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Firefly Algorithm Optimization of
Fuzzy Logic Controller for Voltage
Sag Improvement

Absal Nabi* & N.Albert Singh**

Abstract: In this paper improvement in voltage sag by using firefly algorithm optimized fuzzy controller isdescribed.
Dstatcomisthe FACT S device used in voltage sag improvement. Firefly algorithm optimization isused to optimize
theif-then rules of the fuzzy controller. In this system a Dstatcom is placed in athree phase system to control the
voltage sag. A fuzzy controller isdesigned to control the output of Dstatcom. The whole system issimulated using
MATLAB Simulink. Thefuzzy controlled Dstatcom output is compared with aPl controlled Dstatcom output. The
system without Dstatcom isalso simulated using MATLAB Simulink.Thefuzzy controller rulesare optimized using
firefly algorithm and the results are al so compared with other systems.
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1. INTRODUCTION

Power qudity isaset of eectrica boundariesthat allowsan equipment to performinitsspecified manner. VVoltage
sag and voltage swell are the common power quality issues. Voltage sag is defined as adecrease in voltage to
between 0.1 and 0.9 pu inrmsvoltage for aduration of 0.5 cycleto 1 minute[2]. Voltage sag occurs mainly due
to faultsand the short circuit current resultsin decrease of voltage[6]. Graphica representation of voltage sag is
showninFg. 1. Herewecondder voltage sag dueto threetypes of faultsnamely singlelineto ground fault (SLG),
doublelineto ground fault (DL G), and three phasefault.

Asthe demand of electric power isincreasing day by day, the transmission networks arefound to be very
weak so that they cannot supply unreliable supply with good quality. Fexible A transmissonsyssems (FACTS) is
anideadeveoped basaed on power dectronic controllers, which controlsthe values of different electrical parameters.
FACT Stechnology makesuse of high speed thyristorsfor switchinginor out transmission line componentsfor the
required performance of the system. There are different typesof FACT S devices namely shunt connected devices
and seriesconnected devices[1].

Dgtatcomisashunt connected FACT Sdevice. It isareactive sourcethat can be controlled and it is capable
of absorbing or generating reactive power. Dstatcom consists of coupling transformer, voltage source converter,
DC energy storage device and necessary control circuits[8].

The Dstatcom can provide compensation in both inductive and capacitive mode. The V-1 characteristic of
Dgatcomisshowninfigure. By using Dstatcomwe can control the effect of voltage sag dso.

Intelligent control techniquesprovide amethod of approximate reasoning that is smilar to human decision
making process. They have fast reponsetime and high range of operating conditions. Fuzzy logic providesa
formal ideafor presenting and implementing human knowledge about how to control asystem[3]. Thefuzzy logic
controller isshown below.
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Figure 3: Fuzzy Logic Controller

Fuzzification part convertscrisp input valuesinto fuzzy values. Theknowledge base consists of adatabase of
the plant. It givesal therequired definitionsfor the fuzzification process. Rule base representsthe controlling
system of the network. It isrepresented asaset of if-then rules. Inference appliesfuzzy reason to rule base to
obtain the output. Defuzzification process convertsfuzzy output to crisp vaues.

2. DSTATCOM CONTROL SCHEME

Dgatcomiscontrolled by means of PWM generator. Thetest systemoutput iscompared inan error detector and
itsoutput isfed to afuzzy logic controller. The controller will take necessary control actionsand the controller will
output an angle 6 which | sphase modulated by the following equations[5].

V, = Sn(et + 5) @
VB:S'n(a)Hé—Z?”] 2
VC:S'n(a)+5+%J ©)

Thephase modulated sgnasarefed to PWM generator and the pulsesfrom PWM generator will control the
operation of Dstatcomduring voltage sag.

3. DESIGNOFFUZZY LOGIC CONTROLLER

Thefuzzy logic controller desgned here consgtsof two inputs, namdy error and changein error, and anoutput|[ 7] .
Sevenlinguigtic variables are selected. Thelinguistic variablesare NEB, NEM, NES, ZE, POS, POM and POB.
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Triangular shaped membership functionsare chosen for theinputsand output. A rule base with strength of forty nine
rulesiscreated by interconnecting different variables. Fuzzy logic controller isimplemented by using fuzzy logic
toolbox of Matlab Simulink.. Therule base for inputs and output using different linguistic variablesaregiveninthe

table below
Tablel
Fuzzy L ogic Rulebase

dee NEB NEM NES ZE POS POM POB
NEB NEB NEB NEB NEB NEM NES ZE
NEM NEB NEB NEB NEM NES ZE POS
NES NEB NEB NEM NES ZE POS POM
ZE NEB NEM NES ZE POS POM POB
POS NEM NES ZE POS POM POB POB
POM NES ZE POS POM POB FOB FOB
POB ZE POS POM POB FOB POB POB
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Figure 4: Membership function for input
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Figure 5: Membership function for input2
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4. OPTIMIZATIONUSINGFIREFLY ALGORITHM

Thebiological process of producing aflashing light is called bioluminescence. Theinsects which produce light by
means of thisprocessare caled fireflies. For attracting the femalefireflies, the malefireflies produce thisflashing
light. Mainly the flashing lights areto communicate with their partners. Firefly algorithm (FA) isametaheuristic
agorithmbased onnatura process. Thisagorithmisinspired by flashing of firefliesto attract their metes. Thefirefly
agorithm hasbeen proved efficient in solving different complex optimization problemd 9]. Theobjectivefunctionin
theagorithmisequivalent to the brightnessof thefirefly. The brightnessdecreaseswith anincreasein distance from
thelight source.

Three main assumptionsinfirefly algorithmare{ 10]

1.
2.

3.

Regardlessof sex afirefly isattracted by all other fireflies.

A firefly withless brightnessisattracted towards afirefly with high brightness. If thereisno brighter or more

attractivefirefly than aparticular one, thenit will move randomly.
Fitnessfunction landscape depends on light intengity.

We can determine the attractiveness of afirefly by the equation (4)

B: BOe_Yrm

where 3 istheattractivenessat r =0

v isthe coefficient of absorption

4)

The Cartesian distance between any two firefliesi and j at postionsxi and xj isdetermined by theequation (5)

lij = \/ZE=1(Xi,k - Xj,k)z

Themovement of afirefly is determined by the equation (6)

X = X; +,6’Oe‘7r2(xj +%)+ae

where o isthe parameter of randomization and & isarandom number
Thefirefly dgorithm can be explained by thefollowing stepg[ 11]

S FE 5

© oo N o U A~ w DR

Definethe objectivefunction

Createinitial population

Cdculatelight intensity 1

Select absorption coefficient y

for i =1ton(wherenisthetota number of fireflies)
forj=1ton

If we havell(j) greater thanl(i) then moveith firefly towardsjth firefly
Anayse new valuesand updatelight intensity

Endj loop

Endiloop

Rank thefireflies and find thebest among them

Repest the processfrom step 3till theiterations are completed.

©)

(6)
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The new optimized rule base of fuzzy logic controller isgivenin Table 2

4. TEST SYSTEM

Test systemconsstsof a250kv source whichisconnected to theinput of athree phasethreewinding transformer.
Theoutput terminas of three phase treewinding transformer arefed to two branchesof 11kv each..In oneof the
branches Dstatcom is connected for the compensation of voltage sag is connected. In the second feeder we
connected linear and varying loads. Different faultsare introduced into thisbranch and the test resultsare analysed.

Table2
Optimized Fuzzy Logic RuleBase

dee NEB NEM NES ZE POS POM POB
NEB NEB NEB NEB NEM NES NES NES
NEM NEB NEM NEM NES NES NES NES
NES NES NES NES NES NES NEM NEM

ZE NES NES ZE ZE ZE ZE ZE
POB POS POS POS POS POS POS POS
POM POS POS PO POM POM POM FOB
POB POS POS POM POM FOB POB POB

5 SIMULATION RESULTS
The systemissimulated using Matlab Simulink Sim Power Systemstoolbox.

A three phase fault is applied for atime range 0.85s-0.9s with a fault resistance of 0.662. The systemis
simulated for 1s. Inthefirst case no Dstatcomisplaced for the compensation of voltage sag. Inthe second case
Dstatcomwith PI controller isintroduced inthe sysem. Inthethird casefuzzy controlled Dstatcomisoperated
during thetimeof fault. Inthelast stage particle swarm optimized fuzzy logic controller is provided. A subsystem
block isalso provided in smulink model to generatethe PWM control signals. Matlab Simulink test model and the
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Figure 7: Simulink Model of the Test System
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Figure 8: Output of the System without Dstatcom in the system Figure 9: Output of the System with Pl Controlled Dstatcom
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Figure 10: Output of the System with Fuzzy Logic Figure 11: Output of the System with Firefly Algorithm
Controlled Dstatcom Optimized Fuzzy Logic Controlled Dstatcom

smulationresultsare shown below. During thefault inthe sysemwithout Dstatcom, avoltage sag occursand there
isno control over the system. When PI controlled Dstatcomis placed in the system voltage sag ismitigated. Fuzzy
controlled Dgtatcom providesmuch moreimprovement involtage sag mitigation. Theoptimization of fuzzy controller
gave much moreimproved result. Fromthevariousfigures given below we can andyse the performance of different
controllers

6. CONCLUSION

Fromthetest resultswe can seethat performance of fuzzy controlled DSTATCOM is better than the performance
of PI controlled Dstatcom. During Voltage sag, the magnitude of voltage output of Fuzzy controlled Dstatcomis
higher than that of PI controlled Dstatcom and it isfurther increased by firefly algorithm optimization. Firefly
agorithm optimized fuzzy controlled Dstatcom can performwell in voltage sag mitigation. A combination of different
intelligent control techniques can be applied for the control of Dstatcom. The performance of DSTATCOM canbe
further improved by the application of hybrid optimization techniques.
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