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Abstract- This paper presents a study of an intelligent 

Sensorless Control of Permanent Magnet Synchronous 

Motors (PMSM). In order to solve the problems due to 

using the position sensor of the PMSM in traditional 

control, such as the high cost, large volume, low 

reliability and susceptibility to environment disturbance 

and so on, a estimation method of motor Speed and rotor 

position based on Luenberger Observer (LO) with a 

stochastic optimization technique using a Particle Swarm 

Optimization (PSO) algorithm to find the bests values of 

Matrix gains of this observer. Firstly, a discrete 

mathematical model of PMSM in d-q coordinates system 

is established, then the model of Sensorless Input-Output 

Linearization Control (IOLC) system with the controller 

is built by using A proportional–integral (PI) controller 

optimized by PSO (PI-PSO), next we insert the PSO-LO 

in IOLC block of PMSM. Finally, the simulation results 

show that the proposed control is capable of tracking the 

actual values of motor position, rotation Speed, and 

resistant Torque, with high estimation accuracy, steady 

running and good robustness. 

 

Keywords: Permanent Magnet Synchronous Motor 

(PMSM), Input-Output Linearization (IOL), Particle 

Swarm Optimization (PSO), Luenberger Observer (LO). 

 

1. INTRODUCTION 

PMSM are generally used for high dynamic and 

performance motor drives. Due to advances in power and 

digital electronics a lot of research work has been 

developed at various approaches to control torque, Speed 

and flux, of electrical machines at real time. Nowadays, 

PI (Proportional-Integral) controller is one of the most 

frequently used controller structures in control loops due 

to many advantages. But tuning of PI controller is a 

challenging exercise. The paper [1] present a study of 

tuning the PID controller by Genetic Algorithm and PSO, 

the proposed technique is compared with conventionally 

PID based on Ziegler-Nichols, those techniques used for 

control a DC motor and an automatic regulator voltage.  

The results of simulation show the good performance 

(overshoots, rise time and settling time) of proposed 

technique than the conventionally tuned PID controllers. 

[2] Used Grey wolf optimizer (GWO) for tuning a PID 

controller, the simulation result shows the efficiency and 

the advantage of the GWO algorithm compared to that of 

PSO in terms of temporal characteristics such as response 

time. [3] Proposed to using a controller PID tuned by 

Genetic Algorithm, to controlling Stirred Tank Reactor. 

The result of simulation shows a good performance of 

this technique compared to fixed PID parameters. In [4] 

the purpose of the study is an online setting PID fuzzy 

controller based on Extended Kalman Filter to achieve 

the best performance control with high stability. 

In this paper, instead of using the traditional technique 

for tuning PI controller we as a novel technique based on 

PSO algorithm for control of PMSM.  

For controlling of electrical machine, we need always 

the information given by an encoder or a resolver sensor 

to determine the position and/or rotation Speed of 

electrical machines, this mechanical sensor given various 

drawbacks due to the additional cost, additional 

electronic circuit for processing information and more 

cables. Because of that, at last, twenty years, many 

researches have been developing with the aim of 

controlling of electrical machine without a mechanical 

sensor. For example, the [6] present a sensorless control 

of PMSM based on extended Kalman filter estimation, 

the simulation results are presented and are verified the 

feasibility and validity on the proposed technique, with a 

good performance of the Speed response. The [7] ts a 

study of sensorless field-oriented control of PMSM based 

on sliding mode observer, the experimental results 

indicate the robustness of sliding mode observer to 

parametric variations. The [8] studies of a simple 

estimator of rotor position and Speed of permanent 

magnetic synchronous motor based on adaptive 

controller.  

https://www.analyticsvidhya.com/blog/2021/10/an-introduction-to-particle-swarm-optimization-algorithm/#:~:text=PSO%20is%20a%20stochastic%20optimization,looking%20for%20the%20best%20solution.
https://www.analyticsvidhya.com/blog/2021/10/an-introduction-to-particle-swarm-optimization-algorithm/#:~:text=PSO%20is%20a%20stochastic%20optimization,looking%20for%20the%20best%20solution.
https://www.analyticsvidhya.com/blog/2021/10/an-introduction-to-particle-swarm-optimization-algorithm/#:~:text=PSO%20is%20a%20stochastic%20optimization,looking%20for%20the%20best%20solution.
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The [9] presents a sensorless control of Motor Control 

Brushless DC using improved sliding mode observer 

technique.  

In this paper we give a study of a sensorless IOLC of 

PMSM controlled by PI - PSO controller and the estimate 

electromagnetic torque is done by an estimator based on a 

Luenberger Observer (LO) tuned by PSO algorithm 

instead of using the classical method. The PSO algorithm 

uses a fitness function designed to reduce the overshoot 

and response time. 

The proposed control is detailed in Figure 1, and 

organized as follows: In section 2, Dynamic model of 

PMSM is developed, the objective of IOLC is presented 

in section 3, the PSO technique in section 4, the LO used 

in the control in sections 5, simulation results and 

parameters of the motor are given in section 6. Section 7 

presents the conclusion. 

 

2. EQUATIONS OF DYNAMIC MODEL OF PMSM 

The electrical equations of the PMSM in (d-q) 

reference is given by [10]: 

d
d d r q

d
U Ri ω

dt


= − +  (1) 

q

q q r d

d
U Ri ω

dt


= − +  (2) 

d d d mL i = +  (3) 

q q qL i =  (4) 

The electromagnetic torque Te is: 

3
( ( )

2
e m q d q d qT i L L i i= + −  (5) 

The motor dynamics equations is: 

( )r
e c r r

d p
T f T

dt J


= − −  (6) 

Where, 

qU : Direct-axis stator voltage; 

dU : Quadrature-axis stator voltage; 

di : Direct-axis stator current; 

qi : Quadrature-axis stator current; 

dL : Direct-axis stator inductance; 

qL : Quadrature-axis stator inductance; 

d : Direct-axis stator flux; 

q : Quadrature-axis stator flux; 

p : Number of poles; 

R : Stator resistance; 

m : Rotor magnet flux linkage; 

rω : Mechanical rotor Speed; 

cf : Coefficient of viscous friction; 

rT : Resistive torque; 

The concept of input-output linearization is well 

known. Several studies describe this technique [11], [12].  

The system of PMSM is exactly linearizable because the 

order of the PMSM system equal to the relative degree of 

system [10]. 

The relation input-output of the model is given by 

(Equations (7) to (11)) [10]: 

 1 2 ( ) ( )
TT

d qy y x D x u u  = +    (7) 

where, 

1 2 3

( )

( ) ( ) ( ( ) ) ( ) ( )

T

q

d r q
d

d

d q q v d q d

LR
i p i

L Lx

f
L L i f x L L i f x f x

J







 
− + 

 =
 
  − + + − −
  

(8) 

and 

1
0

( )
( ) ( ( ) )

d

d q v d q d

q
d q

L
D x

L L L L i
i

L L



 
 
 =
  −  + −
 
  

 (9) 

1
( )

1
( ) ( )

1 3
( ( ( ) )

2

d q r q

q d r d v r

v q d q d q r r

Ri pL i
J

f x Ri pL i p
J

p
i L L i i T f

J



  

 

 
− + 

 
 = − + −
 
 
 + − − −
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1 2

3
,   and 

2
d r

p
y i y

J
= =  =  

The structure of linearization closed-loop system is 

illustrated in Figure 2. 

 
 

Figure 1. Simulation Scheme of sensorless PSO-IOL of a PMSM 
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Figure 2. The Block of closed-loop linearization system [10] 

 

The NL input-output control is defined by a relation 

(Equation (11)) who connects the new internal inputs v1 

and v2 with physical inputs ud and uq as follow: 

11

2

( ) ( ( ))
d

q

u v
D x x

u v
−   

= −   
  

 (11) 

To impose the static mode and a dynamic on the error, 

the internal inputs are calculated by Equation (12) [10]. 

1

2 1 2

( )

( ) ( )

d dref d

ref ref r ref r

k i iv

v k k     

−  
=   

+ − + −    

 (12) 

But if the imposed trajectory is a level (constant), then 

0 ref ref = = and the Equation (12) becomes: 

1

2 1 2

( )

( )

d dref d

ref r ref r

k i iv

v k k    

−  
=   

+ + −    

 (13) 

In closed loop, the tracking error is: 

id dref d

dref r

e i i

e  

= −


= −

 (14) 

where,   ,   ide e , are the errors of reference trajectories. By 

passing in the plan of Laplace, the system (Equation (13)) 

becomes: 

2
2 1

0

. 0

ds k

s k s k 

+ =


+ + =

 (15) 

Finally, we find the values of kd, 1k  and 2k , by 

resolving the system (Equation (15)). But we not find 

exact values, because this method is based on 

mathematical equation. However, we use PSO technique 

to optimize kd, 1k  and 2k . 

 

3. PSO ALGORITHM 

PSO is an optimization algorithm based on 

evolutionary computation technique. The basic PSO is 

developed from research on swarm such as fish schooling 

and bird flocking. PSO was firstly introduced in 1995 

[13]. To improve the performance of the original PSO a 

modified PSO was then introduced in 1998 [14]. 

The updated of particles is according to the Equation 

(16) [13]: 

1 1 2 2( 1) ( ) ( ( ) ( )) ( ( ) ( ))

( 1) ( ) ( 1)

ij ij ij ij i ij

ij ij ij

v k wv k c r p k x k c r g k x k

x k x k v k

+ = + − + −

+ = + +
 (16) 

where, 

- 1,2,...,i d=  with d dimension of particles.  

- 1 2( , ,..., )ij i i idx x x x= is the ith particle.  

The [15] showed that the performances are similar in 

the case of a swarm sizes 10 to 50. In this paper we set 40 

a size of used swarm. 

- pbest: best previous position represented as

1 2( , ,..., )ij i i idp p p p= . 

- gbest: Best particle in all the population. 

- 1 2( , ,..., )ij i i idv v v v= : The velocity of particle i. 

- 1c  and 2c

 

are adjustable cognitive acceleration 

constant.  

- r1,2 is constant between 0 and 1,  

- k iteration.  

- w: Inertia weight and w= 0.729 is a proposed value by 

Clerc [16] guaranteed the convergence of PSO. 

 

 
 

Figure 3. Flowchart of steps of PSO 

 

The performance of each particle is measured by 

using a fitness function. In this paper, we considered two 

parameters based objective function by considering the 

ITAE and IAE, mathematically expressed as: 

, , 1,2,3 1 2
1 2

( , ) . .df k l w ISE w IAE  = +  (15) 

- IAE:  Integrated-Absolute-Error. 

- ISE:  Integral-Square-Error. 

The weighting function w1 = w2 = 0.5. 

The steps of PSO are illustrated in Figure 3. 

 

4. OBSERVER OF LUENBERGER 

A state observer is represented in Figure 4 [18], [19]. 

The state observer structure is completed by a matrix of 

Gain (L) in the feedback chain for error correction 

between the estimated value and the system output. 
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Figure 4. The structure of an observer of state associated with the 

system [17] 

 

A good choice of the matrix gains (L) increases the 

performance of observer (increase the dynamics of 

observer, and decrease the estimation error). In this paper, 

the PSO algorithm is used to optimize the value of the 

matrix gain (L). Nonlinear state equations of PMSM used 

in LO are given by [18]: 

. .

.

x A x B u

y C x

= +

=
 (18) 

where, 

 

q

r

u i

x T 

=

=
 (19) 

0 1 0

1
0

0 0 0
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J J

 
 

− − 
 
 
 

 (20) 

0 0

T

mp
B

J

 
=  
 

 (21) 

The state equation of LO is given by: 

( )
dx

Ax Bu L x x
dt

= + + −  (22) 

2 1

3

0 0 0

0

0 0

L l l

l

 
 

=
 
  

 (23) 

The observer state can be described by Equation (24): 

1 2

ˆ

1 ˆˆ ˆ( ) ( ) ( )

r
r

cr
e e r r r r r

d

dt

fd
T T l l

dt J J





    

=

= − − + − + −

 (24) 

2

ˆ
ˆ( )r

r r

dT
l

dt
 = −  (25) 

 

 

 

 

 

The structure of PSO- Observer Luenberger 

associated with PMSM is shown in Figure 5. In matrix 

gain of Equation (23), the variables l1, l2 and l3 are 

determined by PSO algorithm. 

 

 
 

Figure 5. Structure of PSO-OL of state in association with PMSM 

 

5. PARAMETERS OF PMSM, PSO AND 

SIMULATION RESULT 

The parameters of PMSM are shown in Table 1. The 

parameters of PSO are shown in Table 2. The simulation 

results are also shown in Figure 6. 

 
Table 1. Parameters of PMSM [10], [17] 

 

Parameter  Value Unit 

stator resistance 1.4 

 d-axis inductance 6.6 mH

 q-axis inductance 5.8 mH

 magnetic flux constant 0.1546 Wb

 Friction coefficient 0.00038 N.m.rad.s-1

 Motor inertia 0.00176 Kg.m2 

 
Table 2. Parameter of PSO 

 

Variable Value Description 

i 

k 

c1 

c2 

w 

r1, 2 

40 

100 

1.8 

1.2 

0.729 

0.8 

Size of the swarm 

Iteration number 

cognitive acceleration constant 

cognitive acceleration constant 

Inertia weight 

random function 

l1 

l2 

l3 

183 

147 

0.7 

variables of Matrix gain of 

Luenberger Observer 

kd 

kω1 

kω2 

274 

113 

73 

Parameters of PI controller used 

in IOL control 
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Figure 6-a. Current direct component 

 

 
 

Figure 6-b. Current quadrature component 
 

 
 

Figure 6-c. Three phase currents 

 
 

Figure 6-d. Resistance and electromagnetic torque 

 
 

Figure 6-e. Zoom in torque response 

 

 
 

Figure 6-f. Rotation speed 

 
Figure 6-g. Zoom in speed response 

 

 
 

Figure 6-h. Rotor position 
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Figure 6-i. Error estimated speed 
 

 
 

Figure 6-j. Error control torque 

 

Figure 6 shows simulation results (id, iq, ia, ib, ic, 

torque, speed, position theta, error speed and error torque) 

without variation parameter system. 

To illustrate the performances of the proposed control 

we applied the reference below: 

- Speed references: 
-1

-1

-1

50 rad.s    at   0.2 s            

100 rad.s    at   0.2 s 0.6 s

100 rad.s    at   0.6 s 1 s   

ref
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t

t

t







 = 



=  


=  

 

- Load references: 

4 N.m   at   0.4 s 0.45 s            

4 N.m   at   0.65 s 0.8 s            

4 N.m   at   other times                     

r

r

r

C t

C t

C

=  


=  
 =

 

According to Figure 6, we notice that:  

- The Speed and torque response achieved the references 

quickly with rejection of harmonic ripples in comparison 

with [10] (Figures 6-d and 6-f).  

- The current is remains null (id = 0) and current iq is 

limited to a maximum acceptable value (Figures 6-a and 

6-b). 

- The static error of control of Torque is negligible 

(Figures 6-d and 6-j). 

The estimated speed is approximately equal to the 

current Speed (Figures 6-f and 6-g), with an error 

negligible (equal to 1% of reference speed) 

The phase currents ia, ib and ic its sinusoidal with less 

harmonics. 

 

To test the robustness of proposed control, we studied 

the influence of variation of stator resistances and inertia 

of the motor by a value of +50%Rs and +50%J. With 

applied the reference speed ωref =100 rad/s and a load Cr 

= 4 N.m at t = 0.2 s. 

 

 
 

Figure 7-a. Electromagnetic torque with variation of parameters  

 

 
 

Figure 7-b. Zoom 1 in torque response 

 

 
 

Figure 7-c. Zoom 2 in torque response 
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Figure 7-d. Rotation speed with variation parameters 

 
Figure 7-e. Zoom 1 in speed response 

 

 
Figure 7-f. Zoom 2 in speed response 

 

Figure 7 shows Simulation results (torque and speed) 

with variation parameters of system. The result of 

simulation (Figure 7) shows that, the proposed control is 

adaptive and robust to the variation of parameter of motor 

(stator resistance and inertia of motor). The Speed 

follows quickly its reference with a negligible effect on 

the response time in case of a variation of inertia value 

(Tr = 0.02 s to Tr = 0.04 s), but the system remains stable 

during the application of the load. 

In general, the results of simulation show the good 

performances and robustness of the PSO-IOL control of a 

PMSM using PSO-Luenberger Observer estimator, 

described in this paper. 

 

6. CONCLUSION  

In this paper, we have studied the sensorless Input 

output linearization control of permanent magnetic 

synchronous Motor based on particle swarm optimization 

algorithm to tuning the PI controller and matrix gain of 

Luenberger Observer. 

The results of simulations show that the effectiveness 

of proposed control and the used PSO algorithm for 

tuning the parameters of PI controller and matrix gain of 

the observer. The error between the reference Speed and 

current Speed, between the reference torque, motor 

torque and estimated torque converges to zero with better 

dynamic performance and good robustness. 
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