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Abstract:  In this paper, it was proposed the experimental identification of the mathematical model of the DC motor, coupled 

with a reaction wheel. It was proposed to approximate the experimental curve with the mathematical model of order 2 inertia, 

identified by Genetic Algorithm. To estimate the mathematical model of the control object it was proposed to use the Genetic 

Algorithm method, the results obtained were compared with the Strejc methods and the results obtained using the Process Model s 

module from System Identification Toolbox from MATLAB. 
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1. Introduction 

Industrial processes can be classified into information and 

technological processes. The operations are carried out at the 

technological installations and involve mass and energy transfer. 

The underlying technological process is the development of electric 

cars, which represent actuators, most often operate on the basis of 

electromagnetic forces.[1-4] 

Depending on the type of electric current that starts the 

engines, they can be classified into: DC motors and AC motors. 

DC motors are the most commonly used motors as actuators in 

control systems because of their linear characteristics and relatively 

simple speed control methods [5]. 

The mathematical model of the industrial process description 

in automation is necessary to solve the problem of regulation. 

Knowing the mathematical model of the industrial process 

requires the use of identification procedures. The identification of 

the industrial processes represents the estimation of the parameters 

and the structure of the mathematical model, ensuring the best 

coincidence of the output signal from the model with the process 

[6]. In the process of introducing the same input signal, where the 

physical process is considered as an entity, seen as a black box 

with unknown internal structure. 

Experimental identification involves the acquisition of 

experimental data in real time. Thus the experimental variation of 

the DC speeds at the reference speed of 8500 rpm is shown in 

figure 1.  

 

 

Fig.1. The experimental variation of the DC speeds at the reference speed of 8500 rpm  
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2. Results and discussions 
 

To estimate the mathematical model of the control object it 

was proposed to use the module Process Models from System 

Identification Toolbox from MATLAB. 

It was proposed to approximate the control object with 

three types of the mathematical models: model of object with 

first order inertia (1) and (4); model of object with second order 

inertia (2); model of object with third order inertia (3)[7-8]. 

 

 

 

 

Where (4) is the approximate model of object with first 

order inertia using Strejc method.  

The comparison of the results is shown in figure 2, where 1 

– curve is experimental curve, 2 - curve is transient process 

obtained for (1) identified model, 3 - curve is transient process 

obtained for (2) identified model, 4 - curve is transient process 

obtained for (3) identified model and 5 - curve is transient 

process obtained for (4) identified model.  

The obtained results do not have a good approximation 

accuracy, and this is shown in figure 2. 

 

 

Fig.2. Transient processes: 

1 – the experimental curve; 2, 3, 4 and 5 – curves, the transient processes of models, 

respectively (1), (2), (3) and (4). 

 

 

For this reason, has been selected a new method of 

identifying the mathematical model through successive iterations. 

A genetic algorithm simulates the evolution of the model to 

produce "offspring" (the next iteration value), that is, the next 

level of setting parameters, with the desired characteristics.  

Process configuration parameters, for example speeds, 

pressures, etc. for each series of tests, they are encoded in series 

of binary digits, called chromosomes. A randomly generated set 

of distinct chromosomes forms an initial population. These 

chromosomes are produced to determine the product 

characteristics that are used to calculate the total capacity of the 

product (which is desirable) that results from the chromosome 

parameter settings [3]. 

Because the pairing of the chromosomes to produce 

offspring is more likely among the parents with a higher strength 

than the parents with a lower decrease, the average number of 

successive generations will increase, and the optimal set of bit 

patterns (or schematics) will be found for the chromosome, from 

which gives the optimal parameter settings[9]. Changes as 

patterns evolve are caused by the two main genetic operators, 

crossover and mutation. In the crossover, a random point is taken 

on the chromosome line, at which the sections are changed after 

the point. 

Also, under a stochastic function there would be a mutation 

of each offspring. This would take the form of the inversion of 

one or more binary digits (bits) at random positions on the 

chromosome string. Since crossover is related to mating and thus 

to test chromosomes, a high probability of crossover will 

encourage the constant climb of the hills to the optimal set of 

parameter values[10-12]. On the other hand, a high mutation rate 

will lead to more searching of the less promising parts of the data 

space. This can be used to optimize problems where a number of 

sub-optimal performance peaks can be avoided [13]. 

In this case, the chromosomes will be considered as the 

parameters k, T1 and T2 of the model of the object of inertia of the 

second order 

 
After 213 iterations we obtain the following values for 

parameters k, T1 and T2: 

k = 1,01517 

T1= 3.9323 

T2= 0.3895. 

The following model of object with second order inertia is 

obtained:  
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The transient process of the model obtained by using the 

genetic algorithm is represented in figure 3. So, we observe a 

relatively good approximation of the model that has the absolute 

error of 1.55%. 

 

 

 

Fig.3. Transient process of the approximate model using the genetic algorithm 
 

 

Conclusions: 

1. In the analyzed case, the process had only 3 controllable 

factors. It is accepted that processes with a greater number of 

controllable factors would involve a larger series and therefore a 

larger number of iterations.  

2. Regarding the efficiency of the genetic algorithm 

method, the experimental identification technique reached an 

optimum of 1.55%, compared to the other methods which have 

an absolute error of more than 10%. 

 

References: 

1. Melnic V., Cojuhari I. Estimation of the mathematical 

model of the dc motor coupled with a reaction wheel. ROMAI 

J., v.14, no.2(2018), 103–112. 

2. Falkenauer, E., Genetic Algorithms and Grouping 

Problems, New York, Wiley, 1998. 

3. Backhouse PG., Fotheringham AF., Allan G. A 

comparison of a genetic algorithm with an experimental design 

technique in the optimization of a production process. Journal of 

the Operational Research Society (1997) 48, 247-254. 

4. Cojuhari I., Izvoreanu B., Tiholaz T., Moraru D., 

Synthesis of Control Algorithms to the Slow Industrial Process, 

SIELMEN-2013, 2013, 108- 111. 

5. Izvoreanu B., Fiodorov I., Izvoreanu F., The Tuning of 

Regulator for Advance Delay Objects According to the Maximal 

Stability Degree Method, CSCS-11, 1997, 179-184. 

6. Mitsuo G, Runwei C, Genetic Algorithms And 

Engineering Design, John Wiley & Sons, 1997. 

7. Oppenheim, A.,  Cayot, L. Effects of small sample 

sizes on the symmetry and reability of dendrograms.  In:   

Janson, J.- Cayot L., ed  A mathematical theory of 

communication. New York: VCH Publishers, 1999, pp. 29-47.   

8. Fiodorov I., Izvoreanu B., Cojuhari I., Synthesis of 

Robust PID Controller by the Maximum Stability Degree 

Criterion, CSCS, 2015, 57-64. 

9. Beasley, D., Bull, D. R. and Martin, R. R., An 

overview of genetic algorithms: Part 1, fundamentals, Univ. 

Comput. 1993, 15, pp 58–69.  

10. Blickle, T. And Thiele, L., A mathematical analysis of 

tournament selection, Proc. 6th Int. Conf. on Genetic 

Algorithms, 1995, pp. 9–16. 

11. Pettey, C. C., Leuze, M. R. And Grefenstette, J. J., A 

parallel genetic algorithm, Proc. 2nd Int. Conf. on Genetic 

Algorithms, 1987, pp. 155–161. 

12. Shin, S., Yoon, H., Jang, J. Big stars have weather too 

[online]. 2011, 10, pp. 178-182. [Accessed: 08.08.2019]. 

Available: https://doi.org/10.1016/j.catcom.2008.08.027  

13. Spectral Database for Organic Compounds, SDBS. 

[online]. [Accessed: 08.08.2019]. Available:  

http://sdbs.db.aist.go.jp/sdbs/cgi-bin/cre_index.cgi. 

 

 

534

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS." WEB ISSN 1314-507X; PRINT ISSN 1313-0226

YEAR XIII, ISSUE 12, P.P. 532-534 (2019)

https://doi.org/10.1016/j.catcom.2008.08.027
http://sdbs.db.aist.go.jp/sdbs/cgi-bin/cre_index.cgi



