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Abstract: The use of electronic ballast and switching mode
power supply in energy conservation has caused power quality
problems and less reliable output voltage. Power factor correction
(PFC) converters and output voltage are conventionally regulated
using the PID controller to condense the current harmonics,
increase the power factor and regulate the system output voltage.
In general, their output is not very appropriate for non-linear
systems. Because this approach is highly non-linear, the PID
controller gain optimized in this paper using the grey wolf
optimization algorithm to increase the power factor and boost the
stability of the AC to DC process output voltage. The simulation
studies to demonstrate the efficacy of the proposed grey wolf
optimized PID controller is performed in MATLAB Simulink to
achieving balanced performance and high power factor.

Keywords : Grey Wolf Algorithm, Power Factor Correction,
PID controller, Voltage regulation.

. INTRODUCTION

N ow day’s the numerous linear and nonlinear loads used

in electrical power system i.e., the energy-efficient ballast,
solid state motor system and personal computers are the
nonlinear loads used in the power system. Because of
nonlinear loads, the current shape is non-sinusoidal and it
causes the problem in power system. Modern rectifiers and
similar instruments take the non-sinusoidal current and the
harmonics distort it. In general, the diode rectifier in the
AC-DC conversion systems is used by a switched mode
power supply. The input current of the AC system draws the
non-sinusoidal current, i.e. fast pulsing current, due to the
diode rectifier [1]. In the diode rectifier, the current peak
value is always high to provide the same amount of power in
the form of short pulses. Because of this effect, in the power
system control system, wiring, circuit breakers and
distribution equipment are under stress.
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As a consequence, harmonics are produced in the current;
the supply system's power factor is reduced due to
non-sinusoidal current and non-standard total harmonic level
[2]. In order to reduce the stresses in the power system
equipment and to improve the actual power flow frominput to
load side, the power factor correction circuit could be applied
to the power system to enhance theinput current shape and the
power factor circuit would adjust the unit phase angle
between the input supply system current and voltage [3-4].

Power factor correction is the most important field in the
power electronic system and isthe most powerful techniquein
the power electronics system. Power factor correction can be
classified into two areas, one is passive power factor
correction and second one is active power factor correction.
Passive components are used in the passive power factor
correction such as inductor and condenser. This will convert
the non-sinusoidal current to the sinusoidal current, but this
process does not regulate the output dc voltage at a constant
level. The semiconductor device incorporates passive
elements to adjust the input current shape and control the
output voltage of the AC-DC.

Active power factor correction circuits usualy use the
boost, buck-boost DC-DC converter feature after the AC-DC
rectifier circuit and increase the system's power factor [5-7].
Most power factor circuits use Buck or boost converter
topology because they have a high power factor capability.

Usually, the power factor correction and output regulation
of the single phase AC-DC system is built using a
proportional integral derivative controller but it has some
drawbacks such as obtaining the proportional integral
derivative controller parameter, requiring an accurate device
model and making it more complicated for designing the
controller. Usually, the system gain parameter is obtained
through the trial and error method, but this method takes
longer to adjust the Pl controller gain parameter. In general,
the Pl controller's gain parameter is fixed for all of the
system's operating conditions, but it will reduce system
performance. In this paper, the grey wolf optimization
algorithmis used to change the PID controller gain parameter
to improve the power factor and regulate the output voltage
controller in asingle phase AC-DC system [8-9].

The document structure as follows, Section 2 describes the
overall voltage and power factor controller configuration for
the AC to DC system. Section 3 explains the voltage and
power factor correction with a grey wolf designed PID
controller. Section 4 discusses simulation results. Concluding
remarks are provided in section 5.
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II. GREY WOLF OPTIMIZED PID VOLTAGE AND
POWER FACTOR CONTROLLEDACTODC
SYSTEM

The block diagram for grey wolf optimized PID voltage
and power factor controlled AC- DC system is shown in Fig.
1. The system consist of AC input, diode rectifier, DC-DC
boost converter, electrical load, measurement system, PID
controller, grey wolf optimizer and hysteresis controller. AC
input from supply is converted into pulsating DC supply using
diode rectifier. The pulsating DC is converted into variable
DC using DC-DC hoost converter and output of the boost
converter drive the electrical load. The dc voltage from
electrical load is measured and compared with reference
voltage for output voltage regulation. The error voltage from
the comparator is processed via PID controller and controller
provide control signal to next stage. In next stage, control
signa from PID controller is multiplied with pulsating DC
from diode rectifier and it act as reference signal for next
stage. Thissignal iscompared withinput AC current and error
signal processed via hysteresis|oop controller. The hysteresis
loop controller provides the DC-DC boost converter gating
signa to control load voltage and improve the AC input
network power quality by enhancing power factor. In this
system, grey wolf optimizer receives the error voltage and
based on error voltage, it is provide optimum gain value for
PID controller to control the system.
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Fig. 1.Grey wolf optimized PID voltage and power factor
controlled AC- DC system.
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Fig. 2.DC-DC boost converter system.

A. DC-DC Boost converter

At the bridge rectifier's output end, the boost converter
circuit is connected and the rectifier is connected to the input
supply system. The boost converter consists of elements of
the semiconductor diode, inductor, and power switch. The
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output is taken from condenser C and this voltage is constant
at al times. The capacitor's output is connected to resistive
load. The circuit of the boost converter is shown in Fig.2.

It has two operating modes, depending on the switch's
location. In thefirst mode of operation the switchisin on state
(u=1), the current of the inductor accumulates and stores the
energy in the form of a magnetic effect and the condenser
provides supply the voltage to load. For this conditions
inductor voltage is given by the following equation,

di
VL=Vs=L - )
and the current through the capacitor is defined as follows,
. dic
=C—= 2
le=C"4 )

The second mode of operation is obtained by turning the
switch to off state (u=0). The current of the inductor cannot
change suddenly and the diode is biased forward giving way
to the current of theinductor. The output end connected to the
input supply together with the inductor's stored energy. In this
case voltage across the inductor becomes,

di
VL=Vs-Ve=Lk (3)
The current through the inductor is defined as follows,
. . . dVC Ve
Sjetip=C——=+—= 4
iL=ictiR i R 4)

by considering capacitor voltage and the current through
theinductor as state variable and combining equations (1), (2)
and (3), (4) with “u” which is the control input taking the
discrete values 0 and 1 representing the switch position then
we have,

dip _ vVc | Vs

=—(1-u)—+— 5
dt =) L L ©
davgc iL Vc
—~=(1-u)=+— 6
dt S C RC ©
Kp
— Kil
Voltage error (e) Control signal u(t)
—pKu’i
dt

Fig. 3.Generalized structure of PID controller.

I[11. DESIGN OF PID CONTROLLER

The PID controller consists of three parts namely
proportional, integral and derivative and each terms has own
significancein the control system. The proportional controller
used to make system more stable and reduce the steady state
error of the system. The system output offset is reduced by
means of an integral controller, i.e. reducing the region under
the system output error.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



OPEN aACCESS

To reduce the overshoot of the system and also improve the
stability of the system, derivative controller can be used in the
system [9-27]. Fig.3 reveded the PID controller's general
structure.

The following equation represents the generalized function
of the PID controller,

U(S)=Kp*E(S)+%+Kd*S @)

The parameter of the PID controller normally assumed
using trial and error method or Ziegler-Nichols method but
these methods has following disadvantages such as it takes
more time and it only provide the initial tuning point for the
PID parameter. To remove these problems, grey wolf
optimization is used to change the PID controller parameter.
The next section describes the method used in this work to
optimize PID controller gain by grey wolf algorithm.

A. Grey Wolf optimization

Mirjdili et al. (2014) [28] suggested this grey wolf
algorithm. Thisalgorithmisanew population supported flock
intellect method is explored here, called the grey wolf
optimizer inspired by the existence of the grey wolf.

B. GWO Algorithmin PID controller tuning Problem

The step by step procedure for GWO agorithm for PID
controller tuning is given by:

1. Initialize al GWO algorithm input parameters such as
seek agents no (size of the population), the controller
parameter size of the system (size of the problem), lower and
upper seek space boundaries, size of the superiority variables
and maximum number of iteration for this algorithm.

2. Seek agents of grey wolves (i.e. control system variables
such as KP, KI and KD) are generated randomly in the seek
space between lower and upper boundaries during the
initialization process.

3. Calculate each seek agent's fitness and allocate in the
seek space alpha, beta, deltawolves.

4. Adjust the alpha, beta and delta positions

5. Adjust the locations of seek agents together with omega

6. Eventually, alter the control variablesfor each seek agent
(KP, Kl, and KD).

7. Test whether or not any seek agent reaches the seek
space and replace the randomly generated feasible solution
set with infeasible solutions.

8. Filter the seek agent locations obtained for the next
generation from the best value to the worst value in step five.

9. Switch to step four until the criteria for completion has
been met.

The GWO agorithm tuned PID controller flow chart is
illustrated in Fig. 4.

The effectiveness of the proposed grey wolf optimized PID
voltage and power factor controlled AC to DC system is
tested inthe MATLAB simulation in the next section.
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Fig. 4.Flow chart for grey wolf optimization.

IV. SIMULATION RESULTSAND DISCUSSIONS

To check the effectiveness of the new grey wolf optimized
PID voltage and power factor controlled AC to DC system,
MATLAB simulation have been carried out in 2.3 GHz Intel
i3 processor personal computer. The overal MATLAB
simulation of PID controlled voltage and power factor
controlled AC to DC system is shown in Fig.5. The system
consists of AC input supply, AC-DC diode rectifier, boost
DC-DC converter, variable resistive load, PID based voltage
and power factor correction controller and parameter
measurement systems.

L::)’—I"’-""‘—"f‘"““T” l J—‘: %— . h

A
Y

.
T l

PID based VOLTAGE and PFC Controller

Fig. 5.0verall MATLAB Simulation model for the grey
wolf optimized PID based voltage and power factor
controlled AC to DC systems.

The simulation model of grey wolf optimized PID based
voltage and power factor controller is shownin Fig.6.

The parameter used for the grey wolf optimization:
Population is 100, generation is 100, and random variable
rland r2 between 0 to 1, parameter “a” is reduced from 2 to
zero over the convergence of the algorithm execution and 100
trails have been taken for test the effectiveness of the grey
wolf optimization. The results obtained from the grey wolf
optimization is shown Table .
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V diode Vref

Fig. 6.Simulation model of the grey wolf optimized PID
based voltage and power factor controller.

Table- |: Parameter optimzation results

Computation
Kp Ki Kd Best Worst Mean time

(seconds)
1976 | 02385 | 11.13 | 0.123 251 0.0124 60

The proposed system has been tested for standard input
voltage level such as 230v and110v with different loading
conditions such as 500 2 and 1000Q. The voltage at input
side, current at input side, power at input side, current at
output end, voltage at output end, power at output end,
efficiency, and total harmonic distortion for current is shown
in Table 11 for 1000 Q and 500 2 loading conditions. The
input and output results of the system at 1000 ohms and 500
ohms with 230 volt and 110 voltsinput isinput isdepicted in
Fig.7, Fig.8, Fig.9 & Fig.10.
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Fig. 7.0utput and input side waveforms of the system at
1000 ohms loading with input voltage of 230 valts.

Retrieval Number: B7508129219/20190BEIESP
DOI: 10.35940/ijitee.B7508.129219
Journal Website: www.ijitee.org

Input Voltage (V)
200 =577 A TR iR R h R Y TN
T
0 r\““‘ WY \,‘\f‘;m‘\”‘,‘m\(‘,‘\‘\:‘Uw"; W H‘.“ .m:m:\;“‘»“ I\ w\"u‘.‘m‘\(“,"‘“u‘.s\‘\*
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
b Input Current (A)

\VAVAVAVAVAVAVAVAVAVAVAVAVAV

-10 z I L L I L L I L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Power Factor

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time (seconds)

Fig. 8.0utput and input side waveforms of the system at
1000 ohmsloading with input voltage of 110 volts.

Tablell. Resultsof the system at 1000 ohmsand 500 ohms
with different input voltage

Electrical Load : 1000 ohms

5218

. lin Pin Vo lo Po n THD
Vin PF
A | W V) A) | W) (%) | (%)
110 | 156 | 1724 | 3899 | 0.38 | 152 | 0.99 | 88.2 4.3
230 | 0.79 | 1805 | 3899 | 038 | 152 | 0.99 | 84.2 4.9
Electrical Load : 500 ohms
110 | 290 | 3188 390 0.78 | 304 | 099 | 954 5.2
230 | 146 | 3344 | 3899 | 0.78 | 304 | 0.99 | 90.9 6.5
i ’ ( ‘ Input Voltage V) . ‘ .
NANAANANAAAAANAN "‘A“"" ANANAANA ‘uuunum iyl um\nuqu
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Fig. 9.0utput and input side waveforms of the system at
500 ohmsloading with input voltage of 230 volts.
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Fig. 10. Output and input side wavefor ms of the system

at 500 ohmsloading with input voltage of 110 volts. 1
From the Table II, it is observed that power factor of the
system in maintain at 0.99, efficiency of the systemisvarying  15.

from 84 to 95 % with voltage varying from 110 volts to 230

volts, total harmonic distortion of the system is varying from

4.3 % to 6.5 % with voltage varying from 110 voltsto 230  16.

volts. From the results, it is ascertained that grey wolf

optimized PID based voltage and power factor controller is ;.
outperformed in all aspects.
V. CONCLUSION 18
Grey wolf optimized PID based voltage and power factor

controlled AC to DC system is designed, developed and ;o

tested in MATLAB simulation software. The overal

simulation system is created in MATLAB platform in closed )

loop manner with grey wolf optimized PID controller. The 0.

proposed controller enhance power factor to 0.99, the output

voltage always closed loop stablewith less overshoot and less

steady state error and total harmonic distortion for the input 21

current is maintain at |EEE standard level. The designed

controller is best suited controller in AC to DC system to

enhance power factor and regulate the output voltage of the 22

system.
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