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Abstract— In the paper a Proportional Integral Derivative (PID) 
controller design is proposed and performance analysis of an 
Automatic Voltage Regulator (AVR) has been performed. The 
output terminal voltage is maintained by The Automatic Voltage 
Regulator (AVR). It modifies field so as to control the voltage at 
the terminal by sensing error in terminal voltage and thereby 
modifying the excitation current. The Fuzzy Proportional-
Integral-Derivative controller is the tuner for the performance of 
the AVR system as it improves the rise time, overshoot, settling 
time and minimizing the steady state error. 

 Modeling of the Traditional system and techniques to 
analysis the system under study are too particular for glitches 
with real world complexity, and for minimizing the effect of 
complexity we introduce Fuzziness to attain a adequate output 
by modified membership functions and fuzzy sets.  

The parameters of Fuzzy Proportional-Integral-Derivative 
controller Kp, Ki, Kd effects the valve position through valve 
actuator proportional to the change in power demand with 
respect to power supply. Selection of suitable membership 
function for tuning Fuzzy Proportional-Integral-Derivative 
controller parameters plays an important role on the 
performance of the system. In the performance analysis for the 
system the performance with fuzzy tuning is compared with 
other controllers and different techniques of optimization which 
is expected to produce better performance.  

Keywords— Automatic Voltage Regulator, Fuzzy Proportional-
Integral-Derivative controller, fuzzy sets, membership functions. 

I. INTRODUCTION  

he demand in the power system is ever increasing with 
development. So as to fulfill the demand developments are 

being made, but not only quality but also the reliability has to 
be maintained with increased power transfer. The AVR is used 
to maintain the terminal voltage with change in power demand 
(i.e. load). The performance of the AVR can be further 
improved by application of different controllers such as PID, 
PI, PD, fractional PID, and the operation of the controller can 
further be modified positively by the application of optimizing 
heuristic algorithms. In the paper the study of AVR system 
with PID controller is done, the control parameters Kp, Ki, Kd 
is optimized by using Fuzzy logic.   

II. DESCRIPTION OF AVR ARCHITECTURE  

A. Mathmatical modeling of AVR system 

The AVR prototypical consists of the Amplifying block, 
Excitation control, Generation unit and voltage change 

measuring device in general. The modeling of each 
component is given below. 

1). Amplifier design 

The Amplifying block is modeled with a constant gain Ka 
and τa the time constant  
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Ka lies within 10–40 and the time constant τa of the 
amplifier lies within 0.02 to 0.1s. 

2). Exciter design 

The designed Exciter has  a constant gain and time 
constant 
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Characteristic values of gain Ke and time constant τe are 
lying within 1–10 and 0.4–1.0s respectively [1]. 

3). Generator design 

Generator has been modeled with a constant gain and a 
time constant 
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The generation constant and time constant Kg, τg are load 
reliant. Kg fluctuates between 0.7 and 1.0, and τg between 1.0 
and 2.0s from full load to no load. 

4). Design for the feedback 

A first-order feed forward function having gains Ks and τs 
as time constant. 
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Marginal value of τs vacillating in the interval of 0.001 to 
0.06s and Ks is considered to be 1.0. 

In Gozde and Taplamacioglu [2], the dynamics of the 
AVR model is taken to be: 

T 
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Ka=10.0, τa =0.1, Ke= 1.0, τe =0.4, Kg=1.0, τg =1.0, Ks=1.0 
and τs =0.01. The identical bounds are been considered for the 
modeling. 

Nominal or rated voltage is the operating voltage for all 
the equipment connected in the power system under normal 
operating condition.  

Any deviation of the voltage from this nominal or rated 
voltage can cause detoriation to the life span and performance 
of any equipment connected to the line. The line loss varies as 
per change in reactive power and the latter in turn varies with 
change in voltage level of the system, so to control the line 

losses the control over system voltage is required. An AVR is 
modeled into the power system to improvise on the methods 
for solving these problems [3]. 

There are basically two types of voltage in the generator 
unit namely stator voltage and the reference voltage; the AVR 
detects any modification between the voltages derived from 
the stator to that of reference. Then a slip pulse is generated 
from the difference of the voltages and after being amplified it 
is fed to an exciter block (excitation circuit) and thus the VAR 
balance of the system is maintained by change of excitation. 
This can also be termed as Megawatt Volt Amp Reactive 
control (MVAR) or Reactive Voltage control (QV).

Fig. 1. Block representation of an AVR with F-PID Controller 
 
 
 
 
 
 

 

 

 

 

 

 

Fig. 2. Block representation of an AVR with F-PID Controllerblocks reduced or simplified 
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III. FUZZY LOGIC 

   Fuzzy logic is nothing but the virtual significance of 
exactness. Fuzzy logic can be described in two different 
meanings. Primarily fuzzy logic is an addition of multi-valued 
rational system. Nevertheless in broader application fuzzy 
logic is tantamount to the fuzzy set theory. Fuzzy  set  concept  
has been eventually  presented  by  Lotfi  Zadeh  in  the 1960, 
which bear a resemblance to imprecise  reasoning as it  uses  
estimated  details  and improbability to reproduce assessments. 

 
Fig. 3. Process of Fuzzy logic application 

The fuzzy logic with 3 main steps of application:-  

1.  Fuzzification  

2.  Fuzzy inference  

3.  Defuzzification  

The principal standard be stability. Any marginal 
modification of the input response of an ambiguous process 
must not cause a significant modification to the signal 
produced. Secondly the condition known as disambiguate 
solely indicates the Defuzzification technique should generate 
a value for z whose result is always unique, i.e., no uncertainty 
present in the defuzzified result. This standard can‟t be 
verified by the method, focal point of prime area, the reason 
being, the prime membership functions with identical extent, 
and then uncertainty take place in selecting „z’. The third 
condition is termed to be plausibility. For satisfying the 
plausible condition, z ought to be just about in middle of 
support section of Ck that to with a greater degree of 
membership in Ck.  

IV. FUZZY LOGIC CONTROLLER 

The process variable (pv) and set point (sp) are being 
equated through a controller, it defines the slip and 
generates the regulating signal to reduce error. The 
terms e (k), ce (k), and cce (k) are mathematically defined 
as: 

 e (k ) = sp  -  pv 

 ce (k ) =  e(k) -  e(k-1) 

 cce (k ) =  ce(k) -  ce(k-1) 

 

 

 

 

Fig. 4. Structure of Fuzzy logic controller 

The FLC produces change in control variable cu(k) 
which is represented by control action. 

                     cu(k) =  u(k) -  u(k-1) 

Where u(k) is the present control variable. 

The variables e(k), ce(k), cce(k) and cu(k) are the 
control variations observed by FLC. Linguistic parameters 
such as negative large (NL), negative medium (NM), negative 
small (NS), zero (ZE), positive small (PS), positive medium 
(PM) and positive large (PL) are used for expressing the 
terms in the FLC.  

u(t) = h[t, x(t ), r(t)] 

u(t) the regulating input for r(t) which is the reference 
input to the system, and x(t) represent the  vector for the 
system states; the state vector may comprise magnitudes of 
system location, rapidity, or speeding up. Feedback control 
system gets stabilized theoretical by the law h and cause a 
adequate response. 

 
Fig. 5. limits of different membership function 

FIS works as follows. The fuzzy is obtained from the crisp 
input by means of conversion, by using fuzzification method. 
The rule base has been formulated once the process of 
fuzzification is completed. The knowledge base is an 
appropriate combination of both rule base and the database. 
Defuzzification is the method used to obtain the output in 
terms of real world value from fuzzy value  

1. A matrix of fuzzy rules is developed. 
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TABLE. I. RULES FOR FLC 

ce 

e 
NB NM NS ZO PS PM PB 

NB NB NB NB NB NM NS ZO 

NM NB NB NB NM NS ZO PS 

NS NB NB NM NS ZO PS PM 

ZO NB NM NS ZO PS PM PB 

PS NM NS ZO PS PM PB PB 

PM NS ZO PS PM PB PB PB 

PB ZO PS PM PB PB PB PB 

 

  

 
Fig. 6. Surface Rules for the FLC 

2. Apply the membership function to fuzzify the inputs. 

3. Application of the fuzzy rules for Combining the 
fuzzified inputs and formulate a rule to adequately perform in 
the regulation process. 

4. The output significance for rules were obtained by 
uniting both the output membership functions and rule 
strength.  

5. Output distribution was obtained by combination of 
the results from the previous step.  

6. In case of requirement of crisp output the  output 
distribution has to be defuzzified. 

V. APPLICATION OF FUZZY LOGIC 

 An improved version of fuzzy logic controller (FLC) i.e. 
multi-input integrated fuzzy logic controller (IFLC) is used for 
the optimization of the performance of the AVR system in the 
paper. A FLC and proportional derivative integral (PID) 
controllers has been used in the designing of IFLC. The 
response of the controller systems have been systematically 
studied for both transient and steady-state conditions. 

In this paper the tuning of the parameters of the PID 
controller has been done by using IFLC. Thereby improving 

the operation of the system. The IFLC being a new technique 
for optimizing the constraints for PID controller will be 
affective for optimizing the response of the AVR system 
which consists of rise time, peak time, overshoot and settling 
time. The error signal generated is to be modified by the PID 
controller so as to produce an excitation current which 
provides the best response for this system under certain 
operating condition. 
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Fig. 7. Flow chart of Fuzzy Logic application 

The foremost dissimilarity concerning Mamdani and 
Sugeno has been the output membership functions for the 
latter is either one linear or constant. Also the fuzzy rules 
applied are different causing suitably variation in their 
aggregation and defuzzification processes. As we can say that 
Mamdani can be replicated straightforwardly as compared to 
that of Sugeno method. 
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VI. SIMULATION AND OUTPUT RESULTS FOR THE AVR 

WITH FUZZY LOGIC CONTROLLER 

 The study of the above AVR System gives a insight of 
the power system instability due to terminal voltage of the 
generator. The generator terminal voltage can be analysised by 
studying the parameters such as rise time, peak time, over 
shoot, settling time and steady state error of the response 
obtained by the application of Fuzzy Logic Controller to the 
AVR system [4]. 

A. AVR output with Fuzzy Logic Controller 

The reference voltage and the output voltage for AVR 
system with implementation of fuzzy logic controller have 
been discussed below with the graph. It can be observed from 
the graph that the rise time, peak time and settling time of the 
response has been optimized [8, 9].   
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Fig. 8. Graphical output response of AVR with FLC 

B. AVR output with PID Controller 

The reference voltage and the output voltage for AVR 
system with implementation of fuzzy logic controller have 
been discussed below with the graph. It can be observed from 
the graph that the rise time, peak time and settling time of the 
response has been optimized. The steady state error has been 
improved by using PID controller in the AVR system [5, 10]. 
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Fig. 9. Graphical output response of AVR with PID controller 

C. AVR output with fuzzy PID controller 

The reference voltage and the output voltage of the AVR 
system with application of fuzzy logic controller have been 

discussed below with the graph. It can be observed from the 
graph that the rise time, peak time and settling time for system 
response has been optimized. The steady state error has been 
improved by using PID controller with FLC in the AVR 
system [7, 11]. 
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Fig. 10. AVR Output With fuzzy PID Controller 

The mathematical values of the response parameters rise 
time, peak time, overshoot and settling time for the AVR 
system with different controllers such as simple PID, Fuzzy 
Logic Controller and PID with Fuzzy Logic Controller has 
been shown in the following table for a comparative study. 

TABLE. II. Table for analyzing Parameters of the AVR with Different 
Controllers for a simple fault 

Type Of 

Controller 

Rise 

Time 

(Tr) 

Peak 

Time 

(Tp) 

Over 

Shoot 

(OS) 

Under 

Shoot 

(US) 

Settling 

Time (Ts) 

PID 0.42 4.695 01 -0.438 8.33 

Fuzzy 0.58 5.03 0.5 -0.84 13.23 

Fuzzy PID 0.54 4.77 2.62 -1.57 13.32 

From the above comparison of different controller we see 
that is a single disturbance is applied the PID controller has 
better response than fuzzy and Fuzzy applied to PID. But if 
another disturbance is being applied in the near future than the 
response of AVR system with Fuzzy PID controller [6], whose 
parameter are tuned by fuzzy implementation, should be more 
effective where the probability of cascading fault is more. 

TABLE. III. TABLE FOR ANALYZING PARAMETERS OF THE AVR WITH 

DIFFERENT CONTROLLERS FOR A CASCADING FAULT 

Type Of 

Controller 

Rise 

Time 

(Tr) 

Peak 

Time 

(Tp) 

Over 

Shoot 

(OS) 

Under 

Shoot 

(US) 

Settling 

Time (Ts) 

PID 0.36 0.620 0.362 -0.187 5.60 

Fuzzy 0.40 0.855 0.050 -0.660 8.50 

Fuzzy PID 0.32 0.550 0.318 -0.215 2.78 
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VII. CONCLUSION 

The performance is studied in terms of the Rise time (Tr), 
Peak Time (Tp), Over Shoot (OS), Settling Time (Ts), the 
results from the tables an also be verified from the figures. 
The analysis parameters rise time(Tr), Peak Time (Tp), Over 
Shoot (OS), Under Shoot (US), Settling Time (Ts) of AVR 
system with Fuzzy PID controller, were found to be  0.32, 
0.55, 0.318, -0.215 & 2.78 respectively which shows better 
performance as compare to other controllers. 
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