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ABSTRACT: This work shows a method ofadaptive parameters identification to determine the parameters of the 
model of a permanent magnet DC motor. The methodrequires high frequency signals to excite the system. The goal is 
for the identification process to take into account all modes of operation of the system. Experimental data illustrate the 
usefulness of the approach. 
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I.INTRODUCTION 
 

Among the several demands for automatic process control is the control of direct current (DC) motors, which is a 
necessary step in several industrial processes [1]. Many applications that require positioning control, variable speed, 
constant torque, fast acceleration and deceleration make use of DC motors due to their characteristics [2]. Often, the 
problem with controlling such engines is to determine the parameters of their dynamic model to design controllers that 
meet certain specifications for performance and accuracy. In this context, this paper recalls the methodology of 
adaptive parameters identification found in [3] to estimate the parameters of the dynamic model of a DC motor using 
an algorithm developed in MATLAB/Simulink software. 
 

II.DC MOTOR DYNAMIC MODEL 
 

The dynamic equations of a DC motor can be represented by an electric part and a mechanical part as shown in 
Equations (1) and (2), respectively. The variable 푉 is the supply voltage, 푅 e 퐿 are the resistance and the armature 
inductance, respectively,퐼 is the armature current, 퐾 is an electric constant,휔 is the angular velocity of the rotor,퐽is the 
inertia of the rotor,퐵is the viscous friction,푇 is the load torque and퐾 is a torque constant. 
 

푑
푑푡 퐼 = −

푅
퐿 퐼 −

퐾
퐿 휔 +

푉
퐿  (1) 

  
푑
푑푡 휔 =

퐾
퐽 퐼 −

퐵
퐽 휔 +

푇
퐽  (2) 

 
Considering the load torque as zero, the Equations (1) and (2) can be represented in state space model, as shown in 
Equation (3). 
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III.ADAPTIVE PARAMETERS IDENTIFICATION 

 
This technique for obtaining parameters of mathematical models was found in [3] and also used in the works [4] and 
[5]. For the understanding of the method, consider the system in Equation (4): 
 

푥̇ = 휃 푔 (푥,푢), 푖 = 1, … ,푛, (4) 
 
where푥 = [푥 … 	푥 ] ∈	푅 is the states vector,푢 ∈ 	푅 is the input signal,휃 ∈	푅 ,푛 ≥ 0is the unknown parameters 
vector and푔 (. ) ∈ 	푅 is the functions vector. The method proposed in [3] specifies a parameters estimator given in 
Equation (5): 
 

푥̇ (푡) = 휃 푔 (푥, 푢)− 휆 푒 , (5) 
 
where휃 	∈ 	푅 is the estimated parameters vector, 휆 > 0 and푒 = 푥 − 푥 is the error between the simulated and real 
responses. The adaptation law that describes the adjustment of the휃  parameter is given in Equation (6): 
 

휃̇ = ∅̇ = −훾 푒 푔 (푥,푢), (6) 
 
where훾 > 0is the estimation adjustment of each parameter. The stability of the parameter estimator can be analyzed by 
defining an error parameter∅, as shown in Equation (7): 
 

∅ = 휃 − 휃 , (7) 
 
and selecting a Lyapunuv quadratic function, such as the one presented in Equation (8): 
 

푉 =
1
2 푒 +

∅ ∅
훾  (8) 

 
The time derivative of Equation (8) along the trajectories of Equations (5) and (6) is presented in Equation (9): 

  

푉̇ = −휆 푒 < 0, (9) 

 
itimpliesthat: 
 

lim
→

푒 (푡) = 0 , 푖 = 1, … , 푛 (10) 
 
The Equation (10) shows that the error푒 (푡)between the real state and the estimated state will tend to zero over time. 
However, the asymptotic stability of the point (푒 ,∅ ) = (0,0)for푖 = 1, … ,푛cannot be concluded only with 푉̇being 
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negative. In practice, the convergence of ∅ (푡)to zero depends on the property of the excitation signal 푔  (input signal 
푢(푡)). This property, called Pesistent Excitation (PE) is important for parameters identification.The objective of the PE 
condition is that the input signal 푢(푡)is sufficient to excite all modes of the system under study. According to [3], the 
use of a signal 푢(푡)that is sufficiently rich in different frequencies ensures that 푔 satisfies the PE condition. 
 

IV.APPLICATION OF THE METHOD IN A SECOND ORDER LINEAR SYSTEM 
 

In order to use the methodology presented in [3] it was necessary to adapt Equations (5) and (6) to a second-order 
linear system that represents the behavior of a DC motor. Then consider the dynamic model of Equation (3) in the form 
of Equation (11): 
 

푥̇
푥̇ =

−푎 −푎
푎 −푎

푥
푥 + 푏

0 푢(푡) 

푦 = 1 0
0 1

푥
푥 + 0푢(푡), 

(11) 

 
where푥 = 퐼 , 푥 = 휔, 푎 = , 푎 = , 푎 = , 푎 =  and푏 = . In this way, Equation (5) must be rewritten as 
Equation (12) for the states 푥 and푥 : 
 

푥̇ (푡) = −푎 푥 (푡)− 푎 푥 (푡) + 푏푢(푡)− 휆 푒 (푡) 
푥̇ (푡) = 푎 푥 (푡)− 푎 푥 (푡)− 휆 푒 (푡) 

(12) 

 
Therefore, the parameters 푎 , 푎 , 푎 , 푎  and푏can be estimated as shown in Equation (13), from the adaptation law in 
Equation (6). 
 

푎̇ (푡) = 훾 푒 (푡)푥 (푡), 
푎̇ (푡) = 훾 푒 (푡)푥 (푡), 
푏̇(푡) = −훾 푒 (푡)푢(푡), 

푎̇ (푡) = −훾 푒 (푡)푥 (푡), 
푎̇ (푡) = 훾 푒 (푡)푥 (푡), 

(13) 

 
where푒 (푡) and푒 (푡)are obtained by Equation (14): 
 

푒 (푡) = 푥 (푡)− 푥 (푡) 
푒 (푡) = 푥 (푡) − 푥 (푡) (14) 

 
The algorithm developed in MATLAB/Simulink to perform the adaptive parameters identification is shown in Figure 1. 
An identification box was created with three inputs: the applied signal푢(푡), the armature current푥 (푡)and the angular 
velocity of the rotor푥 (푡), as an output, the estimated values for parameters 푎 , 푎 , 푎 , 푎  and푏are acquired. Inside 
the identification box was created a subroutine referring to Equations (12), (13) and (14) that are responsible for 
calculations of the parameters estimation. 
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Figure 1: Algorithm for adaptive parameters identification. 

 
V.EXCITATION SIGNAL DETERMINATION 

 
In order for the parameters to converge, it is necessary to satisfy the PE condition by exciting all modes of system 
operation. A linearly swept frequency cosine, also known as chirp, given by Equation (15) was then chosen for 푢(푡). 
 

푢(푡) = 퐴 cos(2휋푓 (푡)푡), (15) 
 
where: 
 

푓 (푡) = 푓 + 훽푡, 

훽 =
(푓 − 푓 )

푡 , (16) 

 
where퐴is the signal amplitude, 푓 is the cosine initial frequency, 푓 is the cosine final frequency and푡 is the final instant 
of time.Figures 2a and 2b show, respectively, an example of the chirp signal and its frequency spectrum obtained by 
Fast Fourier Transform(FFT), for퐴 = 12, 푓  = 1 Hz, 푓  = 10 Hz and푡  = 10 s. The use of this signal can achieve a very 
large range of frequencies for the operation of the DC motor. 
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Figure 2: (a) Chirp signal. (b) Frequency spectrum (FFT). 

 
According to [6], for linear systems, the convergence of the estimation of 푚 parameters requires at least 푚 2⁄ sines or 
cosines in the excitation signal 푢(푡). In this way, as it is desired to determine five parameters: 푎 , 푎 , 푎 , 푎  and푏, 
the signal used will be the sum of three chirp signals and their configurations are shown in Table 1. 
 

Signal Amplitude (V) 풇ퟎ (Hz) 풇ퟏ (Hz) 풕ퟏ (s) 
Chirp 1 4 1 25 1200 
Chirp 2 4 1 15 1200 
Chirp 3 4 1 11 1200 

Table 1: Configuration of the three chirp signals. 
 
The advantage of using the chirp is that the frequency of its signal varies over time within a chosen range, so the 
excitation signal will be richer than using cosines.The resulting signal was then applied to the DC motor and its current 
퐼 (푡)and its velocity휔(푡)were measured. Afterwards, the acquired data were used into the adaptive parameters 
identification program shown in Figure 1 and the results were obtained. 
 

VI.RESULTS AND DISCUSSION 
 

After importing the 퐼 (푡), 휔(푡), and푢(푡)data to the program developed in MATLAB/Simulink, the values of the 
parameters were obtained as shown in Figure 3.Each parameter was determined by the average of the last 20 seconds of 
estimation as shown in Table 2.The eigenvalues of the identified dynamic model are훼  = -32.3327 and                  훼  = 
-696.8720. 
 

풂ퟏퟏ 풂ퟏퟐ 풂ퟐퟏ 풂ퟐퟐ 풃 
729.0764 1.9203 1.1685e+04 0.1282 66.4774 

Table 2: Parametersidentified. 
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de

http://www.ijareeie.com


 
 
     
    ISSN (Print)  : 2320 – 3765 
    ISSN (Online): 2278 – 8875 

International Journal of Advanced Research in  Electrical, 
Electronics and Instrumentation Engineering 

(A High Impact Factor, Monthly, Peer Reviewed Journal) 

Website: www.ijareeie.com  

Vol. 6, Issue 10, October 2017 

Copyright to IJAREEIE                                                           DOI:10.15662/IJAREEIE.2017.0610046                                        7728         

 
Figure 3: Parameters estimation results. 

 
Table 3 shows the configurations used for the estimation. 
 

흀ퟏ 흀ퟐ 휸ퟏퟏ 휸ퟏퟐ 휸ퟐퟏ 휸ퟐퟐ 휸풃 
1000 1000 18000 14000 100 100 18000 

 
Table 3: Identification configurations. 

 
Three validation signals shown in Figures 4, 5 and 6 were applied to the real motor and the simulated model, being the 
step signal, sinusoidal signal and triangular signal, respectively. Table 4 shows the results of the comparisons between 
the curves obtained experimentally and the curves obtained through the simulation, using the Normalized Root-Mean-
Square Error (NRMSE). 
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Figure 4: Validation with step signal. 

 

 
Figure 5: Validation with sinusoidal signal. 
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Figure 6: Validation with triangular signal. 

 

Signal NRMSE (%) 
Velocity Current 

Step 96.7076 49.8470 
Sinusoidal 97.3685 77.7452 
Triangular 97.4794 30.7889 

 
Table 4: Comparison between the real and simulated curves. 

 
X.CONCLUSION 

 
In this work, the adaptive parameters identification method was applied to determine the parameters of the dynamic 
model of a DC motor. It was verified through the results that the identified model proved to be efficient. 
 

REFERENCES 
 

[1] A. E. Fitzgerald, C. Kingsley, S. D. Umans, “Electric Machinery,” 6 ed, New York: McGraw-Hill, 2003. 
[2] T. Gonen, “Electrical Machines with matlab,” CRC Press, 2011. 
[3] C.-C. Fuh, H.-H. Tsai, “Adaptive parameter identification of servo control systems with noise and high-frequency uncertainties,” Mechanical 

Systems and Signal Processing, vol. 21, no. 3, pp. 1437-1451, 2007. 
[4] G. Pujol, Y. Vidal, L. Acho, A. N. Vargas, “Asymmetric modelling and controlof an electronic throttle,” International Journal of Numerical 

Modelling: Electronic Networks, Devices and Fields, vol. 29, pp. 192-204, 2015. 
[5] R. Garrido, R. Miranda, “Dc servomechanism parameter identification: a closed loop input error approach,” ISA transactions, vol. 51, no. 1, 

pp.42-49, 2012. 
[6] J.-J. E. Slotine, W. Li, “Applied nonlinerar control,” Englewood Cliffs: Prentice Hall, 1991. 

http://www.ijareeie.com

