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Abstract

This paper presents the study and comparison of controller applied for stabilization of an automatic voltage regulator (AVR)
system. The AVR without any controller does not ensure robust stability of the system. To ensure this characteristic, PID
controller is used in conjunction with voltage regulator and PSO algorithm is used to tune the parameters of PID to get the
better outputs. MATLAB turned out to be a useful tool and it is used for the optimization process. The paper also shows us
the comparison of AVR output without controller and with PSO tuned PID controller.
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Introduction

A voltage regulator is defined as any electronic or electrical
device that maintains the voltage of a system within an
acceptable limit. It is designed such as to maintain a constant
voltage level spontaneously. An AVR (Automatic Voltage
Regulator) system can simply be a “feed-forward” design or
may comprise negative feedback control loop. Relying upon the
different designs it can be used to control one or more than one
AC voltages or DC voltages. A basic AVR consists of following
components: i. Amplifier, ii. Exciter, iii. Generator and iv.
Sensor.

PSO or Particle Swarm Optimization technique is grown
rapidly. There are 3 parameters for PID controller namely
proportional, integral and differential which are optimized using
PSO techniques. Similarly for Hybrid controllers the selection
of weighting function parameters is done using the PSO
technique.

In past decades, many processes are suggested to tune the PID
parameters. The PSO technique which was first introduced by
Kennedy and Eberhart, is an interesting algorithm. This
algorithm is found robust in resolving continuous non-linear
optimization problems.

This technique can produce a high-quality with stable
convergence characteristics and shorter calculation time than
other methods. This algorithm has a lot of applications in the
engineering fields. This has many useful applications in
engineering fields also. Controllers are designed by using IAE
(Integral Absolute Error) criteria by using MATLAB simulation
and comparison is done for the AVR output.
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Modelling of AVR

AVR is a voltage regulator, which keeps the output voltage at a
constant value. This is used with a system to keep the terminal
voltage at the specified level i.e. constant magnitude. In an AVR
by mathematical modelling and transfer function of the
components specified above must be linearized, in which the
saturation or other non- linearity has been ignored and major
time constant is considered. The transfer function of these
components may be modelled, and is shown in Figure-3 with
transfer functions'.
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Figure-1: Simple model of an AVR.
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The excitation system of the generator maintains the generator
voltage and also regulates the reactive power flow by means of
an AVR®. As the work of the AVR is to maintain the
synchronous generator voltage. Hence, the change in AVR
system stability may severely affect the power system and its
security. Following analysis shows, a practical AVR with PID
controller, and with Hybrid controller are adopted for testing the
performance of an AVR and the results are compared.

Methodology for PID controller tuning

For tuning of PID controller for AVR, Out of the various
optimization technique PSO with IAE criterion has been
employed' It is a population based optimization technique and
is encouraged through the societal behavior of fish schooling
and bird flocking. The basic algorithm of PSO is as follows:

Step-1 State the upper and lower boundaries of the three
controller parameters and initialize arbitrarily the individuals of
the population including velocities p,,, , searching points and

g best |
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Step-2 Compute the fitness value of every individual in the
population by means of the evaluation function.

Step-3 Compare every individual‘s evaluation value with its
Dyes; The best evaluation value out of all p,,, is denoted as g, ., -

Step-4 Alter the member velocity v of every individual & .
(1+1) (1)

— J (1)
Vi, =0Xv +c rand()X(p,,m,‘y —kj,g)

+c; rand )% (8, —k\) ) (1)
Where: j=1,2,3.....n, g =1,2,3.....n here the value of @ is set.
When g isl v,  signifies the alteration in velocity of kp,

controller parameter. When g is 2, signifies the alteration in the
velocity of K, controller parameter. When g is 3, signifies the

alteration in velocity of K, controller parameter.
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Figure-2: Flowchart of parameter optimizing procedure using PSO'?.
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Step-SIf v\ >V™ then V1) =y )

8

If v.(,.{ﬂ) >V™ then vﬁ.’:) =yme 3)

-8 8

Step-6 Modified the member of every individual k .

(t+1) _ 7.(1) (1+1)

kj,g - kj,g Ve )
min (1+1) max

k< KD < g Q)

Where: k;"i" and k" signifies the lower and upper boundaries,
respectively, of member g of the individual. When value of g is
1, the upperand lower bounds of the K, controller parameter are
K" and K™ respectively. When value of gis 2, the upper
and lower bounds of the K, controller parameter are K™ and

K™ respectively. When the value of g is 3, the upper and lower

bounds of the K, controller parameter are z mux and K i
d

Step- 7 If the number of iterations reaches the peak value then
go to Step 8. Else, go to Step 2.

Step-8every individual produces the latest is an optimal
controller parameter.'

Figure-2 shows the flow chart of PSO tuned controller, first of
all, the population is initialized and fitness value of each particle
is calculated®>. Individual Poest and the global best values are
calculated.

Model of an AVR with Pid controller

A PID controller is used to reduce or eliminate the steady state
error along with to improve the dynamic response of the overall
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system.” PID stands for proportional integral and derivative
control, the proportional term amplifies the gain, and integral
controller increases the type of the system by adding a pole at
the origin and reduces the steady state error. And the derivative
controller helps to improve the transient response by adding a
finite zero to the open loop plant transfer function’. The transfer
function of a PID controller is given as

K.
G,mz (s) = KP +—+K,s
§ (6)
Therefore the alteration in terminal voltage AV(s) of the

system respect to a alteration in input reference voltage AVWf(s)

is given as

K
AV (s)= {AVW(S)—(H_Y‘: YJAV,(S)}

o e (ar) e g
1+T,s )\1+T,s \ 1+T,s s

The simulation result under matlab

The various step responses are simulated in MATLAB and there
comparative study has been tabulated, using characteristic
parameters of the step response of AVR without PID, AVR with
PID in Figure-4 step response shows oscillatory behavior for
quite a time and the peak is even high with respect to other
controlled AVR.

Figure-5 shows the step response of AVR with PID control
having parameters set toK, =0.26,K, =landK, =0.25

Thus, there is an improvement in the system response.

Vi
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Figure-3: Complete Block diagram of AVR-PID controller.
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Figure-4: AVR without PID controller step output.
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Figure-5: AVR with PID controller step response.

Comparison between PSO-PID tuning and Conventional PID tuning for Maximum Iteration=30

Output (PU)

[ [
== PSO-PID Tuning

Time (sec)

Figure-6: Comparison of step response of PSO-PID tuned AVR and a conventional PID tuned AVR for 30 iterations.
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Figure-6 shows the comparison of the PSO-PID tuned AVR and
AVR without controller. The optimum value obtained are,
K,=0.3911, K, =0.4232 and K, = 0.2036 from the above step

response it is clear that on employing PSO techniques to hybrid
controller it will result in better outputs.

Table-1: Comparison of various parameters for different
controllers.

Method Overshoot T, T, T,
Conventional
AVR without PID 137.88 2217 0.0399 | 0.1625
I’?I\];R with PSO-| 4 99 | 32032 | 0.2867 | 0.5590

Table-1 indicates the PID tuned AVR also compensate on
overshoot whereas it doesn’t reduces the peak time, settling time
as PSO-PID tuned controller.

Conclusion

The analysis is done on the AVR with and without controller in
this paper. The AVR with PID controller tuned by PSO is much
better than the AVR without controller. There are less
oscillations in the output with controller and it also reduces the
maximum peak overshoot of the system but it does not affect
significantly on the settling time, rise time and peak time.
According to the above analysis the automatic voltage regulator
with PSO-PID controller is comparatively more relevant and
accurate.

Acknowledgement

We are very thankful to Chhattisgarh council of science and
technology, Raipur (CCOST, Raipur) for continuous support.
The work is supported by Chhattisgarh council of science and
technology,  Raipur  under the reference  number
2943/CCOST/2016, project entitled ‘“Implementation of
laboratory Scale Micro-grid incorporating renewable Energy
Source” dated 31.03.2016.

References

1. Yoshida H., Kawata K., Fukuyama Y., Takayama S. and
Nakanishi Y. (2000). A particle swarm optimization for
reactive power and voltage control considering voltage
security assessment. /EEE Transactions on power systems,

15(4), 1232-1239.

2. Gaing Z.L. (2004). A particle swarm optimization approach
for optimum design of PID controller in AVR system. IEEE
transactions on energy conversion, 19(2), 384-391.

International Science Community Association

10.

11.

12.

Res. J. Engineering Sci.

Nirmal J.F. and Auxillia D.J. (2013). Adaptive PSO based
tuning of PID controller for an Automatic Voltage
Regulator system. In Circuits, Power and Computing
Technologies (ICCPCT), 2013 International Conference on
IEEE, 661-666.

Shabib G., Gayed Mesalam Abdel and Rashwan A.M.
(2010). Optimal Tuning of PID Controller for AVR System
using Modified Particle Swarm Optimization. 14th
International Middle East Power Systems Conference
(MEPCON’10), Cairo University, Egypt, December 19-21,
2010, Paper ID 170.

Kasilingam G. (2014). Particle swarm optimization based
pid power system stabilizer for a synchronous machine.
World Academy of Science, Engineering and Technology,
International Journal of Electrical, Computer, Energetic,
Electronic and Communication Engineering, 8(1), 111-116.

Anderson A. and Fouad A. (1994). Power System Control
and stability. IEEE Power systems.

Bhatt V.K. and Bhongade S. (2013). Design of PID
controller in automatic voltage regulator (AVR) system
using PSO technique. International Journal of Engineering
Research and Applications (IJERA), 3(4), 1480-1485.

Solihin M.I., Tack L.F. and Kean M.L. (2011). Tuning of
PID controller using particle swarm optimization (PSO).
International Journal on Advanced Science, Engineering
and Information Technology, 1(4), 458-461.

Wong Ching-Chang, Li Shih-An and Wang Hou-Yi (2009).
Optimal PID Controller Design for AVR System. Tamkang
Journal of Science and Engineering, 12(3), 259-270.

Clerc M. and Kennedy J. (2002). The Particle swarm-
explosion, stability, and convergence in a multidimensional
complex space. IEEE Transactions on Evolutionary
computationvol, 6(1), 58-73,

Martins Fernando G. (2005). Tuning PID Controllers using
the ITAE Criterion. Int. J. Engng Ed., 21(5), 867-873.

Singh M., Patel R.N. and Jhapte R. (2016). Performance
comparison of optimized controller tuning techniques for
voltage stability. 2016 IEEE First International Conference
on Control, Measurement and Instrumentation (CMI),
IEEE, 11-15.



