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In this article, we present a comparative study between two control techniques applied on 
the Permanent Magnet Synchronous Machine (PMSM), namely vector control and fuzzy 
logic. This comparison is based on three criteria: qualitative, quantitative and robust 
during the transient and permanent operation of the system. The latter comprises a 
machine is driven through the stator variables by two bidirectional converters. In the first 
part, we have presented the individual modeling of the global chain (PMSM, Inverter, and 
Rectifier). Then we presented and developed the two commands techniques to control the 
speed and the torque produced by this machine. The results of this study made it possible 
to evaluate the performance of these controls. 
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1. INTRODUCTION

Permanent magnet synchronous machines have been
booming in recent years. It is thanks to the improvement of the 
permanent magnet’s qualities more precisely with the help of 
the rare earths [1, 2]. The strengths of this type of machine are 
many, among which we can mention: robustness, low inertia, 
high mass torque, high efficiency, maximum top speed and 
low maintenance cost [3, 4]. Moreover, permanent magnets 
have undeniable advantages: on the one hand, the inductive 
flux is created without loss of excitation and on the other hand, 
the use of these materials will allow to deviate significantly 
from the usual sizing constraints machines and therefore to 
increase the power mass significantly [5, 6]. This type of 
machine enjoys a remarkable reputation in several sectors: 
servomotor, land transport (rail), embedded systems, and wind 
energy [7, 8]. Despite all the advantages of the PMSM, its 
control remains one of the most complex, because its 
mathematical model is nonlinear and strongly coupled. 

Among the efficiency factors of the PMSM is the evolution 
of microelectronics and micro informatics that have enabled 
the development of electronic devices based on high frequency 
and high-power components controlled by programmable 
microprocessors. These in turn enable the implementation of 
various more efficient control techniques that will be adapted 
to the system around a specific operating point in order to 
establish appropriate optimization algorithms with a minimum 
of disturbances on the distribution grid [9-11]. 

The main objective of our work is to apply two control 
techniques to the permanent magnet synchronous machine 
namely: the vector control and the control by the logic flue, 
afterwards we have arrived a comparative study between these 
commands in order to choose the best suited from a qualitative, 
quantitative and robust point of view. 

The rest of the paper is structured as follows. The next 
section gives the different system component models (PMSM, 
Inverter, and Rectifier). In Section 2, proposed an efficient 

PMSM speed controller based on vector algorithm to ensure a 
high-performance control for speed. In Section 3, a fuzzy logic 
control applied to the whole system model is given. In Section 
4, the comparative study between the different laws of 
commands proposed in this work. Finally, conclusion of the 
present work is drawn. 

2. MODELLING OF THE INDIVIDUAL 
COMPONENTS OF SYSTEM

In this context will be devoted to the individual modeling of 
our system. We will start with the modeling of the permanent 
magnet synchronous machine in the Park reference linked to 
the rotating field and its stator power supply (two-level 
inverter) which will allow the application of commands 
intended to control the speed and the torque generated by the 
rotor of the machine. Then the inverter power modeling which 
is a three-phase converter (two-level rectifier) and its control 
to improve the power factor on the grid side and ensure the 
setting of the Direct Current (DC) bus.  

2.1 Modelling of the permanent magnet synchronous 
machine 

The permanent magnet synchronous machine is a very 
complex nonlinear system. To have a good control on this 
machine in the different operating modes, one needs a precise 
and demanding mathematical modeling to represent its 
behavior in a satisfactory and real way. 
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A classical modelling of the Permanent Magnet 
Synchronous Machine in the Park reference frame is used. The 
voltage and flux equations of the PMSM [12-14]: 

In the state space representation, the system is given as: 
 

[ ][ ] [ ][ ] X A X B V  = + 
  (2) 

 
[X]: State vector; [A]: Fundamental matrix that 

characterizes the system; [B]: Input Matrix; [V]: Command 
vector. 
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2.2 Modelling of the stator side converter (Inverter) 

 

 
 

Figure 1. Schematic diagram of the stator side converter 
 

Converters associated with alternative current (AC) 
machines (inverters) are nowadays very widely used in 
industrial drive systems. The stator of the PMSM is powered 
by a two levels voltage inverter. This inverter is equipped with 
several semiconductor devices controlled at the opening and 
closing which can be either MOSFET transistors or IGBTs 
associated with diodes head to tail. The main objectives of this 
converter are: to wave the voltage of the DC bus to supply it 
to the stator winding and to allow the application of the 
commands to control the mechanical power generated (Speed; 
Torque) by the rotor of this machine [15-17]. 
The converter used is a simple three-phase inverter on two 
levels. 

The equations for simple voltages at three phases are: 
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By addition, we have: VA+VB+VC=VAO+VBO+VCO+3*VON 
Knowing that the system of three-phase statoric voltages is 

symmetrical. 
 

0*3  =+++ ONCOBOAO VVVV  (8) 
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By replacing (9) in (7), we obtain the following system: 
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Thanks to the successive opening and closing of the 

switches, the inverter generates an alternating voltage formed 
of a succession of rectangular slots. 
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By replacing (12) in (11), we will have the following system: 
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2.3 Modelling and control of the grid side converter 
(Rectifier) 

 
Our system uses the PWM (Pulse-width modulation) 

rectifier for connection to the power grid. The rectifier has the 
same design as that of the inverter previously established. The 
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advantage of the converter on the grid side, in addition to the 
bidirectionality of power, makes it possible to control the 
constant DC bus voltage, and to set the reference reactive 
power to a zero value so as not to impair the quality of the grid 
(power factor of the unitary grid). 

Figure 2 shows the structure of a three-phase PWM rectifier, 
which can be broken down into three parts: the source, the 
converter and the load [15-17]. 
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Figure 2. Structure of the PWM rectifier 
 

2.3.1 Modelling of the grid side converter 
The AC source model and the rectifier model are given by 

the state space representation: 
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The converter: 
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In addition, the rectified current is given by: 
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The output voltage is governed by: 
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Figure 3. Schematic diagram of grid side converter 

2.3.2 Grid side converter controller design  
The objective of the grid side converter is to regulate the DC 

link voltage and to set a unit power factor. The equations 
allowing the expression of the input AC voltage Vp(d,q) to the 
rectifier in the (d,q) frame as a function of the voltages at the 
common connection point (CCP), V(d,q)are given by the 
following equations: 

 

. .

. .

d
pd d d q

q
pq q q d

diV V i I

di
V V

R L Lw
dt

R L Lw
dt

i I

 =   
− −

−

 =


+

− −

 (19) 

 
The real and reactive powers are expressed by: 
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This system can be written in the following matrix form: 
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Equation (22) allows us processing the reference currents 

(𝐼𝐼𝑑𝑑∗ ,𝐼𝐼𝑞𝑞∗ ) knowing the active and reactive powers references 
(𝑃𝑃∗,𝑄𝑄∗). 
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where, Vd, Vq, are the actual measured grid voltages. 

(1) The desired reference voltage of the DC bus Ucref is 
compared to that measured across the capacitor Ucmes. 

(2) The Integral Proportional Corrector (PI) makes it 
possible to maintain the DC bus voltage at a desired constant 
value, and generates the reference current Icref. 

(3) The active power needed to charge this capacitor Pref is 
obtained by multiplying the rectified current 𝐼𝐼𝑟𝑟𝑟𝑟𝑑𝑑__𝑟𝑟𝑟𝑟𝑟𝑟  by the 
measured voltage Ucmes. 

(4) The reference reactive power Qref will be maintained at 
zero. 

(5) The reference currents are obtained from the measured 
voltages and reference powers. 

(6) The reference currents will be compared with the 
measured currents. 

(7) The current comparison errors are set by PI controllers 
which generate reference voltages which will in turn be 
compared with the measured voltages. 

(8) Voltage comparison errors generate voltages that will be 
compared in turn with the voltages of the filter. 

(9) Current comparison errors generate control voltages 
used to switch the six rectifier switches to close and open. The 
block diagram of the regulation is then represented by the 
Figure 4 below. 
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Figure 4. Block diagram of the grid side converter control 
 
 
3. CONTROL OF THE SPEED PRODUCED BY PMSM 

 
To obtain an optimal quality of speed produced by PMSM, 

it is necessary to apply adequate optimization control 
techniques allowing the control of the speed generated by the 
rotor of this machine. From here, we propose two command 
techniques: 

(1) Vector control based on PI controllers; 
(2) Fuzzy logic control based on flue regulators. 
 

3.1 Vector control of the speed delivered by PMSM 
 
This command is one of the methods used to optimize the 

quality of control of the mechanical power produced by the 
PMSM. In this technique, the stator current vector will be 
decomposed into two components, one providing flow control 
and the other acting on the torque and making its dynamics 
identical to that of the separately excited DC machine [18-19]. 

The model of the PMSM is given by the following equations: 
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with: . rpω ω=  

 

( )3 . .
2 d q d q f qCe p L L I I I = − + ∅   (24) 

 
The principle of the vector control of the PMSM by 

orientation of the rotor flow is intended to orient the rotor flow 
along the axis d. This strategy consists in keeping the axis d 
constantly aligned with the flux vector of the magnet. The 
reference for the current is id kept at zero. The reference for 
the current Iq is determined by means of an Integral-
Proportional Corrector (IP) of speed. This regulator has the 
advantage of not introducing a zero in the closed-loop transfer 
function while guaranteeing a zero static error. In this 
command, we used non-linear decoupling to close the Park 
current regulation loop through Proportional-Integral (PI) 
controllers [20-21] and [22]. 
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The equation system of PMSM becomes: 
 

( )
3 .
2

q q

s q q f

f q

Vds L I

Vqs R L P I

Ce p I

ω

ω









= −

= + + ∅

=


∅

 
(26) 

 
As the flow ∅𝑟𝑟  fest constant, the torque is directly 

proportional to Iq. 
so, 

 
qCe Kt=  (27) 

 
where, 

 
3
2
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3.2 Fuzzy logic control of the speed produced by PMSM 

 
Fuzzy logic control is a powerful nonlinear control that has 

been analyzed by many researchers, especially in recent years. 
Fuzzy logic control has enhanced robustness and has been 
successfully applied to the control of the permanent magnet 
synchronous machine (PMSM) [23-24]. We will apply this 
non-linear control to control the quality of mechanical power 
(speed and torque) produced by the PMSM. To do this, we will 
use the structure of the vector control while replacing the PI 
regulator by a fuzzy regulator (regulator type Mamdani seven 
classes). 

For the speed loop, the input variables are: 
The speed error 
 

ref
Ie = −Ω Ω  (29) 

 
The variation of the speed error 
 

( ) ( )1I I Ie e k e k∆ = − −  (30) 
 
The majority of fuzzy controllers for single-chip systems 

consist of fuzzy controller inputs that are usually the error (the 
difference between the setpoint and the output of the process) 
and its variation (system dynamics translation). The majority 
of developed controllers use the simple scheme proposed by 
Mamdani, as shown in the following Figure 5 [25, 26]: 
 

 
 

Figure 5. Block diagram of the PI-fuzzy type controller 
structure [26, 27] 
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According to the diagram above, the fuzzy control system 
(fuzzy controller) consists essentially of: 

(1) A calculation block of the variation of the error over time. 
(2) Scale factors (𝑘𝑘𝑟𝑟𝑘𝑘𝑑𝑑𝑟𝑟 , 𝑒𝑒𝑐𝑐𝑘𝑘𝑑𝑑𝑑𝑑) that are normalization and 

denormalization gains. The appropriate choice of the latter 
makes it possible to guarantee the stability and the 
improvement of the targeted dynamic and static performances 
of the system to be regulated; moreover, the gains of entries 
(𝑘𝑘𝑟𝑟, 𝑘𝑘𝑑𝑑𝑟𝑟) reduce the physical quantities of entries in a range of 
variation called universe of speeches. 

(3) From a block of fuzzification of the error and its 
variation. For the choice of the form of the membership 
functions, we have opted for the triangular and trapezoidal 
shapes as shown in the Figure 6. The choice of linguistic 
variables is represented by: Negative Big (NB), Negative 
Medium (NM), Negative Small (NS), Zero (ZR), Positive 
Small (PS), Positive Medium (PM), and Positive Big (PB). 

(4) A block of defuzzification of the variation of the 
command. The inference mechanism outputs that are fuzzy 
variables must be converted back to real output quantities so 
that the system can use them. In this step, a real value of the 
output variable is obtained by using the center of gravity 
method [28-29]. 

(5) The inference rules for determining the output variable 
for the speed setting grouped in the table below. The inference 
method used is the "min-max" method of Mamdani: 

-Operator AND: formation of the minimum. 
-Operator OR: formation of the maximum. 
-Implication THEN: formation of the minimum. 
-Aggregation: formation of the maximum. 
(6) An integrator block used to integrate the variation of the 

resulting numerical control and its application into the system 
we want to control. 

 
Table 1. Decision rules table for the speed controller 
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Figure 6. The membership functions used by the control 

4. COMPARATIVE STUDY OF THE CONTROL 
PROPOSED 

 
To examine the two control laws developed and synthesized 

on our system considered in this document, we will present a 
comparative study between these techniques. This study was 
repeated under the same conditions. 

The goal in this part is to make a comparison between the 
two commands that we presented in our work. This 
comparison is made from a series of tests that we performed 
during the transient and permanent operation of the system: 

The first test we have done is based on the influence of the 
set speed variation and the external variation (resisting torque), 
this comparison is called: qualitative comparison 

The second test we have defined includes two criteria; one 
according to the applied command, which one can consider as 
an energetic criterion, the other according to the static error of 
the speed. This comparison is called quantitative comparison. 

The last test we performed is to vary the parameters of the 
machine used, because, in reality, they are subject to variations 
caused by different physical phenomena such as (saturation of 
inductances, heating of resistors, etc....). This comparison is 
called: robustness comparison. 

 
4.1 Qualitative comparison 
 
4.1.1 Speed echlon variation test 

This comparison is based on the observation of the results 
of simulations obtained by the application of the two control 
techniques developed on our machine. The setpoint of the 
proposed speed is given as a rung while the machine is rotated 
at a two fixed speeds. This test is carried out under the same 
conditions, namely: 

(1) Machine runs at a fixed speed 314 rad/s between instants: 
t=0s and t=1s. 

(2) Machine runs at a fixed speed -314 rad/s between 
instants: t=1s and t=2s. 

(3) The resisting torque always keep zero for this test. 
(4) The sampling period and the simulation time are fixed. 
 

 
 

Figure 7. Mechanical speed for reversal of direction of 
rotation at t=1s for vector control and fuzzy logic control 
 
From the simulation results shown in the previous Figure 7 

and 8, it is clear that the two commands have performances 
namely: the measured speed follows their new reference with 
tracking errors are low with acceptable exceedances, the times 
of the responses that characterize the transitional regime and 
the change of the instructions are weak. Also, a remarkable 
improvement of the results obtained by the fuzzy logic 
compared to the vector control is observed, namely: 

(1) A zero overshoot in the transient regime for the control 
by the fuzzy logic against the vector control an overshoot is 
observed. 
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(2) A slower response time for the transient regime (0.1 for 
fuzzy logic control versus 0.05 for vector control); the same 
for the time of change of instructions. 

(3) An exponential convergence of the errors towards zero 
between the values of setpoints and those measured. 

(4) A remarkable minimization of oscillations of the 
regulated quantities and a fast regain. 

 

 
 

Figure 8. Electromagnetic torque for reversal of direction of 
rotation at t=1s for vector control and fuzzy logic control 
 

4.1.2 External variation test 
(1) Machine runs at a fixed speed 314 rad/s between instants: 

t=0s and t=2s. 
(2) Application of a resistant torque of 6 N.m between 

instants t=0.5s and t=1.5s. 
(3) The sampling period and the simulation time are fixed. 
 

 
 

Figure 9. Mechanical speed with application of a resisting 
torque of 6 (N.m) between times t=0.5s and t=1.5s for vector 

control 
 

 
 

Figure 10. Mechanical speed with application of a resistive 
torque of 6 (N.m) between instants t=0.5s and t=1.5s for by 

fuzzy logic control 
 

The responses obtained with the two types of control show 
that the fuzzy logic controlled system is more efficient with 

respect to the variation of the resistive torque with respect to 
the vector control. Where we notice that: 

When applying the load (Cr=6 Nm at t=0.5 s) a decrease in 
speed is observed which is rejected for both commands, by 
comparison the decrease in speed in the fuzzy control is 
minimal and faster than by report that of the vector control. 
When removing the load (Cr=0 Nm at t=0.5 s) an increase in 
speed is observed which is rejected for both commands, by 
comparison the decrease in speed in the fuzzy control is 
minimal and faster than compared to that of the vector control. 
 
4.2 Quantitative comparison 

 
The second test based on two criteria: energetic J1 and static 

J2. The first is a function of the command applied, while the 
second is a function of the resulting error. The results were 
obtained under the same conditions. The energy J2 and 
precision criteria J2 are defined by: 
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J1: The value of the static error between the reference 

variable and the measured one. 
J2: The power value necessary to apply control. 
The objective in this part is the comparison of the two 

controls laws quantitatively (in figures); to highlight the 
performance of each of them. The values of the static error J1 
and that of the required command J2 are calculated in the time 
interval [0s 5s] for two commands. 

Simulation results presented in the above table show clearly 
that the vector control is the most performing from the 
minimization point of the energy criterion which gives us the 
lowest values of J1 (J1=2.7474e+04) for the mechanical speed, 
then control by fuzzy logic. However, as regards the second 
precision criterion, it is notice that it is the dark logic command 
which gives the lowest value of J2 (J2=2.7851e+04) for the 
mechanical speed, then the vector control. 

 
Table 2. Comparative study of the commands developed for 

the considered system 
 

G-C Criterion 
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4.3 Comparison of robustness 
 
The last test is based on the robustness test of the proposed 

commands where a study of the influence of the parametric 
variations of the PMSM on the performances of these is 
conducted. Knowing that in a real system, these parameters are 
subject to variations caused by different physical phenomena 
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(heating of resistors). In this test, the following parameters 
were varied: 

(1) Increasing the stator resistance by 50% at time t=1s. 
(2) Machine runs at a fixed speed 314 rad/s between instants: 

t=0s and t=2s. 
(3) Application of a resisting torque of 6 N.m between times 

t=0.5s and t=1.5s. 
(4) The sampling period and the simulation time are fixed. 

 

 
 

Figure 11. Mechanical speed with application of a resistive 
torque of 6 (N.m) between instants t=0.5s and t=1.5s and Rs 

increase by 50% with zoom for vector control 
 

 
 

Figure 12. Mechanical speed with application of a resistive 
torque of 6 (N.m) between instants t=0.5s and t=1.5s and Rs 

increase by 50% with zoom for by fuzzy logic control 
 

 

 
 
Figure 13. Mechanical speed with application of a resistive 
torque of 6 (N.m) between instants t=0.5s and t=1.5s and Rs 

increase by 50% for two controls 
 

In this test, we visualized the shape of the velocity for 
simulation duration TS=2s. The two commands proposed have 

a strong robustness and ensure good performance even in the 
presence of small parametric variations with external 
disturbances; however, fuzzy logic control is the best 
command with near-smooth velocity at the point of parametric 
variations of the machine, followed by the vector control 
which gives us weak ripple. 
 
 
5. CONCLUSION 

 
In this paper, we presented a comparative study between 

two commands applied on the Permanent Magnet 
Synchronous Machine to represent the efficiency and 
performance of each during the presence and absence of 
parametric variations and external variations. This study is 
based on three essential criteria: qualitative, quantitative and 
robustness during transient and permanent operation. For this, 
a modeling of the different components of this system was 
conducted. These models were used to develop the two control 
techniques to ensure precise and continuous control of rotor 
mechanical power generated while ensuring stability, speed of 
tracking with zero static error. This has resulted in high system 
efficiency and optimal production quality. The results 
obtained show that fuzzy logic control is the most efficient and 
effective control over our system compared to vector control 
in the presence and absence of parametric and external 
variations. 
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