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 Abstract - This paper presents an implementation of 

intelligent speed controller for induction motor drive. The classic 

PI and fuzzy logic controllers are used in vector control scheme 

indirect, where induction motor is fed by photovoltaic generator. 

Thus, the proposed structure in our work consists of a 

photovoltaic generator associated with the DC / DC converter 

controlled by the technique of fuzzy logic to provide maximum 

power. Moreover, adaptation of the rotor time constant powered 

by a photovoltaic solar energy, the latter control system adopts 

inverter current control scheme with variable hysteresis band. 

The simulation results Matlab / Simulink show that the controller 

performance in both transient and steady state is more 

satisfactory. 
 

 Index Terms - photovoltaic; fuzzy logic controller; induction 

motor;MPPT. 

 

I.  INTRODUCTION 

 The increasing of the world energy of the demand for 
electricity has grown steadily in recent years has forced the 
research to the design and development of renewable energy 
sources such as the photovoltaic (PV). Nowadays photovoltaic 
energy is one of the most popular sources since it is clean, 
inexhaustible and requires little maintenance [1]. The PV 
power conversion has been an active research topic for 
renewable energy conversion applications [2]. However, 
Algeria has remotely isolated rural areas posed problems to 
rural energy management and development of renewable 
energy sources. The average annual daily solar radiation on a 
horizontal plane, it is within the range of 5–7 kWh/m²/day [3]. 
The PVis non-linear, so its optimum operating point depends 
on the temperature, the irradiation and the load variations. This 
point is called the Maximum Power Point (MPP), so the 
maximum power point tracking (MPPT) is usually used as 
online control strategy of chopper for to track the maximum 
output power operating point of the photovoltaic generator 
(PVG) for different operating climatic conditions. The 
continues voltage of DC-DC converter is obtained by MPPT 

algorithm based of fuzzy logic [4].There are different types of 
MPPT algorithms like for example perturbation and 
observation (P&O) method, incremental conductance method, 
which can be known as traditional techniques [5,6]. So, there 
are other techniques called artificial intelligence are becoming 
useful as alternate approach for conventional modeling 
techniques as they do not require the knowledge of internal 
system parameters, involve less computational effort and offer 
a compact solution for multivariable problems. They have been 
used to solve complicated practical problems in various areas 
and are becoming more popular in PV systems that exhibits 
non-linear features. There are two artificial intelligence 
techniques types: artificial neural networks (ANN) and fuzzy 
logic (FL) that used to design the MPPT controller for PV 
system [7].Currently at this time, the induction motor (IM) is 
by far the most used in industrial applications where variable 
speed with high precision control and high torque performance 
are required. Because it is robust, simple, cost-effective and 
least expensive [8]. Alternatively, the development of 
algorithms direct torque control or also known as vector 
control by the flow direction, Both direct and indirect field 
oriented control(IFOC)is essentially different in the angle 

calculation of Park θs (core size in the order) representing the 
phase of the faces in the reference related to the stator flux: in 
the indirect control this angle is calculated from the stator 

angular ωs, itself reconstituted using the autopilot which adds 

the electrical relationship ω speed and slip pulse ωg, while the 
direct control, directly calculates this angle from the measured 
or estimated values  [9].The objective of this paper is to 
compare the performance of IFOC using two types of current 
regulators: the PI and FL improve the control strategy. 

II.  DESCRIPTION OF SYSTEM 

The indirect field oriented control scheme considered in 
this work is given in Fig. 1. The drive consists PVG, 
converters, and IM. 
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Fig. 1 Scheme of photovoltaic system. 

 

A. Modeling of Photovoltaic array 

 The direct conversion of the solar energy into electrical 

power is obtained by solar cells. Solar cells as they are often 

called are semiconductor devices that convert sunlight into 

direct current electricity. Groups of PV cells are electrically 

configured into modules and arrays. The solar cell may be 

modeled by a current source in parallel with a diode, so shunt 

and a series resistance are added to the model. The equivalent 

circuit of solar cell is shown in Fig. 2. 
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Fig. 2 Equivalent circuit for a solar cell. 

 

The PV panel is composed of NP parallel modules. Each 
one including NS photovoltaic cell serial connected. The 
fundamental equation for PV model is given by (1) [10]: 

I�� � N� I�� �N�I	 
exp ������������������ � � 1� � �������� ��!      (1) 

 I	 � I"# $ ��%&' exp (�)*�� + ,�% � ,�-.                                   (2) 

 I�� � /I01 2 k45T � 298:; <,			                                      (3) 

 
where, 

Ipv : PV panel output current 
Vpv : V panel output voltage 
Iph : generated photocurrent 
Rsh, Rs : parallel and series resistance, respectively 
q : electron charge 
k : Boltzmann’s constant a : p–n junction ideality factor 
I0, I0r : real and reference cell reverse saturation   

  current, respectively 
ki : temperature coefficient for short circuit current 
T, Tr : real and reference temperature, respectively 
Isc : short-circuit current 
G : solar radiation 
 

B. Modeling of converters 

Due to the change of temperature and solar irradiation, the 
PV module provides power to the load via a regulated 
converter to maintain maximum power. The chopper amplifier 
circuit considered is shown in Fig.  3. 
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Fig. 3 DC-DC Converter Circuit. 

 

In steady state, the output voltage of the chopper amplifier 
can be expressed by the following equations [11]: 

V	 � ���,?@                                          (4) 

 V	 � U�                                          (5)  
Concerning the modeling of the inverter whose circuit 

diagram is seen in Fig. 4. Considering the chopper control, the 
voltage V0is applied to the inverter input terminals of two 
capacitors (C1 and C2) used to create the midpoint fictitious. 
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Fig. 4 Circuit of the three-phase inverter. 

Tension arm at the midpoint of the DC link is expressed by 
the following equations [12]: 

     BV4" � 2 �CD  if     K4 � 1 avec 5i � 1,2,3:V4" � � �CD  if     K4 � 1 avec 5i � 4,5,6:O                   (6) 

And, the phase voltages at the terminals of the load are: 

PQR
QS UTU � D'UT	 � ,'UV	 � ,'UW	UVU � � ,'UT	 2 D'UV	 � ,'UW	UWU � � ,'UT	 � ,'UV	 2 D'UW	

O                                     (7) 

With, 

UU � ,' 5UT	 2 UV	 2 UW	:                                             (8) 
C. Modeling of induction  

The dynamic model of the induction motor in the 
synchronous reference may be in the form of the following 
state equation [13]: 
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PQQ
R
QQS
X4Y�XZ � ,[\� +�R0#iX0 2 ω0σL0i�0 2 a�%\%b ФX# 2 a\%ω#Ф�# 2 vX0-X4d�XZ � ,[\� +�R0#i�0 � ω0σL0iX0 2 a�%\%b Ф�# 2 a\%ω#ФX# 2 v�0-XФY%XZ � a�%\� iX0 � �%\%ФX# 2ωeФ�#XФd%XZ � a�%\� i�0 � �%\%Ф�# 2 ωeФX#

O    (9) 

 Tf � n� a\% �ФX#i�0 �Ф�#iX0�                                           (10) 

 J Xi%XZ 2 fω# � Tf � T\                                              (11) 

 

where, jk � jl � ωr ,  nlo � $nl 2 no pbqrb & and s � $1 � pbqtqr& 
Ф is the flux linkage; L: is the inductance; v: is the voltage; 

R:is the resistance; i: is the current; σ: is the motor leakage 

coefficient. ωr is the rotor electrical speed. The subscripts r and 
s are the rotor and stator values respectively refereed to the 
stator, and the subscripts d and q denote the d-q axis 
components in the stationary reference frame. However, in the 
case of a supply voltage vds and vqs influence on both ids and iqs, 
so the flux and torque, which is the value of adding 
compensation terms to make d and q axes are completely 
independent. The performance brings the additional decoupling 
also told by compensation were shown in [14]. 

 

III.  INDIRECT FIELD ORIENTED CONTROL 

 The diagram block of IFOC for IM is shown in Fig. 5. It 
consists of two feedback control loops. The inner loop is a 
conventional synchronous current regulation loop. The torque 
command current, iqs

*
, is produced by selected controller in the 

outer speed loop, based on the command speed ωr
*
 and the 

actual speed ωr[15,16].The success of FOC is based on the 
proper division of stator current into two components: the 
torque component iqs

* 
and magnetizing flux component ids

*
. 

The indirect FOC method uses a slip equation for partitioning 
the stator current. 

ω#u � �%4d�vu\%4Y�vu                                                               (12) 

The axis are fixed on the stator, but the dr-qr axes, which 

are fixed on the rotor , are ds-qs moving at speed ωr 
synchronously rotating axes de-qe are rotating ahead of the dr-qr 

axes by the positive  slip angle θs corresponding to slip 

frequency ωsl. Since the rotor pole is directed on the de axes 

and ωe=ωr+ωsl  one can write: θf � xωfdt � x5ω# 2 ω0{:dt � θ# 2 θ0{        (13) 

 
The phases diagram suggests that for decoupling control, 

the stator flux component of current ids_e should be aligned on 
the de axis and the torque component of current iqs_e should be θ 
the qe axis, as shown. For decoupling control, one can make a 
derivation of control equations of IFOC with the help of de-qe 

dynamic model of IM. One can easily show the following 
important equations: 

Tf � '|\}~\% �ФX#f i�0f �                                           (14) 

ФX#f � ��\}�%�\%| iX0f                                                  (15) 
jl�� � jl � jo � �%4Y�v\%4Y�v                                       (16) 

IV.  SPEED AND FLUX ESTIMATION  

 Many schemes based on simplified motor models have 
been devised to sense the speed of the induction motor from 
measured terminal quantities for control purposes. In order to 
obtain an accurate dynamic representation of the motor speed, 
it is necessary to base the calculation on the coupled circuit 
equations of the motor. However, the performance of these 
methods is deteriorated at a low speed because of the increment 
of nonlinear characteristic of the system. The current paper 
proposes a new rotor speed estimation method to improve the 
performance of a sensorless vector controller in the low speed 
region and at zero speed. From the stator voltage equations in 
the stationary frame it is obtained [17]: 

BXФY%XZ � \%\} $vX0 � R0iX0 � σL0 X4Y�XZ &XФd%XZ � \%\} $v�0 � R0i�0 � σL0 X4d�XZ &O                 (17) 

 
Using the rotor flux and motor speed, the stator current is 

represented as: 

BiX0 � ,\} $ФX# 2ω#T#Ф�# � T# XФY%XZ &i�0 � ,\} $Ф�# �ω#T#ФX# � T# XФd%XZ &O              (18) 

 
where, Tr=Lr/Rr is the rotor time constant. 

From the equations (17) and (18) and using the estimated 
speed, the stator current is estimated as: 

BiX0f � ,\} $ФX# 2 ω#fT#Ф�# � T# XФY%XZ &i�0f � ,\} $Ф�# �ω#fT#ФX# � T# XФd%XZ &O             (19) 

 

Where, ids
e 
and iqs

e 
are the estimated stator currents and ωr

e 

is the estimated rotor electrical speed. The vector control rotor 
flux oriented is called direct or indirect method to estimate the 
rotor flux vector. 
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Fig. 5 Block diagram of IFOC scheme based IM drive. 
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V.  ADAPTIVE CURRENT HYSTERESIS BAND CONTROL  

The hysteresis band is used to control load currents and 
determine switching signals for inverters gates. Suitable 
stability, fast response, high accuracy, simple operation, 
inherent current peak limitation and load parameters variation 
independency make the current control methods of voltage 
source inverters.  

+
-

-h                  h
i*

i

Pulses e

 

Fig. 6 Principle of Hysteresis Current Control. 

 

In this approach the current error is difference between the 
reference current, and the current being injected by the inverter 
e(t)= Iref (t) - iInj(t) . When the error current exceeds the upper 
limit of the hysteresis band, the upper switch of the inverter 
arm is turned OFF and the lower switch is turned ON. When 
the error current crosses the lower limit of the hysteresis band 
(HB), the lower switch of the inverter arm is turned OFF and 
the upper switch is turned ON [18]. As a result, the current gets 
back into the hysteresis band. The switching performance as 
follows: 

s � �  0          if    i�U�5t:  � i#f�5t:  2  HB 1          if    i�U�5t:  � i#f�5t:  �  HB O              (20) 
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Fig. 7 Principle of Hysteresis Current Control. 

 

Fig. 8 Simulation of Hysteresis Current Control. 

 

VI.  FUZZY LOGIC CONTROLLER  

The  maximum  power  that  can  be  delivered  by  a  PVG  
depends  greatly  on  the  insulation  level  and  the operating 
temperature.  Therefore, it is necessary to track the MPP all the 

time. They have the advantage to be robust and relatively 
simple to design as they do not require the knowledge of the 
exact model. They  do  require  on  the  other  hand  the  
complete knowledge  of  the  operation  of  the  PV  system  
show in Fig. 9. 

Fuzzification  Inference

Rules

defuzzification  

e

∆e

Duty

 

Fig. 9 General Diagram of Fuzzy Logic Controller. 

 

The FLC input variables are the error (e) and derivate of 

error (∆e) at sampled times k defined by [19]: 

� e5k: � |5�:?|5�?,:�5�:?�5�?,:
∆e5k: � e5k: � e5k � 1:O                             (21) 

 
Where, P(k)  is  the  instantaneous  power  of  PVG. The FL 

tracks the MPP based on master rule of “If X and Y, Then Z” 
[20]. The  fuzzy inference  is  carried  out  by  using  
Mamdani's method and  the  defuzzification  uses  the center  
of  gravity  to  compute  the  output  of  this  FLC which is  the 
optimum duty cycle The  control  rules  are  indicated  in  Table 

I  with  (e)  and (∆e) as inputs  and D as the  output, where D is 
associated  fuzzy  sets  involved  in  the  fuzzy  control rules . 

TABLE I 

FUZZY RULES 

∆e | e NB NM NS ZE PS PM PB 

NB NB NB NB NB NM NS ZE 

NM NB NB NB NM NS ZE PS 

NS NB NB NM NS ZE PS PM 

ZE NB NM NS ZE PS PM PB 

PS NM NS ZE PS PM PB PB 

PM NS ZE PS PM PB PB PB 

PB ZE PS PM PB PB PB PB 

 

VII.  SIMULATION  

Figure 10 shows the schema that is the basis of this study 
that fits in the field of renewable energy. The different parts are 
programmed to bases of their respective models and mainly 
two types of controllers are tested and their results analysed. 

 

Fig. 10 Diagram Bloc Photovoltaic System. 
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The results of simulations are presented in Fig. 11 and Fig. 

12 respectively, for fuzzy control and the classic one. Each of 
them shows flow, the superposition of the set point and actual 
torque and the evolution of the real speed and estimates under 
different levels of precautions. Concerning Fig. 11, we note 
that the stream stabilizes at its value at the moment 0.35 s is 
will remain to this goes them whatever the variation of load 
torque. Furthermore, there is a good follow-up of the load 
torque and the two speeds (actual and estimated) are close. 

In what is shown in Fig. 12, there is almost the same 
remarks as for the FLC command but the performance of the 
latter is better. 

 

 

 

Fig. 11 Flux, torque and speed with FLC. 

 

 

 

 

Fig. 12 Flux, torque and speed with PI. 

 

 

VIII.  CONCLUSION 

This work has allowed analyzing the performance of the 
string photovoltaic for different regimes of operation and under 
different con-signs of speed especially. For the two cases 
analyzed the effectiveness of the uncoupling control and 
maintained even for a command without sensor. Also, the blur 
setting ensures best performance compared to the classical PI. 
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