
Parameter Estimation of Electrical Vehicle Motor  
 

HAFID OUBOUADDI, FATIMA EZZAHRA EL MANSOURI, ALI BOUKLATA,  
RAMZI LARHOUTI, ABDELMALEK OUANNOU, ADIL BROURI 

 ENSAM, L2MC Laboratory,  
Moulay Ismail University, 

MOROCCO 
  

Abstract: - Presently, the problem of parameter estimation of motors used in electrical vehicles is discussed. To 
make the control more efficient, a model of the electrical motor is developed. Then, a parameter estimation 
method is established to determine the parameters of the used electrical motor. The proposed method is easy 
and can be easily implemented. Furthermore, a mathematical model of an electrical vehicle’s motor using linear 
and nonlinear blocks is obtained. The given model will allow us to perform several experiments without any 
extra fees.   
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1   Introduction 
The problem of nonlinear system identification in 
industrial systems always holds a special interest, 
[1], [2], [3], [4], [5]. The system identification is an 
essential step before the control. Several methods 
allowing the determination of system parameters 
have been proposed in literature, [6], [7], [8].  

Many solutions have been evaluated on 
practical systems, [9], [10], [11], [12], [13]. 

The established estimation parameter methods 
can be classified into several categories. For 
instance, the black-box methods are based on 
several approximations without prior knowledge of 
the system.  

Most available parameter estimation approaches 
are focused on the cascading (series) connection of 
linear and nonlinear subsystems. Examples of these 
nonlinear structures are Wiener systems, 
Hammerstein models, Wiener-Hammerstein 
systems, and Hammerstein-Wiener structures, [14], 
[15], [16], [17], [18], [19]. 

There are practical systems that cannot be 
described by these nonlinear structures. The parallel 
connections of linear and nonlinear blocks have 
been already proposed, [20], [21], or, [4]. Examples 
of industrial systems that can be modeled by this 
nonlinear structure are dealt with in, [21]. The 
parallel connections of linear and nonlinear 
subsystems, [22], or the combinations of parallel 
connections and series connections of linear and 
nonlinear blocks, [4], can be very efficient and are 
more general than the cascade connections.  

Presently, the problem of parameter estimation 
of real systems is discussed. The considered system 
in this study is an electrical machine studied in, [2], 
[12], [13]. This motor is used in electric vehicles. 
The main issue in the control of electrical vehicle 
motors is related to the fact that it is very difficult to 
establish an exact model describing the studied 
system. Then, even if a model is obtained, how to 
practically proceed with the parameter 
determination. In this work, a model of an electrical 
vehicle motor is given. Then, an estimation method 
of the established nonlinear system is developed. 

The electrical vehicle motor is modeled by the 
parallel connection of linear and nonlinear blocks. 
Using this parallel model, a method allowing the 
determination of motor parameters is presented. The 
estimation parameter solution is based on sine 
signals. Specifically, the parallel model of the 
electrical vehicle motor by sine signals. Then, using 
the input data and the corresponding output, the 
parameters of the electrical motor will be obtained. 
For convenience, the rest of this paper is organized 
as follows. Firstly, the studied problem is presented 
in Section 2. Then, the parameter estimation of the 
electrical vehicle motor is discussed in Section 3. 

Finally, examples of simulation results are 
established in Section 4. 
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2 Electrical Vehicle Motor and 
Problem Statement  

The objective presently is to obtain a model 
describing the nonlinear behavior of an electrical 
vehicle motor. Furthermore, using this model, the 
parameters of the electrical vehicle motor can be 
determined. 

The electrical vehicle studied in this paper is 
shown in Figure 1. This machine has several 
advantages compared to other machines, [23], [24]. 
For instance, this machine type is less expensive, 
robust, and has fewer losses. 

The electrical equation of this proposed machine 
is given as follows:  

 
𝑢(𝑡) = 𝑅𝑖(𝑡) +

𝑑𝜑

𝑑𝑡
(𝑡)            (1) 

 
where 𝑢(𝑡) is the phase voltage, 𝑅 is the phase 
resistor, 𝑖(𝑡) is the current flowing through the 
phase, and 𝜑(𝑡) is the flux linkage. The latter is 
expressed by the following equation: 
 

 𝜑(𝑡) = 𝐿(𝜃, 𝑖)𝑖(𝑡)            (2) 
 
where 𝐿(. ) is the phase inductance that depends on 
the input signal 𝑖(𝑡) and the rotor position 𝜃. 
Knowing that the speed of the motor shaft 𝜔(𝑡) is 
related to the rotor position 𝜃 by the expression:  
 

𝜔(𝑡) =
𝑑𝜃

𝑑𝑡
            (3) 

 
by replacing the flux linkage 𝜑(𝑡) with its 
expression given by (2) in (1), and using (3) one 
immediately gets: 
 

𝑢(𝑡) = 𝑅𝑖 + 𝐿
𝑑𝑖

𝑑𝑡
+ 𝑖

𝜕𝐿

𝜕𝜃
𝜔 + 𝑖

𝜕𝐿

𝜕𝑖
            (4) 

 
where the dependence has been removed from the 
right-hand side of (2) to alleviate the equation. 
Accordingly, in static experiments the motor speed 
𝜔(𝑡) boils down to zero and the expression of the 
output signal 𝑢(𝑡) in (4) becomes: 
 

𝑢(𝑡) = 𝑅𝑖 + 𝐿
𝑑𝑖

𝑑𝑡
+ 𝑖

𝜕𝐿

𝜕𝑖
            (5) 

 
Without loss of generality, it is readily seen that 

the electrical equation of this machine (taking the 
signal 𝑖(𝑡) as input signal and the wave 𝑢(𝑡) as 
output signal) can be modeled by the parallel 
connection of linear and nonlinear blocks, [10], and, 
[13], for more details. The structure of this nonlinear 
system is given by Figure 2, where the function 𝑓(. ) 

is a nonlinearity and the linear block is described by 
its transfer function 𝐺(𝑠). 

Note that several industrial systems can be 
captured using the parallel connection of linear and 
nonlinear subsystems, [20], [25]. Then, the aim 
presently is to develop a method to estimate the 
parameters of the studied electrical motor. The 
details of the parameter determination method will 
be discussed in the following section.  

 

 
Fig. 1: Used electrical motor of type 8/6   
 

 
 
 

 
 
 
 
 
Fig. 2:  Nonlinear system describing the electrical 
vehicle’s motor  

 
 

3  Determination of Motor Parameters 
In this section, we propose a solution to determine 
the parameters of an electrical motor. The latter is 
described by the parallel connection of linear and 
nonlinear blocks as shown in Figure 2. 

Firstly, note that when the input signal 𝑖(𝑡) is a 
sine signal, the output signal 𝑢(𝑡) is thus periodic 
but not necessarily a sine signal. Furthermore, it is 
commonly known that the system nonlinearity of 
this electrical motor can be described by a 
polynomial function, [10], [12], and, [13], for more 
details. Then, the nonlinearity 𝑓(. ) is a polynomial 
function of finite degree 𝑛,. Let (𝛼1, . . . , 𝛼𝑛)𝑇 
denoting the parameter vector of the system 
nonlinearity 𝑓(. ). Specifically, the inner signal 
𝑠2(𝑡) according to the input signal 𝑖(𝑡) can be 
expressed as: 

 
𝑠2(𝑡) = 𝑓(𝑖(𝑡)) = ∑ 𝛼𝑘𝑖𝑘(𝑡)𝑛

𝑘=1             (6) 
 
similarly, the inner signal 𝑠2(𝑡) and the system input 
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𝑖(𝑡) are related by the following expression: 
 

𝑠2(𝑡) = 𝑖(𝑡) ∗ 𝑔(𝑡)            (7) 
 
where the symbol « ∗ » stands for the convolution 
product and 𝑔(𝑡) denotes the impulse response of 
linear part 𝐺(𝑠).  

Finally, it follows from (6)-(7) and Figure 2 that 
the output signal 𝑢(𝑡) can be expressed as: 

  
𝑢(𝑡) = 𝑖(𝑡) ∗ 𝑔(𝑡) + ∑ 𝛼𝑘𝑖𝑘(𝑡)𝑛

𝑘=1 + 𝜉(𝑡)    (8) 
 
where the signal 𝜉(𝑡) is accounted for the noise 
measurement.  

In this study, we propose an excitation signal 
(i.e., the input signal) of sine type having the 
following form:   

 
𝑖(𝑡) = 𝐼 𝑐𝑜𝑠(𝜔𝑙𝑡)     (9) 

 
where the frequency 𝜔𝑙 belongs to a set of given 
frequencies 𝜔𝑙 ∈ {𝜔1,  . . , 𝜔𝑃}. Accordingly, using 
(6)-(7) and (9), the inner signals 𝑠1(𝑡) and 𝑠2(𝑡) can 
be, respectively, expressed as:  
 

𝑠1(𝑡) = |𝐺(𝑗𝜔𝑙)| 𝑐𝑜𝑠(𝜔𝑙𝑡 + 𝜑(𝜔𝑙))            (10) 
 

𝑠2(𝑡) = ∑ 𝛼𝑘𝐼𝑘𝑐𝑜𝑠𝑘(𝜔𝑙𝑡)𝑛
𝑘=1             (11) 

 
where 𝜑(𝜔𝑙) denotes the phase or argument of the 
linear block, i.e., 𝜑(𝜔𝑙) = 𝐴𝑟𝑔(𝐺(𝑗𝜔𝑙)). The term 
𝑐𝑜𝑠𝑘(𝜔𝑙𝑡) in (11) can be decomposed, for any 
integer 𝑘, as follows, [1], and, [21]: 
 

𝑐𝑜𝑠𝑘(𝜔𝑙𝑡) = ∑ 𝑎𝑟𝑐𝑜𝑠𝑘
𝑘=0 (𝑟𝜔𝑙𝑡)            (12) 

 
Then, it follows from (11)-(12) that the inner signal 
𝑠2(𝑡) can be rewritten as: 
 

𝑠2(𝑡) = ∑ 𝐴𝑘(𝐼, 𝛼1, . . . , 𝛼𝑛)𝑐𝑜𝑠(𝑘𝜔𝑙𝑡)𝑛
𝑘=0     (13) 

 
where 𝐴𝑘(. ) depend on the maximum amplitude of 
the input signal 𝐼 and the coefficients of the 
parameter vector (𝛼1, . . . , 𝛼𝑛)𝑇. Finally, using (8), 
(10), and (13) the output signal 𝑢(𝑡) can be 
expressed as:  
 

𝑢(𝑡) = 𝐼|𝐺(𝑗𝜔𝑙)| 𝑐𝑜𝑠(𝜔𝑙𝑡 + 𝜑(𝜔𝑙)) +
∑ 𝐴𝑘(𝐼, 𝛼1, . . . , 𝛼𝑘)𝑐𝑜𝑠(𝑘𝜔𝑙𝑡)𝑛

𝑘=0 + 𝜉(𝑡)     (14) 
 
Therefore, it is readily seen that the output signal 
𝑢(𝑡) can be rewritten as follows:  
 

𝑢(𝑡) =

∑ �̅�𝑘(𝐼, 𝛼1, . . . , 𝛼𝑛, |𝐺(𝑗𝜔𝑙)|)𝑐𝑜𝑠 (𝑘𝜔𝑙𝑡 +𝑛
𝑘=0

𝜓𝑘(𝜑(𝜔𝑙))) + 𝜉(𝑡)         (15) 
 
where the coefficients �̅�0, �̅�2, … , �̅�𝑛 are expressed 
as:  
 

�̅�𝑘(𝐼, 𝛼1, . . . , 𝛼𝑛, |𝐺(𝑗𝜔𝑙)|) =
𝐴𝑘(𝐼, 𝛼1, . . . , 𝛼𝑘)  𝑓𝑜𝑟 𝑘 = 0,2, … 𝑛 (𝑘 ≠ 1)       (16) 
 
and the phases 𝜓𝑘(. ) are given as:  
 
𝜓𝑘(𝜑(𝜔𝑙)) = 0  𝑓𝑜𝑟 𝑘 = 0,2, … 𝑛 (𝑘 ≠ 1)        (17) 
 
This means that the coefficients �̅�0, �̅�2, … , �̅�𝑛 
depend on the maximum amplitude 𝐼 of the input 
signal and the coefficients of the parameter vector 
(𝛼1, . . . , 𝛼𝑛)𝑇, while the parameters of the 
fundamental signal (�̅�1, 𝜓1(𝜑(𝜔𝑙))) depend on the 
amplitude 𝐼, the coefficients of the parameter vector 
(𝛼1, . . . , 𝛼𝑛)𝑇, the gain module |𝐺(𝑗𝜔𝑙)|, and the 
phase 𝜑(𝜔𝑙). 

It is readily shown from (14) that the free-noise 
output signal 𝑢(𝑡) is not necessarily a sine signal, 
but periodic of the same period 𝑇𝑙 = 2𝜋/𝜔𝑙 as the 
input signal 𝑖(𝑡). 

This outcome is quite interesting in two ways. 
Firstly, using the fact that the output signal 𝑢(𝑡) is 
periodic of known period 𝑇𝑙 = 2𝜋/𝜔𝑙. Then, a 
filtering of the output signal 𝑢(𝑡) can be performed, 
[1], [19], [26], using the following algorithm:  

   
𝑢𝑓(𝑡) =

1

𝑁
∑ 𝑢(𝑡 + 𝑘𝑇𝑙)𝑁−1

𝑘=0   for  0 ≤ 𝑡 < 𝑇𝑙   
(18a) 

 
 𝑢𝑓(𝑡 + 𝑘𝑇𝑙) = 𝑢𝑓(𝑡)  for  𝑡 ≥ 𝑇𝑙   (18b)          

 
where N is any large integer. Bearing in mind that 
the main aim of this section is to estimate the 
parameters of the vehicle motor, i.e., the parameter 
vector (𝛼1, . . . , 𝛼𝑛)𝑇 and parameters of linear block 
(|𝐺(𝑗𝜔𝑙)|, 𝜑(𝜔𝑙)). This can be achieved by 
measuring the amplitude and phase of sine terms 
�̅�𝑘(𝐼, 𝛼1, . . . , 𝛼𝑛, |𝐺(𝑗𝜔𝑙)|)𝑐𝑜𝑠 (𝑘𝜔𝑙𝑡 +

𝜓𝑘(𝜑(𝜔𝑙))) in the output signal 𝑢(𝑡). 
 
 
4   Simulation   
This section aims to present some examples of 
simulation to show the effectiveness of the obtained 
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results. In simulation, the used electrical motor has 
the following characteristics:  

- Number of rotor teeth Nr=6 
- Number of stator teeth Ns=8 
- Nominal speed 𝜔 = 300 𝑟𝑝𝑚 
- Nominal current  𝐼 = 18 𝐴 
- Nominal power 𝑃 = 1,5 𝐾𝑊 
- Resistance R=0,8493 Ω 
- Phase inductance minimum 𝐿𝑢 = 0,0499𝐻 
- Phase inductance maximum Lm = 0,1393H 

 
Figure 1 shows this motor. Then, to determine the 

parameters of the electrical vehicle motor, the 
proposed method developed in section 3 will be 
used.   
Firstly, the used motor of Figure 1 is excited by the 
input signal (9) by choosing a set of frequencies 
{𝜔1 = 251,32 𝑟𝑎𝑑/𝑠, 𝜔2 = 314,15𝑟𝑎𝑑/𝑠, 𝜔3 =
376,99 𝑟𝑎𝑑/𝑠}. Then, for the following input signal 
𝑖(𝑡):   
 

𝑖(𝑡) = 10 𝑐𝑜𝑠(251,32𝑡)     (19) 
 
where the amplitude 𝐼 = 10𝐴 is and the frequency 
𝜔1 = 251,32𝑟𝑎𝑑/𝑠. The plot of the input signal 
𝑖(𝑡) is given in Figure 3. It is shown in section 3 that 
the output signal 𝑢(𝑡) is not necessarily a sine 
signal, but periodic of the same period 𝑇1 =
2𝜋/𝜔1 = 25𝑚𝑠 as the input signal 𝑖(𝑡).  

In this respect, the corresponding plot of the 
output signal 𝑢(𝑡) is represented in Figure 4. This 
outcome demonstrates that the output signal 𝑢(𝑡) is 
also periodic as the input signal 𝑖(𝑡). 

 

 
Fig. 3:  The input signal 𝑖(𝑡)  

 

 
Fig. 4:  The output signal 𝑢(𝑡) 
 

For convenience, this test is repeated for other 
periods 𝑇2 = 2𝜋/𝜔2 = 20𝑚𝑠, where 𝜔2 =
214,15 𝑟𝑎𝑑/𝑠.  

Then, the input of the system in this case is 
given in Figure 5. The corresponding output is given 
in Figure 6. 

This outcome demonstrates the obtained results 
in section 3. 

 

 
Fig. 5:  The input signal 𝑖(𝑡) of the system 
 

 
Fig. 6:  The output signal 𝑢(𝑡) 
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Finally, the last experiment is repeated for the 
period 𝑇3 = 2𝜋/𝜔3 = 16𝑚𝑠, where 𝜔3 =
376,99 𝑟𝑎𝑑/𝑠.  

Then, the input of the system in this case is given 
in Figure 7. The corresponding output is given in 
Figure 8. 

Which validates the obtained results in section 3. 
 

 
Fig. 7:  The input signal 𝑖(𝑡) of the system 
 

 
Fig. 8:  The output signal 𝑢(𝑡) 

 
 

5   Conclusion  
The problem of system parameter estimation is 
addressed for a more general nonlinear model. In 
this respect, the proposed nonlinear system is 
composed of the parallel connection of linear and 
nonlinear blocks. The aim is to determine the 
parameters of an electrical vehicle’s motor using 
this nonlinear structure. This solution is easy and 
more general.  
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