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Due to the non-linearity, complexity and time-varying dynamics of the Induction 
motor, therefore conventional controllers such as proportional-integral-derivative 
(PID) controller cannot ensure speed step response specifications in all speed range. 
This paper presents self tuning fuzzy PID (STFPID) controller to improve speed 
control of high speed three phase induction motor. the Mamdani Method fuzzy logic 
controller (FLC) tunes only the PID gains separately and the structure of the PID is 
not altered. In this paper, a two inputs and three outputs self adapting fuzzy PID 
controller was designed to control the speed of induction motor drive. The 
programmable logic controller (PLC) type Siemens Simatic S7-300 dominates the 
control system and the real time data communication between the PLC and personal 
computer (PC) using third party software like LabVIEW is realized using OLE for 
Process Control (OPC) server. Fuzzy logic is developed using fuzzy toolbox available 
in LabVIEW and OPC server fetch data from the OPC server. The proposed method 
can be used to realize data process and advanced control to improve the quality of 
the whole control system. The experimental results demonstrate that the remote 
STFPID controller (FLC is  PC based and PID PLC based) has better performance 
in both transient and steady state response when compared with conventional PID  
controller in both PLC and PC modes.  
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1. Introduction 
 

Previously, DC motors were preferred for precise wide range speed control. In recent 

times, With the rise of the technology in power electronic filed and development of 

relatively cheap convertors, use of AC motors are usual in electrical drives. In addition, they 

have a superior advantages over dc motors. But the most important features are robust and 

better performance at high speed and torque. In recent years, control of induction motor 

drives is a current interested research area, and the technology getting further advanced 

steps in this field[1].  

Generally, the adjustable speed drive with induction motor is non- linear system with 

continuously varying parameters with the rotor position, such as self inductances, mutual 

inductance between rotor and stator windings, because the saturation of magnetic material 

at great starting currents. An accurate nonlinear model of an actual induction motor is 

difficult to determine, also the parameters obtained from systems identification may be only 

approximated values. The volatile behaviour of Induction motor parameters during 

operating conditions and existence of noise in system are two main problems in motor 

control. So, it becomes a challenging task of motor control of complex, non linear and time 

varying systems using conventional methods [2].  
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Although the conventional proportional-integral- derivative (PID) controller is linear and 

can operate properly only in a certain point of all operating range and has low precision and 

slow response. Also, the PID controllers are widely used in industries for control of 

different plants and have a reasonable performance. This performance, however, may not 

be suitable for some applications such as AC drive speed control. Therefore it can never 

achieve perfect control for a wide range of desired points, that is, keep the speed of the 

motor continuously at the desired speed value even when the motor subjected to a 

disturbance or changes from a desired speed value to another.  

With convention speed control techniques, desired speed tracking with acceptable 

accuracy in case of abrupt disturbances and parameter variation cannot be achieved and 

this problem can be suppressed by execution of advanced control techniques such as 

adaptive control, fuzzy logic control (FLC) and artificial neural network (ANN). Fuzzy 

control theory endows a nonlinear controller which can perform complex nonlinear 

control action even for indefinite nonlinear systems [3]. It is an obvious requirement to 

tune the parameters of PID controller to attain optimal state under field conditions. An 

adaptive fuzzy logic based PID controller design is suggested to get better results than 

conventional one [4]. 

Nowadays, fuzzy systems are applied in wide range of industrial and academic fields 

such as control, signal possessing, medicine, and etc. This paper discusses a Fuzzy 

Logic Based Intelligent controller. Also FLC Controller  does not need precisely and 

complex mathematical algorithms ,this technique based on the IF_THEN linguistic 

rules. 

Recently, Ethernet has been used in networked control systems (NCSs). Although 

Ethernet is a nondeterministic protocol and induced delay is random, in many studies, 

that it can be used in NCSs. Ethernet is widespread nowadays in communication 

systems because it has been proven to be a very successful protocol. By using such a 

protocol, installation and maintenance costs can be reduced in industrial applications 

[5]. A part of design the program structure by its own proprietary software, the 

convenience part of PLC is the accessibility and controllability by other software, such 

software must have driver utility of the particular PLC. Therefore engineers can use 

third party software such as LabVIEW[6], which has various types of industrial 

applications as a virtual  instrument  (VI)  instead  of  the  high cost real  hardware. 
In this paper NI OPC Server was used to establish real time communication between PC's or 

human machine interface (HMI) and S7-300 PLC. The  OPC server  provides  data  exchange 

among control system devices. When the simulated algorithm is implemented using hardware 

through other means, it would be complex  and expensive, this   method   reduces   the   

hardware complexity and cost that is involved[7]. 

In this article a STFPID controller is implemented using Centroid (center of area) 

method in the defuzzification process because provide superior control performance and 

many previous researchers recommended this method due to the simplicity of calculations. 

Finally the comparison between  proposed STFPID controller and traditional PID controller 

in both local and remote control was presented In section 6. 

 

2.  Fuzzy logic control 

 

A human experience can be mimicked by Fuzzy control system using fuzzy rule-based 

system by converting linguistic control into automatic control algorithm. One of FLC 

advantages is that it shows high performance control without requiring mathematical model 

of the system, the benefit of this valuable feature is essentially required for systems with 

complex mathematical model such as three phase induction motor. Moreover this technique 

capable to control nonlinear systems with high performance [8]. 
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Generally, The structure of fuzzy logic controller contains four main parts which are 

Fuzzification , Knowledge Base , Inference Engine  and Defuzzification as depicted in Fig 1. 

 

 
The converting crisp input signals to linguistic variables and classifying it into 

membership functions are implemented in the fuzzification interface, the shapes of the 

membership functions could be Triangular, Trapezoidal, Singleton, Sigmoid, or Gaussian. 

In this paper the triangle membership functions for fuzzy input and output are chosen as 

illustrated in Fig. 2. The degree of membership follows (1). 
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where: a is the lower limit ,c is the upper limit , and a value b is intermediate 

value.  

A grade of membership (a value between zero and one), which measures the 

compatibility of the signal to the membership function, which is assigned to the signal. 

Each membership function is identified by a linguistic variable like small, large, and very 

large. Fig. 3 shows triangular membership functions for the error ,change in error and  the 

output of the controller with fuzzy labels NL (negative large), NM (negative medium), NS 

(negative small), ZE (zero), PS (positive small),PM (positive medium), and PL (positive 

large).  

The decision-making logic is hold by Knowledge base that consists of a data base and a 

rule base, the data base provides information for the proper operation of FLC. This 

Fig. 2.  Triangle membership function. 

Fig. 1. Structure of a fuzzy logic controller 
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information consists of the input and output membership functions, the rule base is a 

collection of linguistic statements relating the input signals to desired outputs, and then the 

rule base infers the fuzzy output, the basic function of the inference process is to determine 

the value of the controller output based on the contributions of each rule in the rule base. 

Many researchers began to combine PID control strategies with fuzzy logic concepts. 

Proposed fuzzy self-tuning of PID controller is used to find the fuzzy logic relationship 

between three gains 
p i

K ,T  and 
d

T of PID controller according to speed error E and its 

change E∆ . Such synthesis of the FLC and PID controller is able to control nonlinear 

system and make the controlled induction motor attain desired dynamic and static 

performance.  

 

 

Fig. 3. Membership function: (a) Error. (b) change of error 
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Composite fuzzy-PID controller is designed in a manner, that system under control 

would be stable, overshoots, oscillations, response time and steady state error should be as 

small as possible [9].  

In this stage, the variables are processed by an inference engine that executes 49 rules 

(7 7)×   are adopted  for each parameter as shown in Table I. , these rules are established 

using the knowledge of the induction motor  behaviour and the experience of control 

engineers. 

  
TABLE I 

Fuzzy Control Rules For Controller Gains  

p i d
K , T , T  Change of Error E∆  

NL NM NS ZE PS PM PL 

T
h

e 
E

rr
o

r 
E

 

NL 

PL PL PL PL PL PL PL 

PM PM PM PM PM PM PM 

ZE PS PM PM PL PL PL 

NM 

PM PM PM PM PM PL PL 

PM PS PS PS PS PS PM 

PS PM PM PL PL PL PL 

NS 

PM PS PS PS PM PM PL 

PS PS PS PS PS PS PS 

PM PL PL PL PL PL PL 

ZE 

ZE ZE PS PS PM PM PM 

PS PS PS ZE PS PS PS 

PM PL PL PL PL PL PL 

PS 

PM PS PS PS PM PM PL 

PS PS PS PS PS PS PS 

PM PL PL PL PL PL PL 

PM 

PM PM PM PM PM PM PM 

PM PS PS PS PS PS PM 

PM PM PL PL PL PL PL 

PL 

PL PL PL PL PL PL PL 

PM PM PM PM PM PM PM 

PL PL PL PL PL PL PL 

 

A defuzzification converts the fuzzy output into a crisp output signal. Based on rule base 

which is used to infer the fuzzy output, a For a given pair of crisp input values x and y the 

antecedents are the degrees of membership obtained during the fuzzification: 
1
( )µA x  and 

1
( )µB y . The strength of the Rule is the minimum component, as in (2). 

1 1
( ) min[ ( ) ( )] (2)C z A x and B yµ µ µ=  

more than one activated rule, e.g. Rule m and Rule n, assign the same output, then the 

strength of the rule will follow (3). 

& 1 1

2 2

( ) max{min[ ( ) ( )],

min[ ( ) ( )]} (3)

m n
C z A x and B y

A x and B y

µ µ µ

µ µ

=
 

In fuzzy logic algorithm a Mamdani model is used. Fig 4 shows the inference system for 

two crisp input x and y and one output z. The block diagram of a proposed STFPID 

controller of high speed induction motor is shown in Fig. 5  [10].  
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Where formulation of centriod method as following: 
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This work proposes the application of STFPID controller for induction  motor drive 

combining the advantages of PID controller at steady state and STFPID during transient 

state [11], [12]. The flowchart representation of the proposed STFPID Controller is shown 

in Fig.6. 

Fig. 4. Mamdani fuzzy inference using min-max 

Fig. 5. Block diagram of a Fuzzy logic controller 
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3. OPC system and OPC Server 

 

OPC server is an OLE (Object Linking and Embedding) based standard for 

communication between measuring devices and controllers on windows operating 

systems such as SCADA, HMI, or DCS with different communication standards[13]. 

Fig.7 Illustrates the OPC system structure. 

 
 

4. System Design , Process Implementation  

A.  System Design 

In this paper there are two schemes of controller, Local control and Remote control were 

implemented in real time processes. In local control system, PID controller, directly 

implemented the control algorithm in PLC using the available instructions (PLC executed 

the PID controller) as shown in Fig 8(a) In this scheme, the PC is assigned to execute the 

Fig. 7. OPC server , OPC clients and different OPC vendors 

hardware devices. 

 

Fig. 6. Flowchart of self tuning Fuzzy PID for induction  

motor drive system. 
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FLC and used as (HMI) device for data acquisition and supervising process data of the 

system. 

In the second scheme, the PC device executed FLC and the controller itself remotely 

through the Ethernet network (PC device executes both FLC and PID controller) , and the 

OPC client is connected through the OPC communication to the PLC via Ethernet network 

this scheme is illustrated in Fig 8(b). Here, the PLC is act as an electronic interface module. 

Remote PID control and fuzzy logic control mode will be implemented via this scheme, 

while local PID control mode established by the first scheme.  

 

 

B. Process Implementation  

The Ethernet control systems presented in this paper used to control the speed of three 

phase induction. In order to achieve the objectives, by using OPC server the 

communication between PLC and LabVIEW which is the 3rd party software is established. 

Thus, the implementation used LabVIEW to perform as a controller programming 

environment. 

However, this system can be also a SCADA system and data logging since there is 

practical data collected and acquired from the actual input/output signals from the physical 

system, the close loop feedback is the actual speed that can be read from the 

Tachogenerator install at the same shaft of the induction motor Fig.9 shows the whole 

system components and hardware configuration.  

 

Fig. 8.  Network structure of the proposal control system: (a) 

local control (b) remote control 

(b) 
(a) 
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The frequency inverter (Micromaster 420 type) is connected to the PLC through the 

analogue output channel of the Remote Terminal Unit (RTU), the RTU has digital output 

modules for digital operation Like ON-OFF inverter , switch ON-OFF several loads and so 

on, in addition to three analogue input channels to read the analogue values of the motor 

speed , current or voltage frequency.   

Usually scalar control method, which is also known as Volts-per-Hertz control (V/Hz), is 

used to control an induction motors, this technique has proven itself for a wide range of 

applications. 

The PC is realized the HMI to display the critical motor values and enabled as well as 

the input of desired drive speed in the graphic interface, the aim of communication of the 

OPC is to enable monitoring of a certain process from any computer (client) that is 

connected to the network, the physical structure of the system is shown in Fig .10.  

 

 
. In reality, the controlled object is usually away from the place where it is controlled, in 

this study the distance not exceeds 100 meter it depends on the RTU specifications, this 

distance is enough in field of medium size industrial plants, laboratory building in 

universities or technical institutes. The controller of real-time remote control system 

comprised a PLC type SIEMENS SIMATIC S7-300 series. connected to RTU through 

Fig. 10.  Components of the system in the laboratory. 

Fig. 9.  Overall system plan. 
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PROFINET IO device interface module IM 151-3 PN HF (Transmission rate 100 Mbps) 

through the Industrial Ethernet switch SCALANCE X005, the delay of RTU module and 

Ethernet switch is about 6 microsecond (for 100 m length) in such control system this delay 

can be neglected. 

 

5. Design of LabVIEW VIs 
 

To varying the speed of the motor by changing the frequency of the motor using the 

speed slider in the front panel of the VI program, by this panel the user can also make the 

decision of the start and stop operation of the motor, switch ON-OFF loads and interact the 

operation mode between Local control and Remote control modes or fuzzy and non-fuzzy 

logic control. Fig .11 illustrates the general VI Front Panel of the LabVIEW project.  

The communication between LabVIEW and S7-300 PLC is realized by means of NI 

OPC server  2013, the basic objects of the OPC server are OPC data access client objects, 

Data access group objects and Data access item objects. Fig.12 pictured the VI block 

diagram of the STFPID closed loop control system.  

To exchange the data between LabVIEW and OPC Server can be performed either 

synchronously or asynchronously. In synchronous mode, LabVIEW will wait for the 

operation to complete before continuing with the next one. But asynchronous mode allows 

LabVIEW to continue processing while the operation takes place in the background. In this 

paper the asynchronous mode is used to realize the data communication between LabVIEW 

and OPC server.  

 

 
An important graphs or trends can be drawn in real time and relevant data can also be 

easily saved for another operation and analysis, as shown in Fig.11 illustrated the trends of 

speed, error of the speed, change error of the speed, frequency of the output voltage of the 

inverter and the current drawn by motor.  

Fig .11.  VI front panel of STFPID  used centre of area as defuzzification 

method. 
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6. Experimental tasks and results 

 

In this section the experimental results will be shown, by select the desired speed of 

the motor in (RPM) and considering the system response for both local and remote real 

time control system, after setting the OPC server/client parameters, the system's 

responses were held in to cases with the same PID controller parameters, by using the 

one of SIMATIC S7-300 self tuning instructions like TUN_EC instruction which is 

suitable for continuous PID controller, the optimal parameters found are Kp=0.200 Ti= 

90.0 ms Td=1.0 ms and comparing the speed response of the system local mode (as 

reference because there is on delay or latency) with the speed response of the local and 

remote mode for PID and STFPID control system when a sudden applied 75% loading at 

second 5 and when released at second 7, Fig.13 shows the time response of each case.  

From the obtained results it can be concluded that STFPID in both PC and PLC-based 

mode have a very good control performance (tracking) achieved without significant 

overshoot or undershoot , small settling time and relatively quick rise time, numerical 

comparison between the performance of STFPID and PID, in terms of overshoot , rise 

time and settling are tabulated in Table II. 

 

 
 

Fig.13.  The step responses of the PID and STFPID for local and remote  mode. 

Fig .12.  VI block diagram  of STFPID  remote mode. 
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From Table II. it is clearly noticed that the advantages present in STFPID (negligible 

overshoot and undershoot) and small  settling time when compared to conventional PID 

controller, the large overshoot of PID PC-Based (remote mode) it is due to the delay of 

acquisition rate or update rate (10ms minimum) of the used OPC server. The steady 

state error is minimise for all modes of control system techniques because the PID 

controller has perfect steady state error, also multistep speed input is evaluated for PC 

and PLC mode control system as shown in Fig. 14 and Fig. 15 respectively. 

 

 

7.  CONCLUSIONS 

 

This paper proposed a software and hardware solution for local and remote control 

system of an induction motor, using both PLC-based and PC-based controller via 

PROFINET and OPC network. The results have demonstrated that very good control 

performance of the system can be achieved. so system's stability is guaranteed in both 

local and remote control, by using NI OPC server  2013 OPC server the communication 

between PLC and LabVIEW which is the 3rd party software.  

TABLE II 

The Performance Index Of Proposed Control System  

Control system 
OS 

% 

Rise Time 

mSec. 

Settling 

Time Sec. 

PID (local or PLC mode)  --- 442.0 0.935 

PID (remote or PC mode)  10.9 275.0 0.730 

STFPID ( local or PLC mode )  --- 350.0 0.845 

STFPID (remote or PC mode)  2.5 386.0 0.557 

Fig.14.  The step responses of the PID and STFPID PC-based control system. 

Fig.15.  The step responses of the PID and STFPID PLC-based control system. 
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The results obtained from experimental tasks demonstrate a possibility to establish 

the STFPID PLC-Based for real time remote control over the system while ensuring 

system’s stability, and good performance for a wide range of speed,  

In adaptive fuzzy PID controller, the controller coefficients are continuously updated 

according to error and change in error using fuzzy rules. The controller response is tested 

for reference speed tracking and load changes. During load disturbances, the adaptive fuzzy 

PID controller adapts the controller parameters to maintain desired operation which shows 

robustness of system. 

Finally, it is strongly recommended that implementing the proposed remote control 

system in field of medium size industrial plants, laboratory building in universities or 

technical institutes as low cost remote control system.  
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