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     Abstract—Variable speed drives are growing and varying. 
Drives expanse depend on progress in different part of science like 
power system, microelectronic, control methods, and so on. 
Artificial intelligent contains hard computation and soft 
computation. Artificial intelligent has found high application in 
most nonlinear systems same as motors drive. Because it has 
intelligence like human but there are no sentimental against human 
like angriness and.... Artificial intelligent is used for various points 
like approximation, control, and monitoring. 
Because artificial intelligent techniques can use as controller for 
any system without requirement to system mathematical model, it 
has been used in electrical drive control. With this manner, 
efficiency and reliability of drives increase and volume, weight and 
cost of them decrease. 
 
     Keywords—Artificial intelligent, electrical motor, intelligent 
drive and control, 
 

I.  INTRODUCTION 
ECAUSE induction motors require low maintenance 
and are robust [8], have many applications in industry 

[9]. Along with industry progress, it indicates requirement to 
progresses drive with high performance [8]. DC motors are 
control abler than AC motors but they require much cost. In 
addition, in equal power, DC motors have higher volume 
and weight. Main variations in semiconductors, converters 
topology, analyze technique and simulation of electrical 
machines drive and newer control technique have had role in 
this progress [1]. 
Usually classical control is used in motors drive [8,10,11]. 
Design and implementation of Conventional controls have 
difficulties that nameable:  
a) It is basis on mathematical accurate model of system that 
usual it is not known [12,13]. 
b) Drives are nonlinear systems and Classical control 
performance with this system decrease [9,13]. 
c) Variation of machine parameters (especially in vector 
control [12]) by load disturbance [9], motor saturation [9,13] 
or thermal variations [13] do not cause expectation 
performance [9,13]. 
d) Classical linear control shows high performance only for 
one unique act point [13]. 
e) With choose improperly coefficient, classical control 
cannot receive acceptable result and suitable choose for 
constant coefficient in especial application condition with 
set point varying, necessarily is not optimum [14]. 
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Artificial intelligent techniques have extensive application 
in sciences [19]. Artificial intelligent embedding human 
intelligence into a machine so that it can think likes a human 
being [19]. Because artificial intelligent technique can is 
used as every system controller without requiring to system 
mathematical model, application of artificial intelligent 
technique are increasing in electrical drives [1,19]. 
Advanced control based on artificial intelligent technique is 
called intelligent control [12,19] that is known with 
"automatic control", "adaptive control" or "self organizing 
control" [12]. In addition, simplicity in implementation, 
noise influence cancellation elimination, system disturbance 
elimination and parameter variation decreasing are 
intelligent control enabling [13].  
Application of artificial intelligent techniques in electrical 
drives is increasing [7,12,1,20,21]. Intelligent controls act 
better than conventional adaptive controls [13,19].  
 

II. INTELLIGENT DRIVES  
     Motor drives contain three main parts: motor, controller 
and power electronic unit. If with a manner, intelligence 
factor is summed to one of this sections, that drive is called 
intelligent drive. 
 
    A.  Smart power switch 
     Smart power switch are devices that are produced with 
add pieces without require to main variation in previous 
design. They contain over voltage, current limiter, dV/dt or 
dI/dt, protection sensors [22,23,24]. These switches are used 
for switches protection against over voltage or current and 
maybe wrong resultant improperly circuit connection. 
     Also maybe division of circuit is designed and produced 
along with switch. Therefore, can increase reliability and 
application range of switch, circuit complexity and drive 
control system decreases so it causes simplistic design. 
 
    B.  Intelligent control 
     Controller in a driver is brain and decision center that 
contains two part, hardware and software. Hardware of 
controller unit has progressed in recent two decades. 
Software of control unit contains various control techniques 
that they are programmed into hardware. 
     Usually classical control is used in electrical motor 
drives. Conventional control is basis on know model of 
controlled system [25]. When there are system parameters 
variation [25] or environmental disturbance [26], behavior 
of system is not satisfactory [25,26]. In addition, usual 
computation of system mathematical model is difficult or 
impossible [26]. For design and tuning of conventional 
controller, there are many techniques like Broida [10,27] 
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and Nyquist or Bode diagram [12]. Using of classical 
controller in electrical motor drive with high performance is 
complexity and difficult [14,15]. 
     Advanced control based on artificial intelligence 
techniques is called intelligent control [19]. Every system 
with artificial intelligent is called self-organizing or 
autonomous system [2,5]. On 80 decade with fast growing 
in design and production of electronic circuits, 
microprocessors also were being high computation ability 
and speed. Availability [12,19] and powerful ability and 
industrial modern processors [8], DSP1, FPGA2 and ASIC3 
ICs with high power and speed and low cost [13] along with 
power electronic switches (like IGBT and IGCT [1]) cause 
that Intelligent control has been used widely in electrical 
drives [12]. 
     Artificial intelligent techniques divide two groups: hard 
computation and soft computation [2,4,5,8]. Expert system 
is belong hard computational that has been first artificial 
intelligent techniques [2,5]. Recently expert system has 
found wild application but has not had more application in 
electrical drives [2,8]. In recent two decades, soft 
computation has used more in electrical drives as 
microprocessor architecture improvement. Mains of them 
are: 
-Artificial neural network (ANN) 
-Fuzzy logic set (FLS) 
-Fuzzy-neural network (FNN) 
-Genetic algorithm based system (GAB) 
-Genetic algorithm assisted system (GAA) 
 
    C.  Smart motors 
     When monitoring and condition diagnosis are used with 
artificial intelligent during system Operation, permit 
machine that it shown intelligence [8]. In smart motors with 
sensors that are used in design and production, motor can 
test itself every time until is created a wrong like voltage or 
current increasing or temperature arising. Then it out puts 
itself from circuit automatically. 
 

III.  LABORATORY PROTOTYPE IMPLEMENTATION 
     This paper is intentioned three phases induction motor 
drive based fuzzy logic controller (FLC). Constant flux 
technique (V/F) [10,29,31] is used for induction motor 
speed control. For test of proposed fuzzy logic controller 
performance, driver is implemented.  
 
    A.  Block diagram of implemented circuit 
     Block diagram of implemented drive has shown in figure 
(1). 
     Using fuzzy logic principles in induction motor speed 
control has described in [6]. Figure (2) shows block diagram 
of PI fuzzy logic controller [30,3]. Speed error                
( 11 fi ωωω −=∆ ) is calculated with comparison between 

reference speed command and speed signal feedback. Speed 
error and speed error changing are fuzzy controller inputs, 

1 - Digital Signal Processor 
2 - Field Programmable Gate Array 
3 - Application Specific Integrated Circuit 

so must speed error changing                 
( 12)( ωωω ∆−∆=∆∆ ) is be calculated. 
 

 
Fig. 1 Block diagram of implemented drive 

 
     Input variables require be normalized which range of 
membership functions specify them, in figure (2) 
normalization factors have shown with K1 and K2. Suitable 
normalization has direct influence in algorithm optimality 
and faster response [30,6]. 
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Fig. 2 Block diagram of PI fuzzy logic controller 

 
     Figure (3) shows normalized membership functions for 
input and output variables. Fuzzy logic controller operation 
is basis on control expression of table I. 

 
Fig. 3 Input and output Membership functions 

 
TABLE I 

FUZZY CONTROLLER OPERATION 
e∆   PB PM PS ZE NS NM NS 

Output e 
ZE NS NS NM NM NB NB NB 
PS ZE NS NS NM NM NB NM 
PS PS ZE NS NS NM NM NS 
PM PS PS ZE NS NS NM ZE 
PM PM PS PS ZE NS NS PS 
PB PM PM PS PS ZE NS PM 
PB PB PM PM PS PS ZE PB 

 
    B.  Laboratory results 
     For evaluation of implemented drive, different responses 
of drive are presented. Sampling time and interrupt time are 
2ms and 20us respectively. 
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     Step response of for 600 rpm reference speed with no 
load and full load condition has represented respectively in 
figure (4-a) and (4-b). Responses have drawn for 2 sec that 
motor speed is according to RPM. These responses is 
compared a driver responses with classical controller. In 
figures, driver responses with fuzzy controller are specified 
"FUZZY" and classical controller is represented "PI". In full 
load, driver response has almost similar trajectory with 
classical and fuzzy controller. Rise time nearly is 0.1 sec 
also in responses has be seen no overshoot. In no load, 
driver with fuzzy controller has response faster than 
classical controller response. Driver with fuzzy controller 
has almost received to reference speed at 0.1 sec, as this 
time in classical controller s nearly 0.15 sec. driver 
responses have not any overshoot. 
     Steady state error is %5 for each response. Few speed 
subsidence in steady state shows that motor flux has been 
fixed, comparison with no load condition. Because with load 
changing motor speed has not changed much and speed 
regulation is nearly suitable. 
 

 
(a): no load 

 
(b): full load 

Fig. 4 Step response 
     In another test, sudden changing has exerted in motor 
command speed. Speed command changing has been in tow 
cases: no load and full load with increasing and decreasing 
speed command. 
     Driver responses are depicted in figure (5) for no load 
case. Figures (5-a) and (5-b) show driver responses. In 
sudden increasing speed, first motor command speed is 400 
rpm. Reference speed is changed to 700 rpm at t=1 sec but 
in decreasing speed, primary motor speed is 700 rpm which 
is decreased to 400 rpm at t=1 sec. rise time in each case is 
nearly 0.1 sec. also there are no overshoot in responses and 
steady state error is dispensable. In these tests, speed 
regulation is almost suitable. 
     In figure (6) has depicted driver response to sudden 
speed changing in full load case. Driver responses have 
shown in figures (6-a) and (6-b) for increasing and 

decreasing reference speed respectively. In these tests, also, 
reference speed changing is exerted at t=1 sec. steady state 
error is almost %5. In each condition, driver rise time is less 
than 0.1 sec. driver response has not any overshoot. 
     Figure (7) shows driver response with changing in load. 
In steady state, motor speed is 700 rpm. At t=1 sec motor 
load is changed amount %10 of nominal load. In this 
condition motor speed decrease, approximately 40 rpm 
during 0.4 sec. as can see in figure after this time, motor 
speed returns to primary speed again. 

 
(a): increasing 

 
(b): decreasing 

Fig. 5 Sudden speed command  
changing-noload 

 

 
(a): increasing 

 
(b): decreasing 

Fig. 6 Sudden speed command  
Changing-full load 
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Fig. 7 Load-changing response 

 
IV.  CONCLUSION 

     Artificial intelligent technique can is used as electrical 
motor controller without requiring to system mathematical 
model. By this way, efficiency, performance and reliability 
of drives increase and volume, weight and cost of them 
decrease. For test of performance of an electrical motor 
drive, with fuzzy logic controller was implemented. It does 
not require to accurate motor and drive model. Induction 
motor drive was implemented with suitable speed 
regulation. Steady state error in speed control is acceptable 
and there is not any overshoot. Laboratory tests of speed 
driver show that design and implementation are suitable. 
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