the contact point was achieved 

by nodal forces, maximum stresses values 

resulting directly being nodal point of 

contact; 

 In fact the contact between worm-worm 

wheel is not as a point but is done on an 

area; 

 The values of stresses in the immediate 

surrounding nodes are much smaller 

(Fig.23). 

 

 
Fig. 23 Von Mises tensions surrounding nodes in 

contact point of worm-wheel worm. 

 
2/200150 mmNef   

 However the existing data on the calculated 

load, the values of power and rotation speed 

in operation will cause damage on 4
th

 tooth 

of worm-wheel; 

 In the Von Mises stress values is 

preponderate the compressive and stress  
parts (Table 1, Fig.8, Fig.12, Fig.13, Fig.17, 

Fig. 21); 

 Move the maximum occurs when the first 

tooth bearing flank is 10
0
 and the last tooth when 

bearing flank is 30
0
. 
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ABSTRACT 
This paper presents the matrix-vector calculus of the rolling surfaces of a bevel worm 

gear with inverted conicity. By this gear the worm gear is situated on the inner side of the 

crown taper. It is to remark that in this case both rolling surfaces cannot be tangent. 

Keeping the worm’s rolling surface conical, it is necessary to calculate the profile of the 

crown’s rolling surface that becomes a hyperboloid. Using a numerical approach, the best 

approximating cone of the crown wheel’s rolling surface will be calculated.  

Keywords: rolling surfaces, inverted bevel worm gear, numerical approach 

1.  Introduction 

Bevel worm gears present a lot of functional 

advantages but- despite of this fact, they are rarely 

used due to the complexity of the design calculus and 

the difficulties characterizing the manufacturing 

process.  

The inverted taper bevel worm gear’s particu-

larly aspect is given by the position of the worm that 

is situated inside the crown’s taper. As a conseq-

uence, the position of the rolling surfaces is the same. 

The main constructive elements of such a gear are 

presented on figure 1. 
 

b

d0
2

A

d
0
1

nworm

ncrown

s

B

 
 

Fig. 1  Inverted taper bevel worm gear’s main pa-

rameters 
 

The geometry and the relative position of the 

rolling surfaces are very rarely referred in the litera-

ture. A complete definition of the rolling surfaces and 

the conditions that must be fulfilled is given in [1]. A 

lot of other works refer to the geometrical behavior of 

conical worms and different approaching methods 

[3,4,5,6,7,8,9,10,11,12,13, 14, 15]. 

The present paper presents a method for the 

calculus of the rolling surfaces of this particularly 

bevel worm gear. The starting hypothesis consists in 

keeping the conical form of the worm’s rolling sur-

face. In the relative motion, this will generate a sur-

face family, whose meshing surface will be the theo-

retical rolling surface of the crown gear. Calculus of 

rolling surfaces is important for the future modeling 

of teeth form and the study of the geometrical aspects 

of coupling between the adjacent teeth. 

 

2. The used coordinate systems 
Figure 2 presents the relative position of the 

worm and the inverted tapered crown gear. Consider-

ing the relative motion [2] of the worm to the stand-

ing crown, it executes both rotations: first about its 

own axis, and the second about the crown gear’s axis. 

The S2 system of the crown remains fixed, system S1 

of the worm is joined to the mobile system Sm. Due to 

the geometry of the revolved surfaces, the relative 

motion of the rolling surfaces is not depending on the 

rotation of the worm. As a conclusion, the relative 

motion of the rolling surfaces can be described 

through the motion of the Sm mobile system in the 

fixed S2 system. Notations on Figure 2 are presented 

in Table 1. 
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3. The mathematical model 

In order to calculate the equations of the 

crown gear adjacent rolling surface, the relative mo-

tion must be modeled. The parametric equations of 

the worm adjacent cone are the followings:  
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Fig. 2  Definition of the coordinate systems 

 

where ]2,0[],,[  vhhu ia  

 

Table 1. Notations 

A Axis distance 

B  “C” contact point reference distance 

s1 Worm taper angle 

r10 Taper reference radius corresponding 

to the contact point “C”  

r20 Crown reference radius, corresponding 

to contact point “C”  

ha, hi Axial distance parameters localizing 

the contact point “C” on the worm’s 

taper. 

u,v Surface parameters of the worm’s taper 

S1 O1X1Y1Z1 – worm gear’s system 

S2 O2X2Y2Z2 – crown gear’s system 

S3 O2XmYmZm – mobile system 

 

Systems S1 and SM are bounded by a translation de-

scribed by the following equation in homogenous 

coordinates: 
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The relative rotation of the worm about the 

crown’s axis is described by the following matrix 

equation: 
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 (3) 

Using equations (1) and performing the calculus 

given (2) and (3) result the equations of the surface 

family generated by the worm in its relative motion: 
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The calculus of the meshing surface is quiet 

simple due to the fact that generating surfaces are 

revolved. In this case the condition of meshing can be 

primed through the intersection of the normal of the 

generating surface with the axis of rotation of the 

enveloping surface (the crown related surface in this 

case). The problem will be solved in the system S2, 

Performing the matrix product that follows from (2) 

and (3) results: 
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The definition of the normal vector of the gen-

erating bevel surface is in conformity with Figure 3. 

It can be written that 
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Using the rotation part of the matrix (5), the 

above normal vector in the system of the crown will 

get the form  
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Fig. 3  Definition of the cone’s normal vector in its 

own coordinate system 

 

The equation of the normal line is 
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Let’s denote in order to simplify some expressions as 

follows: 
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Now, the condition of intersection of the normal line 

and the crown’s axis can be written as the four equa-

tions containing linear system by three unknowns 

formed by the equations of the normal and the 

crown’s axis must be compatible. The main determi-

nant of 
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must be zero, thus:  
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Expliciting equation (11) the condition of en-

veloping becomes: 

 

0)),,(),,(( 22222   vuznvuynn yzx      (12) 

 

Finalizing the calculus and replacing the func-

tion ),( vu  in equations (4), the enveloping surface 

meshed by the cone family will be the following: 
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Here Q and R denote some expressions de-

pending on u: 
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4. Calculus of the contact curve 
The shape of the contact curve between one 

cone of the surface family described by the worm 

associated cone in the S2 crown’s system remains 

constant during the meshing process, due to the fact 

that both surfaces are revolved and the relative mo-

tion has one axis of symmetry. 

If solving equation (12) for the peculiar value 

of motion parameter 0 , the function ),( vu  will 

reduce to a  uv  form that implemented in parametric 

equations (13) give the equations of the contact curve, 

relative to the S2 coordinate system of the crown. 

This corresponds to the starting position of the worm 

associated cone. 

The axial profile of the meshed surface repre-

senting the crown’s associated rolling surface is a flat 

curve. It can be obtained through   0,2 vuz , ob-

taining from this another  uv  function and imple-

menting this in the first two equations. But, the con-

tact curve once determined, it is more easy to write 

for each   uvux ,2  the distance of the considered 

surface point to the x2 axis of revolution. Following 

this procedure, the axial profile of the crown’s rolling 

surface can be written as  
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5. Numerical approach of the best 

approximating cone surface 
The best approximating cone of the revolved 

hyperboloid (13) serves for dimensioning calculus 

and estimation of tooth dimensions. In the following 

the best approximating cone’s taper angle will be 

determined, using the least squares method. If consid-

ering the equation of generatrix given by 

qpxy  22  and the distance from a given profile 

point to this by iiii qqpxyy  , p and q re-

sult from the following system of equations:  
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Here n denotes the length of the set of points.   

6. Application  

An inverted tapered worm bevel gear is con-

sidered having the following main dimensions: 

- worm reference radius  r12 =13mm; 

- worm taper half angle:  σ1=5
0
; 

- crown wheel reference radius: r20 =75mm; 

- axis distance:   Aw = 58mm 

- contact point distance:  Bw = 47,55mm 

- inner axis distance on worm taper hi=14 mm; 

- outer axis distance on worm taper ha=14 mm; 

Following the calculus presented above the re-

sults obtained are the followings. 

Figure 4 shows the shape of the  uv  function 

used for calculus of axial profile (15) 

 

 
Fig. 4  The shape of the  uv  function 

 

 
Fig. 5 The best approximating generatrix 
 

The best approximating taper’s generatrix is 

presented in figure 5. Figures 6 and 7 shown the roll-

ing surfaces determined as reciprocal enveloping sur-

faces. Let’s remark the shadow-like appearance of the 

contact curve on figure 7. 

 

7. Conclusions 

On the method presented in the precedent sec-

tions it can put the following conclusions: 

 

 
Fig. 6 The reciprocal enveloping rolling surfaces of 

the worm and the crown wheel (upper sight) 

 

 
Fig. 7 The reciprocal enveloping rolling surfaces of 

the worm and the crown wheel  

 

 The calculus and representation of  the roll-

ing surfaces is the first step in designing inverted ta-

per worm bevel gears. Classical worm bevel gears 

accept two cones as rolling surfaces because they can 

have external tangentia. Well, that’s impossible in the 

case presented above. 

 This calculus returns results that are indis-

pensable for determnning the form of teeth and avoid-

ing interference.  

 It is the only accessible way to determine the 

necessary geometrical elements. 
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ABSTRACT 
Order to study and determine the performance of a gear, one of the fundamental criteria of 

operation is to determine the gear noise. Comparison of acquired data on noise and vibration 

levels for worm gear reducers equipped with reverse tapered front, is an important indicator 

regarding the level of quietness in operation of these gears. This has become especially given 

the particular cone snail related to asymmetric flanks (α1=10
0
, α2=30

0
).   

This paper presents some aspects obtained on an experimental basis, on the determination of 

noise and vibration level in operation of a gearbox with worm face-gear with reverse tapered 

pinion to a pair of steel-bronze materials, oil lubricated T90, with 1:47 transmission ratio. 

Keywords: Gearbox, Worm-Face Gear, Reverse tapered, vibration and noise levels 

 
1.  Introduction 

The gearboxes using an worm face-gear, have 

the advantage of having an increased carrying 

capacity to general-purpose worm gear which 

requires them to be sensitive gauge lower. Among the 

advantages of worm face-gears stands out: high 

coverage, contact line incomparably greater good 

lubrication conditions, higher gear ratios, increased 

precision and noiseless in operation, make operational 

gearboxes equipped with such gear have better 

behavior. 

The worm face-gear with reverse tapered 

pinion shows in Fig. 1 a front worm placement 

conjugated inner surface, thus significantly lowering 

gear gauge. 

The Worm face-gears are characterized by the 

fact that the angle of pressure on both sides of the 

screw is not symmetrical. This makes the component 

values that appear in the gear forces, axial component 

and radial component, are not identical, depending on 

how the worm fuctioned, the pressure flank with 

small or big angle. 

Radial component in particular, because the 

interest has tended to remove the screw from the 

flanks of the wheel. This explains why the 

recommendation of the screw bearing flank angle to 

be at low pressure. 

 

 
Fig. 1 Worm face-gear with reverse tapered pinion 

 

In practice it is recommended that flank the 

site will be small, so the contact line is almost 

perpendicular to the slip velocity vector creating the 

conditions for formation of a hydrodynamic lubricant 

film compared to engagement on the other side, there 

is a tendency to remove the film gear lubricant during 

gear operation condition ensured by appropriate 

choice of rotation. 

Following the bibliographic study 
[2,3,4,5,6,7,8,9,10] made it proposes a method 

for determining the noise and vibration levels. 
To study and establish the performances of a 

gear, one of the fundamental criteria is to determine 

the level of quiet operation of the gear. 
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The paper presents an experiment on 

determining the level of noise and vibration of a 

gearbox with worm face-gear with reverse tapered. 

 

2. The operation and construction of the 

exeprimental stand 

In paper [1] presents an construction and 

operation of exeprimental stand. Thus at different 

times of loading gear front has a different behavior in 

terms of noise and vibration transmitted to the 

gearbox. The noise level was measured using a Sound 

Level Meter Voltcraft SL-50 type device, from a 

distance of 0.5 m, and the vibration was measured 

with a meter-10 type VIB / VIB-11, fixed to the 

gearbox. 

The worm face-gear with reverse tapered  

submitted is carried out in a couple of steel-bronze 

material with the following characteristics: 

The tapered worm is made of one quality steel 

alloy 41MoCr11, heat treated  of nitriding in gas, so 

the worm-surface hardness is 960HV. The type of 

worm is archimedical tapered and the flank’s 

roughness is Ra = 6,3μm.  

 

 
Fig. 2 The tapered worm 

 

The worm-wheel with reverse tapered is made 

of bronze CuSn12 and has a hardness of 95HB, the 

flank’s roughness is different resulting thrust on the 

flanks, respectively on the bearing flank 10
0
, 

roughness is Ra = 6.3μm, and the support flank 30
0
, 

roughness is Ra = 12.5μm. 

 

 
Fig. 3 The worm-wheel with reverse tapered 

Construction of experimental stand is shown 

in paper [1], as in Fig. 4 can be seen at the entrance 

drives is coupled to an electric motor and the output 

shaft is mounted an electromagnetic brake with 

powdered. Load time can be set differently on the 

gearbox output shaft. Thus have identified 10 

successive loading checking for each load step noise 

and vibration. 

 

3. Experimental data 

For the proposed experiment identifies the 

main features of the geometric and functional gearbox 

having a worm face-gear with reverse taper pinion: 

1.5 kW input power, 3196rpm input speed, output 

speed of 68rpm, the transmission ratio i = 1:47; 

distance axial A = 58mm, module m=2.5mm, bearing 

flank angle α1=10°, support flank angle α2 =30°; type 

screw - Archimedes, δ1=-5 ° taper worm, worm drive 

wheel taper δ2=-8°, time for each step loading-15min. 

 

 

 
Fig. 4 The experimental stand 

 

 

 
Fig. 5 Top view of experimental stand 

 

The characteristics of measuring instruments 

are presented in Table 1 for sound level meter, 

respectively Table 2 for vibration frequency meter. 

 

Table 1. Technical data for sound level 

meter -Voltcraft SL-50 

The operating Voltage: 9 VDC (1602, 6F22) 

Power consumption: max. 40 mA (with light 

in background) 

Measuring range: 40 – 130 dBC (30 Hz – 4 

kHz) 
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The evaluation time: 125 ms 

Display: 0,1 dB 

Accuracy: +/- 3,5 dB (pentru 1 kHz şi 94 dB) 

Microfon: electrostatic microfon for ½ 

Operating terms: 0 – 40 °C/10 – 75 %rF (no 

condensation) 

Operating altitude: max. 2.000 m 

Weight: cca. 135 g 

Dimension: (L x l x Î): 130 mm x 52 mm x 32 

mm 

 

 

Table 2. Technical data for vibration frequency 

meter -VIB-10 / VIB-11 

Measuring range VIB-10B: 0.5 to 99.9 mm/s 

RMS, 

VIB-11B: 0.01 to 3.93 in/s RMS, 

10 to 1000 Hz 

Resolution: 0.1 mm/s (0.01 in/s) 

 

Power supply Four 1.5 V alkaline cells 

(e.g. MN 1500 or UCAR E91) 

 

Display 3 digits, red LED 

Switch-off Automatic 

Protective cover Polyurethane 

Dimensions 210 x 75 x 30 mm 

(8.3" x 2.9" x 1.2") 

Weight 410 grams (14 oz) incl. batteries 

Connector type TNC 

 

 

4. The experimental data evaluation 

The experiment carrying out has two stages to 

measure the level of vibration and noise respectively 

for two different cases: 

case I – bearing flank’s on the 10
0 
angle; 

case II - bearing flank’s on the 30
0 
angle.  

 

 

Table 3. Data of bearing flank’s on the 10
0 
 

 
 

 

 

 

 

 

 

Table 4. Data of bearing flank’s on the 30
0
 

 
 

It can identify the average values for each load 

step, which stabilizes the numerical value of the noise 

and vibration levels, corresponding to load step. 

 

Table 5. The values of the load’s step 

 
 

 
Fig. 6. The noise level and vibration level on the 

bearing flank 10
0 

 

 
Fig. 7. The noise level and vibration level on the 

bearing flank 30
0
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Fig. 8. Graphical comparison of noise level 

 

 
Fig. 9. Graphical comparison of vibration level 

 

5. Conclusion 
Allows the experiment can be conducted 

formulating the following conclusions: 

 The experimantal dates obtained refers only 

to the experimental loading period mentioned in the 

paper and represent average values for each load step 

at the beginning and the end result on stage in 

function; 

 The operation of the gearbox can be seen that 

the side bearing 30
0
 provides superior conditions of 

noise and vibration lower level to flank 10
0
; 

 There is an increase in noise level 

approximately linear with increasing load; 

 The range of resistant moments to the 

experimental program was carried out shows a 

specific behavior worm gears; 

 The measurements required for other couples 

of materials, namely steel-gray cast iron, steel-plastic, 

to create a complete picture of the functioning of these 

types of gear. 
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ABSTRACT 
A study was performed to evaluate noise and vibration level of worm face gear finish. 

Vibration and noise monitoring data were gathered from 6 sets of worm plane gears run 

during a evaluation study. A drop o vibration level was successful recording, noise level 

remain almost the same as noise level record before finishing process was perform. A 

solution for fly cutter hobbing's particular problem was propose.  

                   Keywords: Worm face gears, lapping, hardening, roughness, noise, vibration 

1.  Introduction 

The subject of this research is evaluate noise 

and vibration level of plain worm gears, with special 

attention given to the influence of surface roughness. 

Gear teeth working surfaces are subjected to repeated 

rolling and sliding contacts. For operating conditions 

common for power transmission applications, the 

loads are sufficient to cause eventual fatigue of the 

surface.  This research project sought to provide  a  

technical and economical arguments for worm plane 

gears finish. This subject is today a subject of debate.  

 

2.  General guide line 

           Worm plain gears can be  produce using 

multiple methods: using a conical milling cutter, 

using a grinding wheel dressed with double conical 

form or single point tool in lathe known as a fly 

cutter.      

  Present in this paper worm plain gears was 

hobbed by fly cutter with tangential hobbing *as 

show in figure 1 . This method of generation of worm 

gears produce also an unwanted side effects.  

      Because  fly cutter is a single-point cutting 

tool similar to a lathe tool mounted in a special holder 

on enter and exit surface area appear a lot o micro 

scratches. Fly cutters are rotary tools that use one or 

more single-point tools for plane surfacing. 

  

Fig. 2 – Surface detail with scratch 

 

The main current in today technical field 

consider ''worm gear drives with cylindrical worm 

still an example of example of gear drives for which a 

satisfactory bearing contact is obtained by lapping 

under a load in gear drive house. However, such 

lapping is expensive in terms of time and is not 

sufficiently effective”[12].  

We and other researchers [4], [5] consider this 

point of view not entire true. In particular case of 

hardened steel worm plain gears hobbed by fly cutter 

 

Fig. 1 – Hobbing of worm plain wheels by fly 

cutters 
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present in this paper finishing process it is 100% 

desirable.  

 

3.  Apparatus 

Test facility. The experiments reported in this 

report were tested at University Petru Maior Târgu 

Mureş Tools Parts Laboratory. An overview sketch of 

the facility is shown in Figure 3.  

This type of facility it is commonly use by 

NASA Glenn Research Center's for gears testing of 

any type and geometry [7], [8], [9], [10], [11].  They 

use this facility for load capacity and endurance tests.  

The drive tested form set from 1 worm plain  

gear and one cylindrical pinion.  

Torque is supplied in pre-load through shaft 

brakes FAT120. The desire level of torque is 

achieved by adjusting an electric supply command 

panel. A electric motor, connected to the loop by V-

Belts and pulleys. The electric motor has capability to 

operate at 1500 rpm pinion speed.  

 

Table 1. Remarkable constants 

Constant Value 

Axial modulus 2,5 

Tooth number  47/1 

Type of worm  ZA 

Directions Left 

Diameter pitch 7,85 

Center distance  56 

Shaft angle  90 

Pressure angle  30 

Pinion material  42 MoCr11 

Wheel material  42 MoCr11 

Pinion hardness after heat 

treatment nitriding  

423 HV (400 

HB) 

Wheel hardness after heat 

treatment nitriding  

697 HV (650 

HB) 

Electrical motor it is also control by a turning-

switch how determine direction of turning left or 

right.   

 Test gears. The design parameters for 

pinions and face gears used in the test are given in 

Table 1.  

 

4.  Gear evaluation instrumentation(s) 

Vibration level was recorded with a SPM 

Vibrameter VIB-10. The evaluation of machine 

condition is based on a single parameter, vibration 

severity. This means that the instrument needs to 

display only one measured value, which reduces its 

cost and makes it easy to handle. Resolution: 0.1 

mm/s. Accuracy 2% ± 0.2 mm/s [2].  

Vibration data were acquired once every three 

minute during the tests from the front side and from 

rear side of gear box.  

Noise level was recorded with a 

VOLTCRAFT SL-50.  

Resolution: 0.1 dB. Accuracy 3,5 dB [3]. 

Noise data were acquired once every three minute 

during the tests from the front side and from rear side 

of gear box. 

Instrumentation use in this test it is shown in 

figure 4 in from view.   

Addition data was acquire regard  temperature. 

  

5.  Test procedure  

For each of 6 sets tested detailed installation 

and break-in run procedures were followed to 

produce acceptable contact patterns and backlash. 

Both wheels and pinions was manufacture from 

42MoCr11 heat treatment steel's and handed by gas 

nitriding (see Table1).    

After acceptable installation, the  pre-load 

through shaft brakes FAT120 was adjusted to produce 

11 Nm torque.  

Each pair pass 3 test stage: first stage was 

grinding, second stage finishing process, third stage 

evaluation. Rotation direction was switch by 

electrical motor's switch and both side of tooth flanks 

was lapped.  

 

Fig. 3 – Test facility overview 

 

Fig.  4 – Test gear box with test 

instrumentation 
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Finishing method chose is lapping with water 

base solution. Lapping is a machining operation  in 

with two surface is rubbing together. This involves 

rubbing a brittle material as silicate carbide [5].  

Worm plain wheels was lapped for 10 minute 

each. This solution it is a economical orientated 

solution. Solution is a mix solution of silicate carbide 

and water glass  (sodium silicate). Solution has 1,3-

1,5  viscosity and 11-12,5 pH (strong alkaline 

potential). An original lapping solution was tested. 

This solution contain sodium silicate, silicate carbide 

and a thixotropic agent  commercial know as Aerosil 

trademark own by Degussa Company [6].  

Solubility of lapping solution in water is 100% 

complete. Appearance is clear to cloudy with tiny 

black silicate carbide in suspension. 

Lapping solution can be easy remove from 

gear box, pinions and wheels with flushing water.  

 

6.   Result and discussion  

A summary of the results for the noise level 

test is given in figure 5 and 6. As it is show in table 

noise level remain almost the same a slight increase 

was recorded but in almost same domain. Increase of 

noise level it is under 2% in relative errors range of 

measure. 

This increase of noise level can't be notice by 

human ear.    

A summary of the results for the vibration 

level test is given in figure 7 and 8. As it is show in 

table vibration level lower after finishing process.  

Vibration had a small variation among sets, 

ranging in mean values 7 mm/s before finishing and 

5 mm/s after finishing.  Vibration it decreased with 

16% for 10 degree angle and 17% for 30 degree 

angle  enter and exit area surface's scratches was 

almost complete remove as show in figure above. 

We also notice a difference between 10 and 30 

degree angle direction running of 3% for vibration 

level (after finish). A very small difference consider 

angle difference.  

For noise level we notice a difference smaller 

then 1% between noise level of 10 degree angle and 

noise level of 30 degree level.  

Noise level after lapping remain almost the 

same because of increase contact area between wheel 

and pinion. This increase of contact pattern it is 

around 10-13% after finishing. Further study it is 

necessary to explain this phenomenon.  

 

7.  Conclusions 

The objective of this study was to evaluate 

effectiveness of worm plain gear finish to decrease 

level of vibration.  

The following conclusion were obtained:  

  Using lapping for finishing of hardened 

steel worm face gear it is not a time 

consuming process.  

Fig. 5 – Noise level chart of 10 degree flanks 

Fig. 6 – Noise level chart of 30 degree flanks 

Figure 8: Vibration level chart for 30 degree 

angle 

Fig. 7 – Vibration level chart of 10 degree flanks 
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 Noise level remain almost the same was 

recorded only a slight increase with 2% 

procent. 

 Vibration level was decrease with 16-17%. 

 Lapping with water-base solution of 

sodium silicate and silicate carbide it prove 

a very cheap and easy to use solution for 

cost orientated manufacture.  

 An original formula solution for lapping 

which contain a mix of solution of sodium 

silicate, silicate carbide and thixotropic 

agent was also tested 

 Aerosil thixotropic agent use prove be a 

viable solubility controller and prevent a 

quick and undesired  sedimentation of 

water-base solution  

 Lapping finish prove eliminate effective 

enter's area surface scratches as shown in 

figure 9 
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ABSTRACT 
The main requirements for transmissions are a high load carrying capacity, a low sound 

excitation behavior and high efficiency, which become more and more important with the 

increasing environmental awareness. In this study, the aim is that the helical gear pair to 

be optimized to achieve the best possible noise/contact ratio. The variation of the tooth 

pair stiffness during a meshing cycle is a well known source for the generation of 

vibrations and noise. 

Keywords: Spur gears, contact stiffness, noise reduction, shift coefficient 

 
1.  Introduction 

Depending on the project use, the main 

requirement for spur gear transmission beside from a 

long life time, high safety factor, reduction of losses 

in gear mesh, highest strength, low manufacturing 

costs it could find the sound behavior.  

Due to the increasing environmental requests 

this aspect become more and more important. The 

limits for the allowable noise are given by the 

customer or by the existing regulation.  

The design of gears can be done e.g. according 

to the ISO/DIN/ AGMA standards [1, 2, 3]. Besides 

these standards there are further possibilities of 

optimization in respect to excitation behavior and 

reduction of losses in a gear mesh i.e. using modern 

simulation soft like KISSsoft, IDZP, WTplus, etc. 

With the support of suitable software, new 

possibilities open up for the calculation and the 

optimization of the gear with regard to operating 

noise, meshing and strength characteristics. In this 

way can be open new horizons to improve gears. 

 

Main reason for noise is the excitation from 

the gear meshing because of variation of the mesh 

stiffness. First at all, the excitation starts from the 

gear meshing contact and it is transmitted to the rest 

of gears components like shafts, bearings and, at last, 

is transmitted to the environment through the housing 

system. 

The excitation caused by the gear meshing is 

mainly the result of: 

 The periodical change of the mesh stiffness; 

 Engagement impact, the elastic deflection of 

the teeth under load at the beginning and the 

end of the line of action. 

 

 

2. Issue  

A helical gear pair is to be designed such that 

it has a service life of 8,000 h when transmitting 91,5 

kW at 750 rpm (application factor = 1.50). The gears 

have 27 respectively 54 teeth, center distance 125, 

normal module 3, ratio shall be 1:2 (reducing speed) 

and 18MnCr10 (16 MnCr 5 –cf. DIN 17210-69) is to 

be used as the gear material. 

 

 
Fig.1. Initial contact stiffness for considered gear 

transmission 

 

3.  Goal 

In this paper, the goal is that the helical gear 

pair to be optimized to achieve the best possible 

noise/contact ratio. The variation of the tooth pair 

stiffness during a meshing cycle is a well known 

source for the generation of vibrations and noise.  

The KISSsoft program is especially considered 

for the design of gear transmissions. A procedure is 
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implemented in KISSsoft which determines the 

meshing stiffness: 

1. A tooth form is calculated by simulating of the 

manufacturing process; 

2. For every position of the two teeth during a 

meshing cycle, the single tooth stiffness is 

determined. 

3. The overall stiffness it is obtained through 

superposing the single stiffness of all teeth in 

contact. 

If the vibration reduction is very important for 

optimizing the gear geometry, after every solution 

was checked, the solution with lowest possible 

stiffness it should be selected. 

Strength calculation is to be performed as 

specified in ISO 6336 Method B - Calculation of load 

capacity of spur and helical gears. 

 

4. Optimizing gear geometry 

Number of teeth 

After having decided on a centre distance 

(imposed in this study case) for the gear transmission, 

selecting the proper number of teeth (without 

changing of the center distance) for a gear pair it is a 

next important step. 

In the below figures, different solutions for a 

gear pairs with ration i=2 ± 5%, a=125 mm, P=91.5 

kW, number of teeth (gear 1) between 21 and 30, are 

shown in Fig.2 and Fig.3. 

 

 
Fig. 2. Initial conditions for gears 

 

 
Fig.3 The result returned for gears 

 

 

 

Fig. 4. The contact stiffness for rough sizing 

 

 

Helix angle and profile shift 

Measurements prove that a higher helix angle 

(higher overlap contact ratio) will result in lower 

noise level. Selecting the profile shift such that a 

lowest possible amount of sliding occurs is a highly 

efficient way to optimize gears in terms of high 

frequency noise. In the figures below (Fig.5 and 

Fig.6), different possible gearing solutions were 

found by variation of helix angle at reference circle 

and profile shift coefficient. Reference profile and 

centre distance were maintained for given values. 
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Fig. 5. The conditions imposed for fine sizing 

 

 
 

Fig. 6. Possible gearing solutions 
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Fig.7. The contact stiffness for fine sizing 

 

 
 

Fig.8. Optimized gears 

 

 
Fig. 9. Variation of contact stiffness / helix angle 

 

 
Fig. 10. Variation of contact stiffness / profile shift coefficient 
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Fig. 11. Variation of contact stiffness / total contact ratio 

 
5.  Conclusions 

 The excitation from the tooth mashing has a 

main influence on the noise behavior of a 

gearing and should be taken measures to reduce 

this excitation. 

 In the Fig. 9, Fig. 10 and Fig.11 it is presented 

three methods to reduce the noise of gear 

meshing. 
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ABSTRACT 
The profile of chain wheels  front teeth throughout paper work is presented in two 

different directions, the front profile resulting from the calculations for determining the 

chain wheel geometry and the other direction represent the same profile (manufactured 

on gear hobbing machine  “FD 500” - UM Cugir România) verified in coordinate of 

measuring on machine  "Smart CMM" - Wenzel UK. The stages of analyzing both 

profiles are represented by chain transmission calculation, manufacturing technology, 

measuring teeth front profile of chain wheel and comparison of front profile resulting 

from the calculations, with the same machined profile (and measured in coordinates). 

Conclusions shows there a rate error read, which may be due to the person who 

measured, with the current method of manually positioning the probe with the joystick;  
for a better determination of the dimensions it's recommended introducing in software 

memory "Smart CMM", drawing of sprocket (in our case), for full analogue scanning 

probe to determining deviations from nominal dimensions; The Coordinate Measuring 

Machine „Smart CMM”, by the flexibility and precision it offers, can be used for 

determining geometrical characteristics of chain wheels; from measurements made with 

success was observed  errors of manufacturing at sprocket studied 

Keywords: teeth, front profile, chain wheels, gear hoobing machine, coordinate measuring machine 

 
1.  Introduction 

   The process of determining analytical and physical 

profile of the chain wheel front teeth is analyzed in 

the following steps: 

   Chain transmission  calculation  of which makes 

part studied chain wheel; 

   Manufacturing technology of chain wheel on gear 

hobbing machine  “FD 500” - UM Cugir România; 

   Measuring teeth front profile  of chain wheel 

(previously manufactured), in coordinates  on „Smart 

CMM” – Wenzel UK; 

    

2.  Chain transmission  calculation  of which 

makes part studied chain wheel 

   To calculate chain transmission it was used 

KISSsoft – release 04-2010G - design software for 

engineers (High school license - Universitatea "Petru 

Maior" Tîrgu Mureş) from KISSsoft AG – 

Switzerland (Table 1). 

   Calculation of chain transmissions with roller 

chains in accordance with ISO 606 (also contains 

DIN 8187 and DIN 8188) with standardized roller 

chains from a database. The chain geometry 

(wheelbase, chain link count), transferable power, 

speed variation, through the polygon effect, etc. is 

calculated for single and multiple chains. Basis: DIN 

ISO 10823[8]. 

 

Table 1. Calculation of chain transmissions 

1 

2 
KISSsoft – Release 04-2010G 

Hochschullizenz Universitatea Petru Maior 

3 

4 

File name:Changed by:user on:25.10.2011at: 

14:42:33 

5 

6 
Chain drive - calculation method: 
                                       DIN ISO 10823 (2006) 

7 Chain type Standard ISO 606 (2004) Type08B 

8 Number of strands                 [ns] = 1 

9 Pitch                                       [p] = 12.70 (mm) 

10 Center distance                      [a] = 297.99 (mm) 

11 Chain length                          [l] = 1041.41(mm) 

12 Nr. of parts (of chain)            [Nl] = 82 

13 Speed of chain                        [v] = 1.46 (m/s) 

14 Geometry of chain: 

15 Max. roller diameter               [d1] = 8.51 (mm) 

16 Max bearing pin body diam. [d2] = 4.45 (mm) 

17 Min width between inner plates[b1]= 7.75(mm) 

18 Max. width over inner link     [b2]= 11.30 (mm) 

19 Total width of chain              [btot]= 17.00 (mm) 
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20 Max inner plates depth          [h2] = 11.81 (mm) 

21 Sectional area of2 inner plates[Ai]=18.97(mm²) 

22 Ratio [th/ts] = 1.00 

23 Geometry of chain sprocket 1: 

24 Min. tooth flank radius      [R2min]= 48.27 (mm) 

25 Med tooth flank radius       [R2] = 36.90 (mm) 

26 Max tooth flank radius       [R2max]= 25.53(mm) 

27 Min roll-seating radius      [R1min] = 4.30 (mm) 

28 Med roll-seating radius      [R1] = 4.37 (mm) 

29 Max. roll-seating radius     [R1max] = 4.44 (mm) 

30 Min. roll-seating angle      [deltamin]= 116.09(°) 

31 Med. roll-seating angle      [delta] = 126.09 (°) 

32 Max. roll-seating angle     [deltamax]= 136.09(°) 

33 Min. outside diameter        [Demin]= 96.57 (mm) 

34 Med. outside diameter       [De] = 98.60 (mm) 

35 Max. outside diameter      [Demax]= 100.63(mm) 

36 Root diameter               [Di]= 84.76 0/-0.3(mm) 

37 Root diameter  tolerance 

38 

39 

Minimum tooth  height over reference circle  

[hamin] = 2.09 (mm) 

40 

41 

Medium  tooth  height over reference circle  

[ha] = 3.11 (mm) 

42 

43 

Maximum tooth  height over reference circle  

[hamax] = 4.12 (mm) 

44 

45 

Face width of a tooth         [bf1] = 7.21 h14 

(mm) 

46 Face width over all teeth    [bftot] = 0.00 (mm) 

47 Measuring-pin diameter     [d1] = 8.51 (mm) 

48 Tolerance measuring-pin diameter (mm) 

49 Measure over pins              [MR]= 101.56 (mm) 

50 Geometry of chain sprocket 2: 

51 Min. tooth flank radius   [R2min]= 156.31(mm) 

52 Med. tooth flank radius      [R2] = 102.66 (mm) 

53 Max. tooth flank radius      [R2max]= 49.02(mm) 

54 Min. roll-seating radius      [R1min] = 4.30 (mm) 

55 Med. roll-seating radius      [R1] = 4.37 (mm) 

56 Max. roll-seating radius      [R1max]= 4.44 (mm) 

57 Min. roll-seating angle       [deltamin]=118.04(°) 

58 Med. roll-seating angle      [delta] = 128.04 (°) 

59 Max. roll-seating angle     [deltamax]= 138.04(°) 

60 Min. outside diameter       [Demin]= 189.85(mm) 

61 Med. outside diameter        [De] = 191.66 (mm) 

62 Max. outside diameter      [Demax]= 193.47(mm) 

63 Root diameter             [Di]= 177.59 0/-0.3(mm) 

64 Root diameter tolerance 

65 

66 

Minimum tooth height over reference circle  

[hamin] = 2.09 (mm) 

67 

68 

Medium tooth height over reference circle  

[ha] = 3.00 (mm) 

69 

70 

Maximum tooth height over reference circle  

[hamax] = 3.90 (mm) 

71 Face width of a tooth        [bf1]= 7.21 h14 (mm) 

72 Face width over all teeth   [bftot] = 0.00 (mm) 

73 Measuring-pin diameter    [d1] = 8.51 (mm) 

74 Tolerance measuring-pin diameter (mm) 

75 Measure over pins             [MR] = 194.61(mm) 

76  Gear 1 Gear 2 

77 Speed(1/min)  [n1]=300.00 [n2]=150.00 

78 Nr. of teeth [z1] = 23  [z2] = 46 

79 

80 

Reference 

diam.  (mm)  

[d1] = 93.27 [d2]=186.10 

81 Loop (°) 162.08 197.92 

82 Torque (Nm) [T1] = 38.20 [T2] = 76.22 

83 

84 

Axis force 

(N) 

[Fa1]:826.78 [Fa2]:822.92 

85 Nominal power                 [Pn] = 1.20 (kW) 

86 Application factor             [f1] = 1.30 

87 Factor for number of teeth [f2] = 0.81 

88 Operating power                [Pmax] = 1.27 (kW) 

89 Speed correction factor      [KPS] = 1.00 

90 

91 

Nominal power plate fatigue resistance  

[Pc1] = 1.94 (kW) 

92 

93 

Nominal power roll-/bush fatigue  

[Pc2] = 151.70 (kW) 

94 

95 

Nominal power pin/bush wear  

[Pc3] = 102.58 (kW) 

96 Max. transmittable Power    [Pzul] = 1.94 (kW) 

97 

98 
Maximal possible variation for the input 

speed (due to polygon effect): 

99 Minimal speed                [nmin]= 150.00 (1/min) 

100 Maximal Speed               [nmax]= 151.76(1/min) 

101 

102 

Lubrication proposal: Drip feed  

(coefficient v*p^ 0.56  6.06) 

103 Utilization                       [A] = 65.58 (%) 

104 Formula: A = Pmax / Pzul * 100 

105  Pzul = min(Pc1,Pc2,Pc3) 

106  Pmax = Pn * f1 * f2 

107 End  report                                          lines: 107 

Fig. 1 - Geometry of the sprocket front profile [5] 

 

3.  Manufacturing technology of chain wheel 

on gear hobbing machine  “FD 500” - UM Cugir 

România 

 
Fig. 2 - Checking axial beatings of sprockets semi-

finished fixed for processing the teeth crown [7] 
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   In this work, processing of chain wheel crown teeth 

is performed on gear hobbing machine  “FD 500” - 

UM Cugir România[4]. 

Fig. 3 - Drawing of execution the chain wheel 

[1],[3],[8],[9] 

   The material of being processed those three 

sprockets is called Textolite and is recommended by 

the company producing SC CEPROINV SA Focşani - 

România, thus: 

   Main features are: High resistance to wear; Good 

resistance to water, oil and lubricants; Good 

machinability; Stiffness and ductile qualities between 

-6 ° C to + 100 ° C; Very good dimensional stability: 

100% humidity and 70 ° C, dilation is below 0.10%. 

Delivery: bars or plates. 

   Textolite is a laminate fabric-based  cotton and 

phenolic resin, being in accordance with the 

following international standards: IEC 60893 PFCC 

202; IN 7735 Hgw 2082.5; NEMA LI 1 EC. 

Fig. 4 -Shape and dimensions of the 

sprocket hob [6] 

   Few applications: ...Textolite is also used in 

applications such as gear pairs and  of friction  wheels 

or surfaces of friction. 

   Textolite can be used in places where good 

dimensional stability and compressive strength of 

thermoplastics materials for general use is not 

satisfactory. Examples:...Carcasses and items of 

equipment; Organs of machines to heavy loads; 

Bearings, gears and guides to press machines.[16] 

   Sprocket hob is the third element participating in 

the toothing.  

   Shape and dimensions of the sprocket hob are be 

found in Figure 4 and Table 2 [6]. 

 

 
Fig. 5 - Sprocket hob mounted on mandrel for 

gear hobbing machine [7] 

 

Table 2. Shape and dimensions of the sprocket hob 
The main 

dimensions 

of the sides 
DIN 8187 

 

 

 
De 

h16 

 

 

 
d 

H7 

 

 

 
b  

 

 

 
t1 

H11 

 

 

 
D1 

h16 

 

 

 
L 

h15 

 

 

 
a 

 

 

 
r1 

Pace 

p 

 

Outer 

roll 

diam. 
d1 max 

Dimension in [mm] 

12.7 8.51 80 27 7 
+0.17 

+0.08. 

29.8 45 60 3 1,5 

Z – (number of teeth) = 12 

 

 
Fig. 6 - Appearence frontal - radial  of sprocket 

position in the process toothing [7] 

 

  Table 3.  Technological parameters for 

processing of sprocket [4]: 

1. Adjustment tool speed: n = 112 [rpm]; 

2. Adjustment lira division: Z = 46, Za = 48, Zb 

=70, Zc =70, Zd = 46, Ze = 28, Zf = 56; 

3. Adjustment lira differential: - it blocking 

spindles rotation; 

4. Adjustment of working advance axial: 

       a = 0.5 [mm / piece rotation]; 

5. Adjustment of working advance axial: 

       a = 0.5 [mm / piece rotation]; 

6. Axial distance from sprocket hob to piece: 

[A] = 135.7 [mm]; 

7. Milling adjusting depth  (of tooth):  

t1 = 4 [mm];  t2 = 3 [mm]. 

 

 
Fig. 7 - Toothing - view from frontal sprocket 

position [7] 
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Fig. 8 - Chain wheels after toothing on gear 

hobbing machine  “FD 500” - UM Cugir România 

[7] 

 

 

 

 

 

 

Fig. 9 - Modeling the chain wheel with Inventor ® 

and AutoCAD ® - CAD design tools 2D and 3D of 

Autodesk® Company USA [1],[2],[3],[9],[10] 

 

4.  Measuring teeth front profile  of chain 

wheel (previously manufactured), in coordinates  

on „Smart CMM” – Wenzel 

   The „Smart CMM” from Wenzel Company is 

available with a range of Renishaw sensors the Smart 

CMM is at home using a touch trigger probe or a full 

analogue scanning probe.[11] 

  Few features are presented [11]: 

   Shop-floor measuring device for measuring small 

and medium size components 

   All guideways protected/enclosed for use even in 

rough environments 

   Only an electricity outlet required (no air bearing) 

   The measuring volume is freely accessible from 3 

sides 

   Flexible use through high temperature tolerance 

a. Light-weight 

   Oustanding kinematics due to ultra light-weight 

construction  (FEM design strain-optimized) 

b. Z Column 

   Made of carbon fibre 

   Flexible adjusting for used probe size, 

c. Controler and PC 

   Compact  construction through integrated system 

d. Precision linear guideways 

   High life expectancy 

   Low maintenance 

   No air supply required 

  The optimized software solution 

  Click’n Measure 

  Measuring automatism inclusive of collision check 

  Graphic measuring protocol with configurable point 

boxes 

   Automatic call of measuring programs through 

speed loading window 

   Freely configurable statistics:  

   Overview, trend diagrams, rule cards, histograms, 

process capability and more. 

 
Fig. 10 - „Smart CMM” –Wenzel Company: 

Points 1 – 4 [13] 

Table 4. Technical characteristics[mm] [13]                          

 Axis diplacements X Y Z 

500 450 400 

1000 450 400 

Measuring uncertainty according to DIN EN ISO 

10360-2 

Temperature range 16-28ºC, max 2 K/h 

MPEE[μm]: 4,5 + L/250 (L in min) 

MPEp[μm]: 4,5 
Temperature range 18-22ºC, max 1 K/h 
 MPEE[μm]: 3,5 + L/300 (L in min) 

 MPEp[μm]: 3,5 

 Kinematics: vmax = 650 [mm/s] 

           amax = 2000 [mm/s] 

Specified measuring uncertainty with TP200 

probing. 
   Measuring teeth front profile  of chain wheel, was 

performed at S.C. Turbocam România S.R.L. Târgu 

Mureş. 

 
Fig. 11 - „Smart CMM” - Wenzel at S.C. 

Turbocam România S.R.L. Târgu Mureş [17] 

   For measuring the wheel, it was used OpenDMIS™ 

(designed and developed by Xspect Solutions, 

became a Wenzel product when they acquired Xspect 
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Solutions in the fall of 2007 [12]) software of „Smart 

CMM” with point-to-point option [15], [17]. 

   Quotas of chain wheel processed on gear hobbing 

machine "FD 500" - UM Cugir România in Machine 

tool Laboratory of University "Petru Maior" - Târgu 

Mureş  were measured in the following order: 1. Root 

diameter, 2. Outside diameter, 3. Roll-seating 

diameter and 4. Profile front wheel chain in 25 points.  

   The results are listed in Table 5. 

Table  5. Measuring results of sprocket ( in 

coordinate X,Y,Z ) 

1 

2 

3 

4 

5 

Inspection Report  

(extract) 

Company: TAPS-C2688  Operator:    

Date: Tuesday, October 25, 2011;      

Time: 6:54:55 PM to 8:00:33 PM 

6 The measured diameters - XY plane 

7 

8 

9 

10 

1. Root diameter  = 177.9458 (mm) 
Time: 6:54:55 PM 

CIR1 - 

MCS/MM/ANGDEC/CART/XYPLAN 

11 

12 

13 

14 

2. Outside diameter = 191.3951(mm) 

Time: 7:24:08 PM 

CIR1 - 

MCS/MM/ANGDEC/CART/XYPLAN 

15 

16 

17 

18 

3. Roll-seating diameter (mm) =8.6089(mm) 

Time: 8:00:33 PM 

CIR2 – 

MCS/MM/ANGDEC/CART/XYPLAN 

19 

20 

21 

22 

23 

Measuring the teeth front profile of 

sprocket by measuring surface profile in 25 

points of XY plane 

Time: 8:00:33 PM 

CRD1/MM/ANGDEC/CART/XYPLAN  

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

Point 

Nr. 

Coord. 

X     (mm) 

Coord. 

Y     (mm) 

Coord. 

Z     (mm) 

PT1 -121.5226 -373.0750 -450.1974 

PT2 -121.4261 -372.5189 -450.1979 

PT3 -121.1971 -371.6438 -450.2200 

PT4 -121.0246 -370.8683 -450.2201 

PT5 -120.9571 -370.5658 -450.1976 

PT6 -120.7541 -369.6536 -450.1977 

PT7 -120.5726 -368.9370 -450.1982 

PT8 -120.2000 -368.0324 -450.2253 

PT9 -119.7805 -367.4657 -450.2489 

PT10 -118.0149 -365.8376 -450.2490 

PT11 -117.6424 -365.6835 -450.2490 

PT12 -117.2499 -365.5474 -450.2491 

PT13 -116.8564 -365.4779 -450.2491 

PT14 -116.3994 -365.4548 -450.2487 

PT15 -115.8629 -365.4768 -450.2487 

PT16 -115.3529 -365.5817 -450.2583 

PT17 -114.9044 -365.7752 -450.2583 

PT18 -113.4539 -367.0117 -450.2583 

PT19 -114.0454 -366.3447 -450.2589 

PT20 -113.6069 -366.8322 -450.2589 

PT21 -111.8864 -368.6667 -450.2594 

PT22 -111.6824 -368.8547 -450.2594 

PT23 -111.2015 -369.3157 -450.2594 

50 

51 

52 

53 

PT24 -110.5935 -369.8527 -450.2590 

PT25 -109.9255 -370.4682 -450.2470 

CoordinateZ = 450.2284 (mm) it’s considered  

the arithmetic average  for all 25 points. 
 

54 End report                                            lines: 54 

 

 
Fig. 12 - Frontal-radial aspect of measuring the 

chain wheel on "Smart CMM" [17] 

 

 
Fig. 13 - Axial aspect of measuring the chain wheel 

on "Smart CMM"[17] 

 

Fig. 14 - The drawing of sprocket profile 

computed and measured  in frontal image show 

the profil difference of dimensions of computed 

sprocket in opposite with manufactured-measured 

sprocket . The difference is  as shown the 0.3 [mm] 

Ø8,6089

Ø8,51

Ø177,9458

Ø191,6579

Ø177,4413

0,3016
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(with blue is drawn up computed sprocket and 

with red is drawn the manufactured-measured 

sprocket) [2],[3],[8],[10],[15],[17] 

 

 

Fig. 15 - Picture of the measured profile is 

observed on "Smart CMM" - OpenDMIS ™ with 

„touch trigger probe” (namely 25 different points 

around the frontal surface of the profile) (with 

blue is drawn up computed sprocket and with red 

is drawn the manufactured-measured sprocket) 

[2],[3],[8],[10], [15], [17] 

 

5.  Conclusions 

   It can be seen in Figure 15 (if it increases the 

image) that the point 17 is not on the front profile 

measured in 25 points distributed on the surface 

profile. If it is observed the machine manufacturer's 

recommendation "smart CMM" - "Specified 

measuring TP200 probing with Uncertainty." There is 

an rate error read, which may be due to the person 

who measured, with the current method of manually 

positioning the probe with the joystick. 

   For a better determination of the dimensions it's 

recommended introducing in software memory 

"Smart CMM", drawing of sprocket (in our case), for 

full analogue scanning probe to determining 

deviations from nominal dimensions. 

   The Coordinate Measuring Machine „Smart CMM” 

–Venzel, by the flexibility and precision it offers, can 

be used for determining geometrical characteristics of 

chain wheels. 

    From measurements made with the success was 

observed  errors of manufacturing at sprocket studied. 
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ABSTRACT 
Framework is an organ whose functions are to take the force that develops during 

pressing, to ensure, through guides, slide command and support all parts of the press. 

Due to the special importance it has to ensure its performance and behavior of the press 

operation, framework represents a part whose dimensioning and testing have to be 

performed with maximum care. Because the complex configuration and variation of 

sections does not allow for sufficiently accurate theoretical calculations to determine the 

elastic strain, and it is necessary to perform experimental determination also. The paper 

experimentally determined elastic deformation of the framework and it’s calculated 

rigidity characteristic. Calculate the linear rigidity characteristic – on the direction of the 

force and angular rigiditys characteristic. Calculate also the mechanical work consumed 

for elastic deformation of the fight and then determines how much percent of mechanical 

work of the press. 

Keywords: rigidity, mechanical press, linear deformation,  

angular deformation, mechanical work  

 
1.  Introduction 

  Under the action of pressing task appear 

elastic deformations of framework and some of the 

parts which compose the press [1, 4, 11]. The size of 

the strains and deformation of framework depend on 

many factors, of which most important are: the 

magnitude and direction of pressing force, pressing 

speed, shape and sections dimensions, the material 

that is executed its components, the position of the 

crank shaft, particularities of construction and 

manufacturing [2, 5, 9]. 

 Framework is the most solicited part of a press 

and his deformation therefore falls not only above 
cinematic precision of the press but also on operation 

parameters [6, 10, 12, 13]. 
 Elastic deformation of framework is 

manifested by the appearance of linear and angular 

displacements it represented dashed, fig. 1. Thanks to 

go top of the framework to change the position of the 

axis of rotation of the eccentric shaft and position of 

slide sizing. Due to the movements of the lower part 

changes the position of the surface table layout of the 

cut press or matrix [3, 7, 8]. 

 Reporting the press to a fixed system, fig. 2, 

you can highlight important changing the position of 

parts of the press as a result of framework 

deformation [11, 14]. 

 

 

If before applying load F, Γc and Γm planes 

that defines the lower area of the slide and the surface 

table are parallel, while pressing, as a result of the 

elastic deformation, these planes are removed with 

each other and rotate in opposite directions making 

the distance between them grow H0. 

Also, the two planes rotate with angles θc and 

θm. Under these conditions, the distance between 

table and slide increase becoming H0 + ΔH0 and 

cinematic axis of the slide no longer coincides with 

the axis of the table, but you want to cross it under the 

deformed framework angle θb in B point, located at 

the height of the z0 the original location of the table. 

 

 
 

Fig.1 Frame work with C shape, before and 

after the deformation 
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Increase of the share H0 with ΔH0 is the result of the 

combined effects of elastic deformations of 

framework, the main movement mechanism. 

 Implications of elastic deformation of 

framework are over: the quality of pressed parts, tools 

durability, energy consumption and use of the full 

availability of the press [6, 11]. 

Below, increasing the share H0 due to deformation of 

framework, will be denoted with δzb. 

 

2. Experimental and material used 

 Request press will run with the help of a 

hydraulic device 1. It sits on the board of the press, as 

shown in fig. 3.  

 

 

To operate the hydraulic device, rod 3 acts on the 

slide, asking the framework with a force F 

proportional to the pressure quoted by pressure gauge 

2. The comparators for measurement should be fixed 

by stands of 5, you can move on to the rod 4. 

Loading with force was accomplished with low 

speed to be complied with the conditions of static 

request. 

 In order to determine, on an experiment, the 

rigidity of the framework it is necessary to measure 

the deformations. For this purpose with the help of 

comparators will be carried out measurements of: 

- movements of the upper part of the framework and 

framework table; 

- angular movements of the top of the table. 

For deformation measuring is used 

comparators with accuracy 1/100 mm.  

Measurements shall be carried out in the points 

and the distances shown in fig. 4. 

 

 
Fig.4 Locations where measurements are made on 

the framework 

 

Deformations in the slide axis transmissions 

will be calculated taking into account the comparators 

indications 1 ... 10. 

Distances 0 and 1 (fig. 4) shall be so 

selected as to be as big in order to ensure a significant 

difference between the comparators indications. So  

0 = 430 mm and 1 = 330 mm. 

The linear deformation of the slide will be 

obtained experimentally [11, 14]: 

 

           
2

109

4

4321 






zb

            (1) 

 

where: δ1...δ10 are the measured values of 

comparators. 

The angular deformation to slide and to 

press table (fig. 2, 4) shall be determined by the 

relations: 

 

 
Fig. 2 The drawing of movements of different           

functional surface after the deformation of   

framework 

 

 
 

Fig. 3 Experimental bench 
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and the total angle of deformation of framework is 

obtained experimental:  
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     (4) 

 

3. Results and conclusions 

 Based on the results recorded, were made by 

the following: 

- with the help of the relation (1) it has plotted the 

linear deformation of the slide obtained 

experimentally δzb = f (F), for the force F was 

assigned discrete values from 50 up to nominal force 

400kN (fig. 5); 

 

 
Fig.5 Linear deformation of the framework 

 

- with the help of the relation (4) it has plotted the 

total angle of deformation of framework obtained 

experimentally, θb = f (F); 

 

 
Fig.6 Angular deformation of the framework 

 

 Knowing the deformations measured 

experimentally, you can set the feature to linear and 

angular rigidity with relations: 

 

zb

F
lC


  [kN/mm];      

b

F
C

   [kN/degree]   (5) 

 

Their variation depending on force , applying 

press, are shown in fig. 7 and fig. 8. 

 

 
       Fig.7 Linear rigidity of the framework 

 

 
      Fig.8 Angular rigidity of the framework 

 

 For elastic deformation with δzb of the 

framework is consumed with a certain work. The 

mechanical work consumed will be: 
 

                   
2

zbF
eL


  [kNmm]                         (6) 

 

The mechanical work available to the press 

can be calculated with relation [14]: 

 

                            
33550 NF,L                              (7) 

 

Using relations (6) and (7), it was established 

as per cent of the work available is consumed by the   

elastic deformation of the framework in the case of an 

application there of by force F with values from 50 in 

50kN. The results are shown in the graph of fig. 9. 

 
Fig.9 Mechanical work (L) for elastic   

deformation of the framework 
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On the basis of the processing results of 

measurements and calculations, detached the 

following conclusions: 

- one may approximate that linear and angular 

deformation of the framework (fig. 5 and fig. 6) 

increases the force applied, which was expected to be 

in the field of elastic deformation; 

- linear rigidity (fig. 7) is constant across the whole 

range of forces, having however values something 

lower mid range; 

- angular rigidity (fig. 8) decreases with increasing 

force, more sharply at the beginning of the range and 

after much more slowly; 

- the mechanical work consumed for the elastic 

deformation of framework increases with force  

(fig.  9), as the nominal force of 400kN to 3.45% of 

the work available to the press. From this point of 

view it may be considered a PAI 40 press with good 

rigidity characteristics compared to other presses, 

where the speciality literature gives this percentage 

over 10% [4, 11, 14]. 
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ABSTRACT 
Optimization of machining parameter for finishing complex surfaces is particularly useful 

in the aircraft industry and the construction of molds. The right choice of technological 

parameters of the finishing process can save time, substantially improve the quality of 

machined surface, and increase cutting tool life. The purpose of the paperwork is to 

determine, through experimental research, the optimal process parameters in order to 

obtain a milled surface with the right roughness. This paper proposes an experimental 

study in which, using different cutting speed, but the same tool and same technological 

parameter, it is milled the surface of a spherical piece. The experiment that underlies this 

paper is designed for a 3-axis machining center. 

Keywords: milling, cutting tool, toolpath, roughness. 

1.  Introduction 

Milling is a cutting process that removes the 

excess material of a semi finished in the shape of 

small elements, named splinters. These splinters are 

formed at the intermittent interference of the cutting 

tool, the mill, and the semi finished. These cyclic   

interference is generated by the rotational movement 

of the tool, that has the cutting blades positioned at 

space intervals, and by the relative feed movement 

that exist between the semi finished and the tool. As a 

consequence, the milled surface is composed by a 

series of geometrical elements (small surfaces) 

individually generated by each blade of the tool. 

Bellow, in the figure 1, there can be easily remarked 

the influence of the tool geometry and its 

repositioning by feed movement towards the 

geometry of the machined surface. 

 

 
Fig. 1 – Surface resulted in the milling process 

 

The roughness of a surface is determined by 

measurements, after machining. These irregularities 

can be also determined by mathematic relations, so 

there appears the issue   of optimizing the 

technological process, having imposed the quality of 

the surface, with the condition of maximizing the 

production. The difficulty is due to the relation 

between the mechanism that generates the surface and 

of the non controllable elements that influence this 

process. 

The quantification of this milled surface is 

given by the roughness level of the obtained surface. 

As a consequence, the deep understanding of the 

milling phenomena offers a support in optimizing the 

parameters of the technological process. In a modern 

milling process, using the numerical commanded 

machines, there is a number of parameters that 

influence the quality of the machined surface. These 

parameters can be seen in the fish diagram shown in 

figure 2, with the names translated in Romanian 

[Benardos, Vosnikos, 2003].  

For the optimization of the technological 

parameters there is necessary a study of the influence 

of each one by changing its value but keeping the 

others at the reference value. In this way, for steel 

used in the fabrication of the core of the injection 

moulds for reflectors, there were determined in the 

previous experiments the next technological 

parameters: 

 Milling path- from down  to up 

 the direction of the radial feed- to the left 

 the optimal machining allowance-0,05 mm 

 feed/tooth- 0,01 mm 

 radial step-0,025  

 

The 5
th

 Edition of the 

Interdisciplinarity in Engineering International Conference  

 “Petru Maior” University of Tîrgu Mureş, Romania, 2011 

 

 

 

193



 
 

Fig. 2 –Parameters that affect the surface roughness (Benardos and Vosnikos, 2003) 

 

 

In the case of this paperwork, the machining 

process is having place using a 3-axes machine. 

The technological parameters of the cutting 

process, according to diagram, that can influence 

the quality of the surface are the cutting speed and 

the cooling fluid. For what next, there will be made 

an analyze of the influence of the cutting speed. 

 

2. Experimental activity 

 

2.1.  Working environment  
The experiment took place on the 3 axes 

CNC machine Mori Seiki Duravertical 5080 placed 

in the manufacturing centre, equipped with 

machine tools, of the Petru Maior University 

(figure 3). The raw material, a stainless steel 

recommended for the manufacturing of the active 

parts of the moulds used to obtain projectors, it has 

the standard number DIN X40Cr14 (STAVAX by 

commercial name), with the chemical composition: 

36-0.42%, Si max. 1%, Mn max. 1%, P max. 

0.03%, S max. 0.03%, Cr 12.5-14.5 %. The 

semifinishing, having the shape of a spherical 

calotte, was made through roughing operations, 

with a machining allowance of a  0,3 mm, followed 

by a heat treatment that raised the hardness to 

48HRC, and than semifinishing, keeping a 

optimum machining allowance of 0,03 mm. 

For finishing it was used a toric end  mill 

Pokolm Voha with the diameter of 6 mm, with 2 

blades, having the radio to the corner 1,5 mm. The 

raw material of the tool is CBN, in order to be able 

to work at high speeds cutting.. The use of toric 

end mill presents the advantage of a smaller 

variation of the cutting speed, as opposed to the 

ball-end tools. The fixation of the tool is made with 

a usual system, so that the assembly tool - adaptor, 

to have the maximum run out error under 10 µm. 

The cooling of the mill is made with compressed 

air. 

 

 
Fig. 3 Working space of the experiment 

 

In order to achieve high cutting speeds, 

we used a high-speed spindle system from 

Pokolm company, capable to delivery up to 

60000 rot/min. 

The establishment of the CAM process is 

made using the CATIA V5 R20 environment. The 

postprocessor used is Fidia 3X that generates a 
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code in ISO language.  

On a part of a spherical calotte there may be 

defined an infinity of cutting speed value for a tool. 

In order to keep the manufacturing conditions 

during an experiment there will be considered only 

10 different value (190, 300, 400, 500, 600, 700, 

800, 1000 m/min). The 10 finishing strategies are 

defined according to figure 4.  

 
Fig. 4 Active area divided into 10 sectors with 

different tool paths 

 

The cutting speed is thus determined so we 

can establish an economical cutting regime, 

considering it as an unmodified parameter, at the 

value offered by tool manufacturers’ catalog. The 

manufacturing advance is in strong relationship 

with the loading capacity of a tool, while the 

manufacturers recommend the maximal value that 

it can work without any problems. The cutting 

depth is also recommended by the manufacturers, 

again at a maximum level.  

 

2.2 The CAM process design  

For the CAM process design was used the 

medium offered by Dassault Systems Company, 

CATIA V5. There are 3 necessary steps: 

A. Establishing the work circumstances  

 The machine tools type – Center of 

milling manufacturing in 3 axis 

MoriSeiki 5080 Duravertical; 

 The coordinate system attached to the 

piece; 

 On demand equipment to write NC code - 

Fanuc; 

 For an accurate simulation is necessary to 

define both the mark’s geometry and 

those of the semi-manufactured 

 Defining the global safety plan of the 

manufacturing operation; 

 Also can be defined elements that fixes 

the mark; 

B. Choosing the manufacturing phases (roughing, 

semi-finishing, finishing) in the right order. 

The manufacturing simulation is necessary 

after every execution phase and at the end of 

the all process. Establishing the manufactory 

technology has grouped in five sections the 

introduction of some elements as follows:    

 Establishing the trajectories  

o Route type 

o Axial step, radial step, or both  

o Calculation tolerance  

o Other different parameters  

 Useful geometrics 

o Part geometrics  

o Stock geometrics  

Geometrics filters  

 Manufacturing addition  

 Tool usage  

o Tool geometrics 

o Tool holder geometry 

 Technological elements 

o Speeding power 

o Work advancement 

o Engagement advancement 

o Clearance advancement 

 Establishing engagement and clearance 

mode from manufacture  

C. Post-processing and NC code generation. 

The roughening is a working phase that 

must eliminate as much material as possible in the 

least amount of time; therefore, for these phases is 

recommended to use the maximum cutting depth 

value and maximum feed rate.  The finishing phase 

has the purpose to generate the final surface, which 

in mould’s core for injected reflectors is highly 

sensitive in terms of surface quality and form 

deviation. As result, we build a CAM process to 

determine the optimal manufacturing addition and 

the right axial step suited for this kind of situations. 

The active surface of the core was divided in 10 

sections, marked with a black line (figure 4). 

 

3. Result analysis  

The quality study was made by using two 

methods: a quantitative one, by measuring the 

roughness and an evaluative one by examine the 

topography of the surface enlarged by the 

microscope. 

The quality study was made by measuring 

with a roughness tester made by Taylor-Hobson, 

England. The measurements for each surface were 

made in two directions, according to figure 5, and 

the data is summarized in tab.1.  

 

195



 
 

Fig.5. Measuring lines 

 
Table 1. The evaluation of the milled surface 

Cutting 

speed 

Ra 1 Ra2 Manufacturing 

time 

190 0.219 0.336 22 min 

300 0.253 0.215 13 min 

400 0.226 0.247 11 min 

500 0.328 0.259 9 min 

600 0.320 0.258 8 min 

700 0.224 0.249 7 min 

800 0.261 0.162 6.7 min 

1000 0.236 0.225 6.2 min 

 
The second appreciation method used is 

evaluation of the surfaces topography 

photographed to the microscope like figure 6 

 

 

 

Fig.6. Surface topography photographed 

 
        4. Conclusions 

The experimental study demonstrates that: 

 Cutting speed has very little influence on 

surface quality  

 The main reason for increasing the cutting 

speed is not improved surface quality, but 

better productivity 

 However, this must be done balancing tool 

wear 

Further studies must determine the fine balance 

between productivity (increasing the cutting speed) 

and tool wear (surface quality). 
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ABSTRACT 
This paper studies the obtaining of an experimental rapid drilling machine, through EDM 

process for small holes. The best parameters such as peak current, pulse frequency, duty 

factor and electrode rotation speed were studied for best machining characteristics. An 

electrolytic copper rod 0.8 mm diameter was selected as a tool electrode. The 

experiments generate output responses such as maximum material removal rate (MRR) 

and the dependence with peak current, duty factor and electrode rotation, parameters. 

Finally, parameters were optimized for maximum MRR with desired surface roughness 

value and used for sizing the component for a better small rapid drilling machine. 

Keywords: Fast drilling Electrical Discharge Machining, small holes. 

1.  Introduction 

Considered a last resort for drilling holes, Fast 

Hole Electrical Discharge Machining (EDM) Drilling 

is quickly becoming the standard method for 

producing small, tight tolerance holes. It is an 

extremely cost effective method for producing fast 

and accurate holes into all sorts of whether hard or 

soft conductive materials. EDM drilling operates on 

the principal of eroding material via the use of 

electric energy. [1] 

There are many advantages of using fast EDM 

drilling versus conventional drilling: 

-Some materials are too hard to drill using 

conventional methods. The EDM machine drills 

through almost any conductive material including 

carbide and hardened steel. [2]  

-Drills tend to bend in contact with the 

surfaces. To prevent this, additional fixtures and 

guide bushings must be used. With EDM drilling, the 

electrode never contacts the material being cut, [3] 

thus eliminating the tool pressure normally 

experienced when drilling on curved or angled 

surfaces. [4] 

-Deburring holes drilled by conventional 

methods can take longer than the drilling. EDM 

drilling creates no burrs. This burr-free drilling saves 

time and labor, and is especially crucial when 

difficult holes are being drilled. In addition, surface 

finishes are better. The smaller the hole, the more 

important a smooth surface is. [5] 

-Drilling holes with conventional methods is 

often extremely difficult if not impossible. EDM 

drilling is often the only practical method for 

producing such holes. As conventional drills enter or 

exit, they can break if torque is not carefully 

controlled. [6] Small broken drills are often difficult 

to remove from the work piece, and time is wasted 

replacing broken drills and parts may have to be 

scrapped. With EDM drilling, torque conditions do 

not exist since the electrode never contacts the work 

piece. [7] 

 

2.  Method used  

This method is based on trial and error 

improved results. The study is made on an 

experimental machine, with a large domain of 

parameters adjustment. The goal is to obtain the best 

machining parameters and maximum MRR. [8] 

Obtained parameters are used for proper 

choice and dimensioning of machine components for 

a better new machine potentially commercial type. 

 

 
Fig. 1 – EDM fast drilling process 

 

Holes were made in a 12mm plate of tool steel 

using a 0.8mm electrolytic copper full wire. Brass is 

also possible, coreless or multi-channeled [Fig. 2]  [9] 
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Fig. 2 – Examples of electrodes for drilling 

 

Before experimentation, the work piece faces 

were rectified to a good surface finish using a surface 

grinding machine. The bottom of the electrode rod is 

polished for best electric contact at every experiment.  

The initial weight of the work piece was 

precise weighed using an accuracy digital scale. [8] 

The work piece was connected to the terminals of 

power supply and clamped on the machine table. The 

dielectric fluid was flushed at a constant pressure in 

the gap between electrode and work piece. [10] Holes 

of 12 mm depth were drilled in all the experiments. 

The time taken for machining each hole was 

recorded. At completion of each hole the work piece 

was removed from the machine, washed, dried, and 

weighted. The material removed rate was calculated 

using the following formula: [11] 

 

mg/min
   timeMachining

piece of weight  Final- piece work of weight Initial
MRR

(1) 

3.  Experimental results 

The controllable variables chosen for the 

experimentation were peak current, pulse time-on and 

electrode rotation speed. Other factors such as gap 

voltage, (40 V), machine sensitivity, lift time, and 

flushing were kept constant during the 

experimentation. [12] Table 1 shows the controllable 

parameters and actual values.  

 

Table 1. Controllable parameters 
Parameters Notatio

n 
Levels 

-2 -1 nor

mal 
1 2 

Current [A] I 2 4 6 8 10 

Pulse on 

time [µs] 
ton 20 40 60 80 100 

Electrode 

rotation 

[rpm] 

N 0 100 200 300 400 

 

The experiment design consists of 16 

experiments by combining process parameters and 

their levels [Fig. 3]. Random selection of parameters 

minimalized error and exterior influence. [13] 

 The experimental design matrix and output 

responses values are shown in Table 2. 

 

Table 2: Output responses values 

Parameters 

No. I ton N MRR 

1.  2 40 200 1.34 

2.  2 60 200 1.63 

3.  4 40 100 5.55 

4.  4 60 200 6.41 

5.  4 80 300 8.58 

6.  6 60 200 16.32 

7.  6 20 200 15.96 

8.  6 60 400 20.8 

9.  6 60 0 10.62 

10.  6 100 200 16.83 

11.  8 80 100 24 

12.  8 80 300 28.51 

13.  8 40 300 31.25 

14.  8 40 100 24.72 

15.  8 60 300 29.41 

16.  10 60 200 39.63 

 

 
 

Fig. 3 – Experimental obtained holes. 

 

4.  Conclusions 

The effect of current at different pulse on-time 

the MRR increases with the increase in current. [14] 

MRR varies almost linearly with the current. At pulse 

on time 60 μs, MRR increased from 1.63 to 39.63 

mg/min as current is increased from 2 A to 10 A. 

 The effect of pulse on-time and MRR at same 

electrode speeds is insignificant. For electrode speed 

at 200 rpm, and 6A, MRR is increased from 16.32 

mg/min to 16.83 mg/min as ton increased from 60 μs 

to 100 μs. The short pulses cause less vaporization, 

whereas long pulse causes the plasma channel to 

expand. The expansion of the plasma channel causes 

less energy density on the work piece, which is 

insufficient to melt or vaporize the material [13]. 

 

The effect of electrode rotation on MRR for 

various currents causes the MRR increase as the 

electrode speed increases dependent of the current 

values. The improvement of MRR is due to better 

flushing condition. At 6 A current, increase in MRR 
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is from 10.62 mg/min to 20.8 mg/min when electrode 

speed increased from 0 rpm to 400 rpm. It shows that 

the electrode speed is more significant at low current 

settings because the debris is finer and less 

concentrated at low current values and the increase in 

electrode speed resulted in effective removal of 

debris. But at high current, the MRR is more and the 

debris is larger and more concentrated. 

The excessive concentration of debris and 

large size can result in bridging the gap between the 

electrodes and subsequent short-circuiting reduces the 

percent increase in MRR. 

If require close tolerance, small holes, EDM 

drilling is the technology to utilize. By reducing the 

discharge energy, holes can be polished. 

This machine can be use it to drill precise 

holes in medical and dental instruments, but its uses 

are varied and include drilling holes in turbine blades, 

fuel injectors, cutting tool coolant holes, hardened 

punch ejector holes, plastic mold vent holes, and 

starter holes for wire EDM.[15] 
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ABSTRACT 
TiAlSiN thin film coatings were deposited by DC reactive magnetron sputtering of TiAlSi 

target with 40 at.% Ti, 40 at.% Al and 20 at.% Si, performed in N2-Ar gas mixture. The 

sputtering power used in these experiments was controlled at 400 W. The bias voltage of 

the substrates was kept at -20 V DC and the temperature at 500 
0
C. All the samples were 

prepared with a constant flow rate of Ar and different nitrogen flow rates, which were 

selected from 1.25 sccm to 4.0 sccm. Nanostructured TiAlSiN coatings were developed on 

Si(100) and HSS substrates. Microstructure investigation of the coatings was performed 

by transmission electron microscopy investigation, structure investigation was performed 

by XRD analysis, and the mechanical properties of the coatings have been tested by ball-

on-disk tribological investigation and micro-Vickers hardness measurements. In this 

paper will be shown that for optimized nitrogen concentration the microstructure of 

TiAlSiN coating evolve from a competitive columnar growth to a dendritic growth one 

with very fine nano-lamellae like morphology. The developed nanostructured TiAlSiN 

coatings have hardness HV exceeding 40 GPa and show an increased abrasive wear 

resistance. 

Keywords: thin film, sputtering, microstructure, mechanical properties 

 
1.  Introduction 

Preparing multiphase nanostructured materials 

in the form of thin film coatings and understanding 

the growth mechanism of the developing film is a 

challenge for material scientists, as these materials 

have very special physical, tribomechanical and 

structural properties. 

These materials have very high hardness, 

sometimes exceeding 40-60 GPa, high elasticity, up 

to 80% recovery energy, and high thermal stability, 

which was observed at temperatures as high as 1100 
0
C [1-5]. 

The nanocomposite nc-TiAlN/a-Si3N4 system 

is an outstanding material with these exceptional 

properties, which could come from the phase 

segregation of strongly immiscible components 

observed for nanocrystals of TiAlN embedded in an 

amorphous Si3N4 matrix phase [6-11]. 

Our experiments aimed to obtain a structure 

which has these properties.  

 

2.  Experimental details 

We used the DC excited unbalanced 

magnetron sputtering method to build thin films with 

TiAlSiN composition. The reactive sputtering of 

TiAlSi target with 40 at.% Ti, 40 at.% Al and 20 at.% 

Si was performed in N2-Ar gas mixture. The details 

of the experimental sputtering system were reported 

elsewhere [12-13]. The overall purity of this target is 

99.6% guaranteed.  

Prior to the experiments the vacuum chamber 

was evacuated with a turbomolecular pump to a base 

pressure of ~ 6102  Torr. The working pressure of 
3103  Torr was obtained with an Ar+N mixture, the 

Ar gas throughput was controlled by a servo valve 

controller (MFC-Granville Phillips S 216), and 

measured by a GFM 17 Aalborg mass flow meter. 

The N2 throughput was controlled by a digital mass 

flow controller (Aalborg DFC 26).  

The substrates for the films were high speed 

steel (HSS) for tribological testing and <100> Si 

wafer for structural characterization. Their distance 
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and position relative to the target surface was 110 mm 

horizontally, and centered vertically, and was kept 

constant throughout the experiment series. 

The substrates were positioned statically in a 

heated Mo boat which allowed also the application of 

the bias voltage. For temperature measurements a  

K-type chromel-alumel thermocouple was positioned 

on the substrate holder. 

Before the deposition process was started, the 

chamber was filled to 0.8 Pa with Ar, in order to 

plasma-etch the substrate surface for 10 minutes. The 

etching voltage was limited to 350 V. During this 

process the target was also pre-sputtered, behind a 

closed shutter, with a sputtering power of 200 W. 

The sputtering power used in these 

experiments was 400 W. The bias voltage was kept at 

-20 V DC and the temperature of the samples at 500 
0
C. All the samples were prepared with a constant 

flow rate of Ar, namely 6.0 sccm. The preparation 

parameters are summarized in Table 1.  

 

Table 1. Summary of deposition parameters 

Sample 
qN2 

(sccm) 

aD 

(Å/s) 

d 

(kÅ) 

pd 

(mTorr) 

M18 1.25 4.7 20.2 2.9 

M17 1.50 4.4 20.2 3.3 

M16 2.00 4,3 20. 1 3.0 

M19 2.50 4.3 20.1 3.0 

M20 3.00 3.8 20.2 3.0 

M21 3.50 3.4 20.0 3.0 

M22 4.00 3.2 20.0 2.9 

 

The microstructures of as-deposited coatings 

were studied in a JEOL 100U transmission electron 

microscope at Sapientia University, after they were 

prepared for electron transparency by cross section 

ion milling in a Technoorg Linda IV/H/L unit. The 

high energy thinning process was followed by a low 

energy (200 eV) etching, for removal of amorphous 

artifacts. Bright Field (BF) and Dark Field (DF) 

imaging techniques were used to investigate 

crystalline structure, and SAED (Selected Area 

Electron Diffraction) patterns were recorded to 

identify the crystallographic orientations of the found 

phases. 

 

3.  Microstructure 

In case of low nitrogen throughput in the 

process of preparation (qN=1.5 sccm), the 

transmission electron microscopy (TEM) image 

clearly shows that by transition from the TiAlSi base 

layer to the TiAlSiN layer, we have a transition of 

microstructure from competitive columnar growth to 

a dendritic growth, as it can be seen on figure 1.  

The analysis of the SAED pattern shown in 

figure 1 reveals the presence of the following phases: 

fcc-TiAlN, hex β-Si3N4 and TiSi2, respectively. 

 

 
Fig. 1 – TEM images BF and DF at 25k 

magnification and SAED pattern of sample M_17 

prepared by qN=1.5 sccm 

 

With a small increase in N2 flow rate 

(0.5sccm), and by growing the TiAlSiN layer without 

an interface layer of TiAlSi, as in the case of sample 

M_16, shown in figure 2, the bent lamellar structure 

caused by the transition layer is no longer observable, 

and the fine nano-lamellae in the growing film are 

perpendicular to the surface of the substrate, therefore 

in the direction of film growth. 

The SAED inserts shows a clear (111) texture 

from the alternating layers of lamellae. The crystallite 

size in this case is very small, as it can be seen on DF 

image, right side of the image in Fig. 2.  

 

 
Fig. 2 – TEM images BF and DF taken at 20k 

magnification and SAED pattern of sample M_16 

 

Increasing further the N content as in the case 

of sample M_19, the morphology of the thin film 
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shows no obvious change (Fig. 3), except for an 

appearance of the accumulation of some segregated 

phases at the column boundaries, which can be 

observed on figure 4.  

 

 
Fig. 3 – TEM images BF and DF shown at 40k 

magnification, and SAED pattern of sample M_19 
 

 
Fig. 4 – Bright field TEM image at 40k 

magnification of sample M_19 

 

4. Composition 

Following to the structural analysis performed 

in the JEOL 100U transmission electron microscope, 

some of the samples were taken to perform 

compositional analysis with the EDS (Energy 

Dispersive Spectroscopy) in a analytical transmission 

electron microscope Philips CM20 (200 keV). The 

elemental compositions of selected samples 

investigated by EDS analysis are presented in  

Table 2.  

The increase of nitrogen flow rate selected for 

various deposition processes clearly show the 

increase of nitrogen amount in the composition of the 

films. 

Table 2. EDS compositional analysis results 

Sample M_17 M_16 M_19 

    

Ti (at%) 21 19 12 

Al (at%) 31 35 22 

Si (at%) 14 14 19 

N (at%) 20 31 47 

O (at%) 1.5 1.8 3.2 
 

5. XRD analysis 

XRD measurements were conducted on a 

number of samples, following the Bragg-Brentano 

θ-2θ geometry, performed in a Philips PW 1710 

diffractometer. 

For evaluation of the obtained diffractograms 

(Fig. 5 – Fig. 7) we used the following standard 

markers, powder diffraction maxima: 

 β–Si3N4 (PDF-33-1160), hexagonal; 

 α–Si3N4 (PDF-41-0360), hexagonal; 

 AlN (PDF 46-1200); 

 TiN(PDF 38-1420); 

 Al (PDF 04-0787); 

 β-Ti (PDF 44-1288); 

 α-Ti (PDF 44-1294); 

 Si (PDF 27-1402). 

We identified on the XRD patterns the 

crystalline phases by assigning the acquired spectra’s 

peaks to the characteristic reflections from the 

reference spectra, and we determined the interplanar 

distances for each reflections. 

In some of the spectra we had a very strong 

reflection peak at 2θ =39°, which origin is still 

unknown, this problem needs clarifying. 

It is presumable, that the peak very close to the 

200 peak is a response from the TiAlSi transition 

layer. 

Based on the SAED analysis, the hexagonal 

Ti3Al phase has the strongest line (201) in this 

position, which is corresponding to an interplanar 

distance of 0.220 nm, and another strong peak is 

present at 0.232 nm (JCPDS 09-0098).  

In the XRD spectra of the sample M_17 we 

can identify the d=2.4272 angstrom planar distance, 

which covers very well the reference line for the 

(111) planes of the TiN phase. 

Furthermore, the presence of interplanar 

distance with d=1.4842 Å, which can be attributed to 

the (220) TiN reflection, we can`t rule out the 

presence of the β-Si3N4, because the reference 

markers for this phase are overlapping with the other 

peaks in the spectra. The peak appearing at 2θ=74° 

indicates a possibility, that the AlN phase is also 

present. The presence of this phase is interesting 

because it shows us, that the solubility of the 

aluminum is smaller at this composition.  

In the case of the sample M_19 the two peaks 

specific for TiN reflections are strongly widened, 

which can be understand as the TiAlN crystallites in 
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the film are very small. The form of the 2 peaks 

suggests that Si3N4 phase is present, also possible in a 

very small crystalline form. 

In the XRD spectra of the sample M_21 we 

could identify clearly the peaks for TiN (111) and 

TiN (200), with d=2.4172 Å and d=1.4842 Å, 

respectively. 

Summarizing the XRD results we can say that 

increasing the N content of the films the peaks widen 

and displace to the higher crystallographic constants.  

 
Fig. 5 – XRD spectra of sample M_17 

 

 
Fig. 6 – XRD spectra of sample M_19 

 

 
Fig. 7 – XRD spectra of sample M_21 

 

6. Tribological measurements performed by 

Ball-on-Disk method 

The tribological investigations were 

conducted on TiAlSiN films with thicknesses around 

3 μm, deposited on HSS substrates. For testing the 

wear resistance of the coatings we performed ball-on-

disk wear measurements by using a DTHT70010 

High temperature tribometer of CSM Instruments. 

In the abrasive wearing experiments we used 

hard counter materials of 100Cr6 steel and Si3N4, 

balls with 6 mm diameter, and 4.8 mm diameter, 

respectively. 

The selected samples for tribological 

investigations were M_16, M_19, M_22. The 

measured wear rates show that sample M_22 has the 

lowest wear rate, compared to other selected samples 

(Fig. 8). 
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Fig. 8 – Comparative graphs indicate the wear of 

the selected samples 

 

7. Microhardness measurements 

For microhardness measurements we used a 

CV-400AAT type micro-Vickers instrument with 

diamond pyramid indenter. The coatings of TiAlSiN 

films deposited on Si and HSS substrates were both 

tested.  

The results presented in Table 3 are average 

values of repeated measurements. Although the film's 

thickness was greater than 2 μm, in order to exclude 

the influence of the substrate effect, we performed 

the measurements with 10 g and 20 g loading force. 

The indentation time was 30 s, with 10 s 

holding time. The hardness measurement results are 

presented in table 3 are expressed in HV number of  

kgf/mm
2
.  

 

Table 3. Results of microhardness measurements  

  Si10g HSS10g Si25g HSS25g 

M17 2267 ---- 1698 2027 

M16 1771 2081 1761 1704 

M19 2088 2408 1799 2167 

M20 2908 2796 2054 1641 

M22 3460 4011 2341 3185 

 
We can observe how the increase in N 

concentration the hardness of the sample increases.  

The 40 GPa hardness and the very low wear 

rate of the TiAlSiN film are important experimental 

results. One of the major requirements for superhard 

203



thin films according to the literature is, that the 

oxigen content should not be higher than 0.5 at % [1]. 

Our ongoing experiments are running nowaday 

for deposition of TiAlSiN thin films with reduced 

oxigen content, by using of UHV environment, and 

the concerning results will be published in a 

following paper. 

 

8. Conclusions 

TiAlSiN thin film coatings were deposited by 

DC reactive magnetron sputtering of TiAlSi target 

with 40 at.% Ti, 40 at.% Al and 20 at.% Si, 

performed in N2-Ar gas mixture. The sputtering 

power used in these experiments was controlled for 

400 W. The bias voltage of the substrates was kept at 

-20 V DC and the temperature at 500 
0
C. All the 

samples were prepared with a constant flow rate of 

Ar, namely 6.0 sccm. Different nitrogen flow rates 

were used in preparation, which was selected from 

1.25 sccm to 4.0 sccm. Nanostructured TiAlSiN 

coatings were developed on Si(100) and HSS 

substrates. Microstructure investigation of the 

coatings was performed by transmission electron 

microscopy investigation, structure investigation was 

performed by XRD analysis, and the mechanical 

properties of the coatings have been tested by ball-

on-disk tribological investigation and micro-Vickers 

hardness measurements.  

 

The following experimental results have been 

obtained: 

a.) For optimized nitrogen concentration the 

microstructure of TiAlSiN coating evolve from a 

competitive columnar growth to a dendritic growth 

one with very fine nano-lamellae like morphology. 

b.) We have studied the microstructure, 

composition and mechanical properties of these 

nanostructured coatings and established that 

superhard TiAlSiN coatings with hardness HV 

exceeding 40 GPa and high performance of 

mechanical properties with increased abrasive wear 

resistance can be obtained. 
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ABSTRACT 
Precision optical components from an old optical microscope can be improved and 

emphasized with a dedicated digital microscope camera. This is an affordable way to 

obtain a high performance metallographic or biological microscope, with minimum of 

spending. This paper study those ways and adapts a camera to existing microscopes for 

researchers use, optimizing visualization by projecting the image and improving the 

microscope use by different options of capture and image processing. 

Keywords: Metallographic microscope, digital microscope camera, image and video capture and processing. 

 
1.  Introduction 

With traditional eyepieces, the movement of a 

pupil can blur the image because the pupil moves 

beyond the narrow ray bundle produced by 

conventional microscope technologies [Fig.1]. [1] 

Most microscope users have to sit in a rigid posture 

and the slightest movement of the pupil will cause 

them to lose the image. [2]  

 

 
 

Fig. 1 – The narrow ray bundle produced by 

conventional microscope technologies. 

  

The latest technology continually advances by 

combining entry level microscopes with digital 

cameras. [3] There are basically two different 

varieties available: "all in one" where the digital 

camera is fixed into the microscope and cannot be 

removed or one with a separate digital camera 

connected to the microscope by a digital adapter 

which is removable [Fig 2].  

There are obvious advantages and drawbacks 

to both. Digital Camera Mega Pixels generally range 

from below 1.3 MP to 7 MP.  [4] All digital 

microscope cameras are equipped with extensive 

software for capturing, photo editing, measuring and 

recording. [5] The extensive software found in 

dedicated microscope digital cameras can offer 

endless learning opportunities. [6] As opposed to 

commercial type digital SLR or point and shoot 

cameras offered by Nikon, Olympus or Canon, don’t 

include dedicated microscope software. [7]  

 

 
a.                            b. 

Fig. 2 –Fixed (a) and removable (b) from 

microscope digital camera 

 

2.  Method used  

This affordable method uses old but valuable 

metallographic microscopes with good optical parts. 

We can say that this method is a recycling method 

due to increased concern in this field, but mostly is a 

retrofitting method because of economy problem. [8] 

 After a thoroughly check for defects or 

mechanical parts ware, a good cleaning and greasing 

is necessary.  Spare parts can be obtained from a 

sacrificed not so good microscope. [9] 

Cleaning: The optical parts can be cleaned 

with a lint-free paper tissue made for use with fine 

machinery and optical parts. Distilled water is the 

first solvent to try.  If that doesn't work, alcohol has 

bigger dissolving power.  Isopropyl alcohol is one of 

 

The 5
th

 Edition of the 

Interdisciplinarity in Engineering International Conference  

 “Petru Maior” University of Tîrgu Mureş, Romania, 2011 

 

 

 

206



 

 

the best solvents but it must be at least 90% pure. [10] 

Acetone should never be put on plastic parts as it 

dissolves most paints and plastics. [11] 

On 40 to 100X or more objectives used with 

immersion oil, the excess must be wiped off the lens 

after use.   Occasionally dust may build up on the 

lightly oiled surface so we must use an oil soluble 

solvent. The best way to avoid having to clean the 

lenses on your microscope is to use it carefully. 

Lighting is an important aspect. [12] It is clear that 

these microscopes needed proper modern light source 

preferably adjustable in intensity. [13] A with 

reflector for minimum waist replaced the unreliable 

old light bulb [Fig. 3]. 

 
a.                             b.  

Fig. 3 – (a) The old light bulb; (b) the new halogen 

12V 35W fitted lamp 
 

Frame stability has been improved by 

utilizing an external power supply to reduce heat 

generation, vibration and thermal expansion.  The 

frame is one of the valuable parts, constructed of cast 

iron for improved rigidity and stability. [14]     

Adapting the digital camera provides 

tremendous versatility and bright images with 

minimal reflections or frame modifications. Focus 

assembly results in greater stability over prolonged 

observations because the accidental contact with the 

microscope is less.  [15] 

 
3. Application 

Retrofitted microscope is an old MMP-4 

upside-down metallographic microscope. With 

quality lenses and cast iron structure, is a perfect 

candidate. The technology is a retrofit digital camera 

accessory that replaces traditional eyepieces on stereo 

and research microscopes [Fig. 4].  

 
 

Fig. 4 – Digital camera accessory 

 

The optics of the camera magnifies at 10X 

and the CCD sensor resolution is 2mp. The UVC 

Plug and Play driver helps any user for easy 

installation. The unit slides onto the host microscope 

tubes in the same way as the original eyepiece. 

After following the above steps, the digital 

camera was fitted to ocular tube [Fig. 5]. An adaptor 

piece is used for precise mounting and centering. 

 

 
 

Fig. 5 – Fitted camera to the ocular tube 

 

 
 

Fig. 6 – The obtained retrofitted microscope 

assembly 

 

4. Results and conclusions 

This method makes available at an affordable 

price the capture of images and showing live video on 

a computer screen or projector [Fig. 7].  

For researchers who are studying, this digital 

instrument can offer multiple advantages.  

It simply replaces the eyepiece of the 

microscope so we can view comfortably on our 

computer screen. Adapts to virtually any type of 
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microscope; making from this study a general method 

of retrofitting old microscopes. 

 
Fig. 7 – Examples of images  

observed at 160 X 

The appropriate objective must be selected for 

best results (Tab. 1).  

 

Table 1: The appropriate objective selection  

 
 

The distance d0 is referred to the specimen 

and, when multiplied by the magnification, results in 

the point distance D0 in the intermediate image (for 

green light λ = 550 nm). Finally, the number n 

represents the number of resolved pixels if they are 

“lined up” along the field diameter of 20 mm  

(20mm / D0) [16]. 

For microscope users who wear eyeglasses 

or those who suffer from eye or neck strain the results 

are excellent. 
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ABSTRACT 
The mechanical systems are subject to vibrations caused by their flexible structure and 

external stimuli. This paper presents a simple method to achieve vibration control with a 

specified overshoot and peak time for a multimode system model. This approach is build 

upon command shaping with a reversed modal representation and a customized output 

reference model. Each mode of the original system is represented by a second order 

discrete transfer function. The plant model is obtained by the parallel connection of the 

modal functions. The customized behavior is programmed with a second order discrete 

transfer function embedding the dynamic requirements. The vibration compensator is the 

result of the series connection of this reference model and the plant’s reversed modal 

representation. An application of this method to a closed-loop virtual positioning system 

is also provided. 

Keywords: vibration control, overshoot, peak time, reverse modal representation, reference model 

 
1.  Introduction 

The mechanical vibrations are omnipresent 

and usually deteriorate the dynamic performances of 

the systems [1]. 

There are several methods to describe the 

vibrations such as differential equation variants for 

single or multi-degree of freedom, damped or 

undamped, free or forced systems [1], [12], finite 

element methods [3], [11], Laplace or Z transforms 

methods or Wavelet based methods [10], [24]. 

Also, mechanical vibration suppression 

methods have been developed over time, such as the 

dynamic vibrations absorber or the viscous friction 

vibrations damper [1], [4], [12]. 

These solutions are invasive in terms of 

changing the original mechanical structure of the non-

compensated system. They also suffer of mechanical 

fatigue and usually require high maintenance costs. 

Their performances also change over time. 

In the modern mechatronic systems [2], [9], a 

new type of mechanically non-invasive solutions has 

been developed. They change the original command 

signal to achieve a desired behavior at the output. 

There are a few types, some of them using 

conventional filters such as Parks-McClellan, 

Chebysev, Blackman, Kaiser, Hamming, Hanning, 

Thiran [6], or other low-pass and band-pass filters 

[7], and even reversed structural models and specified 

dynamic behavior [23]. 

Other methods built for digital control systems 

use input convolution with customized impulse trains. 

Most well known methods are Posicast control [8], 

Input Shaping [17], [22] and the derivates of these 

[20], [21], [25]. Some of them are patented by their 

authors [18], [19]. 

Most of the disadvantages of the purely 

mechanical solutions are overcome by these 

command reshaping techniques. Superior flexibility, 

easy and cheap maintenance and the lack of 

mechanical fatigue are just a few of the benefits of 

using these mechatronic solutions. 

This paper presents a method of programming 

the desired dynamic behavior of a mechatronic 

system’s output for a specified overshoot and peak 

time. The focus is on the discrete time approach as 

the target is to implement such compensators in 

numerical systems. The continuous time version is 

similar. 

 

2.  The vibration compensation approach  

In this paper, a non-invasive vibration control 

method is proposed. The vibration compensator to be 

designed is reshaping the original command of the 

non-compensated system in order to obtain a desired 

dynamic response. Both continuous and discrete time 

approaches are discussed here. 

There are two components of the compensator 

that need to be defined before obtaining its transfer 
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function. The first one is a reversed or inverse model 

of the multimodal behavior of the original non-

compensated system H(q), where q is a placeholder 

for s or z
-1

. The second component is a customized 

transfer function that encompasses the desired output 

of the whole system, called a reference model, Hm(q). 

These transfer functions are interconnected in series 

to form the desired compensator, as shown in Fig. 1. 

 

 
Fig. 1 – The generic compensation strategy 

 

Thus, the resulting transfer function for both 

continuous and discrete time versions is given in (1). 
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The next sections present the detailed 

approach in building the components and the 

complete model of the vibration compensator. 

 

3.  The multimodal description of the non-

compensated system 

Linear time invariant systems can be described 

by their transfer functions. The complexity of the 

structure can vary according to the desired fidelity of 

the identification. A very complex system can lead to 

a transfer function that may be difficult to determine 

and handle. 

This paper uses a more generic representation 

of the system, using the parallel composition of 

second order system transfer functions that describe 

the modal behavior of the system. In other words, 

each mode of the system is represented by a second 

order low-pass transfer function as the one in (2). 

The parameters of the i
th

 mode are: Ki – gain, 

ωni – undamped natural frequency (rad/s), ξi – 

damping ratio. 
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Ts is the global sampling period. 

These transfer functions are composed in 

parallel to obtain the modal behavior of the non-

compensated system. Therefore, the original system’s 

transfer function, from the modal point of view, is 

given in (3). It is interesting to notice that this 

expression is not a mathematical mirror of the actual 

physical structure of the original system, therefore 

knowing the structure is not mandatory. 

Next step in designing the controller is to 

choose the appropriate reference model. 

 

4.  The customized reference model 

Given the relative simplicity and fitness for 

this particular compensator, one should use a second 

order system transfer function as reference model for 

the desired dynamic behavior of the system. The 

reference model is implemented in a transfer function 

such as (2), but with different index parameters: Km – 

gain, ωnm – undamped natural frequency (rad/s), ξm – 

damping ratio. Determining these parameters is the 

next step. 

In order to have a settling level identical with 

the one in the non-compensated case, the reference 

model gain will always be the sum of the non-

compensated system’s modal gains, as in (4). 
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The overshoot σm and the peak time tpm are the 

dynamic requirements for this compensation. They 

can be achieved by customizing the parameters of the 

second order transfer function starting from their well 

known analytical definitions in the damped case from 

the systems theory [13]. 

By solving the equations system that emerges 

from the two performance criteria and having the 

natural undamped frequency and damping ratio as 

unknowns, one can obtain the parameters' definition 

relations in (5) and (6). 
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These three parameters should be replaced in 

the transfer function to obtain the final form of the 

reference model Hm(z
-1

). 

The next and last step in designing the 

compensator is to assemble the components in the 

resulting transfer function. 

 

5.  The compensator transfer function 

Once the modal description of the original 

system and the reference model are determined, the 

compensator’s transfer function can be obtained by 

means of (1). 

The resulting discrete time multimodal transfer 

function is shown in (7). A simpler form for single 

degree of freedom systems can be deduced from (7) 

as shown in (8). 
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These transfer functions, although they seem 

very complex, are still IIR filters. They reshape the 

original system’s command signal to program a 

desired motion for the compensated system. 

Having the transfer function concludes the 

design of the compensator. 

The next steps require implementing the 

compensator’s transfer function in a digital system 

such as a microcontroller, DSP or FPGA and insert 

the resulting code at the original system’s input. 

However, these topics are not covered in this paper. 

Given the names of the performance indicators 

of interest, a suggestive name has been proposed for 

the compensator: Specified Overshoot and Peak 

Time, or SOPT. 

Similar design methods, but with different 

performance requirements, such as Zero Overshoot 

(ZO), Specified Overshoot (SO), Specified Settling 

Time (SST), Specified Overshoot and Settling Time 

(SOST), etc. have been shown by the authors in 

papers such as [14], [15], [16]. 

 

6.  Application of SOPT compensation to a 

DC servomotor based virtual positioning system 

Let us consider a virtual positioning system 

built around a closed-loop PI control of a DC 

servomotor. The goal is to enforce the dynamic 

behavior of the compensated system’s output to 

exhibit a specified overshoot of 20% and a peak time 

at 30ms. These values have been chosen lightly to 

allow the system to follow them. The whole system is 

depicted in Fig. 2. 

The parameters of the Baldor M-4545-C [27] 

motor used in this application are: Ra = 0.56 Ω, La = 

1.8·10
-3 

H, J = 2.712·10
-3 

kgm
2
, B = 2.454·10

-2 
Nms, 

Kem = 0.401 Nm/s. 

 

 
Fig. 2 – The SOPT compensated DC servomotor virtual positioning system 

 

Considering a unit gain transfer function for 

the feedback path transducer, the PI position 

controller has been tuned using the experimental 

Ziegler-Nichols method [26]. The precision of the 

tuning is not spectacular, but this will not affect the 

performance of the compensator. The resulting PI 

controller transfer function in the continuous time 

domain is shown in (9). 

  
s

s
sHpi

66.537727.62 
   (9) 

The closed-loop behavior is described in the 

continuous time domain to offer a more accurate 

simulation. 

The output of the system to unit step input is 

shown in Fig. 3. 

In order to design the SOPT compensator, a 

modal representation of the closed-loop system is 

required. To keep the application simple, a single 

degree of freedom representation will be needed. Its 

parameters are identified from the closed-loop system 

measured output performances: a 52.50% overshoot 

and a 0.132s settling time. 
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The modal parameters of the closed-loop 

single degree of freedom system are shown in (10). 

From these identified parameters and (7) and 

(8) formulas, considering a 1ms sampling period, the 

compensator discrete time transfer function can be 

obtained in the form of (11). 
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Running the original input through the 

compensator and feeding the result to the original 

system leads to a programmed dynamic behavior such 

as the one shown in Fig. 3. 
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As seen in Fig. 3, the compensated output 

obeys the imposed dynamic constraints. 

The compensated signal that ensures achieving 

the desired motion is shown in Fig. 4. This new input 

signal is not as trivial as the original unit step input. It 

should trigger a desired response in the non-

compensated system. 

Numerically, the non-compensated system’s 

response overshoot is of 52.50%, the peak time at 

27ms and the settling time of 132ms. 

The compensated system’s response overshoot 

is of 26.48%, the peak time at 35ms and the settling 

time of 98ms. 

It is important to note the original strict 

requirements of 20% overshoot and 30ms peak time 

are not completely accomplished. There are some 

factors that influence these results. 

The most notable is the simplification of the 

process model. The original closed-loop positioning 

system has been approximated with a single degree of 

freedom model for designing the compensator. This is 

quite restrictive given the fact that the system is 

actually a 3
rd

 order one. Therefore, the compensator 

has been designed with slightly incorrect information 

from the beginning and this causes the compensated 

output not to be exactly as desired. However, this 

simplification was on purpose and aimed showing 

that even in uncertain situations as the one in real 

world applications the compensator still behaves 

decently. 

Another factor that influences the difference in 

the results is the combination of continuous time and 

discrete time systems. The non-compensated closed-

loop positioning system has been modeled as a 

continuous transfer function, while the compensator 

has been designed as a discrete time transfer function. 

Given the fact that the compensation is actually an 

open-loop strategy, the simulation has been made in 

two steps: first, generating the compensated 

command signal by passing the input through the 

SOPT compensator, and second, simulating the 

continuous time system with the new reshaped 

command. 

A Tustin discretization [13] of the continuous 

time model of the compensator could have improved 

the dynamic results, but implied a more complicated 

discrete model of the compensator. 

However, given the simplicity and ease of 

implementation of the compensator, the 32.39% for 

overshoot and 16.67% for peak time may be 

acceptable error values. More correct behavior can be 

achieved by considering more complex modal 

representations of the original system. 

Continuing the numerical investigation of the 

results reveals as a secondary consequence that the 

settling time has been improved by 25.76%, which 

translates in a faster system. 

 

 
Fig. 3 – Non-compensated and SOPT compensated system response to unit step input 

 

 
Fig. 4 – SOPT compensator output for unit step input 

 

Before implementing a compensator in a real 

life system, there is one more analysis that should be 

performed: a sensitivity analysis. In other words, one 

should analyze the variation of the performance 

indicators with respect to the errors in the original 

system’s parameters identification. For the considered 
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application, the most relevant sensitivities are studied 

against frequency and damping identification errors. 

 
Fig. 5 – Influence of frequency identification 

errors over the dynamic performances 
 

 
Fig. 6 – Influence of damping ratio identification 

errors over the dynamic performances 
 

Fig. 5 shows the influence of frequency 

identification errors on the three most relevant 

dynamic performance indicators. 

Overshoot is more sensitive to overestimations 

of the frequency than to underestimations. In both 

cases, the desired overshoot is no longer achieved. 

For strong underestimation of the frequency, the 

overshoot is almost insensitive. 

The peaktime is also more sensitive to 

frequency overestimation. For underestimation, the 

sensitivity is quite reduced. 

Another interesting criteria, the settling time, 

is much more sensitive to frequency overestimation 

than the other two. However, in case of large 

underestimation, the sensitivity is almost inexistent. 

A partial conclusion that may arise here is that 

underestimating the original non-compensated 

system’s frequency if preferred to overestimating it. 

The influence of the system’s damping ratio 

identification errors over the relevant performance 

indicators is shown in Fig. 6. 

Overshoot is decreasingly influenced by the 

damping ratio estimation errors. On the other hand 

the reversed behavior is exhibited in case of peak 

time. The settling time however is less influenced by 

the damping ratio identification error for 

underestimation cases. The sensitivity is high in case 

of severe overestimation 

As a general rule for this application, in case 

of big uncertainties it is recommended that the 

system’s frequency and damping ratio are 

underestimated rather than overestimated. 

The overall performance of the system is 

satisfactory given the simplifications and limitations 

of the structure and parameters accuracy. 

All the simulations in this paper have been 

made using the open source numerical computing 

software Octave [5]. 

 

7.  Conclusions 

This paper presents a method of designing a 

vibrations compensator for imposing a desired 

dynamic behavior to the compensated system’s 

output. The approach is mechanically non-invasive 

and reshapes the original command signal through an 

IIR filter designed using the inverse multimodal 

representation of the original system and a 

customized second order reference model. The 

parameters of the second order system are chosen so 

that the compensated output has a specified overshoot 

and peak time. 

The solution is relatively simple and effective. 

The numerical complexity is increasing with the 

number of modes to be considered, but can easily be 

handled by microcontrollers, DSPs or FPGAs. 

Structural and parametric estimation errors are 

a weak point of this method, but the performance can 

be improved with increasing the complexity of the 

original system multimodal representation. 

However, the robustness can still be sufficient 

for the most applications. Further robustness 

improvement can be achieved by using adaptive 

structural and parametric compensators. 
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ABSTRACT 
This paper presents methods of compensation dead time in hail rockets placed in the Anti-

hail Combat Unit (AHCU) which can be arranged in Romania in a anti-hail national 

system. 
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1. Introduction 

Given the current technological development, 

the question of control and influence of the 

meteorological phenomena’s in both military purpose 

and useful purposes such as anti-hail protection, 

provoking rain for a peaceful purpose. In his paper 

Geophysical War [1] col. dr (r) Emil Streinu presents 

some of the systems and research centers in the 

meteorological domain. One is located in the northern 

U.S. at 400 km distance from Anchorage, at the 

Gakhona military base. A huge field of tundra is 

planted with a forest of antennas of 25 m height 

generically called HAARP (High Frequency Active 

Aurora Research Program). The base is surrounded 

by barbed wire, the perimeter is guarded by armed 

patrols of Marines and air space above the research 

base is closed to all civilian and military aircraft. In 

response, in Russia there is a similar complex "Sura" 

which is comparable, in terms of capacity with the 

current HAARP and is within the central area, in 

places hidden at a distance of 150 km from Nizhnii 

Novgorod. "Sura" belongs in the Radiophysics 

Research Institute where, among other things, once 

worked the former scientist and current politician, 

Boris Nemtov. "Today, in the world, there are only 

three such objectives," says institute director Sergei 

Sneghiriov. "One in Alaska, second, in Norway at 

Tromso, and the third - in Russia".  

In the field of civil concerns fall on the anti-

hail protection, starting with sonic cannons, weather 

balloons and finishing with anti-hail rockets and with 

rain provoking rockets. 

From historical point of view the first artificial 

rain was provoked in Bucharest in 1931 by researcher 

Stefania Maracineanu. Thanks to the data obtained by 

Stefania Maracineanu, she obtained support from the 

French government and she repeated these 

experiments in 1934 in Algeria, being crowned in 

succes. The next research in this area did not 

continued until after the Second World War, when in 

1946, Vincent J. Shaefer American engineer did an 

experiment on Mount Washington. Here, in this day 

heavy clouds where forming over the mountain. He 

scattered from plane at the base of the cloud, carbonic 

ice, which gave rise to a heavy rain. The first artificial 

rain for military purposes was caused in 1963 by the 

U.S. Army in Vietnam, and in 1966 the Americans 

provoked torrential rains with disastrous 

consequences for the provinces of northern Laos. 

Comparing the effects of the known weapons with 

those of the Geophysical War especially over the 

living force, it appears that huge damage can be done; 

this can be use in a secret war, are stronger than the 

known weapons and is due to human capacity to 

know, manage and control the natural phenomena of 

our planet. Now Geophysical War presents 

perspectives as possible, but with the mention that 

such a conflict in the notion of winners and losers 

might be mistaken, but are able to distinguish 

between military and civilian victims, between 

aggression and attack, which emphasizes the fact that 

scientists can be used in this domain. A try with 

unexpected effects occurred in China in spring of 

2000. Chinese researchers, launched in the 

atmosphere in an arid region, several rockets with 

silver iodide in order to obtain rain. Not counting all 

environmental factors of the area, Chinese scientists 

found themselves in a very short period in that area 

with heavy snow. Research to date has been made by 

small isolated groups, which had a short life due to 

economic conditions or market demand for 

equipment, unable to benefit from experiences and 

previous research. Except are perhaps the military 

research, where in the same time with the climate 

disasters there should exists methods and means to 

combat this effects, but obviously this are not 

available to the public. 

All the achievements to date have been and are 

built to protect limited objectives (car parks, solar 

collectors and wind turbines fields, farms) without 

taking into account global protection through a 

unique system-wide coordination unit, at local area at 
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least. The beneficiaries are very satisfied by the 

investment they made. 

In Romania was developed a uniform law on 

national defense against national habitat against hail 

storms were first steps in this direction have been 

made, that it was been constructed and it is now 

working the first hail fighting unit in the area of 

Ploiesti which is administered by the local production 

plant called "Electromecanica Ploiesti". From a point 

of view of anti-hail rocket launching the station is 

under the control of the Antiair Defence Command. 

There ware times when this experiments could not be 

executed but their reasons remain unexplained by the 

Antiair Defence Command; evan so it is a national 

project. The National Agency of Meteorology and 

Hydrology (NAMH), with the meteorological 

Doppler radar network, does not provide vectorial 

data; also is not very clear who cover the operating 

costs of the combat unit (the state or its beneficiaries) 

there are gaps in financing this activities.  

Based on the fact that: 

- Recent research has shown that breaking ice 

particles with embedded air gaps 300hPa is need, and 

that modern sonic cannons have a maximum of 

1.3hPa at a distance of 100 m from the muzzle; 

- The active condensation substances are 

spread in the clouds and prevent the growth of ice 

crystal and therefore fulfilling the conditions so the 

ice particles leave the cloud in solid state; 

- Research by the military concerning the 

influence of weather; 

It can be concluded that research and 

development resources should be focused on hail 

prevention training and not combating the already 

formed hail (by destruction of ice particles where the 

energy used would be exorbitantly high). 

The law of 2009 on intervention on the 

atmosphere for climate change, in particular the 

prevention and combating hail, the structure of the 

national arrangements for implementing and 

financing the necessary legal framework is created 

thus, this agreement opens opportunities for the 

implementation of dedicated private systems. 

Within the national anti-hail framework, the 

local hail fighting stations should obtain the data from 

meteorological radars of the NAMH, but the 

intercomunication means are not yet well defined.. 

In principle, under this law, anti-hail station 

consists of: 

 dispatcher or control point; 

 two or more anti-hail rockets 

launching points (up to 10 stationary launching points 

and up to 5 aero mobile launch platform); 

 own weather station; 

 communication system; 

 supply and transport system; 

 service personnel; 

From our point of view this centralized system 

has the following shortcomings: 

- its financing is not clear with the possibility 

that due to subjective factors that rocket launching 

may not be executed when the beneficiary wishes so 

(the farmer pays and the system is not under his direct 

command); 

-is based on local anti-hail rockets because it is 

administered by the missile manufacturer, 

Electromecanica Ploiesti, there are premises for 

creating a monopoly on it and could be a pressure 

factor in certain socio-political conditions; 

- there are failures in terms of communications 

redundancy, which drastically lowers the reliability; 

- responsibilities are not created if the system 

becomes inefficient because of subjective reasons; 

From my point of view, about the hail unitary 

system coordination, command and control logic is 

distributed throughout the area and is specific to each 

sub-process basis, if they differ. Communication 

between LCD (distributed control logic) is done 

through messages using a rigorous protocol, 

information links between them are permanent or 

temporary depending on the specific needs and can be 

provided via public communications networks. 

In [21] I described a process with distributed 

parameters, the national anti-hail combat unit, a 

process identical with one dispatcher station, regional 

stations and sub-regional stations working as in 

Figure 1. 

 

 
 

 As said, the links are bi-directional 

informational, the hierarchical structure has three 

levels, making information exchange through 

messages. 

Dotted links are informational and circular 

links (almost parallel) between all substations and all 

regional stations and represents an alternative to 

ensure links with high safety information when the 

connection between the dispatcher station and a 

regional station is interrupted. 

In this case, the dispatcher takes over its tasks, 

possibly through special reserve equipment for the 

situation, or sends to the regional stations through 

another circular channel. 
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Message routing possibilities are many, but in 

this case, each station and substation must have an 

identifier. This fact has a major disadvantage, namely 

that any Ri, Si and D may send false messages, which 

endangers the safety system. However, it can be 

removed by techniques and protocols for 

authentication, message integrity and encryption (to 

ensure confidentiality). 

In systems with a high risk and where 

weapons are involved and (in this case meteorological 

rocket carrying a catalyst) is excluded a human 

operator, so that the entire security policy will be 

built around this fact. 

 

 
 

2. Communications Subsystem Defining 

Within the national anti-hail, are defined a 

number of combat units (AHCU) can be substations 

to S11 to S1n in Figure 1,Repeating units are R1 to 

Rn and the National Center for Analysis and 

Diagnosis that is connected (or is even a constituent 

part) to NAMH (National Agency of Meteorology 

and Hydrology). In our view, a hail combat unit can 

have the structure in Figure 2. 

The external data services to be provided with 

its own radio relay communication network with a 

capacity of 2 Mb / s, constituted in a semi-grill 

network type and related Repeating points. 

External data backup services will be provided 

over the Internet with VPN connections (Virtual 

Private Networking). 

Both external data services are provided 

through symmetric encryption data security with 

embedded hardware encryption devices to the radio 

relay network routers with IPSec built VPN. Both 

solutions are on the market in different variations and 

in this paper, I deal with security issues that transit 

communication subsystems.  

Communication between control center and 

anti-hail control units it is based on data vectors with 

well-defined fields. Data vectors are control vectors, 

state vectors,   timing vectors. 

Data vectors are all the same length to prevent 

the possibility that an alleged attacker to differentiate 

based on their length. 

At any time the command center may issue to 

any AHCU and begin with a synchronization vector 

followed by a command vector after that, it waits for 

a state vector and another timing vector from AHCU.   

Data vectors have two fields called data field 

and the authentication field. The authentication field 

is actually a hashing function applied to the data field 

and has a bit length of N1 bits (N1 is sized depending 

on the type of hashing function used and data field 

length). 

Data field is a string of n bits of the first two 

bits define the vector type (01 for control, 10 state, 11 

for timing and 00 unused), the next 32-bit contain the 

message moment of time in universal format, on 6 

bits is encoded the AHCU number, the next 128 bits 

contain symmetric encryption key, followed by the 

actual data through which the commands are sent or 

parameters to be adjusted, this field can be sized 

according to the necessities. In control vector the 

command Center adds AHCU number on 6-bit, to 

which he addresses; and in the state and timing vector 

both AHCU and control center inserts the AHCU 

specific number with which they share data. 

The algorithm used to encrypt the data field is 

128-bit AES key, the initial key is generated by the 

command center being unique across the system. 

The uniqueness of this algorithm is that the 

key is initially distributed to AHCU by human 

operators, on the portable information media, 

changing at every session without human 

intervention. 

At boot time message exchange, the first 

timing vector is sent from command center and it will 

contain the new key (randomly generated by the 

command centre but kept until the next session) that 

AHCU will use to encrypt the data field content of 

status and timing vector. The key is included in key 

field on vectors before encryption. 

AHCU decrypts the first timing vector and 

command vector with initial key distributed from 

command center, it separates the new key from 

timing and control vector sent for a new session, 

keeps them inserted into the timing vector  and status 
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Fig. 3 Probability of hail on the ground 

according to H45 – H0 

vector, encrypts them with a new key and sends them 

to command center. 

Command Center uses to decrypt timing 

vector and status vector received in response from 

AHCU, the key that himself had generated 

previously, making data authentication in the same 

time.  

 

3. Hail Detection Methods 

Theories about the formation of hail in 

convective clouds are complex and therefore 

incomplete, that is why it is prevention and detection 

is difficult in operational tasks. In addition, the 

prevention techniques used in real-time are not 

directly targeted for this purpose. On the other hand, 

precise data cannot be provided in real time, and 

verifications are quite hard to achieve. Areas where 

local climatic data and studies are strongly 

conditioned by the interests for damage occurring on 

certain goods (i.e. agriculture). In addition, it should 

be noted that the area where hail falls is a small area 

compared to the size of the active area of the 

“mother” storm. 

Excluding military research into issues where 

detection, provoking and combating weather 

phenomena are not necessarily related to cost and 

economic efficiency in the civil domain are limited 

because very few resources are available to the 

researchers. However, over time several acceptable 

hail detection methods have been developed using 

Doppler Effect weather radar depending on Z - degree 

of reflection of radar waves measured in dBZ, which 

determines what form is water present in the 

atmosphere. The first techniques were based 

exclusively on the detection of very intense, intense 

or extreme reflectivity on PPI (Plan Position Indicator 

= radar display), maintained over a period. 

Thresholds that were recommended at the time ware 

based on local studies, limited in time, with different 

radars, etc. Thus, for guidance, there have been 

established different work thresholds in different 

parts of the world:  

 Alberta, Canada, there is always hail if  Z ≥ 50 

dBZ; 

 Switzerland, and other places in the world, 

nuclei with Z ≥ 55 dBZ that persist more 

minutes; 

 NEXRAD algorithms believes that between 

53-55 DBZ signals can be generated by the 

presence of hail in the storm (this is not a 

technique itself, but requires that the first 

instance, but means that large values of Z can 

be considered safe to hail). There ware echoes 

measured with Z greater than these thresholds 

and they certainly not guaranteed hail detection 

(Dye and Martner, 1978). Setting thresholds 

for detecting the existence of Z has strong 

seasonal variations, regional variations and 

even daytime variations. 

Echo height above the zero isotherms: environment 

variables. In these techniques, we must take into 

account the environmental variables as significant 

elements to predict the presence of hail, radar data 

analyzed based on 3D. Waldvogel's method: one of 

the most simple and effective methods for estimating 

the probability of the existence of any size hail in a 

cloud, was developed by Waldvogel (1979). Based on 

the results of sowing techniques on hail cells, it 

demonstrates that the probability of hail falling on the 

surface depends on the difference between the H45-

H0, where H45 is the echo height of 45dBZ, and H0 

melting band hight. Keeping these two parameters, 

and a single criteria, it was possible to probabilistic 

separate, cells with rain from those with hail. A cell is 

potentially generating hail if: H45 - H0 = 1.4 km 

 In fig. 3 as seen above we realise that when the 

difference is as big as 6 km the probability of hail is 

100%. Waldvogel's study was performed with a 3 cm 

radar, calculating the height of H0 based on radio 

data. The theory behind this relationship is based on 

the fact that hail is formed in areas where the drops 

temperature is under -10 ° C: as more drops are at 

these temperatures, the higher the amount of 

supercooled water is available to generate hail. Once 

formed, the difference in heights between 45 dBZ 

echo and melting band height is critical for hail 

falling on the ground. Waldvogel's method may be 

useful for discriminating clouds with and without hail 

in terms of probabilities. Indirect evidence of hail in 

conventional radar data: VIL the product obtained 

from three-dimensional radar data is of great 

importance at the operational level. VIL is a radar 

measure of the potential of liquid water content per 

m
2
 precipitated inside a cloud (Greene and Clark, 

1972). Measured in Kg/m
2
.  

VIL = SUM 3.44 x 10
-6

 [(Zi + Zi+1)/2]
4/7

 dh 
Where SUM is the integral from the bottom to 

the top of the radar volume considered, Zi + Zi+1 are 
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reflectivity values in layers of thickness dh. At higher 

liquid water content and greater height, we have 

greater VIL, and therefore, larger ascending currents 

to maintain high reflectivity values at higher levels. 

We see that VIL is the mass of suspended liquid 

water per unit area of a cloud. 

Vil-grid and VIL cellular  
VIL, which vertically integrates values of Z, 

may take two forms: VIL grid and VII cellular, if 

each point is calculated vertically on Cartesian 

volume (X, Y) or based on 3D analysis of convective 

cells. 

VIL grid integrates vertically all values of Z, 

and to VIL-cell, the convective cell is identified first, 

and reflectivities which constituted it are integrated. 

 

4. Dead time in antihail rockets 

At the moment the dead time, when fighting 

hail with dispersion method of active substances in 

the probable formation area, it appears because data is 

so much delayed on the feedback loop because 

NAMH updates data every 10 minutes, also because 

of large times on the execution loop, respectively the 

probability of hail rocket explosion in the formation 

of hail is low (and in case of "failure" the target 

relaunch procedure must be repeated). Therefore, 

dead times are minutes long, and they can be 

compensated by launching several anti-hail rockets in 

an enlarged area. 

 

5. Proposed dead time compensation 

methods 

Since the formation of hail is detected by 

indirect methods (low accuracy) and the process is 

unpredictable (practically, an acceptable 

mathematical model of this phenomenon cannot be 

described). Generating and implementing of a 

prediction function to compensate for dead time on 

the feedback loop, and especially of dead time on the 

execution loop would involve the allocation of large 

research resources. 

A first method to reduce dead time on the 

reaction circuit is to equip AHCU with a weather-

radar, integrated into the Center for analysis and 

diagnosis of AHCU as in fig. 2 which will provide 

real-time Cartesian coordinates of the probable area 

where hail can form. In this way the missile launch 

point, can implement a prediction function, which can 

infer the future position of the area, depending on 

thermodynamic parameters and the state of the 

atmosphere of the area covered, making the necessary 

corrections for the rocket launch. This does not 

guarantee to reach the target. 

The second method, which requires that the 

first method is implemented, is to change the vector 

rockes or anti-hail projectiles with guided rockets 

making the whole system a tracking system. There 

are currently wired missiles, guided rockets and 

projectiles that use the GPS system. Choosing the 

type of rocket is strictly dictated by the resources 

allocated, the possibilities of producing the anti-hail 

charge and missile in the country and the demand 

from the beneficiaries. By using guided missiles, dead 

time is reduced to an order of magnitude equal to the 

time required to reach and explode the rocket cargo in 

the dangerous zone, but it is not fully compensated 

(basically, is not needed to launch more rockets to 

annihilate a cell with large probability to form hail). 

The short time (5-10 sec) from the moment the 

hail starts forming to the moment the hail is 

completed, it imposes complex analysis strategies on 

a large area, so a zone prone to hail storms will be 

"protected" by AHCU from its neighborhood. There 

should be analized, especially in the likely areas of 

hail formation, and intervene on to those because 

once hail is formed, combat posibilities are none. In 

Romania there are eight large weather radars covering 

the whole territory. 

The most extensive areas with high 

frequencies (60-75, 75-90 and 90-105 cases) are 

grouped in Salaj counties, Cluj, Mures, Alba and 

Hunedoara. Peripheral areas where these values fall 

between 45-60 cases: highly region of Satu Mare, 

Mures, Bistrita Nasaud and Maramures, including 

Lapus depression. Areas with over 75 cases in these 

districts overlap: Salaj County, Almas-Agrij 

depression, Cluj County, Gilau Mountains and 

eastern slopes of Muntele Mare, Cluj and Dej sub-

mountainous hills, Capusul hills and Feleac hills 

which distinguish with over 90 cases, Hasdate and 

Iara depressions, Transylvania Plain (which extends 

to the counties of Mures and Bistrita Nasaud), Alba 

county area that overlaps with the Trascau 

Mountains, with extension in Hunedoara county over 

the Metaliferi Mountains and Mures passage. The 

way this areas are aligned, meaning from NW to SE 

ofer the Silvania hills and Meses indicates the maner 

in which the oceanic air masses meets the warm and 

humid mediteranean air masses that enter from the 

SW on the Mures passage over the Metaliferi 

mountains.  
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ABSTRACT 
In this paper, we used the method of reverse osmosis in order to obtain water with a high 

degree of purity. For this aim, we used the TKA 20-120ECO device. The use of this 

procedure opens generous perspectives to obtaining highly pure water especially 

nowadays, when the lack of water has become an acute problem in some parts of the 

globe. We completed physic-chemical determinations (pH, conductivity, hardness, nitrite, 

nitrate, PO4
2-

, NH4
+
) for the water of supply, as well as for the water obtained after the 

osmosis process. The results that we obtained are relevant and interesting.  

 

Keywords: pure water, reverse osmosis, physical-chemical determination. 

 
1. Introduction 

In the case of the watery solutions, when two 

solutions of different concentrations are separated by 

a semi-permeable membrane, water will penetrate the 

membrane from the more diluted solution to the more 

concentrated one, with a remarked tendency of 

equalizing concentrations in both cells, and thus of 

reaching a balanced state.  

This process, known as osmosis, stops when 

the hydrostatic pressure exerted upon the more 

concentrated solution reaches a certain balance value 

called osmotic pressure (figure 1). The osmotic 

pressure varies proportionally with the concentration 

of the solution dissolved into water and with 

temperature.  

The normal process of osmosis can be 

reversed if a higher pressure than osmotic pressure is 

exerted upon the concentrated solution. In this case, a 

circulation of water in the reverse-sense will occur, 

due to the high external pressure. Thus, clean water 

will be obtained in the next container out of salt-rich 

water. 

 

 
Fig. 1. The osmotic process 

Reverse osmosis is one of the processes that makes 

desalination (or removing salt from seawater) 

possible [1], [2]. Beyond that, reverse osmosis is used 

for recycling, wastewater treatment, and can even 

produce energy[3]. 

Stages of reverse osmosis: 

 During the initial filtration stage, tap water 

or well water (pressurized by a booster 

pump) is passed through a particle filter (a 

pre-filter) that removes silt, sediment, sand, 

and clay particles that might clog the reverse 

osmosis membrane. 

 The water is then forced through an 

activated carbon filter that traps minerals 

and contaminants such as chromium, 

mercury, copper, chloramine and pesticides. 

It also removes chlorine, which is important, 

as chlorine will shorten the life of the 

membrane. 

 Water is transferred under pressure into the 

reverse osmosis module, allowing only clean 

water to pass through the small pores in the 

membrane. Impurities unable to pass 

through the membrane are left behind and 

flushed down the drain. 

 Treated water is then sent to a storage tank. 

 Treated water is passed through an activated 

carbon filter before use to further improve 

the water's taste and smell. 

Most mineral constituents of water are physically 

larger than water molecules. Thus, they are trapped 

by the semi-permeable membrane and removed from 

drinking water when filtered through a reverse 

osmosis system. Such minerals include salt, lead, 

manganese, iron, and calcium [4]. Reverse osmosis 
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will also remove some chemical components of 

drinking water, including the dangerous municipal 

additive fluoride. Commonly municipal water 

contains such contaminants as chlorine and volatile 

organic chemicals (VOCs) [5]. Because these 

contaminants are physically smaller in size than 

water, the semi-permeable membrane cannot prohibit 

them from passing through with the water. Thus, they 

remain in drinking water. Reverse osmosis, also, by 

removing alkaline mineral constituents of water, 

produces acidic water. Acidic water can be dangerous 

to the body system, causing calcium and other 

essential minerals to be stripped from bones and teeth 

in order to neutralize its acidity. Trace elements of 

minerals were intended to be in water; their removal 

leaves tasteless, unhealthy drinking water [6] Reverse 

osmosis, also, by removing alkaline mineral 

constituents of water, produces acidic water. Acidic 

water can be dangerous to the body system, causing 

calcium and other essential minerals to be stripped 

from bones and teeth in order to neutralize its acidity. 

Trace elements of minerals were intended to be in 

water; their removal leaves tasteless, unhealthy 

drinking water. 

Filtration in the reverse osmosis process is 

carried out through modules consist of a pressure 

vessel for which the filter membranes. 

Membrane configuration is the following: 

 a layer made of a polyester network with 

support role, 120 µm thickness; 

 a micro porous polysulfide intermediary 

layer 40 µm thick; 

 ultrafine barrier layer at the upper side, 

consisting of polyamides and containing 

carboxyl groups carboxyl  0.2 µm thick. 

 The main factors influencing the 

performance of systems based on reverse 

osmosis are: 

 pressure 

 temperature 

 recovery 

 salt concentration in the feed flow. 

Performance membranes [7] are affected by 

certain impurities which can be found in the feed 

stream, such as metal oxide hydrates, precipitated 

calcium, organic matter and biological etc. 

Supply water pretreatment systems reduces 

membrane considerably improves their performance 

and their contamination 

Cleaning the membranes, [8] where their 

contamination is relatively simply because of the high 

pH stability and thermal resistance membranes. 

 
1. Experimental part. 
In order to obtain high-purity water by the 

process of osmosis we used the installation TKA 20 

ECO-TKA 120. the construction scheme of such an 

installation is presented in the figure below. 

 

 
Fig. 2 Water purification equipment by reverse 

osmosis used in laboratory 

 

1 Activated charcoal filter (to retain particles with a 

diameter bigger than 5µm); 

2 Hardness cartridges; 

3. Reverse osmosis module; 

4. Reverse osmosis module composed of pressure 

pipes and reverse osmosis membranes; 

5. Supply water electro valve; 

6. Purification electro valve; 

7. Electric control panel; 

8 Manometer; 

9. Directional valve; 

10. Pressure switch; 

11. Pressure control valve; 

12. Valve for the concentrated solution return; 

13. Measurement cell for the supply water 

conductivity;  

14. Measurement cell for the purified water 

conductivity.  

A. Supply water input connection;  

B. Purified water output connection; 

C. Concentrated solution output connection.  

 

Cellulose acetate was among the first 

materials used to produce semi-permeable 

membranes and it was obtained in special conditions 

(cellophane with special properties). Later it was 

possible to obtain semi-permeable membranes from 

stable polymerized materials (polyamides, mixed 

acetate esters – cellulose butyrate, mixtures of acetate 

and cellulose nitrate etc). Currently, it is possible to 

obtain membranes which allow the discharge of the 

dissolved substances, especially of the ionic types, in 

a proportion of 95-99%. The membranes used for the 

osmotic separation are very thin (0,2 μm) and fragile. 
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The membranes used in the reverse osmosis are 

subjected to big pressure differences of 20–100 bar, 

which makes it very difficult to install the practical 

equipment which needs to be fully waterproof, 

compactly structured and able to avoid clogging and 

polarization of the concentrated solution. The study 

of the membranes and the development of the 

processes of separation by membranes involve a 

trans-disciplinary approach including polymer 

chemistry, physical chemistry, mathematics etc. In 

the process of reverse osmosis the substance transport 

is done via a mechanism of diffusion in the 

homogenous polymeric stratum. Nowadays, the most 

commonly used membranes are the composite 

membranes which ensure a smooth diffusion into the 

polymer matrix.  

  

2. Results and discussions 

At the beginning, we analyzed the physical 

and chemical properties of the input water and 

performed the same test for the water subjected to the 

process of reverse osmosis. The obtained results are 

recorded in table 3.1 and 3.2. 

The hardness determinations employed acid-

base titration, with 0,1n hydrochloric acid for 

temporary hardness and complexometric titration, 

with 0,1n EDTA for permanent hardness.  

 

Table 3.1 Values of the determined physical and 

chemical parameters 

Water 

type 
pH 

Condu

ctivity 

[µS] 

Dtemp 

[°ger] 

D 

[°ger] 

Tap 

water 
6,8 224,6 4,48 7,28 

Post-

osmosis 

water 

6,7 48,95 1,12 3,2 

 

Table 3.2 Values of the determined chemical 

parameters 

Water 

type 

Nitrite 

[mg/l] 

Nitrate 

[mg/l] 

PO4
2-

 

[mg/l] 

NH4
+
 

[mg/l] 

Tap 

water 
3 0,2 25 <0,1 

Post-

osmosis 

water 

0,7 0,1 0,6 <0,1 

 
The conductivity measurements were 

determined by means of the Accumet AB30 

conductometer, at 20°C. 

The nitrites, nitrates, phosphate and 

ammonia determinations employed the Visocolor 

spectrophotometric method.   

It follows from the information in the tables 

above that there has been a concentration drop for all 

the tested ions. The proportions differ from one ion to 

another but the decreases are significant from 75% in 

the case of nitrite ions to 50% in the case of nitrate 

ions and up to 80% in the case of phosphate ions.  

 

3. Conclusion 

It can be concluded that the water obtained 

by the process of reverse osmosis is pure, 

demineralized and almost sterile water [9], [10].  

The use of this procedure opens generous 

perspectives to obtaining highly pure water especially 

nowadays, when the lack of water has become an 

acute problem in some parts of the globe. The 

applications of reverse osmosis in used water 

treatment can be used in the following conditions: 

 The reduction of the used water quantity by 

obtaining concentrated solutions with a 

smaller volume; 

 In the cases when there is a possibility to 

recuperate useful materials; 

 If water recycling is mandatory in areas with 

a lack of water; 

 The possibility of concentrating pollutants in 

small volumes of water, thus reducing the 

pollutant discharge expenses.  

Today, water issues have become an extremely 

pressing global threat. With climate change come 

unprecedented environmental impacts: torrential 

flooding in some areas, droughts in others, rising and 

falling sea levels. Add to that the threat of 

overpopulation -- and the demand and pollution a 

swelling population brings -- and water becomes one 

of the paramount environmental issues to watch for in 

the next generation. 
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ABSTRACT 
Recycling organic waste has become a matter of utmost importance for overall 

healthiness of the Earth, its volume largely interacting with the economic development. 

The problem tends to become a vital matter of survival for an entire society. In this 

context, recovery, recycling, physical-chemical treatment, composting or incineration are 

methods of waste processing, commonly used in most countries of the world. These 

measures are intended to both environmental protection and rational use and 

economically efficient. Based on the data regarding the municipal waste generated in 

Mures County, in previous years, and in Tg-Mures city, in 2007 were calculated the 

quantities expected to generate by the year 2038. Also, concerning the cleaning recovery 

it is proposed the pile composting method, being, from our point of view, more beneficial 

in the area. In conclusion, at county level but at city level too, there is still working to do, 

primarily in terms of awareness, not only the population but also the relevant, local 

bodies, of what means the cleaning recovery of the municipal waste. 

 

Keywords: organic waste recycling, composting biodegradable organic waste, compost, 

aerobic fermentation, anaerobic fermentation, humus 

 
1.  Introduction 

The terms “waste crisis”, “consumer society” 

and “avalanche of waste” are some examples that 

illustrate the problems created by waste, facing the 

environment today. 

It is undeniable that today we produce more 

waste containing recoverable materials. All the 

factors responsible of waste management must cope 

with this finding and to take responsibility. 

Recycling organic waste has become a matter 

of utmost importance for overall healthiness of the 

Earth, its size largely conditioning the economic 

development. The problem tends to become a vital 

matter of survival of an entire society. 

In the UE an U.S. countries, although it was 

adopted the idea that the deposit of waste on the 

ground or bury them in the basement is the least 

acceptable solution, however is still primarily 

used(70% in Europe, 60% in the U.S., and 38% in 

Japan)[4].  

Where storage areas are becoming more 

restrictive, increasingly more countries give up the 

classical solution of storage and support a cost-

effective environmental management of waste. In this 

context, recovery, recycling, physical-chemical 

treatment, composting or incineration are waste 

processing methods commonly used in most countries 

of the world. These measures are intended both 

environmental protection and rational use and 

efficient in terms of economic activities. 

Recycling organic waste and their use, 

primarily as an organic fertilizer, should be 

considered permanent in two ways: agriculture and 

environmental protection. Neglecting one of these 

sides has adverse repercussions over economy and 

social activities.  

Therefore recycling organic waste should be 

made in a framework that allows precise control and 

judicious planning, while improving the qualities of 

fertilizer-amendment of the organic substances. 

 

2.  Biodegradable organic waste composting 

At its essence, composting is a sum of 

microbial enzymatic processes physical and chemical, 

found in the interdependence that happen in the mass 

of organic residues under certain conditions (good 

aeration, optimum humidity, certain thermal values), 

resulting in obtaining a new product with properties 

distinct from the materials where it came from, called 

compost. 

It is an aerobic fermentation process, the 

anaerobic processes being fermentative too, never 

decaying. This explains on the one hand, the 

formation of humus substances and on the other hand, 

the lack of odor that is released during 

putrefaction[2]. 
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The effectors of this process are mostly 

bacteria, actinomycetes and to a certain stage, the 

fungi. In the process bacteria is involved and also the 

actinomycetes thermopilic, thermo-mesophilic and 

mesophilic from species living in soil, but also in the 

rumen of ruminants, and other aerobic-anaerobic 

mesophilic bacteria, whose decomposition function of 

dead organic material in simple organic compounds, 

partly participate in the synthesis of humus materials 

and partly converted into stable bacterial biomass[7]. 

They operate more intensively in the early stages, 

when they greatly multiply and allow to the end of 

the process, the multiplying the fungi that continue 

the decompositions, participating to the new 

substances synthesis, more complex, many of them 

precursors of humus (like fungal necromass). No 

aspect of any original material cannot be recognized 

in good and mature compost, because the 

concentration of the nutrients is another [6].  

In the compost piles major biological, 

biochemical, chemical, physical changes take place, 

induced by the microorganism activity involved, due 

to changes in temperature a pH, which in turn 

produces essential changes in their structure during 

the composting process. 

By composting pathogens germs are removed, 

unpleasant odors disappear and mixture of organic 

substances can be improved to optimal parameters for 

the fields that will receive fertilizer. 

There are numerous studies showing that 

application of uncomposted organic fertilizer or 

processed by technologies known(anaerobic 

fermentation) produce and maintain the pollution of 

surface and groundwater and of the atmosphere, and 

sometimes(when accompanied by nitrogen 

fertilizers), including pollution of plants, animals and 

human consumption [3].  

By composting fresh vegetable waste(e.g. 

waste from gardens and parks), most of the carbon is 

fixed as a form of humus compound infiltrating 

rapidly in the humus soil [9]. 

As municipal organic waste resulted after 

sorting (separation of metals, glass, plastics) are 

biodegradable, but when cellulosic residues 

predominate (paper, cardboard, wood, sawdust) is 

desirable as these, when dried or semi-humid to be 

sorted and burned – with production of heat, because 

their speed of fermentation is excessive, the material 

overheating and going directly into the mineral state. 

When this is not possible, technically 

speaking, they can be composted, but the household 

waste will be mixed with other waste, richer in 

nitrogen, being preferred in the food industry (meat 

and milk). 

Theoretical and practical aspects of this 

process have been brought, in the modern era, by 

Rudolf Steiner (1920) and depth later by its illustrious 

disciples and E. Pfeiffer and Howard (1937-1943). 

The process is however, much older. Even if it was 

not scientifically based, in Asian civilizations was 

well known and appreciated. 

It is discussed increasingly about industrial 

composting, which involves taking a large amount of 

organic waste (from different industries or industrial 

animal farms) and their rapid transformation (2-3 

months), by an excessive mechanical ventilation and 

sometimes with the help of microbiological starters, 

in compost, or rather a certain kind of compost, 

immature, raw, highly mineralized, and unstable. 

Note that, as Gray and Biddlestone, composting takes 

place in four phases: mesophilic or mesothermal 

phase, thermopilic phase, cold and dark phase, 

maturation phase. In industrial composting actually 

are used the first two phases (mezzo and thermopilic), 

and not the following two (cold and dark phase and 

maturation phase). 

A good, mature compost should be about 50% 

organic matter (mranita has 5-12%), pH 7-8, 

containing 0.2 to 4% N, predominantly organic and a 

C/N = 10:1 report, weed seeds should be 

degerminated, bacterial load with pathogen agents as 

small as possible, the material is semi-humid, brittle, 

flows well, has a blackish brown color and pleasant 

smell of fresh earth[1]. 

 

3.  Projection of biodegradable municipal 

waste generation 

Looking at the share of biodegradable waste in 

municipal waste (situation provided in the Master 

Plan for the Integrated Waste Management System in 

February 2009) concluded that it is 62%, the value 

subscribes within the UE (finals survey in September 

2008, by European Environment Agency), most 

European countries have a value share of 

biodegradable waste in municipal waste between 60 

and 70%[4]. 

Due to the weight of biodegradable waste in 

municipal waste, we proposed in our study to suggest 

a method of treating this waste, efficient and also 

clean. 

 

4.  Composting technique in furrows (piles) 

In order to reduce biodegradable municipal waste 

in storage can be applied a simple technique called 

composting in furrows or piles. This consists in shaping 

the trapezoidal furrows that are periodically turned and 

moistened to accelerate the aerobic fermentation 

process[8]. 

The furrows dimensions (height, width at the 

base and top) can be estimated taking into account the 

specifications of typical return machines on the 

market. Therefore, a cross section of the swath as 

shown in Figure 1 can be taken for an estimated 

calculation. Before placing the organic materials on 

furrows, ferrous materials must first be removed by 

passing under a magnetic tape and then mixed with 

organic mass which is called green or filler fraction, a 

class of organic materials with low decomposition 

(pieces of wood, cleaning materials from trees, 
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chips), which creates an internal structure in the 

furrows, promoting aeration. 

Assuming that 50% of household waste and 

13% of commercial waste generated daily in Tg-

Mures are organic matter and assuming that 15% of 

these can be collected at source on long-term (2015), 

the station must be sized so as to face a total of 

110,000 tons/year compostable waste. 
 

110000 t/year x 49, 92% + 17000 t/year x 12,73%] x 

15% = 7812 t/year 
 

Considering that without automatic 

ventilation, the entire fermentation time necessary to 

stabilize the organic matter is 18 weeks, the mass and 

volume of compost permanently required in station 

will be: 
 

7812 t/year x 18/52 = 2704 tons 

2704 t/0,6 t/m³ = 4506 m³ 
 

Given a minimum volume reduction during 

the fermentation process of 30%, the needed volume 

would be: 
 

4506 m³ x 0,7 = 3154 m³ 
 

The composting area can be designed to 

include this volume. Therefore, being given a 

trapezoidal cross section of the swath and the length 

and the spaces between the furrows shown in Figure 

1, the projected area has capacity for: 
 

105 m x 9 (rows) x 4,3 m² = 4063 m³ > real needed 

volume 3154 m³. 
 

L=105 m 

 

l = 4 m 

 

1,5 m 

 

 

 

Figure 1. The length and spaces between furrows 

L – Length of furrows; l – Width of furrows; 1, 5 m – 

the distance between furrows 

 

But more furrows can be added within the 

same building by reducing the space between the 

furrows. 

Of course it is necessary to design a sorting 

and composting station (SSC), which must have in its 

composition: 

 Sorting line of organic matter; 

 Composting area; 

 Sorting line of packing waste; 

 Auxiliary facilities; 

 Shipping area; 

 Workshops; 

 Offices; 

The process could stars with the chopping 

green fractions to be mixed with organic waste 

selected at source. Proportion must be a green waste 

volume to 2-3 volume of organic waste. This 

proportion is only indicative and should be adjusted 

to achieve an initial report C/N between 20 and 25. 

Once the mixture is ready, the front loader has 

to carry it to the furrows area; placing the material on 

an area previously released by the returning 

equipment. The frequency of return depends on the 

pH and the swath’s temperature, but as an 

approximate formula, it can be achieved on the third 

day and then 1-3 times a week. Also, water must be 

added to the swaths to ensure continuity to the 

biological reactions, maintaining humidity levels of 

40-50%.  

The furrows temperature should be kept at 50-

55°C during the first day and 55-60°C by the end of 

the process. Obtaining a temperature above 60°C 

normally means that the process is shifted from 

aerobic to anaerobic conditions, which can slow 

down the reactions and produce unpleasant odors. If 

the temperature rises above 60°C in the furrows, they 

must be returned to maintain reasonable temperature 

values. The furrows must be maintained between 60 

and 70°C for 24 hours to remove the existing 

pathogens. 

Usually, the whole process takes about 10-15 

days for completion, and main indicators that show 

the stability of the final compost is the pH which 

must have constant value 8 and ambient temperature 

5-10°C. In addition, other tests may be performed to 

determine whether the process is complete: the 

activity of breathing after four days, CCO, iodine-

starch test. 

When maturation occurs, the compost is taken 

to the rotating sieve to separate green waste and reuse 

it in the process, because the materials are normally 

limited. 

It should be noted that the composting process 

depends on the weather of the area and the 

characteristics of composted materials. This means 

that the process must begin to work with the 

recommendations provided in this section, but a 

careful and continuous monitoring of the variables, 

such as C/N ratio, pH, temperature, humidity, must be 

made for fine operating conditions such as frequency 

return, the necessary irrigation, the period of 

composting and mixing proportion. 

Periodically, laboratory tests on the final 

sample have to be conducted to determine its 

composition and the viability of its use for agriculture 

and landscaping in accordance to EEC Directive 

2092/91[4]. 

 

5.  Conclusion on reducing the 

environmental impact of waste 

Implementation of an integrated waste 

management in urban areas can be achieved by 

setting the following objectives: 

 elimination of uncontrolled storage; 
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 selective collection of industrial waste 

disposed at municipal landfills by industrial 

operators; 

 increase the waste recycling; 

 reducing the quantities of industrial waste 

disposed at municipal landfills by industrial 

operators; 

 reducing quantities of biodegradable waste, 

using an economic and environmentally method; 

 Stimulating the production that generate 

small quantities of organic waste; 
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ABSTRACT 
In this paper, we tried to determinate the air pollution level with mass fraction PM2.5 and 

PM10 from Targu Mures area. For this purpose, determinations were made in University 

Petru Maior’s laboratory, using ADR 1200 S device and in Targu Mures Environmental 

Department’s laboratory. The results that we obtained show a low level of air pollution 

with mass fraction PM2.5 and PM10 in Targu Mures area. Daily variations recorded quite 

large, are closely related to weather, wind speed, the day of the week. Weekends bring 

more traffic than a decrease in industrial activity and therefore a decrease in 

concentration of micro particles. 

Keywords: gravimetric measurement, particles, suspension, Tg.Mures area. 

 

  

1. Introduction 

Particulate matter [1] (PM) is the sum of all solid 

and liquid particles suspended in air many of which 

are hazardous. This complex mixture includes both 

organic and inorganic particles, such as dust, pollen, 

soot, smoke, and liquid droplets [2], [3].  

These particles vary greatly in size, composition, 

and origin. 

Particulate matter present in air is divided into 

different categories depending on the size of the 

particles (aerodynamic diameter). 

Coarse particles are the relatively large airborne 

particles mainly produced by the mechanical break-

up of even larger solid particles.  

Examples of coarse particles include dust, pollen, 

spores, fly ash, soot, fog, fumes and plant and insect 

parts. 

PM, suspended particulate matter, total 

suspended particulates, black smoke, inhalable 

particles, thoracic particles, respirable particles [4]. 

Sum of all microscopic solid and liquid particles, 

of human and natural origin, that remain suspended in 

a medium such as air for some time. These particles 

vary greatly in size, composition, and origin, and may 

be harmful. 

Based on the size of their aerodynamic diameter 

particles can be classified as PM10 (coarse and fine 

particles), PM2.5 (fine particles) or PM0.1 (ultrafine 

particles). 

 

2. How are particles formed 

Coarse particles are produced by the mechanical 

break-up of larger solid particles. The coarse fraction 

can include dust from roads, agricultural processes, 

uncovered soil or mining operations, as well as non-

combustible materials released when burning fossil 

fuels. Pollen grains, mould spores, and plant and 

insect parts can also contribute to the coarse fraction. 

Finally, evaporation of sea spray can produce large 

particles near coasts.  

Sulfate and organic matter are the two main 

contributors to the annual average PM10 and PM2.5 

mass concentrations, except at kerbside sites where 

mineral dust (including trace elements) is also a main 

contributor to PM10. On days when PM10 > 50 µg/m
3
, 

nitrate becomes also a main contributors to PM10 and 

PM2.5. Black carbon contributes 5–10% to PM2.5 and 

somewhat less to PM10 at all sites, including the 

natural background sites. Its contribution increases to 

15–20% at some of the kerbside sites [5]. Because of 

its complexity and the importance of particle size in 

determining exposure and human dose, numerous 

terms are used to describe particulate matter. Some 

are derived from and defined by sampling and/or 

analytic methods, e.g. “suspended particulate matter”, 

“total suspended particulates”, “black smoke”. Others 

refer more to the site of deposition in the respiratory 

tract, e.g. “inhalable particles”, which pass into the 
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upper airways (nose and mouth), and “thoracic 

particles”, which deposit within the lower respiratory 

tract, and “respirable particles”, which penetrate to 

the gas-exchange region of the lungs.  

These particles are small enough to remain 

suspended for hours or days, being able to travel long 

distances in this range [6]. Since the substance 

involved is usually heterogeneous, can not be used 

and  molar mass and that is why concentrations are 

given in terms of particle mass and not  number of 

moles. As usual units are micrograms of particulate 

matter per cubic meter of air (μg/m3) [7]. 

Considering that smaller particles have a greater 

harmful effect on human health than larger ones, 

usually only those that have a certain diameter or 

smaller than this are collected and reported. This 

diameter limit in µm, is listed as an index to the 

symbol PM. In recent years, government agencies in 

most countries monitored PM10, which is the total 

concentration of all particles with diameters less than 

10 µm, which corresponds to all areas of fine 

particles, plus the lower classes of gross particles, all 

of which are called particles can be inhaled. The 

allowable amount of PM10 in an urban area is 50 

μg/m
3
 [8], [9], [10].  

Today it is used increasingly PM2,5 index, which 

includes all fine particles with diameters under 2.5 

µm, also called respirable particles.  

Causes and sources of particles in suspension 

occurrence are: 

 combustio processes which emit 

incompletele burned soot or  anorganic ashes   

resulting mostly from burning coal; 

 materials used for shredding, crushing, 

grinding the minerals, loading and handling 

or dry materials; 

 can be formed by reactions of gases in the 

atmosphere - sulphate or nitrate results as 

secondary pollutants in atmospheric 

reactions; 

 come from natural causes such as for 

exemple volcanoes, polen, dust drift and 

smoke  due to forest fires; 

 "smoke", containing polycyclic aromatic 

hydrocarbons (PAHs), some of which are 

carcinogenic, which result from incomplete 

combustion of coal or other fuels; 

 fine dust resulting in some busy streets; 

 residues containing lead  resulting from use 

of leaded petrol; 

 asbestos from various sources 

 
3. The experimental part 

Reference Method for PM10 sampling and 

measurement is described in EN 12341 / 2002 Air 

Quality [9 ]. The measurement principle is based to 

collection on the filters  PM10, PM2.5 fraction by 

passing a certain volume of air. The collection is for a 

period of 24 hours. The final result, expressed in 

μg/m3, is the mass of particles collected by report the 

volume of air that passed through the filter. The 

content of PM10 sample is calculated using the 

relationship: 

 

 PM10 = m1 – m2/ V 

 

where: 

m1 = mass filter after exposure; 

m2= filter mass before exposure; 

V= volume of air aspirated 

For laboratory determinations  was used device ADR 

120 S, to determine the ground, fixed in the city of 

Targu Mures was used device Tecora. Determinations 

were made between February and May 2011. For 

example we chose April and May, 2011. 

Table 1, day results for April 

Day PM2.5 

[µg/m
3
] 

PM10 

[µg/m
3
] 

1/4/2011 5,97 7,56 

2/4/2011 7,85 20,39 

3/4/2011 6,77 13,05 

4/4/2011 5,38 10,06 

5/4/2011 7,83 11,02 

6/4/2011 2,72 6,33 

7/4/2011 10,01 16,92 

8/4/2011 20,0 31,06 

9/4/2011 18,99 31,86 

10/4/2011 12,32 13,47 

11/4/2011 5,44 4,26 

12/4/2011 10,07 15,54 

13/4/2011 9,1 16,01 

14/4/2011 12,76 24,9 

15/4/2011 8,33 9,63 

16/4/2011 7,05 8,16 

17/4/2011 11,66 17,45 

18/4/2011 13,38 18,14 

19/4/2011 13,2 25,14 

20/4/2011 10,33 12,44 

21/4/2011 16,23 20,3 

22/4/2011 9,93 20,41 

23/4/2011 11,58 23,09 

24/4/2011 9,51 25,32 

25/4/2011 12,96 23,18 

26/4/2011 13,97 12,56 

27/4/2011 11,22 22,19 

28/4/2011 7,48 10,9 

29/4/2011 6,89 13,6 

30/4/2011 10,89 31,4 
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Table 1, day results for May 

Day PM2.5 

[µg/m
3
] 

PM10 

[µg/m
3
] 

1/5/2011 10,36 23,73 

2/5/2011 14,96 23,28 

3/5/2011 14,34 32,41 

4/5/2011 12,3 37,01 

5/5/2011 12,17 33,25 

6/5/2011 8,36 27,14 

7/5/2011 4,66 9,47 

8/5/2011 5,74 12,89 

9/5/2011 5,0 4,09 

10/5/2011 6,14 13,61 

11/5/2011 5,89 20,32 

12/5/2011 8,7 19,7 

13/5/2011 7,0 15,58 

14/5/2011 6,03 14,08 

15/5/2011 6,01 14,45 

16/5/2011 1,15 2,39 

17/5/2011 0,18 0,27 

18/5/2011 2,48 0,8 

19/5/2011 2,12 2,22 

20/5/2011 3,62 4,82 

21/5/2011 4,78 9,26 

22/5/2011 4,79 7,74 

23/5/2011 4,98 8,81 

24/5/2011 4,7 10,03 

25/5/2011 6,12 14,2 

26/5/2011 5,59 26,35 

27/5/2011 8,76 27,42 

28/5/2011 4,79 20,99 

29/5/2011 6,73 14,88 

30/5/2011 5,05 9,69 

31/5/2011 5,43 15,9 
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4. Results and conclusions 

A first important conclusion from the analysis is 

required above results is that the concentration of 

atmospheric micro particles in Tg. Mures area, is not 

exceeded, all recorded values are below limits. 

Daily variations recorded quite large, are closely 

related to weather, wind speed, the day of the week 

[11], [12]. Weekends bring more traffic than a 

decrease in industrial activity and therefore a decrease 

in concentration of micro particles. This behavior is 

similar for both PM2.5 and PM10, we can easily see 

on the graph overlap almost perfectly maxima and 

minima of the two types of micro particles. 
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ABSTRACT 
This paper highlights the need to decouple resource use from economic growth and the 

need to change the traditional patterns of production and consumption in order to 

reduce the pressure on the environment by increasing the efficiency of resource use. 

There are also presented some environmental rebound effects of improving resource 

efficiency, some economic sectors where resource efficiency is canceled by the increased 

demand. 

Keywords: resource, efficiency, decoupling, environment, rebound effects 

 1. Introduction 
 Up to two centuries ago the environment has 

not suffered greatly because of human intervention, 

excepting limited areas, but the industrial revolution 

and especially the new scientific discoveries 

increased the power of influence of man over nature. 

 In the last decades human civilization 

interventions environment caused greater damage 

than the last millennium [1].  

 Under the impact of economic and social 

development soil, water and air have been polluted, 

many species of plants and animals have disappeared 

or are endangered, resources have depleted, and 

man is confronted with various diseases caused 

by pollution. 

Pressure and changes facing the environment, 

including climate change, are not caused only by 

natural events, but also by the emergence of 

development models, practices and life styles of 

humans, as will be seen below. 

 

2. Overexploitation of natural resources 

In parallel with population increase human 

needs have grown and diversified. This has led 

to overexploitation of natural resources with 

consequences of drastic reduction of resources 

available per capita, which currently fall on average 

by 2% per year [8]. 

The graph in Figure 1 comes to reinforce the 

statements above, showing the evolution of extracting 

enormous quantities of natural resources per capita, 

broken down into categories and some regions, 

namely Central and Southeast Europe. 

 Worldwide, the amount of raw mineral 

materials extracted, processed and used reaches 

28 billion tons annually. To achieve this quantity 

of raw mineral materials, 60 billion tons of 

mining mass need to be extracted. Total mining and 

vehicle mass extracted by mining is four times 

greater than the amount carried by rivers of the 

world in the seas and oceans  [2]. 

 
Fig. 1 - Evolution in the use of resources [9] 

  

 Traditional patterns of economic and 

industrial development is characterized by the 

increase in natural resources consume that generates 

more pollution (Fig.2). 
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Fig. 2 - Traditional pattern of industrial 

development [3] 

 

 The issue of resource use, sustainable 

consumption and production first appeared in 

world policy program at the NU Conference on 

Environment and Development (Rio de Janeiro, 

1992), where was noted that "the continued 

deterioration of global environment is caused by 

deficient model of consumption and production, 

particularly in industrialized countries”, model 

considered as "non-sustainable". 

 

 3. The concept of sustainable consumption 

and production, efficient use of resources 

 Increased production and consumption has 

an important impact on the environment. For all 

countries, the issue consists in breaking 

the relationship between economic growth and 

environmental impact as a result of consumption, 

resource use and waste production. Unlike traditional 

patterns of economic and industrial, consuming more 

natural resources and generating greater pollution, 

 

   
Fig. 3 – Pattern for sustainable 

industrial development [3] 

the implementation of the sustainable production and 

consumption patterns favor the optimal use of 

resources and reduce waste production, without 

affecting the standard of living (Fig.3). 
 Promoting sustainable production-

consumption systems requires: continuous 

enforcing of integrated pollution prevention, applied 

to processes, products and services in order to 

increase eco-efficiency and reduce risk for human 

health and the environment. 
 Similar to the definition of sustainable 

development, sustainable consumption and 

production are aimed to maximize efficiency and 

effectiveness of products, services and investments, 

in order to meet society's needs without jeopardizing 

the ability of future generations to meet their needs. 
 Production and consumption are, without 

doubt, the components of the economy with the 

greatest impact on the environment. 

This impact is particularly important and at the same 

time has a great potential for environmental 

protection when the chosen methods of production 

are "clean" or are used those products less harmful, 

by composition or post-consumer waste generated. 

 Decoupling resource use from economic 

growth cannot be achieved without identifying 

economic sectors, products and resources that have 

great environmental impact and without careful 

consideration of efficient use of resources 

and a structural change in the economy. 

 Currently, there are few reliable methods 

widely accepted for measuring the environmental 

impact of production activities and resource use. 

Although the amount of pollutants emitted or the 

amount of waste generated can be measured their 

impact (in terms of human health, eco-toxicology, 

biodiversity loss etc.) is still almost impossible to 

calculate with precision. 

 There are very different patterns of resource 

use from one region to another and from one country 

to another. Differences between countries are even 

higher in terms of effectiveness / efficiency in using 

their resources. 

 
Fig. 4 - Resource efficiency in UE 15+AELS 

[8] 
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However, comparison of economic activities 

(eg, GDP, gross value added) to the amount of 

resources used or the amount of pollution 

emitted allows highlighting areas of inefficiency and 

excess, together with their negative impact on the 

environment. 
Resource efficiency is given by the ratio 

of domestic extraction used to the gross domestic 

product. The most efficient use of resources, with a 

median of about 0.8kg / euro, is recorded in the 

EU15 (Fig. 4). 

Efficiency is lower (2.9 kg/ euro) in the 

EU 10, where there are large differences between 

member states. Thus, the economies of the three 

Baltic States, as in the Czech and Polish economy, 

there is a much more intensive use of resources than 

the rest of the group (Fig. 5). 

 

Fig. 5 - Resource efficiency in UE 10 [8] 

 

By far the largest consumer of resources in 

relation to GDP was recorded in EECCA, where the 

median is 17.1 kg / euro. But the situation in this 

group is very different from one country to 

another, where values range from 3 kg per GDP in 

Georgia EIU to 26 kg in Kyrgyzstan (Fig.6). 

In SEE economies, resource efficiency is 

even lower, reaching a median intensity of 5.6 kg / 

euro (Fig.7). 

Overall, the average efficiency of resource 

use in the EU15 is up to 20 times higher than in 

EECCA. Even taking into account differences in 

climate, geography and economic structure 

of countries, there is a large potential to increase 

energy and materials efficiency in the region. 

 Although more efficient use of EU 15 and 

energy resources, its ecological footprint was 

significantly higher than that of other regions 

and over two times higher than the "sustainable". EU-

10 and SEE also operated at levels "unsustainable", 

although to a lesser extent. 

 
Fig. 6 - Resource efficiency in EECAC [8] 

 

 EECCA region due to large areas of land and 

high biocapacity available was only one where the 

use of resources not involved an "ecological deficit". 

 

 
 

Fig. 7 - Resource efficiency in ESE [8] 
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 4. Rebound effect of improving 

the efficient use of resources 

There are sectors where efficiency of 

resource use was canceled by increased demand. For 

example, space heating accounts for 70% of 

domestic consumption of energy in the EU25, 

and water heating 14% (Eurostat, 2007). Ratios, as 

estimated, are similar in EECCA and SEE.  

The EVC warming is one of the   sectors where 

consumption efficiency was canceled abundantly 

by demand. In most Member States of EU 15 

household’s efficiency in heating increased in the past 

15 years, mainly due to better insulation 

and preventing heat loss. This improvement was 

however offset, and overcome the negative effect of 

increasing the number of dwellings,  

the housing surface and average temperature of 

the room. Despite improvements in energy efficiency, 

total domestic consumption of energy continues to 

grow in the EU, partly due to recoil 

effects (behavior changes due to improvement of 

technology efficiency and lower prices). In the UK, 

for example, building insulation standards have 

improved considerably, but at the same time, 

better insulation and better heating equipment 

allowed residents to warm up to higher temperatures 

their rooms than they really need. 

The average temperature in the home 

(including unheated rooms) increased from an 

estimated temperature of 16 ° C in 1990 to 19 ° C in 

2004, thus nullifying the energy savings achieved  by 

improving  the thermal efficiency. Another significant 

example is the boomerang effects of individual 

electronic devices that have been miniaturized and 

became cheaper to produce using fewer resources. 

Thus, with many smaller electrical and electronic 

devices, environmental impact does not come so 

much from their use, but from removal from service, 

given their high content of heavy metals and other 

hazardous substances. Currently, this category of 

waste is one of the fastest growing in the EU. 

The amount of electrical and electronic 

goods to be removed depends on the degree of 

possession of such devices among the population 

and the rate at which owners are replacing them. 

Currently, the replacement rate is determined by the 

fashion and technical progress more than the useful 

life of the device. Mobile phones and computers are 

goods that their consumption is determined by 

production. EU residents change their phones every 

25 months, the replacement rate decreased to only 20 

months among young people [6].  

Indicators sustainability are essential in 

illustrating to policymakers and the public alike the 

relationship and trade-offs among the three 

dimensions of sustainable development. It is also 

crucial in monitoring progress and performance in 

terms of achieving economic, social and ecological 

goals over time, and in evaluating the future 

implications of existing decision and policy direction.  

 

 5. Conclusions 

 To overcome the current crisis between 

man and the environment, many researches in the 

field suggest the transition of humanity to economic 

behavior and lifestyle ecologically acceptable, for the 

purposes of achieving a sustainable socioeconomic 

system based on compatibility of natural environment 

and that created by the man, which meets long-

term human society. There is already a wide range 

of tools developed in the world and especially EU, in 

order to promote industrial practices with low 

environmental impact and influence our choice 

of products, so that variants preferred to be 

"environmentally friendly". Although the amount of 

pollutants emitted or the amount of waste generated 

by a particular pattern of consumption and production 

their impact (in terms of human health, eco-

toxicology, biodiversity loss etc.) is still almost 

impossible to calculate with precision. Despite the 

"sustainable development" and neoliberal offensive 

mondialism, global environmental problems are a 

reality, and settle them a priority. Looking for a way 

out realities pressing issue is ideas, theses and up to 

concepts, some accompanied by adequate projects. 

 Romania is still in its beginning in this 

regard, and if not has the best techniques in the field, 

has the advantage that may benefit from earlier 

experiences of the member states EU and thus to 

learn good practices and avoid the mistakes made in 

the past. 
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ABSTRACT 
This paper discusses the phenomenon of globalization, namely the thematic areas, 

dimensions and causes of globalization, but also the limits and opportunities of globalization 

on sustainable development. Globalization affects us all in more or less directly. 

A prudent assessment of the opportunities and risks of globalization trends allows a better 

judgment on the tendencies to demonize, or, conversely, to worship of the consequences of 

this phenomenon. 
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 1. Topics of globalization 

 Globalization is a term frequently used in 

political debates, scientific and journalistic, being 

regarded either as a threat or as an opportunity. The 

problems arise from the moment of trying to find the 

defining of this notion. Here it should be noted that 

scientists and public opinion have yet agree on a 

single definition. 

 Apparently, globalization is a complex 

process of global integration in economics, politics, 

technological and socio-cultural aspects. 

First, it is important to see what can be 

subordinated to the globalization process; in any 

way, it is not reduced to business processes, even 

though economic globalization has been a starting 

point and a significant driving force. 

Thus, if the dimensions of globalization 

and thematic areas are highlighted (Fig.1) it is 

important to note that they are not completely 

"contained" in globalization, but neither can be 

treated outside the globalization process. Thus, for 

example, global environmental problems can not 

be studied isolated from the dimension "economy" or 

“policy”. 

 This paper focuses on the economy and the 

environment which are the subjects in most debates 

about globalization (enormous growth of trade 

and direct investment, globalization of financial 

markets, transnational integrated production, 

transnational corporations, local competition among 

states and regions, depletion of national economies). 

Regarding the environment, global issues 

such as atmospheric warming, the ozone hole or 

cutting of tropical forests show in an impressive way 

the phenomenon of globalization, because in this case 

it is clearly about global issues that require holistic 

approach.  

Obviously, regarding environment there are 

many regional and local issues, even if they have 

sometimes a character beyond borders, such as the 

example of pollution of rivers. 

 There are other situations, for example, the 

survival of small island states is serious threatened by 

the continuous rise in sea level. 

 Globalization affects humans directly in a 

more or less degree. A prudent assessment of the 

opportunities and risks of globalization trends allows 

a better judgment on the tendencies to demonize, or, 

conversely, to worship of the consequences of this 

phenomenon.  Such a complex phenomenon cannot 

be defined and explained unless considering its 

determination causes. 

 Technology and technical innovations, 

especially those in computers and communications, 

have played and still play a central role.  

Internet is in many ways, the emblem of 

globalization.  

 
Fig. 1 - Thematic areas of globalization [1] 

 

The 5
th

 Edition of the 

Interdisciplinarity in Engineering International Conference  

 “Petru Maior” University of Tîrgu Mureş, Romania, 2011 

 

 

 

238

mailto:dsoaita@engineering.upm.ro


 

 

Globalization of financial markets, the transfer 

of enormous sums of money in seconds around the 

globe or integrated transnational organization of 

production would not be possible without this 

technology. Low costs and high transport speed gave 

incredible momentum trade, another element of 

economic globalization, because goods could be 

transported more quickly, while rapidly reducing 

transport costs.  This can be seen especially in the 

service sector where software products or databases 

can be transmitted in seconds from one end of 

the world in the other. It seems that liberalization and 

globalization are a result of U.S. regulatory policy 

that started at the end of the Second World 

War.Without global trade liberalization under GATT, 

WTO respectively, this type of development could 

not be really possible. Today, global market economy 

system is dominated by giant transnational companies 

with outstanding technological and economic 

achievements, which provides opportunities and 

limits to sustainable development. 

 

 2. Globalization of trade and the 

movement environmental impact 

 Unfortunately, globalization has not only 

contributed to global economic growth but also 

increased ecological footprint, the contradictions 

and inequalities. 

 Currently human footprint has become so 

overwhelming that planet cannot support it. Thus, if 

every human (of the nearly 7 billion ) would live like 

a middle western we would need three planets like 

ours for satisfying our needs. The movement of 

critics of globalization claims that the current model 

of production, consumption and distribution, with 

outstanding technological achievements and 

economic prosperity in some areas is inconsistent 

with poverty and conflict in many parts of the world, 

overpopulation, pollution, social crises, 

environmental degradation, economic instability, and 

recent global crisis. 
 In the second half of the twentieth 

century, world trade has increased 6 times for raw 

materials and over 40 times for semi-finished 

products (WTO, 2006) and environmental impact of a 

product or of a resource due to world trade can move 

and affect several countries. Trade 

flows between WCE and SEE, on the 

one hand, and EECCA on the other hand are 

very significant but asymmetrical (Fig. 2). The main 

flow from WCE and SEE countries to EECCA 

countries consists of manufactured goods. In contrast, 

exports from the EECCA and SEE EVC consisted 

of over 80% of fuels and mining products in 2006. In 

three SEE countries (Bulgaria, Romania and 

Turkey), exports participation in GDP increased 

 
Fig. 2 - The main categories of trade flows between the EU and Southeast Europe, Eastern 

Europe, Caucasus and Central Asia [billion dollars - World Trade Statistics, 2006] 
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from 16% to 31%. However, the share 

of imports in GDP was also higher, moving 

from 21% to 35%. EECCA countries, the 

contribution of imports to GDP increased from 

20% to 29% and exports from 20% to 39%. 

In the EU15, the annual consume is about 

four tons of fossil fuel per capita. Most of this fuel is 

imported from EECCA. 

Since the period 1992-2004, when exports 

of mineral fuels from EECCA to the EU15 

increased by over 400%, fuels are the product of the 

fastest export growth in EECCA region (Fig. 3). 

Exports of biomass, minerals and metals 

have also increased in a significant proportion, 

but lower than the export of fuels. 

Regarding imports into the EU 15, the 

most pronounced increase was in EECCA products. 

Imports into the EU 10 have also increased 

significantly, doubling and even more in the last 

decade. Imports of metals and biomass in the EU 

10, for example, increased over 250%. 

Imports of semi-finished iron and steel 

products contributed largely to the total increase in 

imports in the period 1992-2004, while imports of 

biomass consisted more in wood and wood products. 

Steel production is a good illustration 

of economy specialization. Western and Central 

Europe is one of the biggest users of iron ore in the 

world and a net exporter of steel, although iron 

ore used in the region, with the exception of Sweden, 

is almost entirely imported. 

Steel tends to be at the level of "high 

technology" production chain, resulting in specialized 

steel products of great value. 

Contrary, EECCA countries (Russian 

Federation, Ukraine and, to a lesser extent, 

Kazakhstan), although rich in iron ore deposits and 

energy, tend to produce and export crude steel. 

International trade thus leads to a 

displacement of ecological problems from consuming 

countries to exporting countries because of 

significant environmental damage occurring in the 

latter. 

 Raw materials extraction and low processing 

are associated with pressure on the environment: 

the contamination of air, soil and water to destroy the 

landscape and are a threat to biodiversity. 

 Production of industrial minerals and 

metals play an important role in environmental 

damage caused by they. This production tends to be 

associated with high consumption of resources.

 Mass ratio extracted unused and used can va

ry from 10:1 (for iron and aluminum) to 

over 100:1 (copper), 6 000:1 (zinc) and 000:1to about 

1000 gold and diamonds. So, this industry, not 

only collects large quantities of tailings from mines 

and quarries, but part of the tailings can be very 

toxic and a danger at least for the local environment. 

The gold industry is particularly damaging to natural 

ecosystems of mining ponds and causes  significant 

artificial changes to vast surrounding areas. 

 Thousands of hectares of land are 

directly affected by mining activities and the 

mountains of waste (tailings) - made up of millions 

of m3 of waste (of which most are radioactive) – rise 

in areas exposed to natural disasters such as 

earthquakes and slides field. In addition, resource-

exporting countries are likely to turn into "mono-

economies", in which growth is based on 

a single dominant sector, such as extraction of natural 

resources.  

 Economies of this type are very vulnerable. 

Therefore, on the long term, countries in this situation 

sometimes prefer to diversify their economies and to 

develop manufacturing capabilities and services. In 

the early '90s, it was believed that 

economic reforms will lead to more efficient use of 

resources and energy in EECCA countries and 

therefore to mitigate environmental problems in the 

region.  Profitable economically sectors, which 

managed to attract foreign investment, there 

were indeed such pluses of resources and diminished 

environmental impact per unit of production. 

 
Fig. 3 -  EU15 imports from EECCA,  

1992–2004  [World Trade Statistics, 2006] 
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 However, industries that have continued to 

grow were the generators of pollution intensive, such 

as ferrous metals, electricity, petroleum refining and 

extraction of coal and gas. In recent decades, all 

economies have undergone a structural 

change, consisting of a shift towards services, 

which increased the contribution of services to GDP 

(Fig. 4).  Services dominate the economies of the 

EU15 Member States, representing 70% of GDP, 

compared to 28% and 2% agriculture industry. In EU-

10 economies, the share of services increased to 65%, 

while industry's contribution fell to 32%.  

 

 3. Conclusions 

 Raw material extraction and low processing 

levels are associated with high pressure on the 

environment: the contamination of air, soil and water, 

destroying the landscape and are a threat to 

biodiversity. Thus, in the Caucasus 

and Central Asia, the contribution of agriculture is 

still high, reaching 18% at respectively 16%, while 

service share of 39% and 49%, still the 

lowest compared with other regions studied. 

Environmental impact of industry declined in the 

EU25, due to stricter regulations, better 

enforcement of them and the closure of heavy 

industry in the new member states. As 

the yield increases in the dominant, it generates 

greater revenues, diverting resources from other 

economic sectors. The example of 

Norway shows however that this scenario turns out, 

though checked in many cases, it is 

not insurmountable. Norway extracts natural 

resources, particularly oil and gas, four times 

more than they consume in their own economy.  

However, Norwegian industry is highly developed 

and diversified. In addition, the country benefits 

from an advanced social security system, 

financed from a fund fed by taxes on oil extraction. 

The result is an equal distribution of oil benefits to 

the population. As a result, Norway is one of the 

richest countries in the world with a GDP of  

$39,200 / per capita. Norway's situation differs 

radically from that of another oil exporter, 

Kazakhstan, where GDP per capita is only $ 

1800 / per capita. In Kazakhstan, manufacturing and 

service capacity is very limited, social insurance and 

education level is lower and income distribution is 

quite uneven. Some experts argue that having large 

reserves of natural resource highly sought, can limit 

the development of healthy and diversified economy. 

Increasing dependence on revenues from the 

extraction of resources, be it oil, gas and metal ores, 

can lead to increased investment in that sector, 

sometimes to the detriment of other sectors.  
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ABSTRACT 
This paper presents some achievements of the project entitled “Develop of open systems 

services for smartphones that facilitates new evaluation methods, and enhances use of 

immediate feedback on evaluation results obtained in tests as a creative learning tool” 

(acronym Done-IT). Models of learning that learners use to generate meaning and 

understanding from instruction but also by using mobile devices are analysed. The 

project aims, objectives are to develop and validate new evaluation models that use 

creative, inquiry and problem based complex industrial production cases to facilitate an 

active learning impact; verification and elaborative learning processes, based up on 

creative expression and in class feedback discussions; open Operative System evaluation 

and test services for Smartphones. Done-IT is focusing on the development of new 

evaluation methods which require new, novel learning and teaching methods based up on 

active learning approaches in vocational education and training and higher education. 

Keywords: evaluation methods, mobile device, smartphone, material testers, learning skills 

 
1.  Introduction 

Users prefer to substitute mobile 

devices for stationary computers to run their 

applications, because mobile devices are always 

resource-poor in contrast with stationary computers. 

Kafaie  has resolved the challenges of computing on 

resource constrained mobile devices by cyber 

foraging [3]. 

Mobile devices, such as smartphones, have 

become powerful enough to implement efficient 

speech-based and multimodal interfaces, and there is 

an increasing need for such systems. Turunen [9] has 

presented infrastructure design solutions that make it 

possible to distribute the user interface between 

servers and mobile devices, and support user interface 

migration from server-based to distributed services.  

Xu [12] proposed to enable efficient browsing 

and manipulation of web tables on smartphone in 

order to solve the problems of both information 

retrieval and content replication from web tables.  

In the educational process students cannot 

verify immediately their learning during tests and 

exams, and the feedback is published after days or 

weeks. 

The project entitled „Develop of open systems 

services for smartphones that facilitates new 

evaluation methods, and enhances use of immediate 

feedback on evaluation results obtained in tests as a 

creative learning tool” acronym Done-IT, tries to 

solve this challenging problem expanding material 

tester (MT) specialists and material engineers 

learning skills in Romania by testing a unique, brand 

new inquiry-and problem based evaluation model. 

The project is promoted by Sør-Trøndelag University 

College in Trondheim  Norway (HiST) in partnership 

with “Petru Maior” University of Tîrgu-Mureş 

Romania (UPM) [13]. 

It is developed advanced, flexible, easy and 

fast to use services for 4 operative systems. Each 

student use Smartphones to answer and mark multiple 

choice tests with a number of questions. It includes an 

embedded automatic marking system for repeated 

measurement of a student knowledge. Also it is 

developed a new evaluation model, where the in class 

results are turned into a creative, collaborative, active 

learning process with immediate feedback. 

The teacher may, for each single question to: 

a) A teacher lead a verification feedback: why 

is the answer correct and why the other ones 

are incorrect; 

b) A student group driven elaborative feedback 

discussion: the answers are displayed but 

they don’t know which are the correct or 

incorrect ones; 

c) An individual student lead elaborative 

feedback discussion: the deviation from the correct 

answer without addressing why it is correct and why 

the other ones are incorrect. 
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The training method is used beyond classroom 

in material test labs. It includes cases that verify 

learning through real experiments demonstrating what 

to do, how it works, and how the deviation will look 

like. The new open evaluation services may be used 

as examination tools within e.g. certification 

processes. 

Material testers and material engineers 

frequently need to conduct visual inspections, tests 

and assess the quality of products in a range of 

mechanical fabrication process. ISO 6520 is used to 

distinguish 80 types of material defects like cracks 

and gas pores. For each type, the defects could be 

grouped or classified into different degrees of severity 

and complexity, whereby students must master 

knowledge of multiple characteristics of materials.  

Thus in technical and science foundation 

courses in Europe much learning consists of the 

acquisition of factual information [5]. Research 

indicates that the typical learning styles of accounting 

students are not suited to the acquisition of generic 

skills. Learning theory is used to provide a framework 

to support the use of case studies as a tool to promote 

appropriate learning styles and thereby enhance 

generic skill development. Case studies, however, as 

a tool to promote appropriate learning styles through 

encouraging controllable failure attributions enhance 

generic skills development [1]. Quality management 

principles of Deming and the educational theories of 

Feuerstein and Bloom are used by Tribus [8] to 

design of a system of engineering education in which 

every student, on graduation, displays mastery of the 

subjects in the curriculum. Students approach their 

tasks differently which contributes to qualitatively 

different learning outcomes [2]. 

 

2.  Models of learning  

Wittrock [6] presents a functional model of 

learning from teaching that, in contrast to structural 

models of schemata and knowledge representation, 

focuses on the neural and cognitive processes that 

learners use to generate meaning and understanding 

from instruction. It consists of four major processes: 

(a) attention, (b) motivation, (c) knowledge and 

preconceptions, and (d) generation. Each of these 

processes involves generative brain functions studied 

in neural research and generative cognitive functions 

studied in knowledge-acquisition research. In this 

model of generative learning, the brain is a model 

builder. It does not transform input into output. 

Instead, it actively controls the processes of 

generating meaning and plans of action that make 

sense of experience and that respond to perceived 

realities. Within this framework, teaching becomes 

the process of leading learners to use their generative 

processes to construct meanings and plans of action 

[10]. 

According to contemporary models of 

learning, individuals understand and remember new 

material best when they elaborate on that material in 

some manner. In general, the quality of the 

elaborative-interrogation study responses did not 

affect learning [6]. Elaboration can take the form of 

adding details to the information, clarifying an idea, 

explaining the relationship between two or more of 

the new concepts, making interferences, visualizing 

an image of some aspect of the material, applying an 

analogy relating the new ideas to facilitate learning 

by promoting students to solve specific through-

provoking questions pertaining to the material to be 

learned, and those questions in turn elicit relevant 

explanations [4]. The characteristic of the questioning 

strategy that accounts for these effects is the critical-

thinking nature of the question prompts and the high 

degree of learner autonomy and independent learning 

within the structure of such a strategy.  

Mobile devices are highly portable, easily 

distributable, substantially affordable, and have the 

potential to be pedagogically complementary 

resources in education. In some cases the mobile 

learning technology adoption was rapid, seamless, 

and actively driven by the students rather than the 

teacher [11]. 

Santos [6] explores how a group of 

undergraduate students use their mobile phones to 

perform informal learning activities related to the 

content of their courses outside the classroom. 

Students performed informal learning activities 

mostly from home, interacting mainly with 

classmates. It also shows that students were in control 

of their informal learning activities without teachers’ 

input. However, it was found that students used only 

a limited number of applications but these were 

considered useful to their learning 

 

3.  Done-IT Aims and Objectives 

The Done-IT project objective is to develop 

and validate: 1) new evaluation models that use 

creative, inquiry and problem based complex 

industrial production cases to facilitate an active 

learning by doing approach by utilizing real 

experiments in material tests labs. The students may 

improve and immediately apply their knowledge to 

practice (e.g. in new cases provided by the teacher) 

by participating in 2) verification – and elaborative 

learning processes, based up on creative expression 

and in class feedback discussions immediately after 

the tests is completed. Easy and fast to use 3) open 

Operative System evaluation and test services for 

Smartphones (Android, Apple, Windows and 

Symbian) provide automatic grading of the multiple 

choice tests results. Tests can be done in any 

classroom covered by a WI-FI network. 

Done-IT aims to foster innovation by 

providing a new model for evaluating and expanding 

students learning skills and knowledge, since the 

results from multiple tests may easily be 

interconnected. Students understanding of problems 

are measured and collected in real time, whereby the 

traditional final exam is replaced by a system of 
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multiple tests during the year. The evaluation model 

uses mobile devices that may easily track if students 

decide to change their mind in a peer instruction 

elaborative feedback learning process: the teacher 

may display the class results of a test question 

without explaining what the correct or incorrect 

results are, and let individual – or groups of students 

discuss the alternatives. After this Learn Active 

process some students may decide to change their 

mind and correct their feedback. 

 The services use advanced web technologies 

such as XML security, and implement XML 

authentication, confidentially, and integrity. A 

database is used for management of system operation, 

while data boxes for storage of data secure fast 

operation. Bluetooth connections may be considered 

instead of using Wi-Fi networks. 

 

4.  Impact and sustainability 

Done-IT introduces immediate elaborative 

and/or verification based feedback processes and 

learning methodologies to students based learning by 

using modern mobile handheld devices. 

The main target group consists of a) MT 

specialists and material engineers working in 

mechanical industry companies and b) teachers and 

instructors that provide training and certification to 

these staff groups. The teachers and instructors may 

work at Vocational Education and Training (VET) 

schools universities as employees within large 

mechanical industry companies, or as employees of 

small training institutions which typically do not have 

the capacity to have full time training employees 

To ensure maximum impact, the project 

partners aim to collaborate with training and 

certification organizations operating with material 

testing. The deployment of proposed methodologies 

learning activities and new mobile service through 

formal education channels is critical for a number of 

reasons: most importantly for ensuring post project 

adoption and exploitation of results; for accurate 

learning needs analysis based on gaps in current 

curricula; and for the establishment of an industry 

network for collaborative knowledge development. 

This includes policy makers, who will benefit from 

evaluation results on the relevance, applicability, 

acceptance, and effectiveness of proposed 

methodologies and mobile learning technologies. 

Stakeholders are represented in the 

consortium, in targeted dissemination, and 

exploitation of partner organizational links to their 

sectors. Experienced teachers lead and establish 

learning requirements. Teachers and learners 

participate in learning activity design and deployment 

of elaborative and verification feedback loops. 

Finally, teachers and learners will be the focus of 

validation in actual learning conditions. 

Software development is done in close 

collaboration with instructors and students. A 

prototype is developed and tested by end-user groups. 

The feedback obtained is used to improve and change 

the interfaces and the software. This process must be 

repeated several times before an intuitive, easy to use 

control interface has been developed. The challenge 

is to build a system solution that is intuitive, fast to 

use, while at the same time providing sufficient 

flexibility and easy inclusion of improvisation in 

elaborative and verification learning processes 

addressing students’ tests results. The software 

solution will be designed for use in small and large 

class rooms. The technology may be used for in-class, 

laboratory, but also for distance training purposes, the 

latter being an entirely new option for elaborative 

feedback. 

Stable software solutions will be tested in real 

material testing courses with evaluation of learning 

outcome and new training methods. 

The proposed mobile learning solution use 

control interfaces that are designed for digital 

blackboards, PC or the emerging PAD’s. The 

interfaces for Smartphones, will be designed such that 

they may be used in all types of training activities that 

may utilize elaborative and verification based 

feedback training processes – based up on tests as 

part of the learning process. This includes all kind of 

technical and engineering courses in VET as well as 

higher education, that may use problem based 

learning and cases in the learning environment. 

The interface solutions will be designed for 

use in a range of process and product oriented courses 

that may utilize mobile learning elaborative and 

verification feedback process, e.g. in social sciences, 

medical education, mechanical industry trainers 

education, where it is several pathways to find an 

answer. Thus, the proposed technical solution as well 

as the new training method, has a generic nature that 

the consortium believes may be used widely in VET, 

higher education, as well as high schools and 

secondary schools. 

The proposed new elaborative and verification 

based feedback training method is new and may be 

used in small VET or higher education classes 

without use of Smartphones. For large groups, 

however, the consortium expect that the Smartphone 

is a key factor in grading tests, as it is not necessary 

to access a computer lab anymore, and obtain student 

lead peer instruction interactive feedback from the 

whole class. 

 

5.  Results and implementation 

Done-IT directly addresses the transversal 

policy framework by focusing on the development of 

new evaluation methods which require new, novel 

learning and teaching methods based up on active 

learning approaches in VET and higher education. 

Done-IT aims to bring evaluation closer to real world 

needs as in introduces didactical methodology that 

combines immediate feedback after tests to students 

by using Smartphones, and elaborative and 

verification based learning processes, in combination 
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with problem solving approaches where students do 

real experiments at the lab. Remote, autonomous, 

independent learning is achieved by supporting the 

classes with graphical interfaces and on-line tools 

where students may immediately apply their 

knowledge to practice by elaborating and verifying 

’’what happens if ... ’’ approach in specific areas of 

an industrial fabrication process. 

This new evaluation method develops 

analytical and creative thinking, whereby it has the 

potential of reaching a wider educational community 

then currently used approaches based on final exams. 

  Very few initiatives in the industrial sector 

have targeted elaboration and verification based 

evaluation processes in such an integrated and 

pedagogical sound way by identifying material 

testing quality criteria, defining methods of learning 

needs , develop provider specific measures and 

services, identified new skills for teachers and 

training personnel, and finally validated the selected 

mobile evaluation and training principal, as well as 

technical solution in an number of in-company 

training courses. The consortium believes that the 

project stimulated new implementation of know-how 

transfer in industry by use of mobile learning, and 

increase the use the new evaluation principals at the 

end –user site. 

Done-IT addresses the modernization of the 

evaluation system in Europe by use of mobile 

learning. It facilitates improved material testing 

training in fabrication processes, by developing a 

new, creative elaborative and verification feedback 

learning environment through three main points of 

interests: 1) improve the competitiveness of European 

SME’s by reduction of material testing production 

costs in a technical efficient way, 2) improve material 

testing management of training processes by 

combining real experiments with cases from 

industrial production processes, 3) development of 

new training methodologies where the learner learn 

through critical thinking and creative expression from 

immediate elaboration or verification based feedback 

in multiple choice tests in a course. 

Done-IT is the first step in Europe towards 

inclusion and deployment of elaboration and 

verification to students, based up on immediately 

feedback by using cheap (and some widely) available 

mobile learning tools in evaluation and grading of 

tests and exams during a course. It has the potential to 

change the way education is evaluated in Europe, in a 

range of disciplines and areas [7]. 

With the partners there is a strong industrial 

presence and includes other industrial beneficiaries 

with strong ties to the mechanical industry and 

industrial networks through numerous projects and 

developments. The experience of these partners led to 

the identification of inadequacies in the current 

training system and in the development of this 

proposal for effective train delivery. These partners 

have experience in training standards in mechanical 

industry, as well as experience in interacting with 

European networks   

This industrial approach ensures that the 

results will be implemented in a practical industry 

case and that follow up initiatives can utilize the 

project results in similar knowledge transfer 

programs. The partners have broad experience in 

technology transfer by traditional methods and will 

clearly see and utilise the benefits from this 

consortium. The partners are also familiar with the 

existing training content in material testing. 
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ABSTRACT 
This paper presents some achievements of the project entitled “Disseminating Open and 

Innovative Tools and Services for Vocational Education and Training in Quality 

Assurance” (acronym Do-IT) financed by European Commission. The recent 

developments and results obtained during pilot testing of new pedagogical models and 

services, in Do-IT project, targeting engineering education in Romania are presented. 

This includes the activity Based Training methodology (ABT) for quality management 

system audit course according to ISO 19011 and ISO 9001. ABT focuses on delivering 

theoretical content linking directly theory and practice according to the industrial 

production path of an object. The testing of the theoretical and practical achievements 

has been done using Student Response System (SRS), by using individual voting systems. 

Keywords: Quality auditors, Quality assurance, Vocational Education and Training, 

Activity Based Training, Student Response System 

 
1.  Introduction 

National vocational training traditions focuses 

principally on how to qualify the workforce for the 

intermediate skills sector, that in industrial countries 

this segment accounts for 60 to 70 per cent of all 

employees [8]. Continuing vocational training 

comprises all more or less organised or structured 

activities – whether they lead to a recognised 

qualification – which aims to provide people with 

knowledge, skills and competences that are necessary 

and sufficient in order to perform a job or a set of 

jobs. Employees in continuing training undertake 

work preparation or adapt their skills to changing 

requirements [2].  

The importance of training as a creator of 

human capital, which enables a company to obtain 

competitive advantages that are sustainable in the 

long-term that result in greater profitability has been 

studied. The impact of the influence of training on 

performance is analysed by Danvila del Valle [1] 

from two different perspectives: the universalistic 

approach and the contingent approach. In vocational 

education and training the most important is practical 

ability. 

In-company training is one of the critical skills 

and key constraints to economic growth and 

development in Romania [5]. Work integration social 

enterprises are in fact a measure to facilitate the social 

inclusion of people through work [4]. 

The project Disseminating Open and 

Innovative Tools and Services for VET in Quality 

Assurance (Do-IT) tries to solve this challenging 

problem by disseminating and deploying successful 

state of the art large-scale skills upgrading solutions 

from Norway to Romania. The project is promoted by 

Sør-Trøndelag University College in Trondheim  

Norway (HiST) in partnership with “Petru Maior” 

University of Tirgu Mures Romania (UPM) [13]. 

Do-IT project disseminates a new type of 

learning environment that improve the quality of 

existing training materials and study paths, in 

combination with dissemination of new pedagogical 

methodologies. It offers easy access to the best cost-

efficient production process solutions that help 

improving Quality Auditors/Quality Managers in 

industrial production process training, while 

maintaining the best tolerances of the production 

parameters. Furthermore, Do-IT disseminates an 

innovative training environment that utilizes the 

advantage of visual communication in such a way 

that QA/QM specialists and instructors improve the 

quality of their work. They may evaluate the 

industrial use cases and select and combine the best 

practice for the relevant solutions in real life 

production in order to make up alternative decision 

routes, that reflects the most economical and 

technical production tasks. 

Do-IT is disseminating a new type of learning 

environment that addresses modernization of the 

Educational System and the technological need for 

facilitating industrial quality management assurance 

designs in fabrication process training at Vocational 
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Education Training (VET) schools. This is done by 

disseminating pedagogical practices and video 

technology solutions through three main points of 

interest: 

- Facilitate the competitiveness of European 

SMEs by reduction of QA production costs in a 

technically efficient way, 

- Improve QA processes by providing risk 

analysis to VET training and learning environments 

that utilize an industrial fabrication processes 

approach, 

-Support further development of new training 

methodologies in combination with pedagogical 

implementation of predictive vivid video solutions 

demonstrating How to DO and How Not to DO 

working procedures. 

Do-IT is disseminating a new innovative 

approach for in-company training by offering VET 

schools and mechanical industry companies access to 

an integrated pedagogical training and learning 

approach, and new iPod Touch technology. 

However, manufacturing industry in Romania 

demands a large number of new quality professionals. 

“Petru Maior” University of Tirgu Mures (UPM) will, 

due to lack of personnel in the Quality Assurance 

(QA) sector, provide a new education for Chamber of 

Commerce Industry and Agriculture of Mures County 

(CCIAMS), in quality auditors courses accredited by 

National Council for Adult Vocational Training.  

 This education focuses on QA aspects at the 

engineering level and QA skills upgrading of workers 

in the various manufacturing sectors in Romania. 

 

2.  Do-IT project aims and objectives  

Do-IT is aiming at disseminating and raising 

the awareness of a new integrated blended learning 

environment that offers flexible and pedagogical 

delivery of level specific mechanical industry 

production process training to VET schools and in-

company training organizations in Romania. This 

includes: 

• Educate VET QA instructors as Activity Based 

Training learning environment advisers, 

• Disseminate an innovative transfer system for SME 

in-company training that is delivered on a just-in-time 

basis. 

Do-IT utilizes blended learning methods that 

mix and merge: i) A pedagogical model that utilizes 

ABT to follow the production flow of an object, ii) 

onsite training, ii) self paced on-line education, and 

iv) high quality instructional video delivery of 

learning material to welding institutes, SME and VET 

schools, into one competence transfer model. 

The Do-IT actions include: i) Dissemination 

of the new ABT training principles for effective 

transfer of competence in companies, institutes and 

VET schools, ii) Dissemination and delivery of an 

instructor training program (e.g. good practises) 

targeting design, development and implementation of 

the learning environment tools for QA trainers. iii) 

Delivery of flexible training courses to manufacturing 

industry companies for dissemination of the learning 

environment, training methodologies, and sound 

inclusion of instructional video into skills upgrading. 

iv) Transfer of expert knowledge and good practises 

to stakeholders at national and European level.   

The new learning environment and the ABT 

model close the traditional gap between VET training 

and the industrial production process workflow. The 

methods are generic, whereby they are applicable to 

European wide manufacturing industry sectors 

(fabrication industries, VET schools and SME’s). 

They facilitate an innovative solution for cost- and 

time effective transfer of industrial production 

process know-how and technology knowledge to 

SME at a just-in-time basis.  

The Do-IT learning approach for QA 

training is completely new in Romania and represents 

the implementation of the modern learning tool in QA 

processes. It is necessary to train trainers in order to 

be familiar with new learning methodology, which 

brings a new classroom environment for the students. 

From the sectorial perspective, Do-IT disseminates 

and exploits activities targeting quality professionals, 

like quality managers and quality auditors from 

enterprises, that are providing QA training according 

to standards like ISO 9000, 9001 as 9004, 19011 

(auditing) and application in industry. Thus, Do-IT 

covers all QA educational paths.   

The Do-IT training methodologies and 

technical solutions also target other QA guidelines 

aiming of influencing similar educational routes.  In 

this way Do-IT includes most of the sectorial 

educational paths within the QA sector.  

From the geographical perspective, Do-IT 

targets central educational needs by offering 

institutes, VET schools and industry itself access to 

flexible just-on-time on-the-job training activities that 

are independent of distance limitations. Furthermore, 

it targets teachers and QA instructors thus stimulating 

a life-long learning process through a dedicated train-

the-trainer programme. This programme has a dual 

purpose by stimulating new teachers and instructors 

to apply technologies that enhance their professional 

reputation and their technological curiosity, as well as 

offering them an educational path for upgrading of 

their knowledge.  

From other perspective, UPM may 

disseminate the project results through their 

membership in the European Distance Education 

Network that includes most countries in Europe. 

Extension of new harmonised guidelines in 

combination with an educational framework targeting 

train-the-trainer, stimulate the cooperation and 

exchange of trainers between institutes, VET schools 

and industry. Thus, the Do-IT dissemination and 

exploitation activities enhance the Lisbon strategy for 

free movement of personnel due to the harmonised 

educational framework for skills upgrading processes 

targeting welders and mechanical industry. 
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It should be noticed that Do-IT uses 

international recognized diplomas and certification of 

QA personnel, which strengthen and promote free 

movement of personnel and skilled workers within 

the member states. 

 Very few initiatives in the industrial sector have 

targeted this challenging problem in such an 

integrated and pedagogical sound way by identifying 

quality criteria, defining methods of learning needs, 

develop provider specific measures and services, 

identify new skills for teachers and training 

personnel, and finally disseminate and validate the 

selected training principles/solutions through a 

number of in-company training courses. It is expected 

that the project to stimulate new implementation of 

know-how transfer in companies, and increase the use 

of new training principles. 

 Do-IT utilizes blended learning methods that 

mix and merge [6]: i) A pedagogical model that 

utilizes ABT to follow the industrial production flow 

of an object, while at the same time always following 

up theoretical training with practical training, ii) 

onsite training, ii) self paced on-line education, and 

iv) high quality instructional video delivery of 

learning material to institutes, SME and VET schools, 

into one competence transfer model. 

The new learning environment and the ABT 

model close the traditional gap between VET training 

and the industrial production process workflow. The 

methods are generic, whereby they are applicable to 

European wide mechanical industry sectors 

(fabrication industries, VET schools and SME’s).  

The evaluation measures focus on the 

effectiveness of the learning environment as a 

solution that engages students demand for obtaining 

theoretical competence and knowledge.  The course 

delivery is a two tire implementation: 

• Delivery of the instructor training courses to VET 

schools, with pilot use of the prototype as the first 

activity. This partly consist of seminars highlighting 

the structure and methodology obtained through the 

MECCA project [8] and focusing on the relevant 

findings for this market 

• After the first training seminars for the target group 

teachers and instructors, then the practical courses 

from this group are offered and implemented as a 

second activity for the ultimate target group QA 

specialists in industrial companies. The starting point 

is a pilot course for testing the translated educational 

material and the ABT methodology. Second a 

planned educational schedule is defined together with 

the teachers and instructors from the first schedule. 

This schedule is developed at a national level but with 

additional coordination on a regional level.  

 

3.  ABT methodology 

 In literature many programs report great 

emphases on practical teaching. Revised of the 

training program, increased the proportion of practice 

courses, update content of practice courses, prepared 

book and experimental teaching are presented by Liu 

[3] for training of applied talents. 

 The capacity of student-defined criterion 

assessment to evidence learning, has been 

evidentiated by Seery [9] which concludes by 

presenting a valid and reliable holistic assessment 

supported by comparative judgements. 

 The MECCA project [14] developed and 

validated an innovative new learning environment 

that utilizes a new pedagogical methodology (ABT), 

in a new competence transfer model by combining 

on-site training, e-learning, instructional video on 

demand solutions, high quality videoconferencing.  

 ABT focuses on delivering theoretical content 

just in front of the practical training tasks, linking 

directly theory and practice according to the industrial 

production path of an object [7]. ABT create 

relevance and motivate the student, triggering 

ultimately reflective cognition processes. By using 

such a model in combination with the technical video 

solutions, it is possible to transfer education, 

competence and know-how on a just-in-time on-the-

job basis in a lifelong learning perspective.  

  The core idea behind ABT [12] is that 

student should produce something. This something 

can be a variety of things, from a physical product 

like iron to services in a restaurant. The production 

process must be clearly defined so that each step in 

the process represents an added value to the process 

itself. The production process consists of a number of 

defined production steps, each adding a value to the 

product. These steps can be described with a scope, 

purpose and a time schedule. 

 However the start point for any production is 

that it contains an order, defined as a set of documents 

clearly describing the product which shall be 

produced. For example the following documents 

should be attached to the order: design drawings, 

manufacturing drawings, final assembly drawings, 

functional description of the product, delivery 

requirements including requirement for 

documentation, list of raw materials, quality 

requirements for raw materials and final product,  

delivery plan for the product, requirements for 

qualifications of the personnel, documentation control 

and traceability, etc. 

ABT learning environment is offering 

flexible and sound pedagogical delivery of level 

specific manufacturing industry production process 

training to VET schools and SME training 

organizations in Romania.  

To be able to actively participate in 

collaborative creation of knowledge objects, students 

are expected to take control of their learning, and to 

engage in productive collaboration with peers. 

Do-IT project disseminates new methods for 

delivering in-company skills upgrading processes that 

significantly reduces the costs related to competence 

and knowledge transfer, and enhances production 
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competence and know-how transfer to VET schools. 

This includes: 

• Educate VET QA instructors as Activity Based 

Training learning environment advisers 

• Disseminate an innovative transfer system for in-

company QA training of personnel, delivered on a 

just-in-time basis without distance limitations with 

inclusion of iPOD Touch student response system.  

Participating training institutes, VET schools 

and companies may utilize the new ABT learning 

environment to offer a broad range of specialized 

courses at a European level. 

 ABT courses are structured in a number of job 

orders, each containing a number of job packages, 

that improve knowledge and competence transfer 

according to a just-in-time on-the-job production 

workflow approach [10].  

 The results from the MECCA projects 

demonstrated that welder students, who usually are 

not interested in theoretical explanations, started to 

request more theoretical training in their education. 

This is quite extraordinary and demonstrates that the 

principles of delivering the theory just-in-front of 

practical training and according to the production line 

are important [11].  

Coordinated use of highly focused industrial 

instructional video: they demonstrate how to do and 

(even more important) how not to do various welding 

techniques. They may serve as a starting point for 

discussions, thus trigging QA reflective cognition 

processes. 

 

4.  ABT application in VET of quality 

auditors 

ABT methodology has been used in the quality 

auditors courses delivered by UPM and CCIAMS.  

For this purpose, have been used 13 modules that are 

presented in table 1. Some of them are theoretical 

(modules 1, 3, 5, 9) and others are practical (modules 

2, 4, 6-8, 10-12). A module consists of 2 lectures, 

each lasting about 50 minutes. 

 

 

 

Table 1. The ABT methodology for quality management system audit course according to ISO 19011 and 

ISO 9001. Evaluation of theoretical achievements with SRS 
 

Module no Quality audit process - 

ABT activities 

Verification and control 

process - ABT activities 

Type of 

module 

SRS evalua-

tion 

0 1 2 3 4 

1. Introduction  in 

the QA course 

Introduction to the QA 

course, scope of the 

education in quality 

Organization 
Theo-

retical 
13 questions 

2. Contracting the 

audit 

Delivery of contractual 

documents including 

domain and criteria of audit 

Contract review 

Establish the criteria for audit 
Practical - 

3. Establishing the 

audit team 

Nomination of chief 

auditor, selection of 

auditors 

Qualification of auditors,  

Criteria for chief auditor 

Theo-

retical 
11 questions 

4. Analysis of  

quality management 

system 

documentation 

Analysis of  

● Quality manual,  

● System procedures,  

● Operational procedures 

Degree of fulfilment of audit 

criteria  
Practical - 

5.Audit planning 

and execution 

Knowledge of audit 

documents, main steps for 

planning and execution 

Degree of organisational 

comprising in the audit 

process 

Theo-

retical 
15 questions 

6. Elaboration of 

documents for audit 

Creating the: 

● Audit plan,  

● Audit questioner,  

● Nonconformities report, 

● Process sheet 

● Audit report 

Control of documents format 

according to ISO 9001, ISO 

19011 and system 

documentation 

Practical - 

7. Audit planning 

Elaboration and delivery of 

audit plan – agreements 

between auditors and 

audited organization 

Control of audit plan 

according to organisational 

chart and system 

documentation 

Practical - 

8. Audit execution 

Examination of 

organization, filling  

● Audit questioner,  

● Nonconformities report 

Control and verification 

before, during and after audit 

– control of proofs supporting 

nonconformities 

Practical - 
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0 1 2 3 4 

9.Audit report and 

follow up 

corrections 

Knowledge of audit 

reporting activities and 

implementation of 

corrections 

Report mechanism 
Theo-

retical 
14 questions 

10. Audit report 

elaboration 

Filling the audit report and 

delivery to the audited 

organisation 

Control of conclusions in the 

audit report 
Practical - 

11. Corrections 
Establish corrections, 

corrective actions 

Evaluation of envisioned 

efficiency of corrective 

actions 

Practical - 

12. Follow 

corrections and 

corrective actions 

Evaluation of corrections 

and corrective actions 

Control of documents 

supporting corrections and 

corrective actions. Evaluation 

of efficiency and efficacy of  

proposed corrective actions 

Practical - 

13. Appreciation of 

the Quality Audit 

ABT course and 

SRS evaluation 

Participants list at the course 

Evaluation questioner 

Evalu-

ation 
 

 
 

The testing of the theoretical and practical 

achievements have been done using SRS 

methodology, depicted in figure 1, how students are 

using the voting system and in figure 2, is shown the 

display of the results on a smartboard.  

 
 

Fig. 1 - Students voting on iPods 
 

 
 

Fig. 2 - Results display in a SRS session 
 

 At the end of the course have been distributed 

questioners to the course participants (module 13). 

The results together with interviews with students 

show a clear positive picture on using the ABT during 

the class. Students agree that the ABT encourage the 

students to be active during the lecture, and they feel 

that using ABT helps them to learn the curriculum of 

the course. 

The personal benefit of the students after 

participating at the courses was very good, also the 

courseware and the instructor were very good and 

they totally agree the relevance of the ABT 

methodology in the future. 

 

5.  Discussion and conclusions 

  Sør-Trøndelag University College of 

Trondheim in Norway is coordinator of the project 

“Disseminating Open and Innovative Tools and 

Services for Vocational Education and Training in 

Quality Assurance” (acronym Do-IT), financed by 

European Commission, having partner “Petru Maior” 

University of Tîrgu Mureş [13]. During the project 

we have employed the Activity Based Training in a 

few VET courses delivered for quality auditors. 

 ABT courses are structured in a number of job 

orders presented in 13 modules, some of them 

theoretical and some practical, each containing a 

number of job packages, that improve knowledge and 

competence transfer according to a just-in-time on-

the-job production workflow approach. 

 The students provide positive feedback with 

respect to increased engagement and motivation. 

Many students feel it become very motivated to 

attend the lectures. 

 Pedagogical challenges related to the new 

roles of the teacher and the students in the educational 

process have been demonstrated. Experiences from 

the first testing period of the ABT system have 

provided valuable information targeting challenges, 

as well as “best practices” for using such systems in 

large classrooms.  
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ABSTRACT 
This paper presents some achievements of the project entitled “Teaching Programming 

Towards Early Development of Analytical, Structural, and Critical Minds” - cMinds, 

financed by European Commission. The recent developments and results obtained during 

elaboration of the user requirements report are presented, both at Romanian and 

European level. cMinds aims to use programming concepts as a means for developing 

analytical thinking in school students through wider blended learning that combines 

inquiry and project-based individual exploration. The cMinds methodological didactical 

framework is validated through the development of on-line virtual learning tools. At 

”Transilvania” Economic College of Tîrgu Mureş (CETTM) explorative learning is used 

in a variety of subjects throughout the school programs, ranging from language learning 

to science education. 

Keywords: analytical thinking, critical thinking, programming 

 

1.  Introduction 

Analytical and critical thinking are transversal 

learning skills that help an individual excel in wide 

areas, professional, social, civic, and personal. They 

facilitate the establishment of objectives, the analysis 

of a problem into constituent components, evaluation 

of alternative solutions and implementation routes, 

and sound decision making. The applicability of 

analytical thinking is evident throughout an 

individual’s life as a child and as an adult, 

academically and professionally; in school, it offers 

benefits in wide subjects, ranging from science and 

technology to humanities and art.  

A view of complex of integrated analytical 

thinking is presented by Macchi [5] which assumes 

that thinking processes information in different ways, 

depending on the characteristics of the tasks the 

subject has to solve, so that reasoning results in a 

stepwise, rule-based process or in a widespread 

activity of search where implicit parallel processes 

are also involved. 

There have been a range of different types of 

visual tools used in schools over the past 50 years 

such as “graphic organizers,” mind mapping, and 

concept mapping. These tools are grounded in the 

mapping metaphor, reflecting our capacities to 

network information and create cognitive maps of 

content knowledge and concepts. Hyerle [2] has 

investigated a language of eight cognitive maps called 

ThinkingMaps
®
 and Thinking Maps

®
 Software, used 

from early grades through college courses to foster 

cognitive development and content learning across 

disciplines by all students across entire schools. 

Innovative tools and models in education and training 

are using mobile devices for development of 

analytical and critical thinking [5, 6].  

Despite the strong potential of analytical 

thinking as an approach for wider problem solving 

and addressing of life’s challenges, educational 

practices in school are not representative of its 

importance. Current teaching practices fail to 

leverage the inherent link between creativity and 

analytical thinking, which emerges when children are 

encouraged to introduce innovative solutions in the 

context of brainstorming, collaborative learning 

sessions.  

cMinds project supported by the European 

Commission, aims to bridge the gap in education 

practices on analytical skill development. It is 

promoted by University of Thessaly, Greece, with 

other partners including Economic College 

Transilvania from Tirgu Mures. The project deploys 

technology, and more specifically visual 

programming concepts, as a means for building 

problem solving skills among young children [13]. 

 

2.  cMinds project objectives 

cMinds aims to use programming concepts as 

a means for developing analytical thinking in school 

students through  wider blended learning that 

combines inquiry and project-based individual 

exploration as mentioned by Tsalapatas [9]. The 

project aims to develop analytical, critical, and 

structural skills through advanced explorative and 
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collaborative didactical frameworks that take 

advantage of information and communication 

technology and specifically visual programming 

concepts. For maximizing impact, the proposed 

innovative frameworks are designed for integration 

into existing school curricula, introducing a positive 

teaching environment supported through emerging 

explorative learning approaches and educational 

technology.  

Rather than focusing on the teaching of 

programming, the project aims to deploy 

programming principles as an avenue for promoting 

analytical thinking and independent learning in a 

wider collaborative educational environment [8]. The 

structured nature of programming, which is inherently 

analytical, offers an efficient paradigm for problem 

deconstruction and precise, step-wise solution 

building. It is based on universal logic that is inherent 

in all cultures and thus is inclusive. 

Visual programming is used in cMinds in the 

context of inquiry and project based didactical 

methodologies that help pupils understand the 

problem to be solved, analyze it, and visualize 

potential solutions [1]. 

The proposed learning design is heavily based 

on graphical visualization implemented through age-

appropriate on-line educational software applications. 

The advantages of the proposed graphical approach 

are many for the targeted group: visual 

demonstrations overcome language barriers; they 

conceal computational complexity that may not be 

appropriate for school pupils; most importantly, they 

allow pupils from different social environments and 

countries to use common tools and thus discuss 

findings in a collaborative manner under a common 

context through teacher mediation.  

The cMinds methodological didactical 

framework is validated through the development of 

on-line virtual learning tools. Blended learning 

activities are supported through on-line available 

tools that include: 

● Demonstration of basic programming concepts, 

● Problem deconstruction and identification of 

components, 

● Identification of objectives, 

● Alternatives evaluation and visualization, 

● Solution modelling, 

● Process optimization through iteration, 

● Solution synthesis and decision making. 

The applications offer direct feedback that 

help pupils make the connection between cause and 

effect; visualization of solutions can inspire pupil’s 

curiosity, promote creativity, and increase motivation. 

 

3.  The target sector 

cMinds targets the undergraduate education 

sector in Europe aiming to meet needs in learning 

design and delivery towards the development of 

analytical thinking skills. Within this sector, a number 

of stakeholder groups can be identified that stand to 

gain directly or indirectly from project 

methodologies, tools, and good practices.  

Direct stakeholders are the undergraduate 

learners and teachers who are the ultimate 

beneficiaries of cMinds objectives, and specifically 

the design and implementation of didactical 

frameworks, tools, and learning activities with a 

specific focus on their particular learning needs. On 

the other hand, a number of other groups such as 

policy makers, administrators, teacher-training 

organizations, the educational software applications 

industry, didactical process and curricula designers, 

parents and the general public benefit indirectly from 

the project outcomes. 

 

 

Fig. 1 - cMinds Stakeholder Map 

 

It should be noted that the cMinds 

methodological didactical approach that deploys 

inquiry-based learning in the context of virtual 

exploration, while in the context of this project is 

being validated for meeting undergraduate education 

learning requirements, is relevant and applicable to 

wider learning practices. Consequently, in the long 

term additional groups may stand to benefit from the 

incorporation of cMinds methodologies into their 

individualized needs and desires, including the 

secondary, higher, professional, and vocational 

education sectors. The analysis of the needs of these 

groups and potential deployment, through adaptations 

where appropriate, of the cMinds outcomes are the 

subject of the cMinds exploitation strategy. 

Figure 1 shows a graphical representation of 

cMinds stakeholder groups.   

 

4.  Explorative  learning activities 

In Romanian schools, explorative learning is 

used to select phases of class lessons and specifically 

when pupils are introduced to new concepts and when 

they deduct rules and patterns. At ”Transilvania” 

Economic College of Tîrgu Mureş (CETTM) 

explorative learning is used in a variety of subjects 

throughout the school programs, ranging from 

language learning to science education. This practice 

is common in Romanian colleges in general.  

In order to introduce the reader to practical 

applications of explorative and collaborative learning 
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in primary education, a discussion of related activities 

at CETTM follows: 

● In English language learning is practiced through 

story-telling. In the context of story pupils learn how 

to use spoken language, written language, and visual 

communication. The teacher uses multimedia 

educational material such as interactive books on 

DVDs to encourage pupils to use technology for 

knowledge exploration and discovery on the location 

and content of the story, data interpretation, and 

summarizing the information they read in books. 

● In natural sciences pupils are involved in project-

based exploration on animals and wildlife. Pupils 

should find information on animals, such as their 

dimensions, skills, way of life, and more. Pupils 

organise this information in a database and compare 

the results in the context of class collaboration and 

discussions to decide which animals are best suited to 

live in a colony in the Equatorial jungle. In natural 

sciences, learners have the opportunity to see videos 

on the topic of animals; learners discuss with their 

each other and with their teacher the appearance of 

animals and their ability to adapt to varying living 

environments. The presentations are delivered with 

the support of a DVD player and projector. The 

teacher then encourages learners to expand their 

observations, analysis, and presentations by 

comparing the characteristics and behaviour of 

varying animal species as well as their habitats. 

Making a connection between explorative 

instructional delivery and technology, the teacher 

explains how ICT can contribute to enhance the 

educational process on the subject at hand, i.e. natural 

sciences. The teacher uses specific terminology to 

explain how to use video cameras to record 

observations and how to use computers for 

information recording, organizing, and analyzing. 

Explorative learning is being used in European 

schools widely. The term is used as an umbrella to 

cover a variety of didactical approaches; this includes 

game-based learning, inquiry-based learning, project-

based learning, story-telling, group collaboration, 

hands-on learning, experiential learning, and more.  

While each school does not use all of the above listed 

approaches, all schools documented learning 

practices that deploy exploration as this is described 

above.  

Project-based and story-telling approaches are 

popular, followed by group collaboration, 

presentations, and discussion of findings. The appeal 

of this method may lie on its age-appropriateness, as 

it can be easily followed by learners who are excited 

to be engaged in activities that go beyond traditional 

lectures. Another contributing factor for the broad 

practice of this method may be its inclusiveness as it 

engages the entire class in collaboration and enables 

children to learn from each other.  

Exploration is for the most part executed off-

line. On-line services deployed are typically limited 

to the Internet, which is used as a tool for performing 

research.  

ICT equipment used for the support of 

educational processes includes mostly PCs and 

projectors; failure to use more sophisticated 

equipment is due to lack of supporting infrastructure 

in the schools, lack of funding, as well as insufficient 

technical support and training for teachers on the use 

of technology in education. 

 

5.  Analytical thinking 

Similarly to the school environments in other 

countries as this is described above, analytical 

thinking is used in a variety of subjects in Romanian 

schools. Following are examples of practicing 

analytical thinking in the context of school activities 

at CETTM. These examples provide insight on 

related practices throughout the Romanian 

undergraduate education system: 

● Analytical thinking in mathematics education: the 

objective of a common exercise is to help learners 

grasp the concept of the value of 100 lei. The 

objective of the exercise is to spend as closely to 100 

lei as possible.  

Learners are provided with calculus tables 

with the help of which they select  items that  they  

then  “purchase”.  Learners use formulas  to calculate 

their total spending aiming at maximizing their 

spending without exceeding 100 lei. Analytical 

thinking is promoted through the understanding of 

objectives and the development of a solution that 

follows specific rules and constraints. 

● Analytical thinking in literature reading: the 

learning activity involves reading a story and attempt 

to predict activities and outcomes based through 

inquiries. The story is presented in fragments aiming 

to foster predictive reading. After reading each 

passage pupils collaboratively discuss the text and fill 

in a “table of predictions”. The teacher guides the 

discussion by asking questions that require children to 

reflect on what they read and anticipate what will 

happen next in the story. Analytical thinking is 

promoted through reflection of alternative outcomes. 

The above examples demonstrate the 

deployment of analytical thinking in subjects that 

may significantly vary, in this particular case 

mathematics and literature. 

Analytical skill development practices are 

already deployed in European schools. Analytical 

thinking is inherent in mathematical education, where 

logic and the development of mathematical 

computational skills are promoted. In addition, 

analytical thinking is often an integral part of science 

and technology education where project-based 

approaches that follow design, implementation, and 

evaluation of outcomes are introduced.  

However, the analysis also demonstrated 

that analytical thinking is used in a variety of other 

subjects ranging from humanities to literature thus 

expanding the scope of thematic areas where the skill 
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is considered applicable. In this context,  the 

interpretation of the term “analytical thinking” 

departs from the more commonly understood use of 

the method in mathematics and technology to cover 

other methods of solution induction and analysis of 

alternatives including critical text reading, Socratic 

inquiry, role playing in simulations of real-life, and 

thinking out of the box. 

In most cases, technology is not used for 

enhancing analytical skill development. When 

technology does enhance educational processes, it is 

in the form of commonly available tools such as PC 

and calculators. The analysis demonstrates a 

significant absence of software tools for analytical 

skill development from European classrooms. This 

may be a result of funding constraints, teacher 

support, and formal evaluation of related software 

packages in terms of their suitability for use in 

classrooms in primary education. 

 

6.  Teacher skill development on ICT  

The availability of ICT is not, in itself, 

adequate to intensify learning and teaching practices. 

Many researchers have revealed that while ICT can 

be motivating and engage pupils in learning more 

efficiently sustained impact depends on the ability of 

the teacher to integrate ICT into the learning 

experience of pupils in a way that fully exploits the 

benefits of technology-enhanced learning [12]. 

Regarding the development of basic ICT skills 

among teachers, there are many ways to introduce 

related training; training may cover a broad range of 

skills and qualifications, including the use of basic 

software, understanding of the function of equipment 

including computers as well as emerging mobile 

devices, the effective use of the Internet as a learning 

tool, the effective, appropriate, and safe use of on-line 

social services to enhance collaboration and 

networking, and a lots more. Nevertheless, there is no 

in-depth, well documented research on how teachers 

could best embed successfully ICT into their 

classroom practices.  

On the other hand, teacher training should not 

only encompass the development of ICT skills per se 

but also a complete mastery of ICT as a pedagogical 

tool.  With this objective in mind, teacher training 

ideally should consist of two planning stages: (i) 

technical training and support and (ii) preparation to 

incorporate ICT in the curricula. The latter is the most 

crucial and highlights the need for the establishment 

of good practice recommendations on how ICT-based 

learning design can be embedded into traditional 

instruction. 

 

7.  Technical infrastructure requirements 

A set of technical principles must be 

considered in setting specifications and identifying 

school infrastructure requirements aiming at 

supporting the proposed learning activities that 

deploy on-line tools in a sustainable and coherent 

manner.  

Generally, a school’s technical infrastructure 

provides a technological foundation intending to 

integrate best-of-class technology solutions in every 

area of the learning experience, taking into account 

available financial resources [10]. 

As can be observed from the above status quo 

analysis, most schools possess computer labs in 

various degrees of equipment completeness and 

sophistication. 

The majority of schools have access to 

medium-quality and strength devices, network 

infrastructure, and application software that are 

directly used by students, teachers, and school staff. 

However, the ongoing costs of maintaining and 

upgrading laboratories based on the rapid evolution of 

technology and the ever increasing technological 

requirements of emerging software packages 

introduce substantial barriers to effective utilization 

and return on investment. 

However, one of the main objectives of 

designing the school of the future is to actively 

engage children in personalized learning in an 

advanced technology enabled school environment 

that follows technical advancements enjoyed in 

everyday life [11]. ICT equipment in schools should 

support high performance computing and 

communications commonly available outside of 

school. Schools should strive to introduce classroom-

friendly technologies such as desktop computers, 

laptops, interactive digital whiteboards, e-books, data 

projectors, digital cameras, printers, and scanners. 

Regarding network infrastructure, pupils 

should have at their disposal multimedia-capable and 

Internet-connected computers in order to access a 

wide range of applications and services. Furthermore, 

the school network infrastructure components should 

ideally include: 

● Internal and external communications services, 

cabling, and equipment, 

● Standardization of high-maintenance infrastructure, 

such as telecommunication services, server 

computers, and associated storage devices, aiming to 

facilitate cost- and time-effective maintenance and 

technical support, 

● Wireless connectivity throughout the building and 

extended campus, which will enable easier network 

access, 

● Environmentally-friendly equipment management 

aiming to reduce the school’s energy consumption 

related to computer use, 

● Operating software for server computers, 

● Access to open-source educational and other 

supporting  software services and packages, 

● Access to technical support services and personnel 

for effective laboratory and equipment maintenance. 

 Moreover, the school of the future should 

embrace advanced technologies that enable access to 

key educational application software packages and 
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services. It is apparent that educational  software  

enhances learner interaction while providing value-

adding functionality for learning process support. 

Examples of services that could enhance learning 

processes in schools include [3]: 

● Educational content management systems, 

● Learning management systems, 

● Finance and assets systems, 

● Staff and student management systems, 

● Assessment and reporting systems. 

Teacher involvement in cMinds project plays a 

crucial role in improving their professional 

development; they are the second of the identified 

stakeholder groups who is directly targeted through 

the cMinds pilot applications and didactical 

methodologies [7]. Particularly, they participate 

actively not only in the design of educational 

activities but also in coordinating validation activities 

through learner supervision, ensuring that the final 

product is applicable to the actual needs of children in 

real-life settings. 

 

8. Discussion and conclusions 

cMinds project is supported by the European 

Comission, with the promoter University of Thessaly, 

Greece, and other 6 partners including Economic 

College of Transilvania, Targu Mures. The project 

aims to bridge the gap in education practices on 

analytical skill development.  

cMinds targets the undergraduate education 

sector in Europe aiming to meet needs in learning 

design and delivery towards the development of 

analytical thinking skills. In”Transilvania” Economic 

College explorative learning is used in a variety of 

subjects throughout the school programs, ranging 

from language learning to science education. 

Teacher involvement in cMinds participates 

actively not only in the design of educational 

activities but also in validation activities through 

learner supervision, ensuring that the final product is 

applicable to the actual needs of children in real-life 

settings. 
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ABSTRACT 
The constructive conception of a product results from uniting subsystems with basic usage 

values. These  basic usage values make up the functions of the product. The notion of 

product function is the basic notion that product value analysis/value engineering(VA/VE) 

operates with, and function analysis together with creative thinking constitutes „the oxygen 

of value engineering”. The present paper defines the notion of rank of a product function, 

establishes the formula for calculating its value and it reviews some ways of determining 

the levels of importance of product functions, with the aim of proposing a new distribution 

of the importance of these functions within the total usage value. Establishing the rank of a 

function can be reduced to the issue of comparing product functions by experts, consumers, 

team members for VA/VE. Subsequently, the ensuing results are subjected to adequate 

mathematical operations in order to determin the levels of importance and the quotients of 

each function within the product ussage value, as well as the distribution of these quotients.  

Due to the fact that the quota or quotient of a function within the product usage value plays 

an important role in conceiving and designing products, more precisely, in the economical 

shaping of functions, the distribution law to which this parametre is subjected is also very 

important.   A critical study of the methods currently used to determine function quotients 

shows that these methods conduct to a linear distribution of these quotients, and, under 

these circumstances, the ratio between the highest level of importance and the lowest level 

of importance is equal to the number of functions – number that is very high indeed for 

complex products. On the other hand, it is rightly assumed that there is a considerable 

number of products for which the functions do not follow a linear distribution. The Zipf 

distribution or its generalised form, the Pareto-Zipf-Mandelbrot distribution, can be an 

alternative to the linear distribution. This distribution is valid in very many fields, of which 

most relevant for the present paper is the field of prices.  

 

Key words: product function, function rank, function quotients, quotient distribution, 

Pareto-Zipf-Mandelbrot distribution 

 

1. Introduction

The constructive conception of a product 

results from uniting subsystems with basic usage 

values. The basic usage values are the results of a 

division in depth of partial product usage value until 

it reaches a point where division is no longer 

possible. These basic usage values are the product 

functions.  The notion of product function is the 

fundamental notion value analysis/value engineering 

(VA/VE) operates with, and function analysis 

together with creative thinking constitutes “the 

oxygen of value engineering”[1].  

Evaluating product functions is necessary in  VA/VE 

for two apparently contradictory reasons:  

1. on the one hand, abstract generalisation is 

necessary, distancing oneself from the concrete 

achievement of the researched objective, the 

most edifying example in this sense being the 

achievement of mechanic flight: “from the 

earliest days man has tried to fly by imitating 

birds. Only by forgetting the flight of birds  and 

focusing on the function it fulfils – sustainability  

was man able to achieve the first flight”[1]. 

2. on the other hand, each function of the object 

must be analysed in relation to its concrete way 

of achievement.  

 

2. Function rank and quotient in product 

value analysis/value engineering  

The present paper defines the notion of 

product function rank and reviews a few ways of 

determining it, with an aim to propose a new 
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distribution of these functions quotients within the 

total product usage value.  

The function rank is defined as being the number that 

indicates its position within the decreasingly disposed 

array of function quotients in the product usage value.  

Although at first glance it would seem that one must 

know the product function quotient in order to 

establish the function rank, things are exactly the 

opposite because these quotients are not known, 

whereas establishing a function's rank can be reduced 

to a matter of comparing product functions by 

experts, consumers, and team members for VA/VE. 

Subsequently, the results are processed by means of 

appropriate mathematic methods in order to establish 

the levels of  importance of each function, the 

quotient distribution and the function quotient in the 

product usage value.  

Establishing the importance levels of functions 

and their quotients in the product usage value . 

Although this is a relatively simple operation, it plays 

a very important role in the success of a VA/VE 

research and it requires a deep knowledge of the 

product, of the circumstances in which the product 

works and of the social needs it fulfils. As elementary 

usage value the function is measured through its 

technical dimensions. The function usage values are 

unequal, as each participates differently to the 

formation of the total usage value. Due to this reason, 

these values should be coordinated according to this 

participation[2]. 

 

3. Determining function quotients within the 

product usage value  

Determining the function quotients within the  

product usage value requires comparing different 

usage values, which are technically measurable by 

means  of different measure units[3]. The studies on 

VA/VE describe several methods used for 

determining the importance levels and the function 

quotients in the product usage. We will present two of 

these methods. 

The first method[2] requires the creation of a 

matrix(table 1) in which the main and necessary 

functions are located on the first line(Fj) and on the 

first column (Fk).  

 

Table 1. Comparing functions  

using digits  0 and 1   

 

 F1 F2 F3 F4 F5 

F1 1 1 0 1 0 

F2 0 1 0 0 0 

F3 1 1 1 1 1 

F4 0 1 0 1 0 

F5 1 1 0 1 1 

n j  3 5 1 4 2 

qj 0.20 0.33 0.07 0.27 0.13 

rj 3 1 5 2 4 

 

Function Fj is compared with  Fk  and if, for example 

Fj is more important in the product usage value than 

the function Fk (Fj > Fk) in cell kj, digit 1 will be 

written (akj  = 1),  and for the opposite case (Fj < Fk ) 

in the cell kj it will be written akj = 0. 

If the functions to be compared cannot be 

differentiated, additional research is required in order 

to achieve their differentiation. The main diagonal 

upper left – lower right (k = j) is complementary to  

akj = 1. The importance level of a function Fj is given 

by (1)[ 2 ] . 

 

 



N

k kj
ajn

1
 ( 1 )  

 

If the function comparison and the filling of the table 

is done correctly then nj takes on all the values, 

integers, between 1 and the number N of analyzed 

functions.  

The quotient or the percentage of function Fj  in the 

product usage value is the ratio between the 

importance level of the function and the sum of 

importance levels of all the functions (2)[ 2 ] .  

 

 




N

j
jn

jn

jq

1

 ( 2 )  

 

The function rank, as defined above, is given by (3) 

 

 jndNjr   ( 3 )  

 

in which d( from diagonal)  is the digit which should 

be inserted in the cells on the evaluation matrix 

diagonal. 

The assessment performed by individual 

experts, even if an appropriate mathematic 

processing,  still allows for subjectivity. This is why a 

collective expertise is necessary, especially in those 

situations  when it is  necessary to obtain stable 

values for different indicators like the typical function 

quotient [3]. Since each expert will be required to fill 

in a table identical to table 1, the importance levels of 

the functions will be given by the average of the 

importance levels taken from the tables submitted by 

all the experts (4)[ 2 ]  

 

 

E

ekkje
a

E

E

e
jen

jq









1  (4) 

 

in which E is the number of experts. 

The second method is similar. The difference 

lies in that when comparing  the function pairs, in the 

cell where each line intersects with the columns it is 

inserted the index of the function considered to be 

more important. In the column which indicates the 

importance level  nj  the total number of occurrences  
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of the j index of the  Fj function on the j line. An 

example for the usage of this method can be found in 

table 2[3]. 

 

Table 2. Comparing functions using their indicators 

Function  F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 nj rj 

Considers  

quantity 
F1 0 1 3 4 5 6 7 1 1 1 1 1 1 1 8 6 

Determines  

consumers 
F2 1 0 3 4 5 6 7 2 2 2 2 2 2 2 7 7 

Tracks stocks  

 
F3 3 3 0 4 3 3 7 3 3 3 3 3 3 3 11 3 

Signals 

necessity to 

place an order 

F4 4 4 4 0 4 4 4 4 4 4 4 4 4 4 13 1 

Communicates 

monthly flow 
F5 5 5 3 4 0 6 7 5 5 5 5 5 5 5 9 5 

Communicates 

final state 
F6 6 6 3 4 6 0 7 6 6 6 6 6 6 6 10 4 

Tracks 

meeting orders 
F7 7 7 7 4 7 7 0 7 7 7 7 7 7 7 12 2 

Compares 

stocks 
F8 1 2 3 4 5 6 7 0 8 8 8 8 8 8 6 8 

Determines 

VAT 
F9 1 2 3 4 5 6 7 8 0 9 11 12 13 14 1 13 

Makes  

calculations 
F10 1 2 3 4 5 6 7 8 9 0 11 12 13 14 0 14 

Marks  

materials 
F11 1 2 3 4 5 6 7 8 11 11 0 12 13 14 2 12 

Ensures  

automatisation 
F12 1 2 3 4 5 6 7 8 12 12 12 0 13 14 3 11 

Gives 

discounts 
F13 1 2 3 4 5 6 7 8 13 13 13 13 0 14 4 10 

Opens 

documents  
F14 1 2 3 4 5 6 7 8 14 14 14 14 14 0 5 9 

Out of a number of ten papers on VA/VE 

consulted, the only one that includes the notion of 

function rank is table 2 at [3], which denotes that this 

notion is not common in research on this subject. The 

reason for introducing the notion of rank will be  

seised upon in chapter 5.  

 

4. The quotient distribution of product 

functions obtained by current methods  

In [2] it is described a critic study regarding 

the current methods for determining the importance 

levels and the function quotients. According to this 

study: 

1. The importance level nj of a function and its 

quotient qj  in the usage value displays a linear 

variation , with a steep incline (lines  a and b in 

figure 1) 

2.  The α ratio ( 5 ) [ 2 ]  b e t w e e n  t h e  h i g h e s t  

i m p o r t a n c e  l e v e l  (nj max) and the lowest 

importance level  (nj min) 

 

 

min

max

j
n

jn


 ( 5 )  

 

in the case of linear variation is equal to the 

number of functions N – which is very high for 

the complex products. 

3.  Due to the fact that the quotient qj of the 

function Fj in the product usage value plays an 

important role in the product design and creation, 

specifically in the economic dimension of the 

functions, the distribution law to which this 

parameter is subjected is equally important. The 

VA/VE methodology requires that qj  should be 

approximately equal to pj(the cost quotient in the 

total cost of the product CP). This means that the 

spend Cj, corresponding to a function Fj, are 

equal to the product between qj and  CP relation 

6[ 2 ] . 

 CPjqjC   ( 6 )  

 

Therefore, the higher the number of functions N, the 

most important function could be N times more 

expensive  than the least important  function  because 

it would have njmax = N = α, in this case nj can take all 

the values, integers  between 1 and the number of 

function N. Table 3  displays the values  of the α ratio 

between the highest and lowest importance levels for 

different hypothetical products defined  by the 
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number of functions (N = 5; 10; 20; 100) and for 

various sets of digits assigned to akj. 

 

Table 3.  α ratio values 

 N=5 N=10 N=20 N=100 

akj = 0 şi 1 5 10 20 100 

akj = 0; 1 şi 2 9 19 39 199 

akj = 1 şi 3 2,6 2,8 2,9 2,98 

akj = 1 şi 5 4,2 4,6 4,8 4,96 

akj = 1; 3 şi 6 5 5,5 5,75 5,96 

 

It can be observed that the elimination of the digit 0 

from the set of digits akj  led to a “settling down” of α. 

N = 100 of functions α is equal to  199, if akj = 0; 1; 2 

and it is  5,96 if  akj = 1; 3; 6. 

 

 
Fig. 1 – Linear distribution of function quotients  

 

Taking into account 5 functions of a product and 

using the same sets of digits akj for comparison  the  

graphical representation of the quotient distribution qj  

of the functions is displayed  in figure 1, a linear 

distribution [2]. 

However, as it can be seen in the following sections, 

it can be assumed that there are products  for which 

the function quotients value do not have a linear 

distribution. 

 

5. Arguments for using the Pareto-Zipf-

Mandelbrot distribution in establishing 

product function quotients in VA/VE 

The Zipf law, along with the more popular  

Pareto analysis, is a fast method used for identifying a 

pattern in an apparently chaotic data volume[4]. In its 

elementary form, the Zipf law claims that if  f is the 

frequency with which a certain phenomenon occurs 

and r  is the rank ( the number which indicates the 

position in the series of decreasing values of 

occurrence frequencies), then  

 

  
r

f
rf 1  ( 7 )  

 
in which f1 is the frequency of rank 1 phenomenon 

(the highest occurrence frequency). 

The American linguist and philologist George 

Kingsley Zipf(1902-1950) elaborated the first draft of 

the law after comparing the frequency of words in a 

considerable amount of written texts. Subsequently, 

analyzing for instance Corpus Brown(500 samples of 

texts in English, compiled from works published in 

the United States in 1961, with a total of one million 

words), it is noted that “the” is the word that shows 

up most frequently (69971 times), representing 

approximately 7% of all words. Confirming Zipf's 

Law, “of”, the word ranked second,  has just over 

3,5% (36411 times), followed by “and” (28852 times) 

as shown in table 4.  

 

Table 4. The most frequent  

words in Corpus Brown  

Most frequent words the of and 

Frequency 7% 3,6% 2.8% 

Rank 1 2 3 

Frequency calculated 

with   rfrf 1   

7/1= 

7% 

7/2= 

3,5% 

7/3= 

2,3% 

 

It was also found that half of Corpus Brown used 

only 135 words [6]. 

In the Bible, the relation between the word 

frequency and their rank follows the empirical law 

( 8 ) [5] 

  
b

r

a
rf   ( 8 )  

 
in which a ≈ 0,1 and b ≈ 1. 

The Zipf law has a wide range of practical 

applications. For instance, there are seven limited 

liability companies on a given  market and a new 

company  needs to decid if it should enter the market. 

The largest of them being a limited liability company, 

its turnover and profit are public. According to the 

Zipf law, the second ranking company should have ½ 

of the first ranking  company, the third one 1/3 and so 

on.  The market size can be approximated by 

summing up the turnovers of the 7 companies. The 

overall market profit can be approximated in the same 

way. Knowing the market size, the market share of 

each company and their profit, it can be determined if 

the new company, the eighth one, with a turnover 

approximately equal to 1/8 of the leading company’s 

turnover is sustainable[4]. 

The Zipf law is applicable for many other 

rankings and classifications unrelated to natural 

languages or the corporation size. For instance 

demographics(the population in cities from different 

segment a: akj = 0;1 

segment b: akj = 0; 1; 2 

segment c: akj = 1; 3 

segment d: akj = 1; 5 

line e: akj = 1; 3; 6 

262



 

countries, except for the former communist countries 

where the natural demographic processes have been  

significantly altered), the income distribution etc. In 

the case of city population, it has been noted that the 

correlation which best reflects this distribution is 

obtained for  b = 1,07.  It was also noted that, on 

large intervals and in a good approximation, a great 

deal of natural phenomena follow the Zipf law[6]. 

The Zipfs curves tend to get closer to the diagram 

axes when they are represented by means of linear 

scales[fig. 2]   

 

 
Fig. 2. Aspect of the Zipf distribution if 

linear scales are used on both axes 

 

whereas  displayed by means of a double-logarithmic 

diagram, they take the shape of a straight line[fig. 3]. 

 

 
Fig. 3. Aspect of the Zipf distribution if 

logarithmic scales are used on both axes  

 

A large number of modern studies  confirm the 

precision of these somewhat strange irregularities in 

very different situations. In an attempt to apply the 

Zipf law to the information theory, Benoît 

Mandelbrot suggested a generalized version[5]: 

 

 
 brc

a
rf




 ( 9 )  

 

a, b,  and c being constants. 

A simple description of data that fall within a Zipf 

distribution highlights the following: 

 several elements have a very high score (the 

left side of the diagram)  

 a small number of elements have a medium 

score (the middle part of the diagram) 

 a very high number of elements have a very 

low score (the right side of the diagram)[7] 

In other words, the Zipf distribution can be 

extracted from the Pareto distribution
1
  by modifying 

the variables[6]. In memory of the three scientists 

aforementioned the distribution under discussion was 

named the Pareto-Zipf-Mandelbrot(PZM) distribution 

(law). 

The different situations in which the PZM  statistical 

distribution was discovered can be seen in [5] and [8].  

Out of these, of particular interest are  the size of 

Fortune 500 companies, all the languages spoken 

throughout the world and all times written texts, 

public transportation networks, airport networks, 

electric energy grids, the size of files stored on a PC 

and on the internet, the World Wide Web(the number 

of sites, links) the frequency of cited works in studies, 

the distribution of the tree trunks and branches, of 

blood vessels, lung structure. 

Prices represent another area in which the Zipf 

law can be applied. The bell shaped Gaussian 

distribution is of no use in this case because the prices 

are not randomly distributed. The chart below 

indicates the price distribution for  172083 applica-

tions sold on the App Store, the Apple company 

online distribution system. Approximately  85000 

applications(rank 1) cost  0.99 USD. The number of 

applications priced at 1.99 USD account for 1/4(rank 

2) of the 0.99 USD applications. The 2.99USD 

applications represent 1/9 from the total(rank 3) and 

so on. In other words, the number of applications sold 

at a certain price is in inverse variation with the 

price(rank) squared value[9]. 

                                                 
1

The Pareto distribution was discovered over 100 years ago when  

Italian engineer, sociologist and economist Vilfredo Pareto (1848 – 
1923) posed the problem of measuring differences between the rich 

and the poor. To achieve that, he collected data about fortune and 

income in different centuries and in different countries, noting that 
the data did not conform to the gaussian distribution (bell curve), as 

would have been expected should fortune and income have been 

alleatorily distributed. What he proceeded to discover was a very 
assymetric distribution of fortune and incomes. Starting from this 

truth, Pareto formulated the '80-20 law', according to which 20% of 

the population (the rich) control 80% of all income. Also, 20% of 
rich people own 80% of the 80% rich quota, and so on [10]. 
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Fig. 4 – Prices  following Zipf distribution Zipf [9] 

 

Having reached this point, it is safe to assume 

that, just as very different fields, but especially the 

prices sector, fall within a PZM distribution, the 

function prices of at least some products, and 

respectively their costs and quotients, will in their 

turn, naturally follow the same distribution.  
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ABSTRACT 
The study presents an analysis of the causes which have contributed to the decline in real 

estate. There will be an analysis of housing market price dynamics of the apartments, with 

specific reference to the housing market in Tg Mureş, at the begining of the crisis compared 

with the current prices. 
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1. Introduction 

 The real estate market, meeting place of 

demand and supply of properties, was characterized 

by late 2008 by a permanent price increase, by 

substantial profits in the short term, obtained through 

purchase and resale activities, speculation, brokerage, 

commissions, marketing, property development, 

dynamism and outstanding financial results for all 

parties involved. Being a highly profitable activity, 

sustained by the illusion of continous growth in 

prices, made the most players in the market, unawarre 

by the following corrections of the system. A whole 

scheme, a financial game with no real basis, that 

ultimately  malfunctioned, causing the breakage of the 

real estate bubble in late 2008, the year that showed to 

the world that both countries and individuals can not 

borrow forever. Any healthy economic development 

is based on a balance between loans and savings, 

balance that has not been seriously taken into 

consideration before the crisis, mainly due to the fact 

that the mirage of substantial and rapid gains was very 

attractive [1]. 

2. Property market analysis 

The first direct effect on real estate prices in 

Romania was seen in the summer of 2008 when there 

was a stagnation of growth. Signals about a possible 

correction and decline in the housing market have 

existed since 2007, but they were visible only in 

western countries, with no direct influence at that time 

on the property market in Romania. Later on, taking 

into consideration the Romania’s economic 

dependence of foreign capital, the effects were felt in 

November, when foreign investors (commercial banks 

and property developers) have withdrawn or  

suspended the capital investments in Romania, in 

order to cover the financial losses from their 

homelands [2]. 

This period of economic boom ended in 

September - October 2008, when the real estate 

market entered in another phase, changing all the 

characteristics, owing to a fall in credit, what 

characterizes the current period, which may have only 

one effect: a drop in demand and hence the market 

price. We mentioned the exact steps, the initial 

decrease in demand and then the prices, although a 

decrease in demand does not necessarily mean a price 

drop. Reduced demand may not significantly affect 

market prices, if it occurs simultaneously with a 

proportional decrease in supply [5]. But on the real 

estate market from Tg Mures and Romania, the 

negative effect on the market was very strong because 

of two key factors: the credit crisis which negatively 

affected the demand, and the high supply in the 

housing market, supply which was formed both by old 

properties, built before 1990 but also by new 

construction projects, which were due for completion 

in 2008-2009, this causes having one effect: the sharp 

decline in property prices. 

In the first part of the graph in Figure 1, can 

be seen, a period of growth, the expansion phase of 

the real estate cycle, the economic boom period 

during the years 2004 to 2008, characterized by 

increasing demand and building development. 
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Fig. 1 – Real estate cycle 

  

Afterwards we are entering in the decrease 

period of the real estate market, which includes two 

phases: a phase of decline and a phase of recession in 

the real estate cycle. It is important to distinguish 

between the two stages of decrease, in order to 

correctly identify on what point of the chart we are 

now and why not, to predict the moment of recovery 

[6]. 

Thus, following the expansion period, the first trend 

was the decline in demand along with increasing the 

vacancy. As a result, buyers still maintained their 

interest in the investments / acquisitions, but their 

optimism was much more reserved, they have become 

more skeptical, based on the new information and 

rumors of declining housing market, and they were no 

longer willing to offer any requested price by the 

seller, although the seller still maintained the same 

prices, behaviours which led to lower occupancy and 

units sold. These characteristics of the market were 

visible in late 2008 - early 2009, a period of decline, 

the decline stage. 

The third stage of decline, the period in 

which we are today, is the phase of recession. The 

main characteristic of this phase is obvious: the sharp 

decline in real estate prices. The second characteristic 

of the recession phase is lower vacancy rate. This 

characteristic is very important because this is the first 

sign of recovery. Currently, we are a long way from 

this intermediate stage, as can be seen from the 

number of units offered for rent and unoccupied [9]. 

The last step is the recovery, when demand 

begins to increase and the degree of vacancy starts 

dropping. From our point of view, the chances of this 

happening soon are very low, taking into account the 

general housing market datas that are composed by 

four factors, forces, that influence the real estate 

property value (the social, economic, governmental 

and environmental or physical). We will refer only to 

the first three of them because they generally apply to 

the entire real estate market in Romania. 

Thus, social factors or forces: from a demographic 

point of view, Romania's population is in a continuing 

trend of aging, a trend that shows no signs of change. 

Specifically, the population of Romania in the first 

half of 2010 decreased by 30,253 persons, while the 

decline was 34,825 persons for the whole year 2009 

(source National Institute of Statistics). Romania's 

population decreased in June 2010 with 1891 people, 

five times more than the same month last year - 371 

people (Report of the National Institute of Statistics 

(INS) in the "Population and demographic 

phenomena, the number of marriages is declining, 

number of divorces is increasing and young 

population (main prospective buyers of real estate) go 

to work or migrate abroad and settled there 

permanently. 

Economic factors or forces: lower wages, lower 

purchasing power, rising unemployment, credit 

conditions and demanding economic insecurity are 

the main forces that act negatively on the price of the 

property market. 

Government forces: except the First House 

programme, which has only a temporary effect, 

freezing the real economic problems, a program that 

acts on the effects of the problem and not on the 

causes, a programme that is not a sollution of the 

issues but just a measure of delaying the problems, so 

far, we can not see a clearly applicable governmental 

program, capable to act on the cause of the economic 

problems. 

 

Following this analysis, the three general 

forces, the conclusion is one: the downward trend in 
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real estate prices will continue to maintain, the exact 

period is difficult to estimate. 

In what follows, we will examine some 

specific issues related to the property market in Tirgu 

Mures, we will present the dynamic of prices on the 

residential property market of the apartments at the 

beginning of the crisis compared with the current 

prices. 

3. The apartments real estate market  
(sales)  It is generally observed a decrease in the 

prices of the apartments in 2010 by 35% - 40% in 

EUR currency, compared with the second quarter of 

2008 (during which apartment prices have peaked in 

the housing market). This decrease is smaller in RON, 

the drop in romanian currency in  2010 compared 

with the second quarter of 2008, being about 25% - 

30%, given the average rate of 2008 EUR (3.6827) 

and average EUR rate of 2010 (4.2099, according to 

BNR). 

As can be seen in Fig. 2; Fig. 3, Fig. 4; and 

Fig. 5, in 2008, apartment prices have maintained 

their upward trend until the second quarter, inclusive. 

In the third quarter of 2008, there was a stagnation in 

prices followed by a sharp decline in 2009, with a 

tendency to stagnate in the second quarter of 2010, 

but on the same downward trend. 
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Fig. 2 – Dynamics of prices for apartments with 1 

room 
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Fig. 3 – Dynamics of prices for apartments with 2 

rooms 
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Fig. 4 – Dynamics of prices for apartments with 3 

rooms 
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Fig. 5 – Dynamics of prices for apartments with 4 

rooms 

The graph in fig. 6 presents by comparison the prices 

of apartments confort I, with average finishings, from 

Tudor Vladimirescu, Dâmbu Pietros, 7 Noiembrie, 

Aleea Carpați, Unirii neighborhoods,  the most 

common types of apartments traded in Tg Mures. 
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Fig. 6 – Dynamics of prices for different types of apartments 

 

 

4. The rental markert 

Market rental price growth dynamic has been 

different from sale prices growth dynamic. An 

increase in rental prices was noticed until the fourth 

quarter of 2008, with a significant increase during the 

third quarter - fourth quarter, in contrast with the early 

surge in sales price reductions. 

This sudden increase in rents was due to an increase 

in the number of requests for rental of that period. The 

dynamics of the number of requests from that period 

can be explained by the decreasing number of 

purchase requests [3]. 

In response, the decreasing number of requests for 

purchase of flats has caused an increase in rental 

requests, leading to an increase in rental prices. So, 

the rental market reached the highest values in the 

fourth quarter of 2008 and not in the second quarter as 

sales prices did.  

This increase, however, was a temporary one,  

speculative, due to a favorable context (growing 

demand for rental due to decreased number of 

requests for purchase), but an unsustainable growth, 

due to reduced income and purchasing power of 

population, decline that makes itself felt especially in 

2009-2010 [7]. 

Starting with the end of the fourth quarter of 2008, the 

beginning of the first quarter of 2009, rental prices 

began to decline reaching in the fourth quarter of 

2010 to values (EUR currency) by about 15% less for 

studios and apartments with one room, 20% and 30% 

for 2 and 3 rooms apartments. This decrease, 

however, is less in RON currency, in 2010 compared 

with the fourth quarter of 2008, being about 4-5% for 

studios and 1 room apartments and 10% and 20% for 

apartments with 2 and 3 rooms, given the average rate 

of 2008 EUR (3.6827) and average rate of 2010 EUR 

(4.2099). 
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Fig. 7 - Dynamics of rental prices 

 

 

5. Conclusions and perspectives 

We consider that the property market in 2011 

will continue to decline, currently there are no real 

signs of recovery or changes of the current course.  

Although the housing market is now declining, 

leading market participants manifest an attitude of 

relative calm, gradually adapting to new market 

conditions, most of them expecting to a further 

decline on a short and medium term but without 

abrupt changes in the configuration  of the market.   

Doing a comparison of the current situation with the 

events that led to the crisis in 2008, we must note that 

a new shock on the real estate market is likely in 

2011, whose effects would be at least as strong as in 

2008 [10].  Few months before the crisis started in 

2008, the commodity prices dynamics was similar to 

the current situation, in this case, the increase in 

commodity was due to the transfers of capitals from 

the mortgage market and related markets [4].  

Now it is the same crisis of confidence, this time in 

financial markets (and in states’ ability, as economic 

entities, to pay the amounts of money borrowed by 

issuing bonds), in the months before the crisis was in 

the housing market. 

In conclusion, the real estate market remains 

uncertain, the participants should act with utmost 

caution, both investors, property developers and 

individuals who contract a long term mortgage. 

 We believe that the current relatively low level of 

interest in the international market, imposed by 

central banks, can not be maintained over time 

because of increasing inflation rate, which in turn is 

generated by monetary issue with no coverage, which 

is necessary to cover budget deficits. A high inflation 

will force central banks to impose a higher reference 

rate, which will increase the cost of lending by 

commercial banks, cost that will be borne ultimately 

by the final consumer, ie, the borrower. 
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ABSTRACT 
The paper looks at how articles on engineering topics and some scholarly 

reports are organized. Technical writing uses a variety of devices to communicate fully. 

The medium where they are generally published varies, but, in general terms, their 

structures have many similarities. We are going to observe some particularities, in 

accordance with the factors that influence the production and interpretation of such a 

text. 
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1. Introduction 

Gunnarsson (Gunnarson apud van Dijk 2008) 

stated that the academic and scientific discourse 

unfolds in a special discourse area. Scientific 

discourse analysis has focused on persuading patterns 

in various discourse communities. For instance, 

Swales (1990) developed a model to analyse article 

introductions, a model through which he intended to 

‘create a research space’ (CARS model). This model 

of analysis was used to identify certain rhetorical 

moves, such as establishing territory, establishing a 

niche and occupying the niche. (Swales 1990:141). 

Gunnarsson developed a model for the abstract 

analysis of the cognitive content of texts, where five 

“knowledge worlds” are discerned, corresponding to 

some sectors of society. This methodology serves in 

the attempt to study the relationship between text, 

social group and society and it was applied in the 

study of medical texts. The five worlds mentioned 

are: the scientific world, the object world, the 

practical world, the private world and the external 

world. Van Dijk also wrote about the functions of 

discourse within institutions and society (1997:5).  

 Considering findings and reports about 

scientific articles and drawing on the facts presented 

in the previous chapters, we shall analyze a number 

of articles published in specialty journals from the 

point of view of their organization, information 

structure and function in the discourse communities 

where they are published.  

 

2. The information flow in articles on technical 

and scientific matters 
Today, when we need to find certain pieces 

of information, especially for research projects we 

have a few sources such as public and corporate 

libraries, university libraries and last, but not least the 

World Wide Web. The public library is a place where 

one can find information on general topics, whereas 

corporate libraries, where they exist, are surely highly 

specialized. Written materials can be grouped into: 

books, periodicals, newspapers, company directories 

and dictionaries, encyclopaedias and other general 

references.  

 The main purpose of publications is to 

disseminate information. Periodicals are publications 

issued at certain, most probably regular time 

intervals. Sanborn Pfeiffer (2006:526) groups 

periodicals into two major groups: popular magazines 

and professional and scholarly journals. Most 

periodicals are available as electronic databases and 

generally when seeking a certain article, abstracts can 

be read. Online versions of articles are usually 

available for a fee.  

 The role of the abstract is threefold: it will 

help you decide if the article at hand is of interest, 

you will then be able to order the article, based on the 

information you received or you can choose to move 

on to other articles. These three attitudes can be 

formed in the very early stages of coming into contact 

with articles. Among the titles available in print and 

electronically we can mention: Applied Science and 

Technology Abstracts, EI - Engineering Information, 

CSA -  Cambridge Scientific Abstracts, CAS – 

Chemical Abstracts and Web of Science.  

 The most current information is provided by 

newspapers and magazines. They can offer insights, 

facts and opinions on many up-to-date issues. Other 

valuable resources are found in specialized 

dictionaries, handbooks, encyclopedias, such as: Van 
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Nostrand’s Scientific Encyclopedia, McGraw-Hill 

Encyclopedia of Science and Technology, Dictionary 

of the History of Science, CRC Handbook of 

Chemistry and Physics.   

 The publications by Societatea Română de 

Grafică Inginerească (www.sorging.ro), a member of 

the International Society for Geometry and Graphics 

(http://www.isgg.net), Revista Română de Materiale 

(http://www.procema.ro), Environmental Engineering 

and Mangement Journal (EEMJ) 

(http://www.ecozone.ro/reviste.php), An International 

Scientific Journal of Sapientia University 

(http://www.acta.sapientia.ro) and the Academic 

Journal of Manufacturing Engineering 

(http://www.eng.upt.ro/auif/ajme.php) are among the 

journals that are available for specialists in the field 

of mechanical engineering.  

 Most of the aforementioned resources are 

available online, others in catalogues at libraries. 

Among the resources that are of interest to us, and 

that are also available online, in most cases, are the 

following categories of written documentation that 

we will focus on for an analysis: periodicals 

(newspapers, magazines) and conference proceedings 

and reports.  

 Science journalism uses the art of reporting 

to convey information about science topics to a 

public. The communication of scientific knowledge 

through mass media requires a special relationship 

between the world of science and news media. The 

first task of a science journalist is to render the very 

specific information produced by scientists into a 

form that the average person can understand and 

appreciate, while communicating the information 

accurately. 

In recent years, the amount of scientific 

news has grown rapidly with science playing an 

increasingly central role in society, and interaction 

between the scientific community and news media 

has increased. The differences between the 

methodologies of these two modes of communication 

in modern society, particularly their distinct ways of 

developing realities, have given rise to some 

difficulties. “Journalism tends to have a stronger bias 

towards sensationalism and speculative theories than 

science, whereas science focuses more on fact and 

empirical measurement”. (www.wikipedia.org)  

Laboratory News, Nature, New Scientist, 

Physics World, American Scientist, New Scientist 

(American edition), Planetary Report, Popular 

Science, Science Illustrated, Scientific American, 

Spinoff (published by NASA) and Technology Review 

are a number of publications in which scientific 

findings are transferred from the research community 

to the general public.  

 As previously stated, technical documents 

usually follow the simple ABC format that could be 

translated into the classical introduction, body and 

conclusion. The list of key words in scholarly articles 

seems to have an equivalent in some popular science 

articles. Scientific American, Popular Science and 

New Scientist publish articles that have a section of 

key words or concepts that briefly summarize or 

explain the main terms that are used in the articles.  

 Most articles contain definitions, 

descriptions, classifications, arguments, as they are 

typically characteristic of technical documentation. 

Here are some examples:  

 

Definition 

 

“Pulsars are spinning collapsed 

stars which have been studied in great 

detail since their discovery in 1967”. 

(http://www.sciencedaily.com/releases/

2010/06/100624140910.htm)  

 

Description 

 

“Jupiter is striped with so-called 

zonal winds: broad bands running 

parallel to the planet's equator in 

which the prevailing winds blow at 

different speeds”. 

(http://news.sciencemag.org/scienceno

w/2010/05/how-jupiter-got-its-

stripes.html) 

 

 

Classification 

 

“Gears can be classified in to 

three categories based on their axes of 

revolution. The axes may be parallel, 

intersecting, neither parallel nor 

intersecting. Based on these the gear 

classifications are gears for connection 

of parallel shafts, gears for connecting 

intersecting shafts and neither parallel 

nor intersecting shafts”. 

(http://www.articlesbase.com/automoti

ve-articles/gears-and-its-classification-

2028601.html#ixzz0s2jyDDmT) 

 

 

Argumentation 

 “Putting electric motors directly 

inside the wheels eliminates the 

transmission, which typically wastes 10 

to 20 percent of the engine’s energy. 

An interior disc, mounted to the wheel 

bearings, contains a series of 

independently controlled 

electromagnets, which emit a magnetic 

field in response to an electrical 

current. Around that, an outer ring 

contains permanent magnets. Step on 

the accelerator, and a computer in the 

interior ring begins to rapidly switch 
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the polarity of the electromagnets, 

repelling or attracting the permanent 

magnets. The faster the polarity 

changes, the faster the motor spins the 

wheels”. 

(http://www.popsci.com/node/19958) 

3. The research article as a type of scientific 

publication 

Scientific literature can include the following 

kinds of publications: scientific articles published in 

scientific journals, patents specialized for science and 

technology,  books, presentations at academic 

conferences, government reports, scientific 

publications on the World Wide Web, books, 

technical reports, pamphlets, and working papers.  In 

the previous chapters, we analyzed fragments from 

many of these types of publications.  

Scientific literature may be divided into two 

major categories, primary (peer-reviewed) literature 

and review literature.  The former represents a report 

of scientific research carried out by an individual 

scientist or a group of researchers.  This literature is 

reviewed by other scientists in the field.  The second 

type of scientific literature is the review article.  

These articles are published in primary literature 

journals or in special review journals.  Reviews serve 

to aid the researcher in quickly determining the latest 

research in a field of study. 

The formal structure of articles could be 

understood by authors, readers and editors, implying 

that articles in specialized journals have a structure 

that is a little different from research articles. 

Similarly, university requirements in Chile, Australia, 

Romania, USA, GB, etc recommend the same 

structure. There is a tendency for scientific papers to 

follow a strict format, due to requirements of journals 

as well as to make these more easily read. There is 

some variation depending on the informational 

content.  However, the following format seems to be 

the most common:  

Abstract. This is a brief summary that 

presents the overall hypothesis and also a summary of 

results and conclusions. The paper content should be 

understood from the abstract.  

Keyword list. Here, one can add keywords, 

used by the indexing and abstracting services, in 

addition to those already present in the title. Good use 

of keywords may increase accessibility to the article. 

 Introduction. Some authors assume that the 

reader has limited background on the subjects so 

there will usually be an introduction that includes a 

review of literature relevant to the article. 

Methods. Theory and practical details of 

experiments performed and the method of data 

analysis are generally described in the methods 

section. This would normally provide sufficient 

information for someone to duplicate the experiment 

in order to verify results. 

Results. Sufficient data are normally 

presented for the readers to convince themselves. 

Results include tables of values, images and graphs to 

present data, as well as detailed analysis of the results 

with statistical tests that substantiate claims. 

Discussion and conclusion. Usually there 

are some limitations in a study or areas that require 

further explanation. Often the discussion points to 

further work necessary or answers possible criticisms 

of the work. A brief conclusion to the overall paper 

usually is usually included (as part of the discussion 

or as a separate section). 

References. They allow the reader to find 

out further relevant details but also allow the 

informed reader to check if the authors are aware of 

relevant information. These follow a standard format. 

As regards print form, in most cases research 

findings are presented in two column format.  

 

4. Conclusions  

According to the medium of the information 

exchange, articles published in scholarly journals face 

two types of pressure: peer-pressure, for scholarly 

journal publications, where only the informed opinion 

matters, whereas lay audiences apply an additional 

pressure having expectations for which they are 

willing to pay the price of the magazine. Scholarly 

articles may be intended to inform and to persuade 

fellow researchers to consider and value the results 

published, while lay audiences impose a quick pace 

by their consumer thirst for much information that 

takes up little time to digest. Further research is 

needed to make plausible generalizations about how 

best to manage this type of publication.  
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ABSTRACT 
Present paper presents the results of an activity that took place in the frame of FSE 

POSDRU/87/1.3/S/60891 – DidaTec- project named “University school for initial and 

continuous training of didactical staff and trainers working in the field of technical and 

engineering specializations”. The main objective of this project is the development of a 

training system in order to implement learning methods based on modern information 

technology and communication techniques. The aim of research was to evaluate the 

training needs of the academic staff involved in engineering field. 
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1.  Introduction 

In the frame of the DidaTec project one 

activity had the aim to evaluate the training needs of 

the academic staff involved in engineering field. This 

evaluation was made using a questionnaire that was 

discussed and developed during several stages. The 

final form of it consists in open questions, with one or 

multiple answers, designed for the assessment of the 

following categories: 

 experience; 

 e-learning; 

 IT&C use; 

 DidaTec training needs. 

The Universities involved in this study were: 

- Technical University of Cluj Napoca 

- "Politehnica" University of Timisoara 

- University of the Nord of Baia Mare 

- University of Oradea 

- Technical University of Civil Engineering 

Bucharest 

- „Gheorghe Asachi” University of Iasi 

- „Stefan cel Mare” University of Suceava  

- “Lucian Blaga” ” University of Sibiu 

- “Petru Maior” University of Tg. Mures. 

The questionnaire was developed also like a 

disseminating method of activities and perspectives 

of the project to the academic staff from participating 

universities. 

For completing the questionnaire the on line 

manner was choose, due to its anonymity, 

independence of completing and interactivity. The 

questionnaire was integrated in an on line, interactive 

interface, ZEF (www.zef.fi). ZEF Evaluation 

Engine®  collects data and opinions from individual 

persons, individuals that can be part of groups, 

allowing the analysis of information in an innovative, 

easy to understand, visual way that can be organized 

in a valuable and useful evaluation report.  ZEF can 

be used like Z-scored Electronic Feedback, where Z-

scored is a statistical evaluation method which 

eliminates the perturbations and improve the accuracy 

of answer’s analysis. ZEF method allows, more than 

standard open question method, multiple choices and 

the possibility of adding the questions: 

 on one line (axis) which determines the possibility 

of a specific, punctual answer in a range between 

two extreme values; 

 on two axis or 2D, where the respondent can give 

the answer having to judge from two point of 

views, each axe having its own question, where 

the answer is in a range between two extreme 

values.   
The invitation for completing the DidaTec 

questionnaire was sent by e-mail to every member of 

academic staff from participating universities, using 

the internal formal information distribution system of 

each university involved in the project. 

Present paper presents the results of the 

questionnaire for “Petru Maior” University of Tg. 

Mures (UPM). 50 members of academic staff of 

Faculty of Engineering responded to the DidaTec 

invitation and gave the answers to the questionnaire. 

There were 35 male respondents and 15 female 

respondents. From the age point of view, figure 1 

presents the dispersion of respondent’s age. It is to 

observe that more than 50% are more than 40 years 

old, with more than 15 years from university 

graduation, fact which suggests that there is an acute 
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need of training and actualization of the knowledge in 

the field of how to learn students, how to deliver 

courses in a modern manner, how to use the ultimate 

IT&C techniques.  

 
Fig. 1 – The age of respondents of DidaTec 

questionnaire from UPM 
 

Figure 2 shows the academic position of the 

staff from “Petru Maior” University that participate to 

the questionnaire. The analysis shows a uniform 

dispersion between all academic positions (less post-

doctoral students that are not present in UPM). The 

majority is represented be lecturers with ages between 

30-40 years, they have PhD degree in engineering, 

good academic experience and are involved in course 

delivery activities and also in practical activities 

(laboratories, projects). 

 
Fig. 2 – The academic position of respondents of 

DidaTec questionnaire from UPM 
 

2.  Experience on IT&C in education 

All respondents declared a very high level of 

computer use, also they said that they use computer 

with high frequency. Vast majority declared that they 

use computer more than 5 hours per day (fig. 3). It is 

interesting that the lower level of computer use 

corresponds to professors and associate professors.  
 

 

Fig. 3 – Computer use declared by respondents of 

DidaTec questionnaire from UPM 

When referring to Internet use, the level is lower, 

only 22% using it more that 5 hours per day (fig. 4). 

 
Fig. 4 – Internet use declared by respondents of 

DidaTec questionnaire from UPM 

 

These values (practically all academic staff 

use Internet on daily basis) are higher that the 

statistical average values for Romania, for age group 

25-40 years, people with university degrees, for 

which Eurostat studies shows a 21% of daily use of 

Internet [Eurostat 2009]. 

A very interesting result is related to the use of 

computer for didactic purposes. As figure 5 reveals, 

85% of the academic staff use computer on daily 

bases in order to assist the learning process. 

 

 
Fig. 5 – Use of computer for didactic purposes 

declared by respondents of DidaTec questionnaire 

from UPM 

 

3.  The use of eLearning in education 

When responded to the question “Do you use 

before platforms / programming environments 

/LCMS/ LMS for eLearning?” almost all academic 

staff declared that they use them very often. As figure 

6 shows, in UPM the most used eLearning platforms 

are University platform, Moodle and  Lotus. 

A qualitative evaluation was conduct in order 

to design the strategy for DidaTec project platform 

tools development and also aiming to indicate to the 

UPM which are the implementation requests. In this 

2D evaluation, x axis represents personal level of use 

of a specific tool and y axis represents the estimated 

potential for using in education that is associated by 

the respondent with that specific tool. 

The tools that were taken in account were: 

1. Blended learning (online support for face to face 

activities) 
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2. E-mail 

 
Fig. 6 – Use of elearning platforms in UPM 

(1. Blackboard; 2. AEL; 3. Web CT; 4. Lotus; 5. 

SharePoint; 6. Oracle iLearning; 7. Moodle; 8. 

Sakai; 9. OLAT; 10. ILIAS; 11. Elgg 12.University 

platform) 

 

3. Forum 

4. Blog 

5. Chat / instant messaging 

6. Wiki 

7. Online knowledge assessment 

8. Online questionnaires 

9. Sending / online submission of students projects 

10. Calendar/ online schedule 

11. RSS feeds  

12. Animations 

13. Online notes (type del.icio.us, citeULike, etc) 

14. Social network (Facebook) 

15. Podcast  and/or audio or video recording of 

didactic activities 

16. Video (inclusive YouTube) 

17. Virtual environments (Second Life) 

18. Videoconference  

19. Audio conference (including Skype) 

20. Online educational games 

21. Virtual laboratories 

22. Smart Board 

23. Mobile phone 

24. Text messaging by mobile phone 

25. Different applications for mobile phone 

Analyzing the results of the questionnaire, 

presented in a very visual way by the figure 7 we can 

conclude that respondents from UPM consider that: 

 calendars/ online schedules, sending / online 

submission of students projects and e-mail have 

high potential for education and are already well 

implemented and used; 

 also with good potential and good level of 

awareness can be considered forums, wikis, 

videos, RSS feeds, online questionnaires; 

 

 
Fig. 7 – The relation between the potential for education and the level of using for different tools that 

assists modern learning process 
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 high potential for education but relative weak use 

have: online knowledge assessments, Smart 

Board, virtual laboratories, blended learning, 

video and audio conferences; 

 text messaging and applications for mobile phone 

are considered with low potential for education, 

even if they are well known and frequently used; 

 chat/instant messaging, blogs, podcasts and on 

line educational games are viewed as tools that 

can be useful in some degree for education, the 

first ones being somehow known, but the last two 

being considered novelties and being rarely used; 

 social networks and virtual environments are 

considered with very weak potential to be used 

for educational purposes and very few 

respondents declared that they use such tools. 

The analysis made from educational means 

point of view reveals that respondents from UPM 

believe that elements of content have the highest 

potential for education. In contrast, educational 

models based on synchronous online communication 

and interaction are perceive having a lower potential 

and value for education. This perception is a 

drawback in the quest of implementing a system for 

distance learning. It is to say here that the overall 

result is influenced by the fact that in UPM only few 

members of academic staff have experience in 

distance learning. That fact suggests the need of 

training in this particular field. 

Another fact that is to be emphasis is that tools 

that are extensively used today in academic 

environment (blogs, podcasts, social networks, virtual 

environments) [1-10] are not recognized by UPM 

staff as valuable tools for education. As a 

consequence there is an urgent need of dissemination 

of success stories and good practice related to this 

kind of tools. 

 

4.  IT&C use in education 

A qualitative evaluation was realized using a 

2D questionnaire approach, having on x axis the 

personal level of use of a specific software and on y 

axis the estimated potential for using in education for 

that particular software. The results are presented in 

figure 8. 

 

 
Fig. 8 – Use of different software in UPM 

 

The software that were taken in account were: 

1. HTML editing –Adobe Dreamweaver 

2. Presentation – MS PowerPoint 

3. PDF editing – de tip Adobe Acrobat 

4. On line equation editor 

5. Animation –  Adobe Flash 

 

6. Graphical editing- Adobe Photoshop, Corel 

7. Audio / video editing – Adobe Premiere, 

Quicktime   

8. Videoconferencing – Adobe Acrobat Connect Pro, 

Microsoft Office Live Meeting 

9. Screen capture – Adobe Captivate, Camtasia 

Studio 

Analyzing the results of the questionnaire, 

presented in a very visual way by the figure 8 we can 
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conclude that for UPM staff involved in engineering: 

 presentation and PDF editing software have high 

potential for education and are used very 

frequently; 

 with good potential for education and good level 

of awareness are on line equation editor, 

animation and graphical editing software: 

 audio/video editing and videoconferencing are  

viewed as software that can be useful in some 

degree for education, but they are rarely used; 

 HTML editing software is considered with very 

weak potential to be used for educational 

purposes and very few respondents declared that 

they use such software. 

It is surprising that respondents considered 

HTML editing software having a low potential for 

education, since it is a part of languages that are at the 

very basis eLearning development. A possible 

explanation can be that most modern eLearning 

applications allows HTML text editing without the 

use of HTML tags, simply by using some friendly 

interfaces very similar with the case of document 

editing. 

 

5.  DidaTec training needs 

In order to design an efficient training program 

for the academic staff involved in engineering field, 

the questionnaire also asses some practical aspects 

such as: 

 how do respondents think that training modules 

can be delivered (face to face, face to face + 

independent work, face to face + on line 

activities, only on line activities) – the answers 

are illustrated by figure 9 that shows that the best 

approach is the combination of face to face 

activities with on line ones; 

 

 
Fig. 9 – The need for delivery of training modules 

 

 how much time are respondents willing to 

dedicate for DidaTec training; as figure 10 shows 

the majority of academic staff suggests a training 

program having a duration of 24 to 48 hours. 

 

6. Conclusions 

The most important conclusion of the 

questionnaire that was administrated in 10 

Universities being completed by more than 700 

members of academic staff (50 of them being from 

UPM) is that there is a real training need in the field 

of IT&C use in education. 

 

 
Fig. 10 – The expected duration of training 

modules 

 

Even the use of computer in education is very 

frequent there is a weak understanding of the way in 

which IT&C can be better involved in education. 

Also very few members of academic staff are 

involved in distance learning education, fact that 

suggests the need of training in order to acquire 

modern knowledge and  practical skills for this 

particular field. 

The questionnaire revealed that tools that are 

extensively used today in academic environment 

(blogs, podcasts, social networks, virtual 

environments) are not recognized by UPM staff as 

valuable tools for education. As a consequence there 

is an urgent need of dissemination of success stories 

and good practice related to this kind of tools. 

The groups that are interested in participation 

in DidaTec program are heterogeneous (as regards 

age, didactic experience, level of IT&C use) as a 

result the program have to be design to consist in 

personalized modules adapted at the groups typology.   
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ABSTRACT 

The paper objective is to create a network of 133 online local clubs to promote and 

stimulation of the innovative potential in online continuous training of human resources 

in organizations, adaptability and sustainable development meeting in 5 area clubs, with 

an online human resources center. 

Through innovation and communication we create and develop an network for 

stimulation of the innovative potential in online continuous training of human resources 

in organizations, as a result of collaboration among universities, beneficiaries and 

stakeholders, in order to increase competitiveness and performance, to enhance 

organizational culture – that sustains society and knowledge based economy, in the 

context of sustainable development. 

Keywords: human resources, continuous training, development, innovation, communication 

 
 

1.  Introduction 

Innovation is recognized as an essential 

component of the economic growth process, where it 

can be broadly defined as the development, 

deployment and economic utilization of new 

products, processes and services. The paper objective 

is to create and develop an innovative collaborative 

platform for stimulation of the innovative potential in 

online continuous training of human resources in 

organizations, as a result of collaboration among 

universities, research centers, beneficiaries and 

stakeholders, in order to increase competitiveness and 

performance, to enhance organizational culture, that 

sustains society and knowledge based economy, in 

the context of sustainable development [16].  

Innovation provides real benefits for us as 

citizens, consumers, and workers. It speeds up and 

improves the way we conceive, develop, produce and 

access new products, industrial processes and 

services. It is the key not only to creating more jobs, 

building a greener society and improving our quality 

of life, but also to maintaining our competitiveness on 

the global market. 

The Innovation Union is one of the seven 

flagship initiatives of the Europe 2020 strategy [8] for 

a smart, sustainable and inclusive economy. The 

Innovation Union plan contains over thirty actions 

points [9], with the aim to do three things: 

 make Europe into a world-class science 

performer; 

 remove obstacles to innovation – like expensive 

patenting, market fragmentation, slow standard-

setting and skills shortages – which currently 

prevent ideas getting quickly to market; and 

 revolutionize the way public and private sectors 

work together, notably through Innovation 

Partnerships between the European institutions, 

national and regional authorities and business.  

The European strategy EU 2020 for Smart 

Sustainable and Inclusive growth has the Innovation 

Union as one of the flagship initiatives for Smart 

Growth. In this flagship, the key activity "Promoting 

excellence in education and skills development" 

foresees that the Commission "will also support 

business-academia collaborations through the 

creation of 'Knowledge Alliances' between education 

and business to develop new curricula addressing 

innovation skills gaps". 

The "Higher Education Modernization 

Agenda" [10], adopted by the Commission in 2011 

highlights the importance of "Making the knowledge 

triangle work: Linking higher education, research 

and business for excellence and regional 

development". 

The European Commission support the 

implementation of Knowledge Alliances, helping the 

partner organizations implement structured 

partnerships which should lead to innovative and 
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collaborative approaches in their field beyond the 

lifetime of the project. The core and main aspects of 

added value of the Knowledge Alliances are: 

 Focus on innovation: Unleashing the innovation 

potential of higher education institutions and 

companies is the main objective and 'raison 

d'être' of these Alliances, 

 Focus on the partnership: rather than on a given 

sector and/or an individual activity. Knowledge 

Alliances build partnerships to develop 

cooperative activities and need to demonstrate 

the engagement of all partners involved. 

Business involvement is therefore vital and 

obligatory. The quality and combined strength of 

the partnership is essential and co-operation with 

a diversity of partners – cross-disciplinary & 

cross-sector – is encouraged. 

 Bottom-up approach: The partners must share 

common objectives and goals and, on this basis, 

decide the content of the work plan together and 

agree on the specific activities that will be 

implemented through the Knowledge Alliance. 

 Emphasis on dissemination and outreach: to 

maximize the impact of the proposals each 

Knowledge Alliance should provide a clearly 

thought-out dissemination plan, integral to the 

joint work plan Knowledge Alliances will 

support a comprehensive set of activities, 

designed and developed jointly by the 

partnership. The range of activities is broadly 

defined so as to be flexible and adaptable to 

different contexts across the Union and should be 

structured along three principal axes: 

- New learning and teaching methods, 

- Fostering entrepreneurial skills and attitudes, 

- Structured mobility. 

The set of planned activities are consistent and 

coherent as a whole and can be adapted to different 

contexts: 

 New learning and teaching methods, which can 

involve joint design and delivery of new 

multidisciplinary curricula and courses; 

organization of educational activities within the 

companies; participation of students and 

professors in solving real business problems; 

supporting multi-disciplinarity, learner-centred 

and problem-based learning; development/ 

provision of platforms for matching company 

needs and student projects; development of open 

education across companies and/or countries; 

incentives schemes addressed to professors to 

test out new innovation and business models, 

update and improve their skills through exposure 

to business and real-life situations; other 

solutions to promote University Business 

Cooperation by fostering the involvement of a 

broader set of actors in the medium-term. 

 Fostering entrepreneurial skills and attitudes, by 

promoting transversal skills; inclusion of 

entrepreneurship education throughout higher 

education programs; development of new 

learning opportunities from the practical 

application of entrepreneurial skills 

(development of new services, products and 

prototypes with commercialization potential). 

 Structured mobility, including placements or 

internships of students in companies; researchers 

or professors working for limited periods in 

companies; company staff involved in teaching; 

staff mobility between academia and business; 

involvement of teaching staff in company 

projects, aiming at exchange/transfer of 

knowledge and innovation and/or the 

development of tailor made innovations. 

Research and Innovation Performance in 

Romania. An important challenge is the overall 

fragmentation of the Romanian Research and 

Innovation system, as reflected by the large number 

of research performers (universities, research 

institutes and institutes of the Romanian Academy) 

combined with a lack of critical mass of the quality of 

research results. Romania scores low both in terms of 

high-impact scientific publications and patent 

applications. The weak scientific and technological 

performance is combined with rather unfavorable 

framework conditions for business R&D, as reflected 

by the low figures of business enterprise expenditure 

on R&D. As expected in this context, the 

employment in knowledge intensive activities appears 

to be one of the lowest in the EU [7]. 

In the current European context "Petru Maior" 

University of Târgu Mureş in partnership with the 

Employers Confederation of Industry and Trade 

Services - Office of Mureş County Employers, Club 

Association „ŞI NOI PUTEM REUŞI” and Université 

de Versailles Saint-Quentin-en-Yvelines is 

implementing the “The clubs network for promoting 

adaptability and sustainable development” - 

ReCADD Project, financed by the ESF - SOPHRD 

39/3.2/G/37787 [14]. 

The goal of the project is to establish a viable 

partnership between four organizations with profiles 

and skills that are completing each other in a 

synergistic manner, working actively to achieve the 

same objectives for developing human resources on 

the labor market [11]. 

The project is endorsing increased 

adaptability, flexibility, training, ensuring health and 

safety [12], in the context of sustainable development 

of European partners making using local synergies 

and actively proposing ten activities set by mutual 

agreement. 

For this purpose, we are using the Guide of 

successful partnerships, the contact partners for a 

future collaboration in a SOP HRD financed project 

are stored in the database: Database Partners, Table 

partners ‘ contact data. 

In the same time, we have consulted examples 

of good-practice from the E.U. and we have contacted 

the partners involved, accessing the database of 
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Community Initiative EQUAL, Database EQUAL. 

During this project we are developing a new 

mark: “Welfare now - Entrepreneurs Innovation 

Clubs Network”. 

 

2.  Methodology of the research 

The project was developed based on the 

proposals and suggestions obtained from a 

preliminary survey on a sample / relevant group 

consisting of 300 respondents, at the level of leaders 

and employees from 30 organizations/ subsidiaries/ 

departments. The respondents claimed the need for an 

organized informal setting, in which they can develop 

applications to promote adaptability and sustainable 

development, being trained and assisted by 

experienced professionals, highly trained [12]. 

It was found that 92% of respondents are 

interested in participating in this project, out of which 

83% of respondents considered that it would 

participate in one activity per month, lasting 3 hours. 

48% of respondents made proposals to improve the 

project, which were useful for the drafting team. 

The project encourages the development of an 

innovative project in the frame of 2020 Mureş Club, 

aimed for the sustainable development of Mureş 

County. Meanwhile, club members will perform 

studies and creative applications for human resources 

development for ReCADD Project [14] and for 

external applicants. 

 

3.  The implementation of the project 

The partners have found that is useful and 

necessary to conjugate the efforts to meet the specific 

needs identified for the target group. These needs 

intend to promote adaptability and sustainable 

development of flexible forms of work organization, 

specific training, ensuring health and safety at work 

[12]. In this way we are able to create a rich and 

diverse organizational culture, to overcome the 

concepts of duality and judgment of our lives, to 

accept globalization, to develop confidence in a 

changeable system through personal involvement, 

development of a platform focused on promoting the 

adaptability and sustainable development, in 

traditional activities and Internet. 

 

4.  Project relevance 

Online Clubs Network is providing: 

 a unified environment for harmonious relations 

between different employees, employers, 

authorized individuals, managers at all levels, 

specialists from the medical system, occupational 

medicine specialists; 

 greater opportunities for partnerships between 

economic actors, social workers and providers of 

know-how, using the existing knowledge and the 

performed services [11]; 

 favorable conditions for integration into relevant 

projects for local/zonal sustainable development; 

 the possibility to develop IT skills, using the 

website of the project in activities focused on the 

priorities of the clubs network. The development 

of the network is continuous based on relevant 

needs identified locally, in a global context. 

 

5.  Project objectives versus identified needs 

We know that there are many people willing to 

get involved in projects, the potential level of 

individuals or groups can be materialized more 

quickly using communication modules and 

applications focused on creativity in participants' 

priorities. Using the "learning by doing" method in a 

formal and informal frame, focused on participants 

priorities, prove to be beneficial. Consultancy, 

assistance and mentoring are highly required. We 

encourage the local synergies by working in teams. 

We develop new information/research activities for 

needs and proposals of the participants in the fifteen 

organizations/subsidiaries/departments selected from 

urban and surrounding areas. The used instruments 

are interviews and questionnaires, along with existing 

data studies from the previous experience of the 

partners. 

 

6.  The Europe 2020 strategy and national 

context    

In EU, Each Research and Innovation (R&I) 

System has its own characteristics which depend on 

the socio-economic realm in which it is embedded. 

However, it is generally accepted that well-

functioning systems share a number of common 

features [13]. 

The European Commission, after a broad 

consultation with stakeholders, has identified 10 of 

these features, which range from governance and 

design of R&I policies, to adequate and sufficient 

support for R&I, availability of the right mix of skills, 

support for effective knowledge flows, and the 

improvement of framework conditions that will 

promote private investment. 

The Europe 2020 Strategy to go out of the 

crisis and prepare EU economy for the next decade 

identifies three key drivers for growth [6], to be 

implemented through concrete actions at EU and 

national levels: smart growth (fostering knowledge, 

innovation, education and digital society), sustainable 

growth and inclusive growth (raising participation in 

the labor market, the acquisition of skills and the fight 

against poverty) [5]. This battle for growth and jobs 

requires ownership at top political level and 

mobilization from all actors across Europe. Five 

targets are set which define where the EU should be 

by 2020 and against which progress can be tracked. 

In order to meet the targets, the Commission 

proposes an Europe 2020 agenda consisting of a 

series of flagship initiatives. Implementing these 

initiatives is a shared priority, action being required at 

all levels: 

 Innovation union - re-focusing R&D and 
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innovation policy on major challenges, while 

closing the gap between science and market to 

turn inventions into products. 

 Youth on the move - enhancing the quality and 

international attractiveness of Europe's higher 

education system by promoting student and 

young professional mobility [18]. 

 A digital agenda for Europe - delivering 

sustainable economic and social benefits from a 

Digital Single Market based on ultra fast internet. 

 Resource-efficient Europe. 

 An industrial policy for green growth – helping 

the EU's industrial base to be competitive in the 

post-crisis world, promoting entrepreneurship 

and developing new skills. 

 An agenda for new skills and jobs – creating the 

conditions for modernizing labor markets, with a 

view to raising employment levels and ensuring 

the sustainability of our social models, while 

baby-boomers retire. 

 European platform against poverty - ensuring 

economic, social and territorial cohesion by 

helping the poor and socially excluded and 

enabling them to play an active part in society. 

The ambition of Europe 2020 means that 

leadership and accountability must be taken to a new 

level [5]. 

The Sectorial Operational Program for 

Human Resources Development SOP HRD 

The Sectorial Operational Program for Human 

Resources Development 2007-2013 SOP HRD has 

been elaborated in a large partnership process [11]. 

The SOP HRD objectives 

The general objective of SOP HRD is the 

development of human capital and increasing 

competitiveness, by linking education and lifelong 

learning with the labor market and ensuring increased 

opportunities for future participation on a modern and 

flexible labor market for 1,650,000 people. 

The specific objectives of SOP HRD are: 

 Promoting good quality initial and continuous 

education and training, including higher 

education and research [2]; 

 Promoting entrepreneurial culture and improving 

quality and productivity at work;  

 Facilitating the young people and long term 

unemployed insertion on the labor market; 

 Developing a modern, flexible labor market; 

 Promoting (re)insertion on the labor market of 

inactive people, including in rural areas; 

 Improving public employment services; 

 Facilitating access to education and to the labor 

market for the vulnerable groups. 

The priority axes of SOP HRD 

7 fields of activity are financed through SOP 

HRD, also known as “Priority Axes”. Each of these 

priority axes is split in several sub-domains, also 

known as “Key Areas of Intervention”. 

Partnership and partners in SOP HRD 

The relevance of the partnership principle in 

implementing SOP HRD consists in the multitude of 

existing challenges, but also, in the opportunities 

regarding the modernization of educational and 

training systems, lifelong learning, promoting active 

measures for employment and social inclusion. 

From this point of view, various problems 

derived from the necessity of harmonization of the 

educational supply with the demands of the labor 

market, promoting adaptability and flexibility of the 

workers and enterprises [12], modern organization of 

the labor, sustainable participation of the vulnerable 

group on the labor market, need solutions that can be 

achieved only through partnership. 

 

7.  Project presentation 

The overall objective of the project is to create 

internal capacity for companies in the Central Region 

of Romania, to develop their human resources in 

relation with the market needs and economy 

restructuring. The operational objectives aimed to 

create a network of local clubs in order to promote 

adaptability and sustainable development, gathered in 

five zonal clubs [17], with a Central resource center. 

We are focusing on using the international 

experience, starting from communication and 

innovation in networks, improving the adaptability of 

enterprises and employees, disease prevention 

campaigns, modern labor organization, harmonization 

of professional activity with private life, active aging, 

women’s participation on labor market [4]. 

The project focus is: 

 interactive activities in order to change social 

attitudes and stereotypes towards vulnerable 

groups at the workplace, promoting equal 

opportunities, improving adaptability of workers 

to technological and organizational innovations 

[1] (particularly women, older workers, persons 

with low qualifications and vulnerable groups) 

etc.; 

 specific campaigns for the prevention of disease 

risks in order to maintain an adequate working 

environment etc.; 

 training employees, entrepreneurs, individuals, 

managers at all levels, specialists from the 

medical system, occupational medicine 

specialists in large teams for innovative 

activities; 

 support measures to ensure favorable context 

conditions involving enterprises, social partners 

and other relevant stakeholders to promote the 

principle of equal opportunities and 

develop/implement appropriate organizational 

models etc.; 

 support for networking among enterprises to 

promote quality and sustainable development; 

 raising awareness and strengthening policies on 

quality standards, including the transfer of best 
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practices for sustainable development; 

 offering prizes for enterprises that promote 

flexible work organization and services; 

 disseminate flexible economic organization 

models able to reconcile the requirements of 

companies competitiveness; 

 support for implementation of "family friendly" 

contractual forms adapted to the working 

program, including flexible work program 

schedules for elderly employees; 

 support to ensure an adequate and safe working 

environment; 

 designing and implementing five complex 

projects; 

 networking services which provide promotion 

and support for developing, implementing 

innovative methods for flexible organization of 

work; 

 creative/innovative solutions to improve 

communication in organizations [3]. 

The project provide for the clubs: 

 training the trainers and the local 

tutors/animators within three courses, accredited 

by Ministry of Education, Research and 

Innovation and supported by experts group: 

Project Management, Human Resources 

Management, Management of optimization 

production processes and services; 

 Support/assistance for development and 

implementation of a local project, using complex 

procedures for the clubs network; 

 A conference and a classical debate - information 

and awareness campaign to identify the needs 

and local achievements/experiences; 

 A conference and an open on-line debate, to 

identify the needs and local experiences; 

 Four classical applied trimester activities 

(Workshop), at the local club during the twelve 

months, supported by the Expert Group;  

 Eight classical applied activities (Workshop), at 

the local club during the twelve months - online 

support by group of experts for the 

development/completion of four trimester 

activities; 

 Participation in two stages of three days, to 

develop flexible organizational models useful in 

enterprise and achieve a statute of clubs managed 

by a Honorary Board of Directors; 

 A project site www.recadd.ro [14], Forum on-

line “Communication and innovation for 

adaptability and sustainability in organizations”, 

Trimester Synthesis, Integrative Activities on-

line on topics of local interest etc.; 

 Classic and online tutorial/consulting for at least 

twenty members of the local club during the 

twenty months of activity by the Resource Centre 

using complex assessment procedures for the 

local potential in a global context; 

 Support for promoting transnational exchanges 

of experience to increase the adaptability [15]; 

 Access to innovative interregional and 

transnational activities, to promote adaptability 

of workers and enterprise and including the 

establishment of the “Association for the 

promotion of adaptability and sustainability”. 

 

8.  Conclusions and results 

The results in online activities 

The 133 clubs, which include an online human 

resources center, are designed to stimulate innovative 

potential of participants through innovation and 

communication. These clubs were distributed in 5 

areas as follows: 

 Clubs of innovators (56) 

 Clubs for adaptability and sustainability (40) 

 Clubs for human resource development – 

innovation and communication (11) 

 Clubs for simulations and applications (5) 

Web site statistics show: 

 Total Members: 2275 

 Participants-students: 181 

 Number of partnership agreements with 

companies – 15  

 Total Clubs: 133 

 Total Discussions: 710 

 Total Albums: 165 

 Total Pictures: 1767 

 Total Videos: 151 

 Total Bulletins: 36 

 Total Assets: 10,005 

 Total Posts: 3480 

 Total Male: 910 

 Total Women: 1360 

Through innovation and communication the 

ReCADD project outcomes are [14]: 

 contributes to increasing the skills of employees 

and foster the creation of new jobs; 

 promote liberal professions; 

 includes innovative activities; 

 helps to develop new methods for combating 

discrimination and inequalities in the labor 

market; 

 lead to the achievement of a higher level of 

qualification or to create new jobs; 

 contributes to carry out additional activities 

which could not be funded from other sources in 

the next period; 

 helps the development of self-employment; 

 transforms/adapts best practices through 

innovation and communication. 

The project generates a positive effect on 

short, medium and long term because is using: 

 innovative methods for flexible organization of 

work, new working practices; 

 professional illness prevention, health and work 
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safety facilitation, providing a friendly working 

environment and encourage reconciliation 

between work and private life; 

 information and awareness campaigns to change 

social attitudes and stereotypes towards 

vulnerable groups; 

 efficient training in new methodologies, ICT, 

environmental protection and pollution control,  

promoting trans-national exchange of experience 

regarding the adaptability; 

 quality certificates for companies that promote 

flexible work organization and facilitate 

reconciliation of work and family. 
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