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Abstract: In the functioning of the deregulated system, the ATC is considered as one of the demanding criteria. Generally, 

the maximum demand for enhancing the ATC is done by exploiting FACTS devices in the power system. Nevertheless, it 

undergoes severe problem while determining the best position as well as the recompense phase of FACTS. In this paper, 

TCSC devices are used in order to recompense the restriction of FACTS. In addition, a new Hybrid Grey Wolf Optimization 

and Flower Pollination Algorithm (HGWFPA) are presented for ATC enhancement. Finally, the simulations are performed 

on three standard bus systems namely IEEE 30, IEEE 24, and IEEE 57. Moreover, the proposed HGWFPA method is 

compared with the conventional GWO and FPA method. Ultimately, the experimentation shows that the efficiency of the 

proposed techniques in terms of ATC enhancement. 
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Nomenclature 

Abbreviations  Descriptions 

ATC Available transfer capability 

GA Genetic Algorithm   

 PSO  Particle Swarm Optimization 

ACO  Ant Colony Optimization 

 GSA Gravitational Search Algorithm 

 TLBO Teaching Learning Based Optimization 

 TCSC  Thyristor Controlled Series Capacitor 

BBO Biogeography-Based Optimization 

MDE Modified Differential Evolution 

LFC Load Frequency Control 

 DE Differential Evolution 

 OPF Optimal Power Flow 

 APSOA Adaptive Parallel Seeker Optimization Algorithm 

 CPF Continuation Power Flow 

 CSO Cat Swarm Optimization 

OASIS  Open Access Same Time Information System 

ETC Existing Transmission Commitments 

DE  Differential Evolution 

PID Proportional Integral Derivative 

TTC  Total Transfer Capability 

 CBM Capacity Benefit Margin 

 TRM Transfer Reliability Margin 

SVM Support Vector Machine 

 GWO Grey Wolf Optimization 

SVC Static VAR Compensator 

UPFC Unified Power Flow Controller 
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1.Introduction  

In the power system, to maintain and assure the power transactions as well as consistent operation of the 

networks the transmission network owners offer to unbundle services in an open market environment [1]. 

In order to implement open access [2], ATC is utilized to notify the entire contributor to the energy market 

of a power system. Because of dynamic and static security constraints, the endeavor of ATC computation 

of a non-linear power system creates two main disadvantages such as calculating accuracy and speed [3]. 

 Nowadays, the approaches for calculating the transfer capability are developing. However, the 

approaches exploited currently are oversimplified, which do not regard as the effects namely system 

policies, nonlinearities, interactions among the power transfers and loop flows [13] [14]. Under an open 

market environment, an effectual and efficient calculating tool used for precise computation of ATC that is 

greatly necessary for all transmission providers. Although an important development is done in 

developing such tools, the main confront enduring is to decide ATC precisely in unreliable load 

circumstances that consider static and dynamic security limits [26]. 

Generally, FACTS devices provide an efficient as well as a promising substitute for existing approaches 

for ATC enhancement. Moreover, it offers new control services, both in dynamic stability control steady-

state and power flow control [10] [11] [12]. In the electric power system, controlling power flow without 

generation rescheduling or topological modifications is able to enhance the network performance 

significantly [16] [17]. Through various case studies, the result of an SVC and TCSC on the ATC 

enhancement are examined and verified with the appropriate location. It is revealed while installing SVC 

in the proper position will enhance voltage profile, ATC, and TCSC. 

While comparing with other FACTS devices, the TCSC is considered as one of the fast response devices 

with lower costs [19].  Also, TCSC is considered as one of the most important FACTS devices that can 

installed to enhance the transient stability, enhance the system loadability minimize transmission loss, 

and maximize the power transmission capacity. At the well-tuned parameters, the TCSC required to be 

optimally installed within the suitable network in order to attain the previous advantages [18]. 

Subsequent objectives are considered for optimal installation of TCSC devices: reducing reactive as well as 

active power losses, enhancing power transmission capacity and stability margin [23] [24] [25]. 

In recent years, optimization approaches are well developed and attracts many researchers. It is 

because of their huge contribution and impacts in the field of economics and designing [20]. However, 

highly developed optimization tools are frequently required due to the increased complexity of real-world 

issues [21] [22]. In order to solve the complicated mathematical models, the meta-heuristic optimization 

techniques turn into a widespread option. Metaheuristic optimization approaches comprise numerous 

techniques in order to attain the optimal solution such as GA [31], PSO [32], BBO, ACO, and GSA [33]. 

The main aim of this paper is to present an HCSGWO approach to resolve the optimization issues in 

the power system. In addition, the presented technique is used to optimize the utmost ATC in the power 

transmission system. Furthermore, TCSC devices are exploited in this paper in the place of FACTS 

devices. 

2. Literature Review 

In 2017, Rahul Agarwal et al [1], proposed a novel optimization method known as TLBO to find out the 

optional rating and location of the TCSC for the power system. Moreover, this paper exhibits a generalized 

technique for the optimization TLBO algorithm, by considering the end objective, an enhanced voltage 

profile, and power transfer capacity was attained. Finally, from the result, it was clear the minimization of 

active and reactive power loss of the line was attained after the positioning of TCSC in the power system. 

In 2018, Dillip Kumar Sahoo et al [2] presented an MDE method for LFC of interconnected power 

system by considering the nonlinearity. Also, by exploiting various schemes of the DE approach the 

increases of the fuzzy PID controller were optimized. Subsequently, changing in DE method was 

presented for the optimal scheme using an easy through the effectual method of modifying two of its 

significant control parameters such as crossover probability and step size with an intention of attaining 

enhanced performance. In addition, a TCSC algorithm was introduced that was appropriate for the LFC 

issue. Finally, the performance of the fuzzy PID controller synchronized with TCSC was examined under 

arbitrarily load. 

In 2019, M.B. Shafik et al [3] presented the framework named as OPF to locate the optimal site as well 

as the size of the TCSCs devices. For the minimization of generation cost and installed TCSC device cost 

the techno-economic problems were considered. Additionally, an APSOA was examined to use the study of 

techno-economic. The multi-objective OPF issue was solved by exploiting the presented APSOA, whereas 

the search space was reduced by LSR. At normal as well as contingency operating circumstances, the 

proposed method was examined against three IEEE standards with 9, 30 and 57-bus test systems. To 
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reveal the capability and increases of the proposed algorithm, four-study cases were considered to reduce 

losses and total voltage deviation.  

In 2017, O. Ziaee no et al [4] developed a novel method for optimal position allocation for TCSC in 

power transmission network. Here, mainly two-stage stochastic procedures were considered. In the first 

phase, the optimal positioning, as well as an upper limit was identified based on the number of TCSCs. 

The AC viability of the solution that was attained in the first phase for different load cases was checked in 

the second phase regarding load uncertainties. To solve the issue iteratively, a comprehensive Benders 

decomposition method was utilized, which consists of both the active and reactive power flow of the 

transmission network. To examine the reliability of the proposed process and to improve the perceptive of 

the TCSC position-allocation issue the IEEE 118-bus was exploited.  

In 2017, T. Nireekshana et al [5] worked on improvement and determination of ATC, which was a 

significant problem in the deregulated operation of the power systems. Here, the employ of FACTS devices 

namely TCSC and SVC was examined in normal and contingency circumstances so as to improve power 

transfer transactions. However, ATC was calculated by means of CPF approach taking into consideration 

of both the voltage profile and thermal limits. In order to resolve the controlling and location parameters 

of TCSC and SVC, the CSO was exploited as an optimization tool. For standard and different contingency 

scenarios, the recommended method was examined on IEEE 14 as well as IEEE 24-bus reliability test 

system. 

In 2017 M. Venkateswara Rao et al [6] worked on a method, which was to estimate the ATC by 

exploiting sensitivity factors technique. Furthermore, the ATC value was improved by exploiting OPF and 

FACTS controllers namely STATCOM, UPFC, and SSSC. Hence, a novel current method on the basis of 

modeling was developed for the represented FACTS controllers. The computational load, as well as the 

time, was taken for convergence, which was minimized by means of proposed modeling. While compared 

with the normal load flow, the system ATC was improved by exploiting OPF, which was identified from 

the analysis. 

In 2017, Ashwani Kumar and Jitendra Kumar [7] developed a method for the ATC improvement by 

means of optimal power flow. To find out the enhancement of ATC, the Z states Constant Impedance load, 

I states for Constant Current load, and P states Constant Power load (ZIP)  load method with the constant 

power load was integrated into an OPF method that identifies the impact of ZIP load method. In order to 

identify the impact of the ATC with and without FACTS devices, the various amalgamations of 

coefficients of load were represented. On the basis of the outcomes attained, it was finalized that the ATC 

increases in the occurrence of FACTS devices for all types of transactions under the whole as well as line 

contingency scenarios.  

In 2018, Zora Luburic and Hrvoje Pandzic [8] worked on four different unit commitment methods, 

which consider energy storage as well as FACTS devices. By using both the technologies, the wind 

limitation was efficiently minimized and the storage of energy was high effectual at minimizing system 

operating costs than the FACTS devices. On the other hand, the efficiency of energy storage depends on 

the wind profile at minimizing system operating costs and wind limitation drastically. Although an 

enormous amount of these devices was required to efficiently control power flows in the entire system. 

Line loadings maximization can be extensively performed by FACTS devices. 

3. Basic Description of ATC Enhancement  

3.1 Objective Function 

Consider a standard bus system, which connected with some external devices. The ATC needs to estimate 

for the power system. Moreover, this paper mainly focused on the ATC estimation of the system, which 

available with TCSC. As the number of TCSC to be connected depends on the users, so the need for 

external devices under such condition is less. Eq. (1) indicates the objective problem model, whereas tL

represents the group of line indices and tC represents the compensation level of tht  TCSC in the bus 

system,  

tt CL , indicates the optimal link in the group of line. 

  10;maxarg,
],[



T
CL

tt NtATCCL
tt

                                            (1) 

3.2 Background Illustration 

Nowadays, consumers and producers of the power transmissions are moving in a deregulated way due to 

the increased demand in electricity. Hence, a single transmission system of power is required to convey 

power transmissions among the consumer and generator part. Moreover, the quantity of generators is 
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varying in electricity markets, which tends to the happening of jamming and overcapacity. In view of the 

fact that the overloading and congestion are maximized, so the obliteration in the flow of transmission, 

stability and voltage limits is maximized. However, these problems mainly influence the ATC, because 

ATC significantly assists to offer security as well as reliability to the power system.  

OASIS is kept to update the ATC incessantly, so evaluation of ATC turns into the wearisome part. 

Generally, „„ATC is represented as a measure of the transfer capacity that remains in the physical 

transmission network for additional profitable action above and over previously committed utilizes.‟‟ Eq. 

(2) represents the general formulation of ATC, where ECV  indicates the ETC, TCV indicates the TTC, CMV  

indicates the CBM, and TRMV indicates the TRM. The definition of ATC with a clear description of TTC, 

TRM, ETC, and CBM is shown in fig. 1. 

 CMECTRMTCATC VVVVV                                                   (2) 

TRM: TRM determines the transmission capacity of the power transfer that is necessary to set up the 

protection of the interrelated system. The power system can be connected with a small number of 

uncertainties, which continue in the system for the above measurement. 

CBM: CBM determines the transmission capacity of power transfer by means of fulfilling the 

requirements of consistent generation. Moreover, the components accessible for lessening the load are 

extremely exploited to function in the interconnected system. 

TTC: TTC determines the total power, which conveyed by the system, hence that the whole set of 

distinct pre- and post-contingency system conditions are fulfilled. 

 

 
Fig. 1. Diagrammatic illustration of ATC basics 

 

In the past few years, there have been numerous experiments connected with the augmentation of ATC 

that is reviewed by various researchers. For ATC determination, the curve of the protection border was 

represented in [24]. Moreover, the ATC using the SVM was estimated in [25]. In view of the fact that the 

introduction of methods for the estimation of ATC is maximized day by day however their illusory 

methods are classified into two kinds: on the basis of distribution factors and CPF [26]. The aforesaid 

techniques are exploited on the condition of AC or DC power flows. On the other hand, this simulation is 

not successful because it does not require any breakdown and difficulty to create the precise outcome for 

the general operation of ATC determination [14]. 

 Additionally, the CPF techniques are mostly implemented while they exploit the augmentation of 

linear deviation by the class of buses to attain the best value [29]. Consequently, under CPF the 

controlling parameters connected with the testing are moving in a linear way. Therefore, it needs the 

modification procedure subsequent to the achievement of each iteration. This paper fully depends on the 

power flow for the estimation of ATC. 

4. Proposed Optimization Algorithms Adopted for ATC Enhancement 

4.1 Conventional GWO algorithm 

GWO algorithm is a well known population-based nature-inspired method [27]. Generally, GWO 

algorithm imitates the grey wolves in the form of utilizing its behavior such as social leadership and 

hunting method. In order to simulate the command hierarchy, four kinds of grey wolves are exploited. 

Here, the first three optimal position wolves are represented as  ,  , and these wolves guides the other 

wolves   of the groups on the way to promising areas of the search space.  

 

Existing Transmission Commitments (ETC) 

Transmission Reliability Margin (TRM) 

Capacity Benefit Margin (CBM) 

Available Transfer Capability (ATC) 

Total Transfer Capability (TTC) 
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The following mathematical equation is used to compute the encircling behavior of each agent of the 

grey wolves. Eq. (5) and (6) indicates the vectors p and n . 

tt

p yynq


 .                                                                                  (3) 

qpyy t

p

t 
1                                                                                   (4) 

1.2 rip 


                                                                                            (5) 

2.2 rn 


                                                                                             (6) 

To scientifically simulate the hunting behavior,  , ,  have superior knowledge regarding the possible 

position of prey. 

yynq


  1                                                                                  (7) 

yynq


  2                                                                                 (8) 

yynq


  3                                                                                (9) 

   qpyy


11                                                                            (10) 

   qpyy


22                                                                           (11) 

   qpyy


13                                                                            (12) 

3

3211 yyy
yt


 


                                                                        (13) 

Here, p


is considered as a random value within the range  pp 2,2 . Moreover, the wolves are enforced 

to attacked the prey during the random value 1p


. Here, the exploration ability is considered during 

searching for prey and the exploitation ability is considered during attacking the prey. The random values 

p


are used to enforce the search to diverge from the prey. During p


1 , the members of the population 

are forced to move away from the prey. 

4.2 Conventional FPA algorithm 

In [28], biological flower pollination motivates a novel population-based approach known as FPA. Here, 

the worldwide pollination represented as cross-pollination and the pollinators follows Levy flights 

whereas; self-pollination is referred to as the local pollination. The flower constancy is also representing as 

reproduction probability and it is proportional to the resemblance of the two flowers inapprehensive. This 

approach uses a switching probability  1,0q  to manage among the global and local pollination and also 

FPA is represented as local and global pollination.  

 t

mp

t

ml

t

mn

t

mn yyvyy


1                                                                (14) 

Here, t

mly


and t

mpy


are considered as the pollen of various flowers however they are in the similar plant 

species, whereas v  is created from the uniform distribution [0, 1]. If t

mly


and t

mpy


 are originated from the 

similar species an arbitrary walk for a local procedure needs to perform. In the global pollination, the 

pollens of the flowers are enthused through pollinator‟s for instance pollens and insects can be passed for 

extensive distances. Therefore, this procedure assures the reproduction and pollination of the fittest 

solution and it is denoted as follows. 

     hyLyy t

mn

t

mn

t

mn

 1                                                      (15) 

At iteration t , jy  represents the solution vector in order to control the step size, and  is represented 

as a  scaling factor. To imitate the feature transporting of insects on a long-distance with a variety of 

length steps the Levy flight is exploited, therefore, 0L . 

 
 0,

2
sin

ss
s

L
j











 





                                                        (16) 

In eq. (16)  represents the standard gamma function, as well as it is applicable for large steps. A 

variable p  represents the switching probability, which is exploited to modify the global pollination to 

exhaustive local pollination and move backward. 
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4.3 Proposed HGWFPA algorithm 

The proposed method is the hybridization of both the conventional GWO and FPA method and it is named 

as HGWFPA. It is attained by integrating the functionality of both algorithms. In producing the final best 

solution to the ATC enhancement, two different approaches comprising exploration and exploitation are 

involved.  

The performance of exploitation in GWO is extended with the achievement of the exploration in FPA to 

create strength of both algorithms. On the other hand, FPA uses the exploration stage to update the 

positions.  As a result of this modification, the enhancement of ATC is satisfied by using the proposed 

HGWFPA. 

     
    5.0,

5.0,

1

1









randyynv

randyynL
q






                                         (17) 

In Eq. (17), q


represents a modified supremacy coefficient from eq. (3) and it is used for the diversity 

search agent in the proposed method. Similar operation can be performed in ,  ,  which is in eq. (7), (8) 

and (9). The eq. (18) represents the new agent position. 

   qpyy


11                                                                              (18) 

Where, 1y


is performed for first agent position and the same procedure is performed for second and 

third agent position 2y


and 3y


from eq. (7) (8) and (9).  The following pseudo-code represents the proposed 

HGWFPA. 

 
Algorithm: Pseudo-code of proposed HGWFPA 

Initialize the parameters 

Population   candpqnjYj ,,,.....2,1  

Calculate the fitness of each search agent   YYYf ,,  

While iterationt max  

 For every search agent 

  Obtain the current position by eq. (4) and (13) 

 End for 

  Using eq. (3), (6) and (17) obtain n , p and q  

  Compute the fitness of  all search agent 

  Update  YYY ,, by eq. (18) 

  1 tt  

End while 

Return Y  

5. Result and Discussion 

5.1 Simulation Procedure 

The simulation of the ATC enhancement in power system was performed on IEEE 24, 30 and 57 test bus 

systems. Here, the experimentation was done by exploiting the proposed HGWFPA method. The outcome 

attained from the proposed HGWFPA was compared with that from the existing GWO [30] and FPA [28]. 

Generally, as per literature, the enhancement of ATC was validated in two TCSC connections. Though, 

this paper focused to estimate under-five TCSC connections. Moreover, the statistical analysis of the three 

bus system was analyzed that are demonstrated in the following sub-sections. 

5.2 Performance Analysis 

In Table 1, the performance analysis of the ATC enhancement in IEEE 24 test bus system by HGWFPA is 

demonstrated. Here, it shows the information with respect to the line number, the link from the bus to the 

bus and the compensation. Also, the simulation is performed for a power system with and without TCSC. 

As a result, in the first connection, the line number of the two TCSCs recommends 26 for GWO, 27 FOR 

FPA and 23 for HGWFPA, while the compensation level is 0.22 for GWO and -1.26 for FPA and 2.33 for 

HGWFPA.  Hence, the overall analysis illustrates that the proposed technique is better than the existing 

GWO and FPA technique. 
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Table .1 Performance Analysis of ATC enhancement in IEEE 24 test bus system 

TCSC Connections 
2TCSCs 3TCSCs 4TCSCs 5TCSCs 

GWO FPA HGWFPA GWO FPA HGWFPA GWO FPA HGWFPA GWO FPA HGWFPA 

1 

Line no 26 27 23 22 24 21 21 20 15 15 16 12 

From bus/ to bus 13/22 12/22 6/7 22/23 21/23 11/13 12/13 11/14 5/6 22/21 22/21 12/13 

Compensation (p.u) 
310  0.22 -1.22 -2.33 -1.33 1.46 2.03 1.32 1.233 1.254 1.345 1.678 2.890 

2 

Line no 36 33 31 32 31 27 23 22 20 14 13 11 

From bus/ to bus 12/14 11/12 5/9 12/15 12/15 2/5 21/23 22/25 13/15 13/15 14/16 11/12 

Compensation (p.u) 
310  2.980 2.309 2.765 1.456 1.234 2.456 1.234 1.234 2.564 1.23 1.21 2.213 

3 

Line no 0 0 0 26 23 22 21 20 19 15 12 11 

From bus/ to bus 0/0 0/0 0/0 14/17 13/16 12/13 13/18 17/19 12/15 18/21 19/22 12/13 

Compensation (p.u) 
310  0 0 0 1.24 2.23 1.26 -2.24 -2.13 -3.21 -1.21 1.23 2.234 

4 

Line no 0 0 0 0 0 0 5 4 2 32 33 32 

From bus/ to bus 0/0 0/0 0/0 0/0 0/0 0/0 12/15 11/16 9/10 8/10 17/18 5/9 

Compensation (p.u) 
310  0.1 0.1 0.1 0.1 0.1 0.1 2.32 2.321 2.345 -0.43 -0.23 0.32 

5 

Line no 0 0 0 0 0 0 0 0 0 33 33 32 

From bus/ to bus 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 19/20 21/22 24/26 

Compensation (p.u) 
310  0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 -0.2 -0.23 2.21 

ATC (MW) without TCSC 21.2 21.2 21.3 21.3 21.3 21.3 21.3 21.2 21.3 21.2 21.3 21.3 

ATC (MW) with TCSC 107.4 118 223 221 224 324 213 321 423 521 213 621 

 

Table 2 shows the performance with respect to the enhancement of ATC of the proposed HGWFPA. 

The simulation is performed for basic load system without TCSC and the link of the power system with 

TCSC. Furthermore, under five connections such as 3TCSC, 2TCSC, 4TCSC, and 5TCSC it is carried out. 

The line number of 2TCSC is 22 for GWO and 11 for FPA. Furthermore, the line number of 3 TCSC is 22 

for GWO, 23 for FPA and 13 for under five connections, 4 TCSC is 21 for GWO, 12 for FPA and 12 for 

HGWFPA, and 5 TCSC connection is 21 for GWO, 22 for FPA and 21 for HGWFPA. The overall analysis 

shows that the proposed technique performs superior to conventional algorithms. 

 

Table 2. Performance Analysis of ATC enhancement in IEEE 30 test bus system 

TCSC Connections 
2TCSCs 3TCSCs 4TCSCs 5TCSCs 

GWO FPA HGWFPA GWO FPA HGWFPA GWO FPA HGWFPA GWO FPA HGWFPA 

1 

Line no 22 11 5 22 23 13 21 12 13 21 22 21 

From bus/ to bus 19/20 21/22 24/26 22/23 24/35 34/36 23/24 24/35 24/36 22/24 22/28 29/31 

Compensation (p.u) 
310  0.2 0.3 -0.4 0.3 0.5 -0.8 1.2 1.38 1.89 1.27 1.39 2.49 

2 

Line no 21 19 18 22 22 18 21 26 11 22 24 19 

From bus/ to bus 23/24 23/25 24/26 19/20 21/22 24/26 22/24 24/25 31/34 23/24 21/24 31/34 

Compensation (p.u) 
310  1.2 1.4 2.67 1.2 1.3 2.46 1.26 2.35 3.47 1.26 2.36 1.47 

3 

Line no 23 24 19 17 28 11 22 29 22 22 32 21 

From bus/ to bus 24/26 22/24 24/25 14/17 13/16 12/13 23/24 24/35 33/35 22/24 22/28 32/35 

Compensation (p.u) 
310  1.26 2.34 -1.46 1.29 0.35 2.46 1.24 1.36 1.43 1.24 2.34 5.46 

4 

Line no 23 32 23 24 28 27 32 32 25 32 32 25 

From bus/ to bus 22/25 28/31 29/32 22/24 22/28 29/31 27/31 28/29 31/33 22/34 22/38 32/35 

Compensation (p.u) 
310  2.26 2.71 3.46 2.29 1.357 2.468 3.247 2.367 8.432 2.247 3.348 2.468 

5 

Line no 22 21 14 23 26 18 32 32 15 36 37 19 

From bus/ to bus 22/24 25/26 29/31 22/24 22/28 29/31 29/31 29/31 31/33 29/31 22/38 29/31 

Compensation (p.u) 
310  2.267 3.345 2.46 5.299 3.356 1.46 1.244 2.77 2.432 2.254 4.348 5.89 

ATC (MW) without TCSC 2 2 2 2 2 2 2 2 2 2 2 2 

ATC (MW) with TCSC 2 2 3.29 2 2 3.29 2 2 3.29 2 2 3.29 

 

In Table 3, the performance of ATC enhancement for IEEE 57 test bus system is demonstrated. First, 

the line number for every TCSC link of existing GWO and FPA and proposed HGWFPA is determined. 

The line number for 3TCSC, 2TCSC, 4TCSC and 5TCSC connections the ATC enhancement without 

TCSC connection is same for both the conventional and proposed method. However, the enhancement of 

ATC with TCSC connection for 3TCSC, 2TCSC, 4TCSC, and 5TCSC of proposed HGWFPA is far superior 

to existing GWO and FPA. 
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Table 3. Performance Analysis of ATC enhancement in IEEE 57 test bus system 

TCSC Connections 
2TCSCs 3TCSCs 4TCSCs 5TCSCs 

GWO FPA HGWFPA GWO FPA HGWFPA GWO FPA HGWFPA GWO FPA HGWFPA 

1 

Line no 22 23 14 23 11 18 31 32 24 21 23 23 

From bus/ to bus 21/24 22/26 29/33 12/24 21/38 19/31 19/21 19/21 11/23 19/21 12/28 29/31 

Compensation (p.u) 
310  2.267 3.345 2.46 1.2 1.3 2.46 1.24 2.34 5.46 2.32 2.321 2.345 

2 

Line no 24 25 19 33 14 18 11 12 4 11 13 12 

From bus/ to bus 12/24 15/26 28/31 12/14 22/28 19/21 19/21 19/21 21/23 19/21 12/18 19/21 

Compensation (p.u) 
310  4.267 5.345 2.49 5.299 3.356 1.46 -0.43 -0.23 0.32 1.244 2.77 2.432 

3 

Line no 26 29 34 14 35 39 21 22 34 11 13 23 

From bus/ to bus 12/24 15/16 19/21 12/14 23/28 29/31 19/21 19/21 11/23 19/21 12/13 19/21 

Compensation (p.u) 
310  1.234 2.234 2.345 1.234 1.234 2.564 2.345 3.234 3.567 3.456 3.654 4.345 

4 

Line no 23 24 26 21 30 32 21 31 33 21 22 32 

From bus/ to bus 12/14 15/16 19/21 12/14 12/28 19/21 19/21 19/31 21/23 19/21 12/18 19/21 

Compensation (p.u) 
310  2.2 1.22 1.00 0.3 0.5 -0.8 1.2 1.38 1.89 2.220 1.30 1.765 

5 

Line no 22 33 38 11 15 18 11 17 22 11 15 23 

From bus/ to bus 12/24 15/26 19/31 22/34 22/38 29/38 29/38 29/32 31/35 29/35 22/32 29/33 

Compensation (p.u) 
310  1.280 1.349 3.788 1.2 1.38 1.89 2.980 2.309 2.765 1.23 2.234 3.246 

ATC (MW) without TCSC 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2 

ATC (MW) with TCSC 12.34 14.45 22.34 24.46 22.34 34.456 22.31 24.4 32.36 24.45 22.34 34.45 

5.3 Statistical Analysis 

Table 4 shows the performance analysis of IEEE 24, 30 and 57 bus systems. For the best-case scenario, 

the performance of proposed HGWFPA on IEEE 24 test bus system is 8.6% superior to GWO, 8.9% 

superior to FPA. In IEEE 30 test bus system, the proposed method is 7.1% superior to GWO and 6.2% 

superior to FPA. The proposed HGWFPA in IEEE 57 test bus system is superior to conventional GWO 

and FPA. Likewise, the worst, mean, median, as well as standard deviation performance of ATC 

enhancement on IEEE 24, 30 and 57 test bus systems of proposed HGWFPA, is greater than existing 

GWO and FPA method. 

 
Table 4. Statistical Analysis of Proposed and Conventional Methods

Bus 

Statistics 

IEEE 24 bus system  IEEE 30 bus system  IEEE 57 bus system 

GWO FPA HGWFPA GWO FPA HGWFPA GWO FPA HGWFPA 

Best 23 22 32 22 21 45 23 34 45 

Worst 82 83 82 75 74 74 23 22 23 

Mean 210.2 222.3 321.2 221.22 321.22 354.2 213.4 251.3 289.3 

Median 132.2 76.33 221.1 83.2 98.4 101.3 73.4 98.6 110.4 

Standard 

Deviation 
112.3 22.1 221.3 44.32 22.4 54.6 23.4 33.5 57.8 

6. Conclusion 

In general, ATC is improved to enhance the consistency of the power system. Nevertheless, ATC is 

minimized in few conditions while the power system is exaggerated by the practice of congested circuits as 

well as buses with inadequate voltage. Here, HGWFPA method was presented to optimize the maximum 

ATC in the power transmission system. Then, TCSC devices were exploited as a substitute of FACTS 

devices. Finally, the experimentation was performed on IEEE 24, 30 and 57 test bus systems. 

Furthermore, the statistical study of the proposed HGWFPA algorithm experimented on the three test bus 

system was compared with the existing GWO and FPA method. Ultimately, the outcome attained from the 

comparison was shown that the proposed HGWFPA method improves the measurement of ATC with 

maximum enhancement than the existing GWO and FPA method. 
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