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Summary  

 There is presented an algorithm of identification of the dynamic system described by means 

of  differential equations. In order to describe the input and output signals there is used a regres-

sion function presented by means of the basic splines. The elaborated algorithm is used in testing 

the characteristics of  the electric engine. 
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BADANIE DYNAMIKI SILNIKA ELEKTRYCZNEGO  

ZA POMOC  BAZOWYCH FUNKCJI SKLEJANYCH 

  
Streszczenie  

Zaprezentowano algorytm identyfikacji uk adów dynamicznych opisanych równaniami ró -

niczkowymi. Do opisu sygna ów wej cia i wyj cia wykorzystano funkcj  regresji przedstawion   

w postaci kombinacji bazowych funkcji sklejanych. Opracowany algorytm wykorzystano do ba-

dania charakterystyk silnika elektrycznego. 

 

S owa kluczowe: funkcja regresji, funkcje sklejane, identyfikacja, uk ady dynamiczne. 

 

1. INTRODUCTION 

The sudden technical progression creates the ne-

cessity of control system’s identification. Majority 

of the objects can be treated as the dynamic systems. 

The acting, the effect of  which is building the 

mathematical model acknowledged, due to the 

adopted criterion, for sufficiently describing the 

behaviour of the real object, will be called the iden-

tification system. 

The following tasks belong to the identification 

of the systems: 

a) the description of the input and output 

quantities; 

b) the mathematical model of the relation-

ships between input and output signals; 

c) verification of the model. 

In spite of many papers devoted dynamic identi-

fication of a system, new methods are still required, 

which are attractive for the electronic calculation 

technique.  

Its development enables the complex system’s iden-

tification and optimal controlling. 

       For signals description there have been used 

the basic splines. B-splines  are polynomial smooth 

functions which are defined on the whole real axis, 

but they are different from zero in a certain inter-

val.

 

 

2. REGRESSION 

Assume that the real signal  is described by a 

function . On the basis of the data, 
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function  which approximates a function )(** tyy
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 be a set of the so-called basic splines of -th order, 

which can be determined recurrently by means of 

De Boor formula [4 ]: 
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Next we intend to determine the regression function 
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such that for each fixed 
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 the random vari-

able  has normal distribution with the mean 

and the standard deviation 
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where  ,1,  R, Nnic
i

are unknown parame-

ters which do not include t . Moreover we assume 

that the random variables  are independent. The 

coefficients
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 will be determined 

using the maximum likelihood method minimizing 

the density function  
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3. IDENTIFICATION OF THE COEFFI-

CIENTS OF THE DIFFERENTIAL EQUA-

TION . 

The regression function will be used to identifi-

cation the control system of the electric engine of 

direct current described by the equation  
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which presents the dependence on the  angular  ve-

locity   and the voltage of the armature   

and also the  external  load torque  under 

assumption that the excitation voltage 
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excitation intensity 
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 are constant. Let 
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denote the signals approximated on the basis of 

measure data of the armature voltage  ),(
~ '

kttk
tUU  

the external load torque )(
~ '

0 ktk
tMM  and the angu-

lar velocity of the  rotor  logged in the 

moments 
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The equation (5) can be rewritten in the form 
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 We will define the identification of the system as a 

problem of choice the coefficients of (6) such as the 

functional 
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attains its minimum. 

The problem of choice the optimal coefficients 

4,0,0 iA
i

 which minimize the indices of the 

identification is carried out to solving the systems of 

linear equations: 
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The coefficients  can be determined in ana-

lytic way [3] and then the above written formulas do 

not include the determined integrals. It has a great 

meaning in numeric calculations. This way the time 

of computation is  much  more  shorter and compu-

tation error is smaller.  

ije

For the described algorithm there was elaborated 

a computer program in TURBO PASCAL. The 

program concerns the basic splines of the 3rd order. 

4. NUMERICAL EXAMPLE 

For the numerical example there are used the 

measure data) of the excitation voltage 
w

U
~

, the 

excitation intensity 
w
i
~

, the armature voltage 
t

U
~

, the 

armature intensity 
t
i
~

, the load torque 
0

~
M  and the 

angular velocity ~  of the electric engine of direct 

currency logging the values every 0.002 s. 

 
 

 
 

 
 

Fig.1. Measurements of  the armature volt-

age, the load torque and the angular velocity. 

 

Identification of the parameters of  the differen-

tial equation (9) was made in the time interval  

with constant 

]4,2[

w
U
~

and 
w
i
~

. To describe the signal 

there was used the base of 30 basic splines of the 3rd 

order. For the approximated signals, the determina-

tion coefficient  was greater than 0.9999, what 

testify for the accuracy of description of the measure 

data. 
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Fig.2. Approximated runs of the armature 

voltage , the load torque , and 

the angular velocity on the basis of the 

measurements from Fig.1. 
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Using the computer program we obtained the 

identified form of the differential equation 
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For the obtained solution, the coefficient of residual 

variation  is =  4.07 %.  v

 

 
 

Fig.3. The solution )(t
m

of the equation (9). 

 

 
 

Fig.4. The graph of the residuals       
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