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ABSTRACT 
This paper shows the optimization of the parameters of PI controllers in the application of vector control of a three-phase induc-

tion motor by genetic algorithm for the set optimality criterion. There is also the projecting procedure as well as the comparative 
analysis of the performances of speed estimator based on MRAS observer and speed estimator based on ANN. The basis of the re-
search is a mathematical model of vector control of a three-phase induction motor, which was developed in MATLAB/Simulink. The 
experimental analysis of the results was carried on the laboratory model of electric motor drive based on the dSPACE card. The ap-
plication of the encoder provides a smaller measurement error, whereas the application of estimators is possible in the cases for 
which pinpoint accuracy is not required and for which the price and/or reliability are of greater interest.  
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REZIME 
U okviru ovoga rada prikazan je postupak optimizacije parametara PI regulatora u aplikaciji vektorskog upravljanja trofaznim 

asinhronim elektromotorom pomoću genetskog algoritma za zadati kriterijum optimalnosti. Prikazan je i postupak projektovanja i 
komparativna analiza performansi estimatora brzine baziranog na MRAS observeru i estimatora brzine baziranog na VNM-i. Kao 
osnova za sprovođenje istraživanja primenjen je matematički model vektorski upravljanog trofaznog asinhronog motora koji je 
razvijen u softverskom paketu MATLAB/Simulink. Eksperimentalna provera rezultata je izvršena na maketi elektromotornog pogona 
baziranoj na dSPACE upravljačkoj kartici. Projektovani PI regulator brzine je testiran na modelu elektromotornog pogona, a zatim 
je izvršena i eksperimentalna provera na maketi. Dobijeni rezultati pokazuju da je ostvaren zavidan kvalitet regulacije. Procenu 
brzine obrtanja vratila asinhronog motora moguće je realizovati bez prisustva direktnog merenja brzine. Informacije o brzini se 
dobijaju estimacijom na osnovu merenja terminalnih napona i struja u dvofaznom stacionarnom dq-koordinatnom sistemu. 
Estimacija brzine bazirana na MRAS observeru se zasniva na poređenju promenljivih stanja. Razlika referentne i estimirane 
promenljive stanja formira signal greške koji se primenjuje kao ulazni signal u adaptivni mehanizam čiji je izlaz estimirana brzina 
rotora. Kao estimator brzine može se iskoristiti i obučena veštačka neuronska mreža na čije ulaze se dovode snimljeni naponi i struje, 
a izlaz predstavlja estimiranu brzinu. Projektovani estimatori su testirani na modelu a zatim i na eksperimentalnoj maketi. Primena 
enkodera obezbeđuje manju grešku merenja, dok je primena estimatora rezervisana za aplikacije gde nije zahtevana velika tačnost i 
gde su cena i/ili pouzdanost od većeg interesa. 

Ključne reči: vektorsko upravljanje, estimacija brzine, PI regulator, genetski algoritam, neuronske mreže, MRAS, dSPACE. 
 
INTRODUCTION 
Since Tesla’s inventions more than one hundred years ago, 

induction motor is the most important motor in the industry and 
other applications of the constant speed drives. However, along 
with the development of power electronics in the last decades, 
particularly of inverters with semiconductor switches, thyristors 
and powerful transistors, this motor of simple construction has 
started to conquer the fields previously dominated by DC mo-
tors, i.e. alternating speed drives. Moreover, the recent introduc-
tion of microcomputers into regulation part of the drive, which 
enables performance of very complex control algorithms with 
slight additional expenses, led to the achievement of dynamic 
performances of AC drives, and sometimes DC drives are over-
taken in terms of performance (Vučković, 2002). 

The application of vector control led to the appropriate trans-
formation of the system and separate management of the com-
ponents of electric power. These components generate flux and 
momentum. Electrical drives use sensors of electric power, tem-
perature, speed, position, voltage as well as sensors for measur-
ing necessary sizes of drives. A large number of built-in sensors 
have a negative impact on reliability, complexity of installation, 
maintenance and price of a drive. The action of building-in of 
the sensor onto the shaft of an induction motor makes that motor 
non-standardized. Connecting the sensors with digital controllers 

means building-in of appropriate cables and connectors. The 
break or damage of cables or sensors during the exploitation 
leads to the collapse of the system, and thus the total reliability 
of the system decreases considerably, and the average time of 
the drive fault increases. The current trend requires the develop-
ment of vector control of the drive without physical feedback 
with the aim of measuring speed and position. All the informa-
tion needed for estimation of these measures are generated on 
the basis of the analysis of wave shapes of terminal voltage and 
current. Terminal voltage does not have to be measured directly 
but it can be reconstructed from the voltage of DC link and 
switching functions of inverters providing power supply to in-
duction motors (Leonhard, 1985; Vas, 1998; Vas, 1999). 

MATERIAL AND METHOD 
Simulink model of system 
As the basis for carrying out of the research, a mathematical 

model of vector control of induction motor was applied (Vas, 
1998; Ong, 1998). The model was developed in the software 
package MATLAB/Simulink and it is shown in  

Fig. 1. The model consists of four blocks: controlling board, 
induction machine, load and the encoder.  
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Fig. 1. Simulink model of system 
 

The projection of the speed controller  
PI controller (Astrom and Hagglund, 1995) is used as a 

speed controller while its implementation in Simulink is shown 
in figure 2. 

 

 
 

Fig. 2. Model of PI speed controller 
 

There are many methods of tuning the parameters of PI con-
trollers (Kulić et al., 2007) but genetic algorithm for finding op-
timal parameters for specified optimality criterion was used in 
this case. The graphic developing environment Genetic Algo-
rithm and Direct Search Toolbox within MATLAB/Simulink 
was applied. As the fitness function, Integral of absolute error 
(IAE) was selected (Whitley, 1994). Optimization was carried 
out in 100 generations with the population of 20 individuals. Af-
ter the process of optimization was over, the following values of 
parameters were obtained: Kp=0.93, Ti=0.03. The selected fit-
ness function for these values of parameters totals 1.28. 

The simulations on the model are carried out in the period of 
5s using Ode3 solver with the simulation step of 0.001s. At the 
moment of t=3s the motor was loaded by the constant nominal 
load of 10.3Nm. The trajectory of the induction motor is seen in 
figure 3. 
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Fig. 3. Simulation of the speed control 
 

The obtained results of simulation show that a considerable 
regulation quality has been achieved. The trajectory of speed 
does not deviate from the reference trajectory. At the moment of 
the disturbance, the deviation from the reference value is slight. 
The maximum speed deviation from the needed reference value 
at the time of load is 4.34rad/s, or 2.17% of the reference value. 
The value of IAE totals 0.19, whereas the mean absolute error is 
0.04rad/s, or 0.02% of the reference value.  

The projection of the speed estimator 
The estimation of the shaft rotation speed of inductive mo-

tors can be carried out without the presence of the direct speed 
measuring. The information about speed can be obtained by the 
estimation based on the measurement of terminal voltage and 
current in the two-phase stationary dq-coordinate system. The 
methods of estimation of the shaft rotation speed of three-phase 
inductive motors analyzed in this paper can be divided into two 
groups (Vas, 1998): 
- estimation based on Model Reference Adaptive System 

(MRAS) observers  
- estimation based on artificial neural network (ANN).  

The speed estimation based on MRAS observers is based on 
comparing reference and estimated variables. The variables ψd 
and ψq, obtained from the knowledge of reference model in 
which speed does not act as a variable, are compared with the 

components of the state space variable dψ̂ and qψ̂
estimated on 

the basis of the adaptive model in which speed acts as a variable. 
The difference between reference and estimated state space vari-
able forms an error signal e that is applied as an input signal in 
the adaptive mechanism whose output is estimated rotor speed 

rω̂ . PI controller may be used as an adaptive mechanism (Vas, 
1999; Yaona, 2004). 

The software package MATLAB/Simulink was used for the 
purposes of projecting the speed estimator based on MRAS ob-
server whose realization is presented in figure 4. 

 

 
 

Fig. 4. Model of speed estimator based on MRAS observer 
 

The optimization of parameters of PI controller used as the 
adaptive mechanism in MRAS system was carried out by genetic 
algorithm. The graphic developing environment Genetic Algo-
rithm and Direct Search Toolbox within MATLAB/Simulink 
was applied. The population totals 20 individuals and the opti-
mization was carried out in 100 generations with. As the fitness 
function, IAE was selected. The error signal means the differ-
ence between reference and adaptive model and it is placed on 
the output of PI controller. Genetic algorithm searches the solu-
tions in order to find parameters for which IAE function has the 
minimum value. The optimal values of the parameters of PI con-
troller Kp=449 and Ki=15360 were obtained, whereas the fitness 
function reached the value of 0.01. 

The simulations on the model were conducted within the pe-
riod of 5s using Ode3 solver with the simulation step of 0.001s. 
The motor is spinning at idle along the complex trajectory of 
reference speed. The comparative overview of the trajectories of 
current and estimated motor speed is given in Fig. 5.  

The results show that a considerable quality of estimation 
was achieved. The deviation of the trajectory of estimated speed 
from the current speed is most obvious while reaching that tra-
jectory. When reference speed is constant, estimation error is 
minor. The maximum deviation of estimated speed from refer-
ence speed has the absolute error of 0.49rad/s, or 0.24% of the 
maximum reference speed. The value of IAE is 0.34, whereas 
the absolute error is 0.06rad/s, or 0.03% of the maximum refer-
ence speed.  
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Fig. 5. Simulation of speed estimation by MRAS observer 

 

The multilayer feedforward artificial neural network can be 
used for the speed estimation of three-phase induction motor 
with vector control. In the process of speed estimation, the inputs 
into the neural network consist of d and q components of the 
voltage and current in the two-phase stationary coordinate sys-
tem at the moments k and k-1. The signals usd(k), usd (k-1), usq(k), 
usq(k-1), isd(k), isd(k-1), isq(k) and isq(k-1) are brought to the input 
into the neural network. The estimated speed is generated on the 
output of the neural network (Simoes and Bose, 1995; Vas, 
1998; Vas, 1999). 

The selected structure of artificial neural network is 8x9x7x1 
(Vas, 1998). The activation function of hidden layers is sigmoid 
function, whereas the activation function of the output layer is 
the linear function. The number of neurons in the first hidden 
layer is nine, and there are seven neurons in the second layer. 
The output layer has one neuron, whereas the input layer has 
eight neurons.  

The software package MATLAB/Simulink was used for the 
purposes of projecting speed estimator based on MRAS observer 
whose realization is seen in  

Fig. 6. The arbitrary trajectory of reference speed was gener-
ated and the voltage and current in two-phase stationary coordi-
nate system at the moments k and k-1 were recorded, which 
represents the input data set. Likewise, the current speed of mo-
tor rotations at the moment k was recorded, which represent the 
output data set. The sampling time is 0.001s, and the recording 
interval is 5s. During the network training, 60% of input-output 
data pairs will be used as a training data set, 20% as a validation 
data set, whereas the rest of 20% will represent a testing set.  

 

 
 

Fig. 6. Model of speed estimator based on ANN 
 

After finishing the process of training of the artificial neural 
network, the simulation on the model of estimator in the period 
of 5s using Ode3 solver with the simulation step of 0.001s was 
carried out. The motor is spinning at idle along the complex tra-
jectory of reference speed. The comparative overview of the tra-
jectories of current and estimated motor speed is given in Fig 7. 

The obtained results show that a considerable quality of es-
timation was achieved. The deviation of the trajectory of esti-
mated speed from the current speed is acceptable except at the 
time of reference change when the deviation is more obvious and 
reaches maximum 3.24rad/s, or 1.62% of the maximum of refer-
ence speed.  

In order to compare the performances of the estimator more 
easily, the optimality criteria were calculated on the basis of the 
error signal and the results are shown in table 1. 
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Fig. 7. Simulation of speed estimator by ANN observer 
  

 

Table 1. The comparative overview of the performances of 
the estimator 

 

Name 
0

( )
t

e t dt∫  
1

1 n

i
i

e
n =

∑  max e

MRAS 0.34 0.49 0.06 
ANN  0.36 0.08 3.24 

RESULTS AND DISCUSSION 
Description of the experimental model 
The control algorithms were achieved by the developing sys-

tem ACE 1104, i.e. control board DS 1104 based on PowerPC 
603e processor.  

The given induction motor is bipolar machine of nominal 
power of 1.5kW. In order to measure the speed, the optical en-
coder E6C3 – CWZ3XH with 3600 impulses per rotation (manu-
factured by Omron) was placed on the shaft of the induction mo-
tor. The load was achieved by the induction motor whose shaft is 
connected to the shaft of the controlled motor. The rotation of 
the controlled motor is opposite the rotation of load motor. The 
experimental model can be seen in figure 8. 

 

 
 

Fig. 8. Experimental model 
 

The complete software is carried out in the software package 
MATLAB/Simulink and software package of the system 
ACE1104 for developing applications in the real time, which are 
commonly known as Total Development Environment – TDE.  

Experimental results of the speed regulation 
The unloaded motor is spinning along ramp function to the 

nominal speed of 50rad/s. Then it is loaded, and unloaded by 
constant nominal load of 10.3Nm. The trajectory of the speed of 
inductive motor can be seen in Fig. 9.  

The obtained results of simulation show that a considerable 
regulation quality has been achieved. The trajectory of speed 
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does not deviate from the reference trajectory. At the moment of 
the disturbance, the deviation from the reference value is slight. 
The maximum speed deviation from the needed reference value 
at the moment of load is 6.3rad/s, or 12.6% of the reference val-
ue, whereas at the moment of unload it is 5.7rad/s, or 11.4% of 
the reference value. The value of IAE totals 1.03, whereas the 
mean absolute error is 0.05rad/s, or 0.1% of the reference speed.  
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Fig. 9. Speed regulation 

Experimental results of speed estimation 
The motor is spinning at idle along the complex trajectory of 

reference speed. The estimated speed and the speed obtained 
from the encoder are recorded for the period of 30s. In the first 
case the estimator based on MRAS observer was used as the 
speed estimator, and obtained trajectories of speed were shown 
in Fig. 10.  
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Fig. 10. Speed estimation by MRAS observer 

 

The obtained results show that the considerable quality of es-
timation on the certain segments of the trajectory was achieved. 
However, the estimation was poor on other segments, particu-
larly with lower speed.  

In the second case, the estimator based on ANN was used as 
a speed estimator and the obtained trajectories of the speed were 
presented in Figure 11. 
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Fig. 11. Speed estimation by ANN 

The results show that far poorer quality than in the previous 
case was achieved. The results were poor on all the segments of 
the trajectory. In order to compare the performances of the esti-
mator more easily, the adopted optimality criteria were calcu-
lated on the basis of the error signal and the results were shown 
in Table 2. 

 

Table 2. Comparative overview of the performances of the 
estimator 

Name 
0

( )
t

e t dt∫  
1

1 n

i
i

e
n =

∑  max e  

MRAS 26733 0.88 15.28 
ANN  35518 1.18  20.59 

CONCLUSION 
According to the simulations and shown experimental re-

sults, it can be concluded that the application of PI algorithm, 
whose parameters are optimized by genetic algorithm, provides 
good performances in the speed regulation of the electromotor 
controlled by vector when the reference does not often change 
and when there are no significant disturbance. The speed estima-
tion based on MRAS observer generally provides better results 
than the estimator based on ANN. However, the greatest poten-
tial of the estimators based on ANN is that the parameters of the 
motor do not act in their realization unlike MRAS observers, so 
they are independent from their changes. The application of the 
encoder provides smaller measurement error, whereas the esti-
mator is used when there is no need for total accuracy and when 
the price and/or reliability are of higher interest. It is important 
to mention that experimental results are restricted by the applica-
tion of more modest controlling algorithms due to the limits of 
dSPACE controlling card. There are prospects for further re-
search and improvement of the performances of regulation and 
speed estimation of the electromotor.  

 
ACKNOWLEDGEMENT: This research was supported by 

the Serbian Ministry of Science, Project TR. 31058 "Integrated 
and organic fruit and vegetable products drying by combined 
technology".  

REFERENCES 
Astrom, Hagglund (1995). PID controllers: Theory, design and 

tuning. Instrument Society of America, Research Triangle 
Park, United States. 

Kulić, F., Matić, D., Vasić, V., Oros, Đ. (2007). Podešavanje 
parametara pi regulatora temperature apsorpcionog ulja u 
pogonu ekstrakcije u procesu proizvodnje biljnih ulja. Časopis 
za procesnu tehniku i energetiku u poljoprivredi / PTEP, 11 (3), 
93-98. 

Leonhard (1985). Control of Electrical Drives. Springer-Verlag 
Berlin, Heidelberg, Germany 

Ong (1998). Dynamic Simulation of Electric Machinery Using 
Matlab/Simulink. Pricent Hall PTR, New Jersey, United States. 

Simoes, D. and Bose, B. (1995). Neural network based 
estimation of feedback signal for a vector controlled Induction 
motor drive. IEEE transactions on industry applications, 31, 
620-629.  

Vas (1998). Sensorless Vector and Direct Torque Control. 
Oxford University Press, London, United Kingdom. 

Vas (1999). Artificial Inteligence Based Electrical Machines and 
Drives. Oxford University Press, London, United Kingdom. 

Vučković (2002). Električni pogoni. Akademska  misao, 
Beograd, Srbija. 

Whitley, D. (1994). A genetic algorithm tutorial. Statistics and 
Computing, 4 (2), 65-85. 

Received: 10.12.2011. Accepted: 26.12.2011. 



Journal on Processing and Energy in Agriculture 15 (2011) 4 255 

 


