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ABSTRACT

An improved firefly algorithm is investigated witthe aid of genetic algorithm (GA). The proposed
algorithm improves the load ability of power systeiith unified power flow controller (UPFC). Random
movement factor of firefly algorithm is improved hybridizing the GA with classical firefly algoriti. In
firefly algorithm, the next movement of firefly depends on the movement factor which is determinyed
randomly so the best movement of firefly is podiibto fails by the distribution of random numbdéthus,
the best location of and capacity of UPFC can nelde to recognize accurately. So in this papd&sAa
based optimization algorithm is used to determh@edptimal random movement factor of fireflies. $hu
the optimal location and capacity of UPFC is deteau efficiently when compared to traditional fiitg
algorithm. The proposed method implemented in MABA4Nnd the optimal location and capacity of UPFC
is examined as per the variation of voltage, poass and power balance of the network. The loadepow
control performance of proposed method is compaigdclassical firefly algorithm.

Keywords: Improved Firefly, GA, Load Ability, UPFC, Location, Capacity, And Load Variation.

1. INTRODUCTION (FACTS) is a fixed apparatus applied [8] [9].
FACTS is described as "a power electronic based
All round the world, due to the environmentakystem and other fixed apparatus that offer control
and economic controls to erect novel genegatinof one or more AC transmission system parameters
plants and transmission lines, Electric poweto improve controllability and raise power transfer
systems have been compelled to function toapability” [10]. The different kinds of FACTS
more or less their full capacities [2] [3]. Bytools obtainable for this purpose comprises Static
security and constancy controls, the amount &far Compensator (SVC), Thyristor controlled
electric power that can be broadcasted betweseries Capacitor (TCSC), Static Synchronous series
two positions through a transmission netwosk icompensator (SSSC), Static  Synchronous
restricted [1]. Power flow in the lines andCompensator (STATCOM), Unified Power Flow
transformers should not be permitted to rdise Controller (UPFC) and Interlink Power Flow
a level where a random event could cause ti@ontroller (IPFC) [12]. By inserting dynamic and
network collapse as flowed outages [4] [5]. Theeactive voltage component in series with the
system is said to be obstructed when such ti@nsmission line, UPFC is one of the FACTS tools
limit accomplishes. Managing obstruction tothat can manage the power flow in transmission
diminish the constraints of the transmissiodine among them [11] [13].

network in the aggressive market has,
consequently, turn into the central activity of Appearance of FACTS tools unlocks up novel

systems operators [6]. It has been examined tleat t&pportunities for controlling power and improving

disapnointing management of operations could'® utilizable capacity of presented transmission
>app g ge per: ! ines [14]. An optimal site of UPFC tool permits t
raise the obstruction cost which is n

unnecessary burden on customers [7]. control its power flows fo_r a interconnected
network and as a result to raise the systead |

For controlling the power transmission systemability [15]. On the other hand, a limited numbe

Flexible Alternating Current Transmission Systenof tools, beyond which this load ability can
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never be enhanced, has been monitored [18)stems. They acquired results point out that
The optimal location and optimal capacity of anstalling UPFC in the location optimized by DE

specified number of FACTS in a power system isould considerably improved the security of power
a problem of combinatorial study [18] [19].system by removing or minimizing the overloaded
Dissimilar kinds of optimization algorithm have lines and the bus voltage limit violations.

been applied such as genetic algorithms, simulated . .
anneali?wg, tabu searchgand etc tg work out thid kin Lashkar Araet al. [29] have improved suitable

models of flexible ac transmission systems
g;ﬁ;%%leeén [#r?e]thz/()].azggnfh?nOC?SGZEJSZS?eg ba;z FACTS) shunt-series controllers for multiobjective

controlling the load deviation of power system byoptlmlzatlon and furthermore offered a

computing the optimal location and sizing c)fmultlobjectlve optimization methodology to locate

UPEC. The GA is employed and the movemen&he optimal location of FACTS shunt series

factor is optimized as a substitute of randorr:f: ggttrO”:Vrvse'r-ll—:SesénstegtnLugcgﬁenms Ygz:jeagﬁal val:tehl and
movement factor of firefly. The specified report of - P ' y Y

suggested algorithm is offered in section 3. Thgnthout minimum cost of FACTS installation. The

current research works are explained in section rz-constralnt strategy was executed for the

before that. The conversation of results and endi multlobj_ectlve mathema_mcal programming (MMP)
: . . rmulation, together with the FACTS shunt series
of document is offered in section 4 and

. controllers. For the IEEE 14-bus system,
correspondingly.

Simulation results were offered.
2. RECENT RESEARCH WORK: A BRIEF

REVIEW To find optimal location of UPFC to accomplish

optimal power flow (OPF), the application of

In literature, numbers of related works arehybrld immune algorithm (HIA) such as immune

available which based on improving the Owelgenetic algprithm (IGA) and immune particle
transfer capability of power sys?em. Sgome o? ther varm algorithm (IPSO) has been offered by Seyed

reviewed here. For improving the security of powe Zbiz'ggg\?:tfslﬁc[tigﬂ' |-Ir—1 htehgvgr;l'lzl ngtmfurri]gggnt’he

systems under single line contingencies, th%h e . c prise

efficiency of the optimal location of UPFC has otal active and reactive prO(_juct|0n cost functisn
the generators and installation cost of UPFCs and

been explored by H.. Shaheelral. [21] _Based on therefore, should minimized. The OPF controls are
the emergency selection and ranking process

LS .%%nerators, transmission lines and UPFCs limits. It
determinations of the severest emergency scenari

were executed. One of the latest Computationfflll1ay not all the time be feasible to send out the

intelligence methods, namely: DE has bee@ ogtt;?;:teguepogerC(t)r;;m;;%r(])nso f tOtLa:y clc?nszo\llj\/g; i
effectively employed to the ~problem undertr):i\nsmission corridor% The simulations \(/qvere
deliberation. Maximization of power system .

security was regarded as the optimization principleexecuwd on .lE.EE. 14-bus. and |EEE 30-bus test
ystems for dissimilar techniques.

The presentation of DE was compared with that ot
GA and PSO. Moreover, they were carried out two Ya-Chin Chang [31] has applied the modal
case studies by means of an IEEE 14-bus systeanalysis (MA) method to find out which buses
and an IEEE 30-bus system. require static var compensator (SVC) installation,
. . .and with maximum LM and minimum SVC
A strategy based on differential evolution. . . ST
' . L installation cost composed into the multi-objective

method to find out the optimal position and

parameter setting of UPFC for improving poWerfunctlon the optimal LM improvement problem is

: : ; : . created as a multi-objective optimization problem
system security under single line contingencies h . . i
been offered by Husam I. Shaheenal. [22]. e{ OP) and worked out by using the fitness sharing

Initially, they carry out a contingency study andnl:/lugll;osbcj)e)cg\lleoriﬂ?:r_]rtlfccif a S&,Wa?gc]) frgﬁ?msleztatl'?ﬂe
ranking process to find out the most severe Iing 9 '

outage contingencies regarding line overloads ans<§‘)IUtlon with the biggest presentation index value

bus voltage limit violations as a presentation inde }’:lgrs]t ]:)(:tn% ro(l;;(jr? rresfl\é((::telgs(t:?)lrlﬁit;ogrlg thLeaISDt;re;o
Secondly, they employ differential evolution gency. !

method to determine the optimal location anc%VC installation plan derived from the union of the

parameter setting of UPFC under the determine VC installations for_ all regarded contingencies
: . . was proposed for LM improvement.
emergency scenarios. They execute simulations on

an |EEE 14-bus and an IEEE 30-bus power
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In large power systems, a graphical user interface v, ¥
(GUI) based on a genetic algorithm (GA) has been 1»_,i_ *L’J—I-I—
offered by Ghahremani, Et al. [32] which was
shown able to locate the optimal locations and Shunt Serics
sizing parameters of multi-type FACTS tools. This converter converter
user friendly tqol, called the_ FACTS Placement * L Zi
Toolbox, permits the user tpick a powersystem Vim,_x:ﬁ: SZ -

I

network, find out the GA settings and choose the
number and kinds of FACTS tools distributed in the =
network. To get optimal locations, the GA-based Vini,« Gini x

optimization process was used and ratings of the 0]
chosen FACTS to maximize the system static
loadability. Five dissimilar FACTS devices were
executed: SVC, TCSC, TCVR, TCPST and UPFC.

Using particle swarm optimisation (PSO)
technique, to improve the power system loadability I'mi.xl
with optimal placement of flexible AC transmission Voo
system (FACTS) controllers, multi objective—based
method has been proposed by Made War&hrad
[33]. The intent function was maximized the system
loadability subjected to upholding the system _L
security, integrity, and stability margins inside (i
limits by attaining the optimal location, instaltat Figl: (I And Ii): Power Flow Model And Equivalent
costs, and control settings of the FACTS Circuit Of UPEC.
controllers. The diverse FACTS controllers, i.e.,
static var compensator (SVC), thyristor controlled The DC link is assisted to balance the real power
series compensator (TCSC), and unified poweimong the two voltage source converters so the real
flow controller (UPFC), have been regarded. power loss is ignored. On the other hand, the
3 PROBLEM FORMULATION voltage converters can _produce or soak up the
reactive power. To acquire the stable state system
model, the above UPFC equivalent circuit model is
applied. In the UPFC circuit copy, the two ideal

UPFC is one of the FACTS tools whichYoltage sources of UPFC signifying the

competent to presenting true and reactive powélimdamental Fourier series factor of the switched

flow control among its terminals [23]. The reactive/°lt2ge waveforms at the AC converter terminals

power is reimbursed when attached UPFC. Wit*?‘l]' From the load rovy studies technique, the
one dc link capacitor, the series and shurffower flow model of series and shunt converters

converters are attached. The inserting transform@f€ obtained [25]. The power flow of UPFC is

applied to give the link of the converters and ploWecomputed according to the follow equation. The

transmission line. The UPFC is controlling theequation (1) and (2) are signify the true and fieact

power flow among transmission lines by insertind)oWer injected to series and shunt converter.
the true and reactive power. The power flow 2

injection copy and the corresponding circuit model Rinj, se =Vinj, seCyy *Vinj,shVx

of UPFC among transmission line x and y areGy, cos{fn s ~6x +Bxysir(6{nj,se—<9x)
specified in Fig.1. The functioning of UPFC can Vi V(G o8l = By )+ Buysinlali oo -6 ))
know simply from the power flow and I, SeTy =Yy n.se "yrt Yy n,se "y
corresponding circuit model. 0

I

Vinjy Oinicv

I

P'mi, x+Pini‘ y‘:o
inj, X

Re {Viyi x I, + Vi, 1}=0

UPFC power flow model
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Ql’lj,Se:_Viﬁj,SEG +Vinj,ser ng :Qx(\/iH)+de (6)
. At busy:
Gy SING i —HY—B cos\@ i e — 6
( Xy r( Inj,se =X Xy ( Inj,se X)) ng = py(\/,g) + Rjy @
Y=y Q, =Q,V.6)+Q ©
: gy~ <Xy \'s dy
Gy Sitlen o =By )~Byy cosltiry o~ 6 ) NN
2 (2) ngl :ZPLi + Ross(i) (9)
Rnj,sh = ~Minj,shGinj,sh + i= i=
Where, P, Q,, P, andQ are the real and

Vinj,Sth (3)

(Ginj,shcos (ﬂnj,sh‘9x)+|3inj,shs"{6inj,sh‘9x)) reactive power of generator to bus and y.

PX(\/’H)' QX(\/’H)l Py(\/,g), and
Qusn =Vin.sGinsn +Vinan Q,(V,0)are the real, reactive power, voltage

Vx(ij,sh sir‘(é}njySh —HX)— ij,sh cos(é?mj’Sh —HX)) magnitude, and angle of busandy. P, , de,
4) de , and Qdy are the real and reactive power
where, B o Qi eer Fij s @ndQyy qyarethe 4o 004 of bus and y. Py is the real power of
real and reactive power injected to series andtshun,
converter.G, , G, 4, andG, are the real part of :

. . o «th
the element of the admittance matrix of buse8nd P (i) is the power loss of " bus.
X,yand shunt converter respectiverBW,

generator, P, is the real power oi™ load bus

Inequality constraints

B« andB,are the imaginary part of the

The inequalities constraints are defined which
parameters are depending on the stability of the
shunt converter respective\ymj’sh, V. V, , system and the limits are selected as inequality

inj,se’ X
Usually, the rel)}, reactive

element of the admittance matrix of busesy and

and Vy are the magnitude of injected voltage offonstraints.
series, shunt converter, and magnitude of bu€y power of generator, voltage magnitdge and
voltage X and Y. einj,se' Hinj,sh’ 6,, and ey are  angle @ are selected as the inequality constraints.

injected angle of series, shunt converter, angh the case of stability by UPFC is depending on
voltage angle of bus voltag& and y. Then, the the injected voltage magnitude and angle of shunt
constraints of voltage instability problem isand series active converter respectively. The

described as following them, maximum and minimum limits of the inequality
Equality congtraints constraints are represented as following them,
uality ints:
P <P, <P i=12..n (10)
The power flow equations are regarded as min nax )
sameness constraints for upholding the load ability oi SQgi SQgi = 12--ng (11)
of power system by means of UPFC. The power Vi <\ <\/max i=12..n (12)
flow equation of busex andy are rely on the ! o 9
demand, voltage magnitude, and angle 6}”"” <@ < Qmax (13)
correspondingly. Moreover, the power balance min max
condition is regarded as another equality condtrain Vinj,sh Sij‘sh < inj, sh (14)
which explained in equation (9). The power balance in ax
equation depends on the generator power, demand, inj,sh = Hinj,sh = inj,sh (15)
and loss of the whole system. The regarded power min max
flow equation is set as following them, Vinise SVin.se SVinise (16)
. in ax
At busx: 6{':]56 <O S Hﬁ:se (17)
Px =P.(V,0) + P, (5)  For maintaining the stability of system, the

location and capacity of UPFC is determined. So,
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the optimization algorithm is used to determine the @
optimal location and capacity of UPFC. To perform ,

the optimization algorithm, the parameters are Initialize the active, reactive power
optimized to decide the power flow of the system. A{“’““g“ and power loss "”"*‘d"”s“}
In the paper, the GA based firefly algorithm is l
proposed to perform the optimization process. The Generate random solution of the
following parameters are considered in the optimal location of UPFC
optimization process:

0] The optimal location of UPFC in the
network is considered as the first step of
optimization process. Here, the network variables
such as voltage changes, power loss and systen
balance condition are incorporate with the
optimization algorithm. Update the Moment of fire
(ii) Then, the capacity of UPFC is determined fles fornext location
according to the working range of network.

For that, the series and shunt voltage source
converter injected voltage ranges are determined.

Initialize the random moment
factor of fire flies

Determine the
fitness function

Evaluate the objective
function

Apply genetic operators
cross over and mutation

Rank the location and
determine the current
best location

Minimum
iteration

Maximum
iteration?

Yes

(iii) From that, the real and reactive power

flow model of UPFC is examined. Also the stability [ e ot J
of the system is evaluated. These are the stejgs use

to analyze the stability and control the power flow @

of the system. Fig 2: Flow Chart For Proposed Technique.

3.2. Proposed GA based Firefly Algorithm According to the searching concept of traditional
firefly algorithm, the proposed algorithm is

Firefly Algorithm is one of the optimization improved. The steps of the proposed improve
algorithm which progressed based on the blinkinqreﬂy algorithm can be summarized as the
performance of fireflies [26]. In the document, aYoliowing them

enhanced fire fly algorithm is suggested to develop

the load ability of power system. The firefly Stepsof GA based firefly algorithm

algorithm is enhanced by hybridize the GA with

classical algorithm to verified the random Stepl: First the network dates are
movement factor. In firefly algorithm, the initialized. Here, the voltage, real and reactive
subsequent movement of firefly is depends on theower of the load bus of the power system is
progress factor. But the movement factor igdnitialized. The initialized system parameters

determined by arbitrarily so the most excellentonsidered as a function which denotedf&sX) .

movement of firefly is possibility to miss by theAIso, the algorithm parameters are predetermined
sharing of random number. Therefore, the top

position of and capacity of UPFC is can never ablguch as maximum attractivenglg , absorption

to _re_cog_nized p_recisgly_ Hence, a _GA IoaseEjoef“ficienty, initial distance of firefliesl ; and
optimization algorithm is suggested to find out the J

optimal random movement factor of fireflies in thisrandom factor , respectively.

paper. Therefore, when compared to traditional fire

fly algorithm, the optimal location and capacity of Step 2: From the initialized values, the random
UPFC is found out competently. According to thenumber of solution is generated. To control the
suggested fire fly algorithm, the optimal locationsystem when load varies, the UPFC location is
and capacity of UPFC is found out. Now, thedetermined as per the power loss and voltage

position of UPFC is determined as per the deviatiogeviation of load bus. So thk (X) is to be varied

of voltage, power loss and power balance of th ; ; :
network. The ability of UPFC is found out as pergtccordlng to the number of optimal variable. For

the real power of the load buses. The flowchart gxa@mple, the f (X) is the function of power loss
suggested algorithm is explained as following thengf the system, then the random number of solution
is described as following them,
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f(x) :[x1 X, X, gy X ] (18) UPFC by proposed firefly approach can be
y Xy e X210 X,

summarized as the pseudo code which described as
The f (X) is depends on the power loss of theollow,

system which depends on the constraints that is

denoted ag . The location of UPFC is depends on
which load bus affect high power loss while thd rea

Pseudo code of proposed firefly algorithm to
determined the optimal location and capacity of UPFC

power is varied. The output function is described a| """
follow, f(X) = [X0y Xy peeea Xgs X, ]
{location of UPFC}
f (X) output = maX( Xn) (19) Output:
Step 3: Start the iteration count and determine f(x) output max( Xn) {optimal

the optimal location of UPFC. At the end of | location of UPFC}
iteration, ranking the solution by using equation| Pegin

(19) and determine the current best solution as per © =11
the rank. X, « generate load bus voltages as initial solution
end

Step 4 In this step, the optimal random | repeat
movement factor is optimized by GA. Initialize, the n

random movement factod , (0,1) for counting

the iteration level. The range of random movement
factor is described as follow,

min

~ argmin, f(x,)
Xmn < argmin, f(x;)

forn=1totdo
form=1totdo

a ., min <a,< a '\, max (20) if f(Xm) < f(Xn) then {move firefly n
From the initialized random movement factor,| 12" ™ .
the fitness is evaluated. The fitness depends en th @, < optimize the random movement
distance updating formula of the fireflies. Apply | factor by GA
genetic operators [27] cross over, mutation and for k=1to n do

selection. The best selection i.e. optimal random . " yd, [k " "
movement factor depends on the distance of the X, = X, * Bq.e (Xm - X, )+ Q 1 (optimal )
fireflies. If the distance is low select minimunvég end

. . . end
random factorr, .. . If the distance of the fireflies end
is high select maximum level random e':(d _
factord,, .« According to the optimal output A\ (optimal) < (mlnan,maxan)
. . . . until stop condition true
Q' optimay OF GA, the next location of fireflies is | end
rearranged.

Step 5: The location of fireflies rearranged by 4. RESULTS AND DISCUSSION
equation (21) and the equation is represented as
follow, The proposed GA based firefly algorithm was
- ) yd [ x . ) implemented in MATLAB working platform and
Xp =X, +Be (Xm = X, )+ A nopima ) (21)  the load ability performance is evaluated. The load
variation control capability of proposed technique
with UPFC is evaluated with IEEE 30 bus bench
movement factor. mark system. The system data is referring from
t[28]. The structure IEEE 30 bus system is

the end of the maximum iteration. If, it not reaache'IIUStrated in Fig 3. Here, the load bus real poiser

the optimal location go to step 3 and increase t@/%arled randomly as per the allowable I'm'ts.' QS|ng
iteration. e proposed method, the load power variation is

controlled by connecting UPFC. Then, the voltage
Then, the capacity of UPFC is determined as penagnitude, load power and power loss are
the voltage level of magnitude and angle of loadvaluated after and before connecting UPFC. Also,
buses. According to this approaches, the steps titee performance of proposed firefly algorithm is
determine the optimal location and capacity of

Where, « K

n(optimal)is the optimal random

Step 6: Check the optimal location of UPFC is a

e ——
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compared with traditional firefly algorithm and thevalues, the optimal location and capacity of UPFC
outcomes are analyzed. is determined. Then, the UPFC is located between
two buses and the active load variation
controllability performance is examined. Also, the
magnitude of load voltage and the system power
loss are evaluated by proposed firefly algorithrd an
classical algorithm. The normal load power, during
load variation and the load power after connecting
UPFC by proposed method and classical firefly
algorithm are examined. The examined load power
data’s are tabulated as in table I.

29 28—

30

In table I, the load power is examined while
normal load, load variation, and after connecting
UPFC. The optimal location and capacity of UPFC
is determined by two methods. One is proposed
method and another firefly algorithm. As per the
1 SJT- optimal location, the UPFC is installed between
from and to load buses which are listed in the
corresponding table I. During load variation, the
normal load of the system is deviated from the
actual load condition. So, the load ability of the
corresponding load buses is affected. To contml th

load variation, proposed method uses incorporation

From the testing bus system, the load bus deta}y ypFC. The comparison chart of load power of
active power, voltage magnitude, and angle ang,ses is presented in Fig 4 and 5.
defined. Then, the load power of load bus is varied

arbitrary from the actual value. Initialize the doa
variation in the proposed method. By the initiatize

Fig 3: Sructure Of |EEE 30 Bus Bench Mark System.

Table |: Load Bus Power: Normal Load, Load Variation, And After Connecting UPFC.

Load buses | Normal load L oad variation After connecting UPFC load power in
inMW power in MW MW
From | To Firefly algorithm Proposed method
bus | bus
10 22 580| 0 10.7700 4.9700 2.19Q7 4.8729 0.8997 2044.
22 24 0 8.70 4.890 13.590 3.6] 8.7000 1.84247.4566
9 10 0 5.800 4.950 10.750  1.897p 5.0258 2.6857 2774.
23 24 3.20 8.70 8.180 13.680 5.3268 2.36p8 5.2162.2941
12 13 11.2 0 16.15 4.950 14.62741 1.7371 7.7912 093.2
16 17 | 3.500] 9.00Q 8.440 13.940 3.5p0 9.0000 21B3| 4.9066
7 8 22.8 30.00| 27.56 34.76 18.9804 25.9534 18.1445.4364
15 16 8.20| 3.50 13.04 8.3400  4.9991 0.25[6 4.1828.0920
3 4 240 | 7.60 7.350 12.550 0.2645 5.7929 0.9161 568.2
29 30 2.40| 10.60 7.300 15,500 3.5294 6.0373 75D2 8.2328
19 20 | 9.500( 2.200Q 14.45(Q 7.15Q0 2.64q)3 6.7724 7.2450.6370
Performance of system load Performance of system load
30 40
. [ | 35
E 20 E 3D
£ La25
5 " W Actual load 5 mActual load
E 15 WVaried load E 0 W Varied load
%10 8 Firefly algorithm -;:15 Firefly algorithm
k] s mProposed method §10 1 ﬁﬁ MProposed method
5 + |
o - o
10 22 9 23 12 16 7 15 3 29 19 22 24 10 24 13 17 8 16 4 30 20
From bus To bus
Fig 4: Comparison Chart Of From Bus Load. Fig 5: Comparison Chart Of To Bus Load Power.
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From fig.4 and 5, the load ability performance of
proposed method is analyzed with actual load of thi .
system and during load variation. When load variec
suddenly, it changed from the actual value so thi
stability of the system gets affected. Here, firefl
and proposed algorithm working towards maintain
the stability of the system by connecting UPFC.
The UPFC is injecting the power both connectec
buses and the load flow power is balanced. Whe

Performance of power loss

W varied load
~  WFireflyalgorithm

Proposed method

Power loss in MW
o
8

a N os oo

1 2 3 4 5 6 7 & 9 10 11

evaluate the balance power, the proposed methc Different load condition
control the load power Vvariation effectively

compared to firefly algorithm. Hence the stability pEc \with Firefly And UPFC With Proposed Method.
of the system towards maintains the normal system.

Fig 6: Power Loss Comparison Chart Of Varied Load,

The power loss of the system is analyzed whileolr?] ;'rgég’ tf}ﬁ ?r()evf\{er allosos;'thor; tgﬁ d Syit)ergselg
normal load, load variation, and after connectin P Wi Iretly aigori hd - prop
UPFC. As per the optimal location, the UPFC i ethod. The comparison is examined with the

installed between from and to load buses and tH Ve lOSS. of_syst_em load at abn_ormal co_ndition.
power loss are illustrated in table Il. For th e examination is evaluated with 11 different

duration of load variation, the power loss of th oading levels. When load changed, the power loss

. : the system is increased maximum level as
system is deviated from the actual system pow Ij .
loss i.e. 10.805 MW. When power loss increase 7.9414 MW. But, the power loss of the system is

the load buses are affected because of insufficiel; dgr(?tehorl'n asHOQ.EéSSe? ':/'h\év br)(/) gseljjc m"gﬁogreﬂ{h
power to balance the load. Therefore, the loa gFCI: i 'red X\{nv tr’1e o %r Fl)oss as 8.0549 VMVIVV
ability of the consequent load buses is to b ' ucing pow ) '

exaggerated. After connecting UPFC, the powe T'fhgoggailr?sﬁ;iéle 'l;r‘];nlrr;lrjr{]hgog\(l;:] Ic;Sr;ssc?rT()tEg
loss of the system gets reduced. The power Ioé;l,0 osed megthod : s 213 less oper Ioés o
comparison chart of load buses is presented in F P g pow

6 mpare with firefly algorithm.
Table II: Power Loss Of System: Normal Load, Load The voltage magnitude of the system is depends
Variation. And After Conﬁecting UPEC. on the injecting voltage of UPFC. When control the
Load buses | Power loss Power loss after load variation by UPFC, the voltage variation af th
when load connecting UPFC in system is also improved. The per unit voltage of
hpowef_ MW load bus is evaluated at different loading levels
From | To | changein Firefly | Proposed which are tabulated in table Ill. From the voltage
bus bus MW algorithm method L
10 25 15.9402 10.6852 105651 levels, the load variation control performance of
22 24 16.08 10.4832 10.2572  control is evaluated. When loading level changed,
9 10 17.9414 10.5569 10.4711 the actual value bus voltage 1 p.u is deviatechso t
>3 >4 15.84 102354 80549  Stability of the system is varied. While connecting
7 3 13.9983 99562 97504 UPFC with firefly algorithm, the deviated voltage
16 = 6,466 10,0885 51107 is improved towards actual _voltage level. In the
case of proposed method with UPFC, the voltage
7 8 11.4334 10.1589 10.0816 :
level of the system gets increased as much
15 16 13.138 10.0986 9.3967 considered level that are described in Fig 7 and 8
3 4 10.8137 10.3587 8.32 respectively.
29 30 14.3298 9.3889 9.2373
19 20 11.3256 10.0874 9.3645
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Table l11: Voltage Magnitude Of Load Buses: Normal Load, Load Variation, And After Connecting UPFC.

L oad buses Voltage variation of load bus after
Actual voltage Voltage connecting UPFC in p.u
From | To of Ioagl Llj)usm |o\;%”ti?;r:]c§ u Firefly Proposed

bus bus ) ) algorithm method

10 22 1.0367| 1.0300 0.9607 0.9686 1.0385 1.0000 224.0 1.0100
22 24 1.0300, 1.0158 0.9529 0.94p4 1.0158 0.9991 100.0) 0.9991
9 10 1.0458| 1.0367 0.9435 0.9373 1.06p8 1.0815 70.021.0217
23 24 1.0229| 1.0158 0.9599 0.9650 1.0258 0.9913 990.9 1.008
12 13 1.0572| 1.0610 1.0380 1.04%58 1.02b5 1.0p10 198.0 1.0210
16 17 1.0411) 1.032¢ 1.1588 1.15f4 1.03P4 1.0R03 300.0) 1.0242
7 8 0.9999| 1.0103 1.0698 1.0864 1.0158 1.0p96 B.998.0091
15 16 1.0355| 1.0411 1.0534 1.0585 1.0106 0.9940 217.0 1.0361
3 4 1.0228| 1.013¢ 1.233 1.2324 1.0387 1.0136 2.012.0108
29 30 0.9899| 0.9782 1.0143 1.0012 0.8599 0.8537 583.9 0.9453
19 20 1.0198] 1.0232 1.4990 1.20p0 0.9664 0.9707 939.9 0.9977

Load voltagein p.u

Performance of load voltage

)

/]

-V Y

== Actusl load

=f=Varied load

Firefly alzorithm

—=—proposed method

0 22 9 23 12 1 7 15 3 29 19
From bus

Fig 7: From Bus Load Voltage Comparison Chart Of
Varied Load, UPFC With Firefly And UPFC With

Proposed Method.

Performance of load voltage

P AV

—#—Actual load
—i—Varied load

Firefly alzorithm

——Proposed method

22 24 10 24 13 17 8
To bus

16 4 30 20

Fig 8: To Bus Load Voltage Comparison Chart Of Varied
Load, UPFC With Firefly And UPFC With Proposed

Poer Loss in My

a s 10 15 20 25 30 35 40 45 50

Method.

GAFirsfly
Firefly

lteration

Fig 9: Performance Of Generation For Reducing The

System Power Loss.

Fig. 7 and 8, the load voltage stability of the
IEEE 30 bus system is evaluated for series and
shunt injecting buses. From the examined results,
the load voltage stability improvement of proposed
method with UPFC is revealed. In shunt and series
injecting cases, the voltage stability of the pregmb
method is improved as better level when compared
to UPFC with firefly algorithm. Also, the iteration
cure is described for proposed algorithm (GA-
firefly) and firefly is illustrated in Fig 9. Frorthe
iteration curve, the proposed method gives up
minimum power loss as compared with firefly
algorithm. Therefore, the load power variation is
controlled effectively by proposed method.

5. CONCLUSION

The proposed load power control method by
UPFC was implemented in MATLAB and the
performance is evaluated. The performance of load
bus power, voltage magnitude, and power loss were
examined and compared with classical algorithm.
From evaluating the effectiveness, different logdin
level are used. The comparative analysis shows
that, the proposed method give better control
performance when compared to classical firefly
algorithm. Also, the comparison charts of control
load power and the power loss are analyzed. The
characteristics of power loss, voltage, and power
loss iteration are studied.
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