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Abstract: In this paper, a method to determine the multi-objective ORPD issue in an unbalanced bus system is presented.
In contrast to conventional ORPD issue, the proposed method attains the improvement in voltage enhancement,
maximization in loadability, enhancement in ATC, minimization of loss under the unbalanced criteria. In order to
determine the optimal positioning and sizing of the UPFC, the ORPD is accomplished by utilizing a hybrid CSA and GWO
algorithm. Finally, the simulation outcomes on the benchmark IEEE test bus systems under unbalanced conditions reveal
the ORPD performance of the proposed method against the conventional methods. Even under the overloading
circumstances, the proposed method has shown its performance in retaining an optimal trade-off between the multiple
objectives. Here, the analysis also comprises an examination of the sensitivity of the method over the overloading conditions
of the bus system. At last, the simulation outcomes assure that the proposed method is better than the traditional methods
such as GWO and CSA.
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Localization and Sizing of UPFC: A Hybrid Optimization Algorithm for Solving Reactive Power Dispatch

1. Introduction

In the power system, the ORPD is considered as a significant tool to attain a safe and economic operation.
The main aim of the ORPD problem [15] [16] solution is to reduce a selected objective function like voltage
deviation or power loss exploiting the best adjustment of the power system control variables [10], [11].
Generally, the solution for the economic dispatch crisis is attained as the active power outputs of
generators. To decrease the cost of generating electric power, the economic dispatch problem solution is
utilized.

By exploiting transmission technology named FACTS [12] [13], the stability and the voltage profile of
the transmission systems and the power transfer ability of long-distance largely loaded transmission line
network are enhanced. Several years, the FACTS devices application [22] [23] [24] is utilized to maximize
the use of conventional transmission facilities within the appropriate consistency criteria, solution for loop
flow and SSR problem and Stability problem. Nevertheless, to examine the impact of the FACTS devices
limited attempt is performed on enhancing the static performance of the system like minimization of loss
and cost. ORPD formulation in [9], the FACTS devices are represented as supplementary control
parameters. In [9], the static model of three FACTS devices such as TCSC, SVC, and TCPAR is utilized.
By finding appropriate values for FACTS devices the reduction of the transmission loss is attained beside
with other control variables in the innovative ORPD issue namely transformer tap settings and reactive
power generation to adjust reactive power flow in the system [20] [21].

The ORPD [16] [17] is non-convex, multimodal, as well as non-linear optimization issue and it
rigorously based upon the primary assumption [14]. To create a global optimal solution, the traditional
approaches are incapable and to overcome these meta-heuristic approaches are developed amid that a few
are EP, GA, PSO, SA, TS, DE, and ABC and so on. In recent times, a harmony search algorithm HSA has
presented system using STATCOM for simultaneous reduction of the power loss, total cost, as well as
voltage deviation of IEEE 30-bus test.

By optimization algorithms [17], [35], [36], and [37] the unbalanced distribution systems are identified
to be described in the literature in recent times. On the other hand, the RPD problem [18] [19] is handled
by quadratic programming over an important unbalanced environment. Although, the quadratic
programming is recognized for its precise, computational incompetent that is unable to handle the multi-
objective environment. Through the initiation of other cost and security constraints namely installation
cost, and voltage profile the problem domain becomes multifaceted.

Contribution: This paper determines the ORPD issues by means of solving the best location and size
of UPFC under unbalanced conditions. Then, a state of multiple objectives are examined by that ORPD is
attained, besides the maximization of loadability, minimization of system losses and voltage deviation
with reduced operating costs of UPFC. Here it is determined by means of the proposed optimization
HGWOCS Algorithm.

This paper has the following sections: Section 2 summarizes the ORPD problem issue and Section 3
defines the problem formulation for reactive power dispatch. Section 4 narrates multi-objective function
adopted for optimal placement and sizing of UPFC. Section 5 reports the results and Section 6 states the
conclusion of the paper.

2. Literature Review

In 2017, Zhifang Yang et al [2] developed a new solution to the ORPD issue. A novel ensuing linear
estimate method was utilized in order to handle the nonlinearity of the power flow equations. The linear
modeling of shunt capacitors was exploited in order to enhance the mathematical transformation of
facilitating and accuracy for the voltage magnitude terms. The discrete variables were exploited to model
the shunt capacitors and LTCs by using the linear constraints in order to maintain without loss of
accuracy. Moreover, it assists the formulation of ORPD model using linearly-constrained mixed-integer.
Subsequently, they have instigated an efficient iterative solving method. The power flow solution was
austerely satisfied by the attained solution. Finally, the various studies on IEEE benchmark system
reveal that the presented algorithm effectively offer an error of the objective functions with near-optimal
solutions, which was minimum than 0.1%. Furthermore, the proposed algorithm exhibits various benefits
regarding both the efficiency and robustness by comparing the proposed algorithm with various
commercial solvers.

In 2018, Partha P. Biswas et al [3] presented two standard bus systems for deterministic ORPD
solutions only with thermal generators. Consequently, the scenario-based method was utilized in order to
present the stochastic ORPD solution and formulation, which integrates uncertain load demand, solar as
well as wind power. For the optimization tasks in all instances, the SHADE method was tested. Moreover,
an appropriate restraint handling approach (s-constraint) of EAs was effectively incorporated with the
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proposed method. By exploiting basic configurations of the two test systems, the efficacy of a proper CH
method was introduced with the experimented instances. In comparison with the previous examination,
the status of all the network limitations was demonstrated, and the outcomes were significantly examined
over limitation infringement. Further, the presented SHADE-EC was an efficient method for constrained
optimization issues. It rapidly makes the search procedure to the ariable region as well as after that
assures rapid convergence to global optima.

In 2018, Jordan Radosavljevi et al [4] worked on ORPD, which were the main significant circumstances
in electric power system for security as well as economic operation. To augment the voltage profile as well
as minimize the real power loss of the power system, the ORPD was attained using suitable coordination
of the equipment that deals with the reactive power flow. Scientifically, with the assistance of various
constraints, the ORPD issue can be created as a nonlinear optimization issue. For solving various issues
in ORPD, a hybrid PSOGSA method was presented in this paper. Finally, the outcomes attained by the
proposed algorithm were compared with conventional meta-heuristic optimization algorithms on standard
IEEE 30-bus and 118-bus test systems.

In 2018, Yongquan Zhou [5] developed a WWO approach to resolving the ORPD issue in power system
with discrete and continuous control. Here, the ORPD issue was distinct as a discrete, complex,
constrained nonlinear combinatorial optimization issue. In order to detect the optimized values of control
variables like generator voltages, tap positions of tap changing transformers, as well as the number of
reactive compensation devices use the WWO method, which achieves the reduced value for active power
losses. In fact, the proposed method efficiently shuns the inadequacy of local search and deprived
computation accurateness as well as to discover the global optimal resolution the proposed approach
accelerates the convergence rate. Finally, the proposed approach experimented on standard IEEE 30-bus
power system, which was to confirm the efficiency and viability of the proposed method in order to
undertake with the ORPD issue.

In 2016, Thang Trung Nguyen and Dieu Ngoc Vo [6] developed an ISSO approach in order to attain
various objectives of ORPD. Moreover, the developed ISSO approach was presented by exploiting two
variations in new solution generation procedure. In order to make the primary and the secondary new
solution generation, the developed approach utilizes only one modified equation. However, for each
procedure, the standard SSO exploits two equations. The benchmark optimization functions such as IEEE
30 and the 118-bus system was exploited so as to assure the enhancement of the proposed approach.
Finally, the attained outcomes of the proposed approach were compared with the existing methods.
Similarly, the proposed method exhibits that the proposed method has the ability to identify higher
quality extra favorable solutions; also it has the ability to stabilize solution search function.

In 2018, K. Balamurugan and K. Muthukumar [7], presented a heuristic optimization algorithm
named as DE method. By contingency analysis, this method was exploited in the deregulated electricity
market to solve the optimal position of FACTS devices. Moreover, the FACTS devices were exploited by
the proposed method to deal with the optimal injection of reactive and real power. The crossover
parameters, as well as the scaling factors, were empirically chosen to improve the search behavior of the
DE method. Similar optimization issue was solved by exploiting evolutionary programming approach so as
to exhibit the advantage of the proposed method as well as to demonstrate its novelty. Finally, the
outcome of the proposed method shows that it was better than the conventional methods with respect to
the convergence rate, final solution quality, robustness, and effectiveness.

In 2017, Amin Safari et al [8] developed a new technique for multi-type optimal placement for FACTS
devices and it was exploited to optimize multi-objective voltage stability issue. By adopting the multi-
objective optimization method called SPMOEA, the present study confers a method for setting and
locating of TCSC and SVC. While optimally locating multi-type FACTS devices, three objective functions
such as minimizations of RPL, maximization of the SVSM and LVD were considered. Moreover, the IEEE
30- and 118-bus test systems were simulated to validate the efficiency and the performance of the
proposed method. At last, the proposed technique was compared with the NSPSO method it exhibits the
value of the multi-objective proposed approach.

In 2017, Seyed Masoud Mohseni-Bonab and Abbas Rabiee [1] presented an SMO-ORPD model in wind
and load power generation uncertainties. In order to deal with the uncertainties, a two-stage stochastic
method was utilized. The RPLs and O&M cost of WFs were represented as objective functions. The voltage
stability index that is Lmax index was considered in order to solve the issue in SMO-ORPD. In addition,
find the optimal compromise solution both the fuzzy satisfying and e-constraint methods were utilized.
Here, the reactive power compensation devices were constructed as the discrete control variables.
Therefore, the proposed issue was constructed as a mixed-integer non-linear programming optimization
issue.
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3. Problem Formulation for Reactive Power Dispatch

3.1 Loss Sensitive Index (LSI) Model

The LSI [25] offers a significant choice on the reactive and active power losses, which concern the
distributed systems and that are mentioned in eq. (1). In eq. (1), MLI and NLI are the real and the

reactive power loss indices.
LSI =+/MLI? + NLI? (1)
When UPFC is available, Mp (1) indicate the real power loss as stated in eq. (2) and as in eq.

(B)N i)indicate the reactive power loss, which is generated at the i*"bus.
UPFC g

MLI = UPFE: gl) 2
NLI = Z UPF(C gl) 3)

However, UPFC is not present M, (i) indicates the real power loss and N, (i)indicates the reactive

power losses, which are generated at the i*"bus. If the UPFC needs to place or size in the best process is
revealed, then these losses can be able to alleviate. Minimizing the losses such as Mypre and Nyppe

tends to a minimum LSI and therefore, the performance of the system can be enhanced.

3.2 Voltage Deviation Index (VDI) Model

Being inspired by the approximations presented in [26], under the balance condition this paper tries to
reduce the voltage deviation of the system. By exploiting eq. (4), the voltage magnitude, the unbalanced
case, is calculated.

‘ﬁkr = |EVi|2 - 2(fikMik + iikNik)"‘ Cik (M’N) (4)

Eq. (5) and (6) represents the c},, r, and X, . Here, EV,, indicates the sending end voltage, M;,

indicates the real power flow and N,, indicates the reactive power flow in the line segment from itok.

T, = Re(aaH)orik + Im(aaH)o Xy, (5)
X; = Re(aaH)o - Im(aa ) o (6)
a= [1 e 1773 eJZ“/3Ir (7
¢ (M,N)= [Zik[sik ° EV% . [Siko ) EVi]] )
Zy =Ty + Ry, )
Ziy = Zy © (alal ) (10)
t, =Reja,q }ork—lm{_ } (11)
Xk:Re{ﬁa }ox +Im{_ }ork (12)
Sh = [Mlk + Jle] [Zlk )] (13)

- [1 o2/ ]27‘5/3]7 14

From the above eq. (5) to (14), /indicates the element-wise division and ° indicates the element-wise

multiplication of the matrices. The EViy bus voltages do not show many changes from their preset values.
If that kind of changes leads to happen, subsequently they need to be reduced. Therefore, the objective
function exploits control the voltage or reduce the changes, which are happening at the load buses, is
stated as eq. (15).

EVDI, = p|¥(EV,, ~ BV )+ ¥(EV, - EV,, )| (15)

3.3 Available Transfer Capability (ATC) Model

For the ATC computation, the literature has been discovered a lot of methods [27]. This kind of methods

comes under two major categorizations such as methods depend on the CPF and methods depend on the

distribution factors. The CPF study permits the calculation of the highest value that denotes the scalar
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parameter related to the linear function of the modifications, which takes place on the nodal inputs of a
bus group [28]. However, CPF really states to attain highest loadability, and the CPF possess the
capability to adjust all kinds of application, without infringing its regulations. In the primary stage, the
CPF starts and attains the load increment, which is done by utilizing the factor, until the occasion of an
exact system limit. While a definite source/sink transmit is measured, the ATC calculation is added as the
highest power transmit, which evades the crossing of limits above the base case.

PLi = Pgi - PD. (16)

Q, =Q, —Qyp, 17)
NB

Pci = kZ Vi Vi ||Yik|cos(61k - eik) (18)
]
NB

Q, = kzl Ve[ Vi [Yii|sin (8,5 —051.) (19)

By exploiting eq. (20) to eq. (23), and eq. (24) - eq. (27) determines the diagonal elements and the off-
diagonal elements of the matrix by m=12,...,.2N;+2. TheH_ and L, is to 10%°, and it modifies the

Jacobean elements of the slack bus and the generator buses. By utilizing eq. (28) to (31), the RHS vector is
created.

LA N N AT (20)
a8,
oM -|EV | 2
=— v "W _M +E_|E
Quu 6EVu u + uu| Vu| (2 1)
P, = _p E,[EV,[ (22)
a5,
N, |E
L, = N, [BV, | =N, -A_[EV,[ (23)
JEV,
F,, = M |V, [V, [, sin5,, — A, coss,,) (24)
qu - % = |EVu||EVV (Euv COSBuv + Auv Sin 8uv) (25)
oN
P, =—%=-
uv asv qu (26)
N
Luv = a U|EVV| = Fuv (27)
JEV,
Ali]=AM, (28)
Ali+Qg]=AN, (29)
8, =8, +AX (30)
EV, =EV, + {X,,, |EV, @31

3.4 UPFC Model

The UPFC is considered as the enhanced FACTS device which shows the effectual control in the reactive
and the active load flows [29] [30]. Hence, the UPFC infuses reactive power then the LSI and the
consistency registers like, ATC and VDI are enhanced considerably. Several ideas, which are attained
with the power injection method that applied to UPFC, are shown in eq. (32) to (35).

M, =M, + IJ_qzj|Evk||EVj||Ykj |cos(s, —5,-6,,) (32)
N, =N, + IJ_\IZ_];|EVk||EVj [Y,g[sin(5, -5, - 6,;) (33)
M, =M, + TZ?EVi EV,|Y;|cos(s, -5, -6;) (34)
N, =N, +§|EVi EV,|[Y,[sin(3; -, -0, (35)
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In [31], the derivation, which is related to the calculation of the active and the reactive power flows
through the transmission line are shown. Also, the connection between the k"™ bus and thei™ bus, which
is accomplished with the UPFC set-up are also exhibited. In eq. (36), EV, and EV,indicates the voltage
magnitudes, which correlates to the k" bus and thei" bus. E, indicate the conductance of the parallel
component and E, indicate the serial component in UPF.A  and A, indicates to the susceptance of the
parallel component and the serial component in UPFC.

BV, (B, +E,)-[EV,[G,|Y,|cos, -5, +5,)
M, = ~[EV,|[EV,|[Y,|cos(®, -5, +35;) (36)
+[EV,||E,]Y,|cos(6, -8, +8,)

7‘Evk‘2(Ap + AS)+ ‘EVkHEPHYP‘Sin(ep ~O Sp)
No={  +[RV[EV,[¥Jsin(0, -5, +5,) G0
~|EV, |E,|Y,[sin(6, - &, +8,)

2

M, = [EV,|" G, - |[EV,||E,|Y,|cos(6, -5, +38,) 39
~[EV,|[EV,|Y,|cos(6, -5, +3,)

N, - ~[EV.[ A, +|EV, E,[Y,[sin(6. -3, +5.) (39)
+|EV,||[EV,|Y,|sin(6, - &; +5,)

Y, and Y, indicates the access of the parallel and the serial component that presented in
UPFGC; 6, portrays the angle apprehensive with the access that requires the access linked with the line and
the access equivalent to the series component in UPFC; 0 ,and 0, represents the voltage sources, which

have connection with the parallel component and the serial component residing in UPFC.
Therefore, VE and VE, denotes the voltage source angle, which is associated with the parallel and the
serial component of UPFC. One of the main significant tasks is the position and the size of the UPFC
should be known. To determine the best size of the UPFC the cost factor (Cypre (in USD/KVar)) is
represented as the UPFC operating constraint, as denoted in eq. (39).

Cupre =0.0003Q7; —0.2691Q

inj

+188.22 (40)
represents the reactive power to be injected by UPFC [32].

inj

HereQ

inj

4. Multi-objective Function Adopted for Optimal Placement and Sizing of
UPFC

4.1 Objective Model

Under a balanced condition, the proposed objective for ORPD remnants as a multi-objective minimization
issue, which is stated in eq. (41).
S"= argmin  F(LSI, VDL C e, ATC) (41)

EVllelzvlstlvN(AI)
where, EVll,le,l3,AI,N(AI)]’ indicates the best solution variables. The variables indicate the best
voltage to be added, transformer tap settings, shunt capacitance, UPFC position, and the reactive power

to be injected. Moreover, four constraints namely VDI, Cuprc, LSI, and ATC are examined. Additionally,
utilizing the eq. (42), F(LSI,VDI, Cuprc ,ATC)indicate the multi-objective function can be determined.
1
F=Bf +—F—— 42
Pub + 5 Jac (42)
In the following sections, the LSI, VDI, Cypre and ATC are the independent objectives that are solved

and connected by utilizing the eq. (42), eq. (43) and eq. (44). In spite of solving them independently, as
stated in eq. (41) need to integrate an effect on the ultimate objective model, with respect to the scaling
factors of the objective functions (f,, B,and B,).

£, =B, + 1—B)Cuprc (43)
f, =B,LSI+(@-pB,)VDI (44)
As stated in eq. (45), the integrated effect of all the objectives is identified.
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o(LSI-VDI)+ (ij(vm —Cope )+
oy
_ 45
F ( ¢ ]Cupfc + 1 ( )
%z 1- (“]ATC
a0,

where 3 = ,8,B;, 1s exploited to reduce the weightage functions which are exploited for each objective in
the conventional multi-objective model [39].

4.2 Conventional optimization GWO Algorithm

Generally, GWO [33] considered as the new metaheuristics swarm intelligence algorithm. Moreover, GWO
is extensively modified for a broad range of optimization issues because of its imposing characteristics
over other swarm intelligence approaches. While designing the GWO method, consider the optimal fitness
value as a, subsequently second and third optimal value as fand y. Subsequent to finding the prey, the

Grey wolves surround and harass the prey until it halts moving. The mathematical model for encircling
behavior of grey wolves as mentioned in eq. (46) and (47).
B = [F* Y, (6) ~ You (t) (46)

prey

Yo (t+1)=Y . (t)-B*E (47)

prey

Where t refers present position, Y represents the position vector of the prey, ?GW depicts the

prey
location vector of the grey wolf, B and E denotes the coefficient vector and it computed as eq. (49).

B=20*F —¢ (48)

E=2xT, (49)

Where, ¢ is reduced from 2 to 0 above the way of iterations and are t; and 1, are arbitrary values

among 0 and 1. To exactly simulate the hunting behavior of the grey wolf, save the first three optimal
fitness values as a, pand y. These are encompassing potential information regarding the optimum

location of the prey.

Y, =Y_,(t)-A,*E_« (50)
Y, =Y _,(t)-A,+E_p (51)
Y, =Y_(t)-A,+E_y (52)
B_, =[F*Y_,(t)- You (t) (53)
By =[F Y _y(t)- Yo (t) (54)
E_ - ‘F*Y_y(t)—?Gw (tX (55)
The optimal location of the grey wolf can be computed as in eq. (56).
Y (£+1)= # (56)

4.3 Conventional optimization CSA Algorithm

The CSA algorithm [34] is an evolutionary method that imitates the activities done by crows for instance
recovering and hiding the additional food. It is on the basis of the population; whereas the range of the
flock is assured by I folks that are of 1 dimensional whereiis considered as the problem dimension. The
position Y, . of the crow m is represented as a definite iteration n is represented as a probable result for

the problem.
Y, =l vh eyt fm=12. n=12... max itr 7

Until the present iteration, each crow is assumed to include the ability to recall the optimal visit
position P, to keep out of sight the food.

P, =[ph D2 ] (58)
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The category of performance represented by each crow m is indicated by an awareness
probability AWP . So, an arbitrary value a, is uniformly distributed among 0 and 1 is sampled. If a;is

>AWP , performance 1 is used, else circumstances 2 is selected.
[Ym,n + ai'f‘lm,n . (Pm,k - Y ) ai > AWP

m,n

Y,

mn+l

) (59)
Random otherwise

The fl ,is flight length, which denotes the magnitude of movement from crow Y & towards the

optimal location P, of the crow Y,

mn ?

the a,;is an arbitrary number with uniform distribution within the

range of [0, 1]. The positions of the crows are estimated once the crows are modified, and the memory

vector 1s updated as eq. (60).
Y, Y, P
Pmykﬂ _ [g( m,n+1) O( m,n+l ) < O( m,n) (60)

mk

otherwise

O(-)indicates the objective function to be reduced.

4.4 Proposed HCSGWO Algorithm

The existing GWO algorithm is hybridized with the CSA to attain an appropriate balance among
exploitation and exploration. By means of it, the optimal sizing and location of UPFC are attained in order
to ORPD issues under the balanced conditions. Particularly, the CSA method integrates a control
parameter f,in its position updating equation as stated in eq. (59). It permits the search agents to make a

decision the magnitude of the step movement to other search agents. It plays an important role in
obtaining the global optima as the large value of f,, that tend to global exploration when a minimum
value of f, outcomes to local exploitation. In the proposed method, instead of updating frome, Sandy,
the search agent permits update its position only exploiting @, and y by eq. (61).

) Yot erand(¥, - 9)+ (¥, - ¥)

Y(t+1)= 5 (61)

Y(t+1):Y+ﬂ><]f'and><({('1 —?) (62)
In this paper, an adaptive balance probability is utilized that permits the proposed method to attain
the acceleration during initial steps of optimization process while in the final steps of optimization shows

potential solutions is possessed a maximum probability to be used. The adaptive balance probability is
calculated as eq. (63).

max iter®

P=1—[1.01*LJ (63)

However, in conventional GWO, the value ofd is linearly minimized from 2 to 0 as stated in eq. (48).
Here, an enhanced approach is revealed in eq. (64) that is used to produce the values for the control
parameter d at the optimization procedure. It makes the proposed algorithm to efficiently search the

search space in comparison to conventional GWO. By eq. (64), the performances of the ORPD can be
enhanced. The pseudo-code of the proposed HCSGWO method is described below:

G_9_ cos(rand( )x1)

64
Max _iter (64)

Algorithm: Pseudo code of proposed HCSGWO

Initialize the grey wolves population Y; (i = l,2,....n)
Initialize the a, B, and E

Fitness of each search agent is computed

Y, . Yyand Y, denotes the best search agents

While (t > max—iter)
For each search-agent
If (p>rand)

By eq. (61) the position of the current search agent is updated
else

By Eq.(62), the position of current search- agent is updated
End if
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end for
By Eq.(63) the value of P is updated
By eq. (64) the value of ‘a’ is updated.
Update parameters B, E
The fitness of all search agents is computed.
Update Y, Y and Y,

t=t+1
end while

Return Y,

5. Result and Discussion

5.1 Experimental Procedure

In this paper, the multi-objective ORPD method, as well as the proposed method, has been experimented
in MATLAB and the simulations were performed in the IEEE 30, 57 and 118 test bus systems. Here, the
experimentation was performed for base case loading, statistical analysis for unbalanced conditions. Then,
the testing was extended by overloading five arbitrarily chosen load buses such as 100%,
150%,200%,250%,300%, 350% and 400% as well as the outcomes were examined. In addition, the proposed
method was compared with conventional methods such as CSA and GWO methods.

5.2 Performance Analysis

In Table 1, the statistical analysis of the IEEE 30 bus system is demonstrated. Here, the performance of
ORPD, the consistency, and reliability of the proposed algorithm is shown. The proposed technique
achieved minimum than that the traditional methods. The same performance environment is achieved in
VDI. Moreover, the proposed method achieves the minimum mean CUPFC, which is mainly attained in
the stochastic procedure. An enhanced ATC is attained by the proposed method when maintaining the
evidence of increasing the median and mean ATCs. Hence, in all cases, F also converges to a minimal
point, excluding the best-case scenario.

Table 1. Statistical Analysis of the IEEE 30 bus system In the unbalanced state

Best Worst Mean Median Std
22.53 20.56 22.53 18.42 1.932
26.79 24.08 20.14 20.56 1.91
27.66 23.45 19.90 17.24 1.89
VDI
Best Worst Mean Median Std
17.93 15.86 6.08 9.22 1.41
17.13 13.84 12.06 13.23 0.23
18.12 13.56 12.00 13.22 0.22
Cuprc ($/KVAR)
Best Worst Mean Median Std
121.32111.23 122.33 142.24 3.24
122.34112.45 118.34 122.23 2.23
124.56110.23 115.26 112.45 2.01
ATC (MW)
Best Worst Mean Median Std
19.22 17.21 18.32 15.23 1.23
18.12 17.56 18.22 15.34 1.67
20.22 16.22 16.23 17.22 1.02
MULTI-OBJECTIVE FUNCTION F' (X10-3)
Best Worst Mean Median Std
18.23 13.23 14.23 6.22 1.22
17.22 12.34 12.23 6.23 1.46
20.23 11.21 10.22 5.33 1.20

Table 2 exhibits the performance analysis of the conventional and proposed approach in IEEE 57 Bus
system. Here, the proposed method minimized the VDI, LSI, and F than the conventional methods under
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base case loading. The enhancement shown by the proposed approach is far better than the existing
approaches LSI as well as VDI over the base case loading. The proposed method has minimized the
operating cost of UPFC, and the final cost F remnants better than the existing approaches.

Table 2. Analisis between existini and proposed techniques in IEEE 57 bus test sistem.

2.14 2.03 2.14 2.02
2.01 2.09 2.02 2.02
1.234 2.04 2.03 2.02
1.98 1.06 0.99 0.97
2.5 2.10 2.04 2.05
2.1 2.05 2.04 2.08
1.97 1.04 1.98 1.99
2.3 2.95 1.10 1.06
2.3 2.04 1.96 1.05
1.9 2.05 1.90 1.01
11 10.3 9.96 11.57
7.2 8.04 12.96 11.16
5.3 19.5 12.74 18.57
5.1 6.00 4.00 3.00
0.3.2 0.65 0.64 0.44
17.86 16.6 16.47 11.55
610.72 2.80 0.88 24.42
12.2 18.4 18.05 188.10
4.23 45.1 44.59 41.72

5.3 Statistical Analysis

In Table 3, the final cost for various loading states on load buses is shown for IEEE 118 bus system. Here,
the experiment is done for different system overloading such as 50%, 100%, 150%, 200%, 250%, 300%,
350% and 400%. Moreover, the overall analysis reveals the proposed technique is superior to the existing
techniques.

Table 3. Analysis of proposed and Existing approaches under the unbalanced condition for IEEE 118 bus test system

9262.65 7144.45

5515.93 4328.24
2281.73 1850.24
1958.47 1361.10
1858.45 1522.10
3377.80 2681.14
2938.59 2234.32
4426.31 3741.27

Table 4 exhibits the statistical report of the IEEE 118 bus system under unbalanced conditions. Here,
the proposed method reduces VDI, LSI, and F than conventional methods.

Table 4. Statistical report of the IEEE 118 bus system in the unbalanced condition

Median

122.33 121.33 0.22
124.44 113.22 1.22
121.23 112.32 0.12
Mean Median Std
123.32 123.78 1.23
120.03 119.34 1.32
119.03 111.23 0.99
Mean Median Std
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123.23112.34 123.34 128.91 2.29

122.34109.23 134.62 129.34 2.23
136.23105.22 145.23 125.32 2.24
TC (MW)

Best Worst Mean Median Std
125.34112.34 122.32 118.22 1.23
123.34111.23 118.22 112.34 1.34
138.23110.23 112.23 110.22 0.23
MULTI-OBJECTIVE FUNCTION F (x10-3)

Best Worst Mean Median Std
114.23112.32 123.45 123.24 1.21
112.34114.32 132.23 111.23 1.32
132.34112.12 111.23 110.12 1.01

6. Conclusion

In this paper, a multi-objective ORPD issue model was proposed to maintain the regulation of the voltage
problems in an unbalanced environment and also to reduce the system losses. Here, the maximum
loadability can be attained by means of the derived model because it has the ability to maintain the
overloading. This paper presented a hybrid CSA and GWO method in order to determine the multi-
objective model. Hence, the proposed technique solved the best system parameters and the best reactive
power that requires introduce into the optimal bus of the system. Finally, the simulation outcomes on the
benchmark bus system were shown that the proposed method was superior to the traditional methods
such as CSA and GWO methods. By means of the various overloading conditions and statistical analysis
of the bus system, the effectiveness of the proposed technique was shown. Additionally, the proposed
technique was shown the inconsiderate to the overloading restraint. Nevertheless, the scaling factors
exploited in the multi-objective function need suitable chosen to enhance the performance of the proposed
ORPD technique.
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