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Abstract 
 
Nowadays, the power system security investigation performs a vital part so 

as to step up the system security with a view to keep at bay the prospect of 

system breakdown scenarios. In the power industry, with the ever-zooming 

power transfer, the hassles are encountered by the power system. Through 

the dwindling security, it has assumed alarming proportions of added 

intricacy with powersystem.An enhanced optimal technique of this paper are 

proposed and it solved by the Optimal Power Flow (OPF) issues with 

uncertainties. An enhanced technique is solved with Yin-Yang pair 

optimization algorithm in addition to create on maintaining a balance 

between exploration and exploitation of the search space. Initially, the OPF 

are analyzed with the N-R approach as well as later the FACTS devices 

based power flow is analyzed. The FACTS devices are considered as 

STATCOM, UPFC and IPFC devices, after the placement of FACTS devices 

as contingency are relived. Initially,the voltage deviation, power losses, 

investment cost and the fuel are analyzed and to define the multi-objective 

function.Then the multi-objective function are considered for the OPF 

analysis under the uncertainty period. Using the IEEE 30 in addition IEEE  
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118 bus system are to be tested. This system based on the proposed methodin 

addition to corresponding bus voltage impact, generator limits, line loading, 

line limits, and etc. are analyzed. This proposed method is verified by the 

performance and the traditional methods are compared like as the firefly 

algorithm (FA) as well as particle swarm optimization (PSO).These proposed 

method is implemented in MATLAB platform are to be tested. 

 
Keywords: STATCOM, UPFC, IPFC, YYPO, Voltage deviation, Fuel cost, 

Newton-Raphson (N-R). 
 

1 Introduction 

 
 With the unprecedented advancement of the electricity market, the Power 

system function has become highly complicated these days [1]. The 

impending danger to the power system security has prompted the utilities to 

devise ways and means to maximize the estimation of the parallel 

transmission resources [2, 3]. The security of the power system may be 

broadly described as the set of service endowed with capabilities though 

plagued by probable contingencies comes out to effect a transformation to an 

adequate stable state condition. The process of power system has gradually 

emerged as highly complicated frequently resulting in the diminishing 

security of the power system while an enhancement of the power transfer 

occurs. [4]. In the deregulated power system process, planning has emerged 

as vital and demanding task so as to ensure a security level having added 

steadiness and elasticity [5].  As the   demand for power goes up by leaps and 

bounds, the consequent intricacy of the electric power supply industry is 

invariably enhanced, making it hard to preserve an uninterrupted and stable 

supply of power. The power system, in fact, has undergone a sea change, 

rather abruptly, in view of the rocking demand for power and production 

patterns and trading activities, which cause an adverse effect on the system 

steadiness [6, 7]. 

The Flexible AC Transmission System (FACTS) controllers are emerged 

as one of the ideal candidates are dedicatedas well asthe security of power 

system are enhanced.These are importance of controllers cannot be 

overemphasized, because of the active part played by them in effectively 

coordinating the power in a desirable manner [8].Consequently directing the 

dynamic and responsive power flows of the system and maintaining   desired 

voltage levels at the managed bus [9, 10].  Thus, they are capable of 

managing the system in a safe and realistic manner.   One of the highly 

significant and typical methods to effectively tackle the afore-mentioned 

hassles is the effective employment of the FACTS devices [11, 12]. By 

effectually regulating the force system parameters, FACTS devices are 

capable of perking up the distinctive qualities of intensity system.  Further, 

they showcase their talents in reducing the flow of robustly stacked lines, 

scaling up the power system security and preserving the bus voltages at  
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required levels [13]. Outstanding among a host of FACTS appliances are 

Synchronous Compensator (STATCOM), Static Var Compensator (SVC), 

Thermistor Controlled Series Capacitor (TCSC), Thermistor Controlled 

Phase Angle Regulator (TCPAR) and Unified Power Flow Controller 

(UPFC) [14]. 

The FACTS devices are equipped with the requisite skills and utilize the 

power system security are increase.Now this regard in system enhancement, 

SVC can extensively employed in the shunt FACTS appliance in the control 

systems and thanks to its shining skills in minimizing losses and impressive 

performance [15, 16]. Shunt FACTS are associated with Var generator in 

addition to supports an elastic output and it permits the trading of the 

capacitive or inductive current andutilize to provide the voltage support.  At a 

reasonable area, it is initiated and the SVC is capable of considerably cutting 

back the control issue [17]. Similarly, STATCOM constitutes a shunt 

compensator in the current power structures and it is consideredasthe 

dynamic members of the FACTS family which increasingly deployed as a 

part of huge transmission lines [18].  Further, the UPFC represents a flexible 

FACTS appliance which is competent to independently regulate dynamic 

power, receptive power and the bus voltage to which it is related.  In the 

background of appropriate parameter setting, to bring about higher efficacy 

of UPFC, it is highly indispensable to appropriately come to a decision 

regarding the ideal area of this appliance in the power system [19]. Further, 

the appliance is competent to play its significant role in scaling down the 

flow in robustly stacked lines, enhancing the load capacity, causing only 

negligible system trouble, perking up the strength, diminishing the overhead 

expenses relating to production, and regulating the frame expanded [20].  

In these appliances, the regulating of power flow line are employed 

extensively with the supreme motive of significantly stepping up the control 

system security. In the document, a novel Yin-Yang- pair optimization 

technique depended on several FACTS gadgets are efficiently employed so 

as to ensure supreme power system security. The security of power system is 

an objective function and innovative technique are dedicated by using 

FACTS gadgets enrich the contents of Section 3 and 4. Whereas, Section 2 

presents a pretty picture of the modern investigations related to the 

integration power system. In section 5, the cheering outcomes yielded by the 

novel technique and active debates thereon are beautifully brought in. The 

last section ends with appropriate conclusions.  

 

2 Recent Research Works: A Brief Review 

 

With the optimal location of FACTS appliances, the literature is literally 

flooded with a host of investigation works are connected and used to 

augment the power system.  A bird’s eye-view of few of the works is offered 

in the upcoming section.  

 



 

                                                                                                                  
 

 

 

 

The optimal allocation of transmission system is considerably optimized 

in a novel GSA (gravitational search algorithm) which was the brainchild of 

Bhattacharyya et al. [21].In their suggested technique, the dynamic and 

responsive stacking of the power framework is duly taken into account. On 

the power trade point of confinement of the individual generator,then the 

impact of the FACTS devices are duly experimented.  They were able to 

alleviate the dynamic power troubles and slash down the overheads 

incredibly by employing the FACTS devices at each and every stacking 

condition. Further, they resorted to the use of the GSA based organizing 

technique of responsive influence sources with the help of FACTS tools. 

In the Self-Adaptive Differential Evolutionary (SADE), Acharjee[22] are 

introduced and this technique are dedicated for the improvement and 

regulating the flow of power is intelligently and the Restructuring Power 

System (RPS) is analyzed.  While demonstrating the UPFC, they delved 

deeply into various factors such as the transmission trouble, coupling 

transformers disaster and converters adversity. The arithmetical display of 

the cost competence of UPF was generated by the SCs.  

In Fuzzy logic system in harmony search algorithm (FHSA), Pandiarajan 

et al. [23] are introduced withintention of locating the optimal solution of 

power system.Through their brilliant technique, they are able to successfully 

control the total fuel cost of warm and to creating units possessing quadratic 

cost trademark and seriousness file (SI).The control parameters are deemed 

as the generator bus voltage size, generator dynamic power,Thermistor 

Controlled Series Capacitor (TCSC), transformer taps, VAR of shunts and 

the reactance. Using help of Fuzzy Logic System (FLS), the various 

constraints such as the bandwidth (BW) and Pitch Adjustment Rate (PAR) 

through in which was performed and finally, the novel estimation is dissected 

For the efficient Co-ordination, A swarm intelligence based algorithms 

are launched by Bhattacharyya et al. [24] in FACTS gadgets. The two other 

swarm based insight techniques such as the APSO (Adaptive Particle Swarm 

Optimization) and EPSO (Evolutionary Particle Swarm Optimization). The 

SPSO (Simple Particle Swarm Optimization) techniques are effectively 

employed and it used for the perfect of the Var sources and FACTS gadgets. 

It was observed that the responsive power arranged with the FACTS devices 

produced a significantly enhanced result, by effectively curtailing the 

dynamic power trouble and the total overheads of the structure, totally 

ignoring   the venture costs of the FACTS devices. 

Credit goes to Pravallikaet al. [25] for toiling hard for optimizing the 

voltage steadiness, reducing losses and improving the security of power 

system by employing the FACTS appliances. Their novel approach was able 

to restrict the transmission line troubles, in addition to improving the voltage 

profiles and security of the structure. In this regard, the TCSC emerged as 

one of the FCATS devices with significant ease of management in relation to 

the parallel control devices.  The underlying motive of their novel device was 

focused on the reduction of troubles to the least.   In this regard, the TCSC  
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Bloom Fertilization Calculation was elegantly employed, which represented 

the nature-motivated computation originated from the fertilization of 

blossoms. They are efficiently in the situation of a Fast Voltage Stability 

Index (FVSI), TCSC. 

Using the deployment of bus voltage magnitude variations and 

transmission line loadings, Ravindraet al. [26] provided birth to a novel 

severity function. In the probability scenarios, the anticipated seriousness 

competence and age fuel cost objectives are investigated in the backdrop of 

generator(s) and transmission line(s). The perfect power stream problems are 

broken down by employing diverse probability state of security of intensity 

structure.  They were able to considerably cut back the problems by 

effectively employing the utilizing the Improved Teaching Learning Based 

Optimization (ITLBO) which were illustrated.  For the purpose of improving 

the structure security in the backdrop of probability scenarios within the sight 

of UPFC, it was essential to identify a perfect area so as to launch the device. 

The problem of the TCSC and SVC devices occurring in the responsive 

power sources was represented by a string, each of which acts as the sole the 

arrangement operator in the inquiry space. The major drawback of the fluffy 

concordance search for computation is that it takes a large number of cycles 

to arrive at an ideal arrangement. Sub-standard qualities and massive BW 

invariably results in defective performance of the computation, and 

significant increase in emphases to arrive at an ideal arrangement.  The 

trouble-proneness of the bus is evaluated so as to identify the ineffective bus 

for capacitor Var infusion. Subsequently, the SPSO, APSO and EPSO 

techniques emerge as further complicated, leading to the prolonged time 

duration.  In this regard, the FPA evaluation is employed on account of the 

diminished time duration and enhanced accuracy.  However, the evaluation is 

carried out by taking into consideration one of the files of voltage solidness 

edge such as the quick voltage soundness list. The presentation stage and the 

learning durations of ITLBO evaluation have offered crucial.   

In fact, the current problem necessitates the evaluation of many a 

nonlinear competency, with the conventional presentation stage, obtaining an 

ideal arrangement in a trivial number of emphases which tends to be trouble-

prone, at times resulting in sub-standard combination.  A panacea for 

successfully managing these thorny is effectively provided by the FACTS 

devices. Literature does not present a rosy picture, as it lacks sufficient works 

dedicated to the effectual management of the captioned issue.  Taking the 

above factors into consideration, a bold attempt is made, through the current 

document, by giving green signals to the FACTS devices intended for the 

assessment of intensity framework security. For the dynamic analysis of the 

novel structure, the YYPO is elegantly ushered in.  The ensuing section 

graces itself with an extensive account and assessment of the novel YYPO 

technique.  However, it is preceded by Section 3 which delves deeply into 

diverse FACTS devices intended for the control framework security 

investigation together with the anticipated control method.  



 

                                                                                                                  
 

 

 

 

3 Security of Power System Analysis Using Facts Devices 
 

This document of novel YYPO technique is elegantly employed and 

utilize for the purpose of successfully tackling throughthe OPF uncertainty 

problems. The multi-objective function are defined and investigated with an 

eye on assessing the OPF issue using the help of IEEE 30 and IEEE118.Now, 

the projected YYPO technique are employing the relative functions on the 

most susceptible lines is envisaged to establish optimal location of FACTS 

gadgets and the flow of power.In the Newton-Raphson method (NR), it is 

assessed the regular power flow and followed by the estimation of the 

subsequent voltage, power loss,control, and fuel expenditure. Later on, 

usingin the background of pre-determined contingency circumstances,the 

anticipated YYPO method are employed and realize to the power system 

security, optimal location and parameter setting of FACTS gadget.  

Anticipated YYPO technique are effectively regulates the power flow 

anywhere the FACTS appliances are positioned in the transmission line.  

Subsequent to the positioning of the FACTS tools, the contingency is 

reduced and the related power losses, voltage variation, reactive in addition 

to real power are effectively estimated. In this document, the novel power 

injection model of FACTS gadgets is brought to light and employed with 

YYPO method and to assess the impact of FACTS constraints on the bus 

voltages, active and reactive power.The FACTS gadgets such asIPFC, UPFC 

and STATCOM are taken into consideration for the purpose of assessing 

their competency in regard to the mitigation of identical type of 

congestion.The mathematical modeling of the FACTS appliances are 

evaluated in the ensuing section. 

  
3.1 Modeling of FACTS Devices 
 

Here, STATCOM, UPFC and IPFC gadgets are taken into consideration. 

An injection model is effectively employed to estimate the sensitivity of 

reactive and real performance of the power flow index in respect to the 

control constraints of the captioned FACTS appliances [27]. It is noteworthy 

that the deft deployment of the novel technique aremains to the competence 

of transmission power line is incredible increase, enhancement in 

steadinessof the power system, the voltage profile as well as deep dip in 

transmission losses, voltage variation and so on. In the following section, the 

brief account of the mathematical modeling of STATCOM appliances is 

furnished. 

 

3.1.1 Static Synchronous Compensator 
 

In essence, the STATCOM represents a voltage source inverter which 

effectively adapts the DC voltage into AC voltage for replenishing the active 

as well as reactive power are needed. It capable of being employed to  
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appropriately tackle the active states of the structure, analogous to the 

transient stability, damping of intensity motions and also as a tool for the 

purpose of regulating the voltage. The function of the static partner of the 

pivoting synchronous condenser, it is competent to generate or else consume 

the reactive power at a faster rate on account of absence of any moving parts 

[28].Using the STATCOM are variable voltage source vRV , a further flexible 

model can be acknowledged in way of communicating to respect of which 

the size and stage edge might be balanced by means of employing a fitting 

iterative computation, to accomplish the voltage magnitude relationship with 

the AC organized. The three-stage STATCOM of shunt voltage source, it can 

be illustrated via means of the following Equation (1). 

 vRvRvRvR jVE  sincos               

(1) 

Using the converter, the active as well as reactive power equations and 

bus i are represented by equation (2), (3), (4) and (5). 

    ivRvRivRvRivRvRvRvR BGVVGVP   sincos2

  

 
 (2) 

    ivRvRivRvRivRvRvRvR BGVVBVQ   cossin2
  

        (3) 

    vRivRvRivRvRivRii BGVVGVP   sincos2
  

        (4) 

    vRivRvRivRvRivRii BGVVBVQ   sinsin2
  

        (5) 

Where, vRV and cRV  represents series and shunt voltage 

magnitude, vR and cR characterize  the phase angle of shunt and series 

sources, vRP and vRQ indicate the active and reactive power generation of the 

shunt magnitude, iP and iQ  stand for  the active and reactive power 

generation limit for unit i  and vRB and vRG  symbolize conductance and 

susceptance  between shunt and series sources voltage magnitude. 

 

3.1.2 Unified Power Flow Controller 
 

In the transmission line are interacts with the UPFC in the help of series 

and shunt Voltage converters in which are joined together with the help of 

distinctive DC connect capacitor.Usually, the shunt VSC is deemed to be the 

STATCOM and arrangement one is considered as the SSSC. In each stage, 

Low pass AC channels are joined to continue power flow of symphonious 

ebbs and flows to create on account of exchanging [29]. At the yield of the 

converters, the transformers are connected and to facilitate the disconnection, 

modify the voltage/current levels and also to avoid the possibility of the DC  



 

                                                                                                                  
 

 

 

 

 

capacitor being subjected to short-circuit on account of the actions of diverse 

switches.  

The arrangement ofyield voltage converter is added to the nodal voltage, 

at bus i , in order to assist the nodal voltage at bus j . The voltage level of the 

yield voltage cRV  provides the voltage direction, and the phase angle cR  

determines the method of intensity power flow control. The UPFC is 

invariably home to a series-linked voltage source, shunt-linked voltage 

source and a functioning force vital condition which appropriately link the 

two voltage sources.By means of the inductive reactance communicating, the 

two voltage sources are linked with the AC structure with the VSC 

transformers.The realistic expressions of three-stage UPFCare utilize for the 

two voltage sources and the power requisite constraints are illustrated as per 

Equations  (6), (7) and (8) given below. 

 vRvRvRvR jVE  sincos               

(6) 

 cRcRcRcR jVE  sincos               

(7) 

 mvRvRvR IEIE ..Re               (8) 

The active and reactive power equations (9) and (10) at bus i are 

    
    
    cRivRcRivRcRi

cRiijcRiijcRi

jiijjiijjiiiii

BGVV

BGVV

BGVVGVP













sincos

sincos

sincos2

          

(9) 

    
    
    cRivRcRivRcRi

cRiijcRiijcRi

jiijjiijjiiiii

BGVV

BGVV

BGVVBVQ













cossin

cossin

cossin2

       (10) 

Where, ijG and ijB are the conductance and susceptance between bus 

i and bus j  respectively.  

 
3.1.3 Interline Power Flow Controller 
 

The IPFC are effectively employs several DC-to-AC converters each of 

which offer series compensation remuneration to an alternate line. As a 

matter of fact, the IPFC comprises several Static Synchronous Series 

Compensators (SSSC). Each and every converter is competent to preserve or 

transmit receptive power generously [30]. The traded powers among the 

converters are adjusted at the dc connect.  Therefore, the net dynamic power 

in IPFC becomes equal to zero.  Further, at a multiline substation, the IPFC is 

likely to offer an incredibly triumphant plan and to effectively regulate the 

transmission management and while the parallel FACTS devices are  
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available competent to manage the real and responsive power course through 

single transmission line as it were. Moreover, using the way of regulating the 

two dimensions and points of the series voltage infusions, it is possible to 

manage the power flow through a line. Further, using inherent competence, 

the converters are endowed of liberally generating or else absorbing the 

reactive power. Using the series converters, the complex power imparted and 

connected in the middle of bus i  and bus j  may be illustrated by the 

following equations (11), (12), (13) and (14) respectively. 

 

    ijijijijijijij

n

ijj

i

n

ijj

ijijijijjiiiiij

seBseGVseV

BGVVGVP

















sincos

sincos

,1

,1

2

        

(11) 
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ijj
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n
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seBseGVseV

BGVVBVQ

















cossin

cossin

,1

,1

2

        

(12) 
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ijj
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n

ijj

ijijijijjiiiiji

seBseGVseV

BGVVGVP

















sincos

sincos

,1

,1

2

        

(13) 

    

    ijijijijijijij

n

ijj

i

n

ijj

ijijijijjiiiiji

seBseGVseV

BGVVBVQ

















cossin

cossin

,1

,1

2

        

(14) 

 ** ..Re kiikjiij IVseIVse      

Where, iV  and jV  represent the magnitude of voltage limit at bus i  and 

j  (p.u), ijkVse and 
*

ijkI  symbolize the series voltage and reference current 

limit at bus i , j and k correspondingly. 

 
3.2 Analysis of Contingency Procedure 
 

In essence, a contingency is deemed to be the intervention of a 

transmission line or transformer and generator. In fact, the occurrence of a 

contingency phenomenon in   a control structure is an unstable and  



 

                                                                                                                  
 

 

 

unpredictable one.  A host of vital contingency researches have been carried 

out in control structures so as to carry out deterrent or precise actions to 

successfully tackle each and every contingency [31]. In the document, 

special emphasis is given in respect of the single transmission line or multi 

transmission line intervention probabilities.  In respect of  each and  every 

transmission line intervention contingency in the power structure,  at first,  

evaluation is carried out on each and every over-burden line and the buses 

having  generator limits, line limits, voltage control violation, followed by 

the assessment of  the situation of lines in the structure as revealed  by the 

quality of the contingency. As a matter of fact, based on the extent of the line 

stacking, line limits, the generator exercises appropriate control on the 

violations and bus voltage at the time of occurrence of the line intrusions 

contingency.  In background of the assessed most basic contingency 

scenarios, novel YYPO technique takes up the duty of appropriately 

appraising the ideal area of FACTS devices. Subsequently, position of 

FACTS devices are with improved parameters setting, the alleviation of the 

contingency or restriction of the over-burden lines,  bus voltages limits 

control trouble, voltage deviation, real and reactive power under the 

corresponding vital prospects  are  illustrated by means of the  multi 

objective function in the ensuing  subsection. 

 

3.3 Objective Function  
 

In this regard, by effectively employing the novel technique, the major 

multi-objective function of minimizing the actual power losses, investment 

outlays, fuel expenditure, voltage variations and severity index at IEEE 30 

and IEEE 118 buses is performed.  This is mainly achieved by way of 

deploying the YYPO technique-based power flow to arrive at a solution 

containing the location as well as the size of FACTS appliances. The 

following Equation (15) are illustrated by the objective function, 

 54321min FFFFFF       

 (15) 

Here F symbolizes objective function, 321 ,, FFF , 4F and 5F characterize 

the objective function 1, 2, 3, 4 and 5 correspondingly. 

 
3.3.1 Minimization of Real Power Loss 
 

In this phase, the minimization of active power loss is realized. In a 

network, transmission power loss invariably necessitates the redeployment of 

reactive power, its minimization paves the way for variations in the actual 

power produced by the slack bus.In the transmission line, the preliminary 

objective function are involving the significant reduction of the actual power 

loss is effectively illustrated in the Equation 16 given below.  
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LineN

ij
k

jkjkjkkjLoss VVVVGPF
1

22

1 cos.2                   (16) 

          

Where, LossP indicates the real power loss, LineN is the total number of 

transmission line is, kjG  corresponds  the conductance between the bus k and 

j , kV and jV  symbolize the voltages of the bus k and j, k  and j  angles of 

bus k and j . 

 

3.3.2 Minimization of Voltage Deviation 
 

Here, using in the voltage magnitude, the minimization of the variation at 

the load buses is performed as shown by the following Equation (17). 





LN

i

iidev VVVF
1

*

2           (17) 

Where, LN denotes the number of load buses , iV describes the nominal value 

of voltage magnitude, *

iV indicates the reference value of the voltage 

magnitude at the i
th
 load bus and 

*

iV is normally fixed as 1.0 p.u. 

 
3.3.3 Investment Cost of FACTS Devices 
 

Here, the investment outlay representing the third objective function of 

the FACTS appliances like as the STATCOM, UPFC and IPFC in terms of 

($/h) is evaluated by means of the Equation (18) shown hereunder.  

IPFCUPFCSTATCOM CostCostCostF 3     (18) 

Where, 

























11.9401345.000015.0

11.9401345.000015.0

22.188026911.00003.0

38.1273051.00003.0

2

2

2

2

jjIPFCB

iiIPFCA

IPFCBIPFCAIPFC

UPFC

STATCOM

ssCost

ssCost

CostCostCost

ssCost

ssCost

 

12 QQs   

12 iii QQs   

12 jjj QQs   

2Q signifies the reactive flow of power in the line subsequent to the  

setting up of the  FACTS in MVAR, 1Q  indicates the reactive flow of power  



 

                                                                                                                  
 

 

 

in the line prior to the setting up of the FACTS in the MVAR , ijS  stands for 

the cost function for the converters linked  to bus i and j , 1iQ and 2iQ  

symbolize  the reactive power flow in the line, i  both prior to and subsequent 

to the setting up of the  IPFC in the MVAR. 

 

3.3.4 Minimization of Fuel Cost 
 

The minimization of fuel cost are achieved in the generator. In this 

principle ofgenerator fuel costare represents the quadratic cost involving the 

convex fuel cost functions. In this generating units, the quadratic fuel cost 

function is elegantly exhibited by the Equation (19) furnished below.   

   



gN

i

igiigiif cPbPaxMinCostF
1

2

4    

 (19) 

Where, gN  denotes the number of generators, i  reveals index of the bus 

number, ii ba , and ic represent the fuel cost coefficients of the 
thi generator 

and giP denotes the active power generation limit of the 
thi generator. 

 

3.3.5 Minimization  of Severity Index  

 

The task of minimizing the severity index of the system is carried out. 

The severity index function, in turn, is effectively evaluated by means of the 

following Equation (20).  
m

n

Ll l

l

S

S
SIF

2

max5

0

















     (20) 

Where, lS  symbolizes the flow inline l (MVA), 
max

lS indicates the rating of 

the line, 0L  is represented by the set of overload lines and m  stands for the 

integer r exponent=1 (assumed). The equality and inequality constraints of 

the projected optimization issue are successfully tackled by means of the 

following Equation 21. 
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Load Flow Constraints: 

 

 


























1

1

1

,......,2,1,0sincos

,......,2,1,0cossin

busijijijij

N

j

jii

PQijijijij

N

j

jii

NiBGVVP

NiBGVVQ

bus

bus





  

 

(21)

 

Voltage Constraints: 
 

At all the buses, the Equation (22) given below duly illustrates the limits 

on the voltage magnitudes. 











busjjj

busiii

NjVVV

NiVVV

,.....2,1,

,.....2,1,

maxmin

maxmin

   

(22) 

 

Security Constraints: 
 

Equations (23) and (24) effectively exhibit the security constraints, 

  1

max

,

min ,  busitii NiVVV         (23) 

  busiti NiBFBF  ,max

,          (24) 

 
Real Power Generation Limits 
 

The real power generation limits are defined by the following Relation 

(25) ; 

GiGitGiGi NGiPPP  ,max

,

min
        (25) 

 
Reactive Power Generation Limits 
 

The reactive power generation limits are well-illustrated in the following 

Relation (26). 

GiGitGiGi NGiQQQ  ,max

,

min
         (26) 

 

FACTS Device Limits 
 

  The FACTS device limits are effectively exhibited in the Relation (27) 

given below. 
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        (27) 

Where, PQN  symbolizes the number of PQ buses,  tiBF , illuminates the 

power flow branch at i  time t  (MVA),
max

iBF   characterizes the maximum 

power flow limits for branch i  (MVA), busN and 1busN  signify the number 

of buses excluding slack bus, GiN indicates the number of generator buses, 

FX  corresponds to the reactance of FACTS devices and 

max

GiQ .
min

GiQ Symbolize the maximum and theminimum reactive power 

generation limit respectively for unit i . The novel YYPO optimization 

technique is effectively employed for achievingthe least real power losses, 

voltage variation, and investment outlay and fuel expenditure. The optimal 

solution is achieved by means of the minimizing equations which are capable 

of minimizing the cost and successful tackle the system congestion 

simultaneously sustaining   the system constraints.  In the ensuing section 4, 

the control topology of the projected technique is duly assessed and 

portrayed. 

 

4 Control Strategy Analysis of Proposed YYPO Algorithm  
 

 Here, the control strategy of FACTS gadgets is furnished and analyzed 

the vibrant attribute of the suggested approach is assessed and evaluated.  

The preceding section illustrates the modeling part of the novel method in an 

effective manner. In this document, power system security is used to assess 

the FACTS appliances are deftly deployed.The YYPO technique is employed 

for the purpose of regulating the power flow and the optimal location for the 

FACTS appliances.With the prime intention of optimizing the control power 

flow, the YYPO method is effectivelyemployedin the controller procedure. 

By way of utilizing the anticipated technique, the cost functions are 

incredibly scaled down, in addition to decreasing the system losses. The 

input of the novel approach, the constraints such as thebus data, line data, 

load data,shunt data, series data and generators data are duly furnished.Later 

on, the multi-objective function is carried out successfully. Now, in the NR 

procedure, power flows is trained and it is followed by the generation of the 

contingency. Thus, the optimal outcomes are realized for the FACTS 

controllers. In accordance using the controller output, in leading to the 

production of optimal power, then the optimization technique 

areactivated.Based on the optimal power flow problem, the following Figure  
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1 elegantly exhibits the general working procedure of the projected 

approach.A bird’s eye-view of the novel YYPO technique is beautifully 

pictured in the following section.  

 

Start

Initialize the bus, line data, 

size of FACTS devices

Generate 

random points 

and radit

Evaluate the 

fitness function 

in equation(28)

P2 is filtter than 

P1?

Store P1 & P2 

in archieve

Evaluate the splitting step 

for equation (29) & (30) 

with (31)

If the fittest point in 

archive is better than P1

Fittest point in 

archive and P1 are 

replaced

If the fittest point in 

archive is better than P2

Fittest point archive 

is the new P2

Clear the archive new 

I inside the archive 

size range

Save the 

optimal result

Start

Yes

Yes

Yes

No

No

Update

21 &

Yes Interchange P1 and 

P2,                    21 &

 
Fig. 1: Flowchart of working process of proposed method 



 

                                                                                                                  
 

 

 

Step 1: Initialization Process 
 

The techniqueare initialized and the constraints such as the line data, 

voltage data, power data and bus data.  The two arbitrary points are 

represented by  DPPPPP 1

3

1

2

1

1

11 ,......,,, and  DPPPPP 2

3

2

2

2

1

22 ,......,,, , 

where D=dimension and   DiPP ii ......3,2,1,1,0 21   being added at 

each revision prior to the splitting phase.  

Initialize 5.01  , 5.02  and 0i . Create I between 

minI and maxI where 21  and  represent the radii.  

 

Step 2: Evaluate Fitness Process 
 

The fitness is estimated by using the help of the multi-objective function. 

Now, the best fitness ascertained from the minimized value of objective 

function in which is best-illustrated by means of the following Equation (28). 

    FPF ipp min2,1           (28) 

In tune with the Equation (28), the minimized values are gathered and 

saved as the best solutions. It is followed by the modernization of the 

location of two points by means of the archive stage.  

 

Step 3:Splitting Stage 
 

Here, in the current scenario, the splitting stage is used to generate the 

new focuses in the hyper circle and this stage is predictedat headings is 

varied as possible, simultaneously preserving a certain level of arbitrariness. 

This is duly achieved by following either of the two methods detailed below, 

selected in the backdrop of identical possibilities [32]. 

 

One-way Splitting 
 

This method, the point P of a D2 similar duplicates are put away as 

S which is deemed matrix of size DD2 .By employing the conditions, One 

variable of each point S in is adapted are as illustrated in Equation (29) 

given below. 

 rSSandrSS i

iD

ii

i

i  
 Where Di ....3,2,1        

(29) 

In the above condition, the subscript indicates the point number and 

itindicates the choice variable number that is being altered while r  implies a 

random number in the district of 0 and 1 separately. 

 

 

 

 

 

 

 

 A.Amarendra et al    7569



 

                                                                                                                  
 

 

 

 
Power System Security Enhancement using FACTS Devices based on Yin-Yang-Pair 

Optimization Algorithm 7570  

 

 

D- Way Splitting 
 

In this method, D2 similar duplicates of the focuses P  are put away as 

S which is taken into consideration as a matrix of size DD2 . A binary 

lattice B is generated in which possess D2  uneven binary strings of length 

D  to ensure that each string is unique. As a result, every factor of each point 

is duly modernized with the help of the following Equation (30). 

DiandDkwhereelserSS

BifrSS

i

k

i

k

ii

k

i

,...2,12..,2,1
2

,1

2

























 

 
(30) 

From above condition, the subscript are the point number (or row) and 

also the superscript signifies the choice variable number (or column). 

r Means an arbitrary number in the district of 0 and 1. It should be noticed 

that new r  is produced for each factor in each point S in this way requiring 

an aggregate of DD2 arbitrary numbers. In randomly, the binary network 

B  can be created and choosing for D2 one of a kind whole numbers in the 

between of 0 and 12 D changing over into parallel strings of length D . 

 

Step 4: Archive Stage Updating of Search Radii 
 

In the sequence, the archive (ARC) stage is activatedsoon after the 

realization of the requisite number of archive updates [33].At this stage,it is 

worth-mentioning that the archive embraces I2  focuses against the two 

points  21 PorP being limited at the each refresh prior to the splitting stage. 

This is trained by way of modernizing the search radii  21  and  with the 

help of the followingEquation (31). 











































2
22

1
11

        (31) 

Where,   denotes the constraint of established static value. Towards, 

they are invalid to end of the archive stage, the archive network and new 

incentive for quantity of archive updates I  is randomly generated within  the 

pre-set limits such as  minI and maxI  .  

Step 5:  The process is repeated till the minimization of the fitness function 

to thedesired least value is achieved.  



 

                                                                                                                  
 

 

 

 

Step 6:The FACTS devices are subsequent to the various components likeas 

the actual and reactive power losses, voltage variation are effectively 

evaluated.  Now, the perfect results are spared and the comparable voltage, 

voltage variation, power troubles, actual as well as reactive power etc. are put 

away. The following section are widely describes the comprehensive 

simulation assessment. 

 

5 Results and Discussions 
 

Here, three distinct kinds of FACTS appliances such as the SATACOM, 

UPFC and IPFC are subjected to assessment.These FCAT appliances are 

executed by the transmission line having the maximum and reactive power 

correspondingly. Subsequently the FACTS appliances position is chosen by 

selecting the line carrying large reactive power. Theparticular location are 

chosen for STATCOM, UPFC and IPFC with the help of IEEE 30 and IEEE 

118.Here, based on the optimization technique, the projected YYPO is 

effectively performed on the IEEE 30 in addition to IEEE 118 bus system 

and it iselegantly employed. It is usedto evaluate the optimum magnitudes of 

FACTS appliances positionedat pre-set locations and system performance is 

assessed in without and with FACTS appliances.  Subsequently, with a view 

to substantiate the efficiency of the novel technique, itis contrasted with the 

modern techniques like the PSO and FA approaches. In table1, the 

performance factors of the projected YYPO technique together with those of 

the modern methods are furnished. 

 
Table.1: performance parameters of the novel and 

Model techniques. 

Description Algorithm Ranges 

Dimension YYPO 20 

Alpha 0.5 

Imax 5 

Imin 10 

Number of iteration 20 

Dimension PSO 20 

Number of index 20 

Number of iteration 20 

Dimension FA 20 

Alpha 0.5 

Gamma 1 

Beta-min 1 

Number of iteration 20 

 
5.1 Performance Analysis of IEEE 30 Bus System 

 
Here, an effective analysis of the efficiency in performance of the novel 

method is carried out by conducting various tests.The figure 2 is depicts with  
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the IEEE 30 bus system. Projected technique are effectively employed with 

primary motive of successfully tackling the diverse optimal power flow 

troubles in respect of several instances with multiobjective functions.The feat 

of the epoch-making techniques subjected to assessment by means of diverse 

case studies. Accordingly, replications were performed for preferred number 

of FACTS gadgets to be positioned on the test mechanism.  In respect of 

each and every case, 50 test runs were carried out with an eye on effectively 

addressing the optimal power flow troubles with the deft deployment of the 

innovative YYPO method. The corresponding investigations are basedon 

three diverse scenarios such as the scenario 1, scenario 2 and scenario 3 

respectively. With those of PSO and FA techniques, the assessed and 

appraised result of the anticipated method is compared and contrasted.  In the 

ensuing section, a detailed account of appraisal of the novel method is 

furnished. 

Scenario 1: Presents the OPF issues at usual situations 

Scenario 2: Contingency assessment 

Scenario 3: Diverse FACTSgadgets setting up  

 
Figure.2: Structure of IEEE 30 bus system 

 

 



 

                                                                                                                  
 

 

 

 

5.1.1 Analysis of Scenario 1 

 
 Here, conservative OPF issues, unaccompanied by the FACTS gadgets 

are alleviated by means of the novel YYPO technique along withparallel 

optimizationapproaches employing the MATLAB code duly generated for 

the purpose of addressing the conservative OPF hassles.In the first case, the 

regular functioning of network, unattended by the FACTS appliance is 

assessed.  This emerges as the base case so as to effectively estimate the 

evaluation duration of the novel technique. The IEEE 30 test system, bus 1 

occupied at the base MVA and system of slack bus is considered to be 100. 

Bus 1, 2, 5, 8, 11 and 13 used to represent the generator bus.Allother buses 

are symbolize to represent the load bus. Various parameters such as the limit 

of the slack bus, generator buses, minimum and maximum power 

generationand fuel cost coefficients [34] are respectively. 

 
                         Table.2: Generator data and cost coefficients for IEEE 30-Bus 

 

Generator 

bus no 
MWPG

min
 MWPG

max
 Fuel cost coefficients 

ia  ib  ic  

1 50 200 0.00 2.00 0.0038 

2 20 80 0.00 1.75 0.0175 

5 15 50 0.00 1.00 0.0625 

8 10 35 0.00 3.25 0.0083 

11 10 30 0.00 3.00 0.0250 

13 12 40 0.00 3.00 0.0250 

 

 
(a) 
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(b) 

Figure.3: Normal condition (a) Voltage and (b) Power losses 

 

 

 

 

                     Table.3: Generator data, power loss, fuel cost and voltage deviation at normal 

condition and without FACTS devices for IEEE 30-Bus 

Generator 

bus numbers 

Power in 

MW 

Normal loss Fuel cost in 

$/h 

Voltage 

deviation in 

p.u. 

PG1 145  

 

10.8856 

 

 

810.845 

 

 

0.005 
PG2 38 

PG5 39 

PG8 15 

PG11 22 

PG13 24 

 
Figure 3, appearing above effectively exhibits the performance appraisal 

of voltage and power losses in the backdrop of normal condition. It is crystal 

clear from Figure 3(a) that in respect of the voltage at normal condition, the 

performance of voltage deviation is 0.005 p.u. In the Figure 3(b), the 

appraisal of power loss in 10.8856MW with normal condition is exhibited. 

Table 3 are tabulated in the normal condition and it is similar to the 

multiobjective optimization as well as there is no single optimal solution and 

various trial runs are carried out for individual cases and the fuel cost, power 

loss and voltage deviation are duly estimated. The cheering outcomes 

illustrate the efficiency of the deployment of normal condition in  



 

                                                                                                                  
 

 

 

transmission system with the fuel cost of 810.845 $/h. A comprehensive 

account of the contingency scenario is dealt with in the upcoming section. 

 

5.1.2 Analysis of Scenario 2 
 

The power system security are utilize to represents the capacity of the 

system and to sustain the flow of electricity from the generators to the 

converters by using in the background of contingency circumstances. 

Contingency is termed as fundamentally its adverse impacts are closely 

supervised with specific security limits like as the outage of a generator, 

transformer or transmission line. In addition, contingency assessment and 

ranking procedure are invariably carried out. In respect of each and every 

single line outage contingency, various constraints such as the transmission 

line outage and overloaded lines (OLL) are evaluated. Now, the contingency 

assessment is performed in three different cases such as the generator outage 

condition, line outage condition and overloading as shown below. 

Case (A): Generator outage condition 

Case (B): Line outage condition 

Case (C): Overloading 
 

Table.4: Results of generation fuel cost under normal loss and contingency 

conditions for IEEE 30 bus system 

 

Type of faults Outage 

Number/ 

Loading 

Normal 

Loss 

MW 

FACTS devices 

STATCOM UPFC IPFC 

Outage 

Loss in 

MW 

Fuel cost 

in $/h 

Outage 

Loss in 

MW 

Fuel cost 

in $/h 

Outage 

Loss in 

MW 

Fuel cost 

in $/h 

DG outage 2  

 

 

 

 

 

 

10.8856 

12.9244 

 

852.8165 12.9244 835.5213 12.9244 861.3264 

8 12.0965 837.258 12.0965 854.1675 12.0965 857.8978 

11 12.0423 803.0264 12.0423 835.224 12.0423 852.1613 

Line outage 2-4 14.7813 792.6477 11.9578 854.6688 12.236 845.0518 

4-6 11.4137 828.7436 12.331 852.193 13.2359 834.0293 

1-3 11.9955 799.9211 12.7704 849.55 11.8185 835.207 

Overloading (%) 1 10.8887 829.171 11.4548 822.0916 11.168 851.8267 

1.5 10.8856 875.3106 11.168 819.6703 11.3108 831.865 

2 11.1043 811.1516 11.3108 817.4857 11.4548 830.6759 
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Case 1: Generator Outage Condition 
 

With the intention of illustrating the impact of generator contingency 

condition, under contingency,the power flows in lines are included in Table 

4. It is identified from this table and the slack generator are compensated 

inthe lack of generation at 2, 8 and 11. The power loss outage of STATCOM 

is found to be 2.9244 MW, 12.0965 MW and 12.0423 MW respectively and 

fuel cost is estimated to be 852.8165$/h, 837.258$/h and 803.0264$/h 

respectively.Now, the outage of power loss of UPFC device is evaluated to 

be 12.9244MW, 12.0965MW and 12.0423MW respectively. The 

contingency examination of the generation outage condition illustratesthat 

the fuel cost of UPFC is found to be 835.5213$/h, 854.1675$/h and 

835.224$/h respectively. The total active power generation is established 

with the help of generator outage condition.In the normal and generator 

outage condition, the transmission power loss are enhanced.  

 

 

Case 2: Transmission Line Outage Condition 
 

The transmission line impact contingencies aimed in the apparent power 

flow lines below a single as well as multi-line contingencies are duly 

furnished in table 4. Using the purpose of assessing the system security, the 

power lines value such as lines 2-4, 4-6 and 1-3 are eliminated from the 

system. It is used togenerate transmission line(s) contingency condition. 

Under the normal and contingency condition of transmission line, the power 

flow deviation are effectively evaluated.It is found that simulates the outage 

of lines and generator has a greater impact on the power flows rather than a 

residual conditions. It is evident from the assessment that the optimal power 

trouble with power losses, fuel cost-based FACTS gadgets and system 

security functions have incredibly reduced the bus voltage violation and line 

loadings.In the case of the UPFC device with transmission line outage of 

power losses are evaluated to be 11.9578MW, 12.331MW, 12.7704MW 

respectively and the related fuel cost of UPFC is 854.6688$/h, 852.193$/h 

and 849.55$/h correspondingly. In the case of the IPFC appliance with 

transmission line outage of power losses and fuel costs are found to be 

12.236MW, 13.2359MW, 11.8185MW and 845.0518, 834.0293 and 835.207 

$/h. 

 

Case 3: Overloading 
 

The IEEE 30 bus system consists of 6 generators and 41 transmission 

lines and they are collected to the relevant generator and transmission lines 

of the system.Now, using a view to recognize the severe contingencies, the 

contingency is taken into account for the base load condition.In the IEEE- 30 

bus system, this technique of novel YYPO is effectively employed to realize  



 

                                                                                                                  
 

 

 

 

 

the optimal fuel cost.Table 3 effectively exhibits the outcomes of the IEEE-

30 bus system inthe normal condition.The contingency appraisal makes it 

clear that the overloadingcaused isevaluated in Table 4. The STATCOM with 

transmission line overloading of power losses areestimated to be 

10.8887MW, 10.8856MW and 11.1043MW respectively and the related fuel 

cost of STATCOM are found to be 829.171$/h, 875.3106$/h and 

811.1516$/h respectively.The UPFC gadget with transmission line 

overloading of power losses are calculated to be 11.4548MW, 11.168MW, 

11.3108MW respectively and the related fuel cost of UPFC are evaluated to 

be 822.0916$/h, 819.6703$/h and 817.4857$/h respectively. The IPFC 

gadget with transmission line overloading of power losses and fuel costs are 

computed to be 11.168MW, 11.3108 MW, 11.4548MW respectively and 

851.8267$/h, 831.865$/h and 830.6759$/h respectively. 

 

5.1.3 Analysis of Scenario 3 
  

In respect of assessment of case 3, only setting up of the FACTSgadget is 

taken into account.  Each and every appliance is assigned an optimal location 

which is achieved by the novel YYPO. In these scenario three diverse types 

of the FACTS gadgets are deemed to be positioned in an optimal location 

and also to perk up the power system security. Now, the FACTS gadgets  set 

up may be broadly categorized into four distinct kinds such as the single-type 

FACTS allotment such as the STATCOM,  the dual-type  FACTS allotment 

like the UPFC,  triple-type  FACTS allotment such as the IPFC and the 

finally multi-type FACTS  allotment  represented by STATCOM, UPFC & 

IPFC duly employing the novel  YYPO technique.  Moreover, this scenario 

is split into three distinct cases as shown below.  

Case (i):  STATCOM appliance allotment using the YYPO 

Case (ii): UPFC appliance allotment using the YYPO 

Case (iii): IPFC appliance FACTSallotment usingthe YYPO 
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Table.5 (a) and (b): Results of optimal location and related parameters for 

FACTS devices  

(a) 

Types 

of 

Faults 

Outage 

Number 

Best location After connecting FACTS devices 

STATCOM UPFC IPFC  

STA

TCO

M 

UPFC IPFC Powe

r loss 

Fuel 

cost 

$/h 

Powe

r loss 

Fuel 

cost 

$/h 

Power 

loss 

Fuel 

cost 

$/h 

DG 

Outage 

2 2-4 10- 21 2- 5- 7 12.92

44 

830.1

348 

10.06

61 

784.310

8 

10.0661 784.310

8 

8 24- 

25 

25-27 10-21-

23 

12.09

65 

830.9

104 

9.389

6 

778.007

9 

 

9.3896 778.007

9 

 

11 6-7 10-22 22-24- 

25 

12.04

23 

826.8

679 

8.478

7 

779.785 

 

8.4787 779.785 

 

Line 

outage 

2-4 6-28 6-7 5-7-2 11.29

68 

773.3

297 

9.774

3 

782.174

4 

9.7743 782.174

4 

4- 6 12-  

15 

1-3 10-21-

23 

9.566

2 

778.8

66 

9.830

4 

786.613 9.8304 786.613 

4-12 4 -6 1-3 6-7-4 10.07

83 

779.6

507 

9.800

9 

778.812

7 

9.8009 778.812

7 

Overloa

ding 

1 5-7 6-9 6- 9-10 9.201

3 

775.6

017 

8.777

5 

788.747

6 

8.7775 788.747

6 

1.5 2-6 24- 25 8-28-27 9.833

7 

772.9

975 

9.020

4 

791.681

1 

9.0204 791.681

1 

2 12- 

16 

9-11 12-13-4 9.480

2 

782.6

15 

9.951

4 

790.049 9.9514 790.049 

 

(b) 

Types of 

Faults 

Outage 

Number 

STATCOM 

cost $/h 

UPFC 

cost $/h 

IPFC 

cost 

$/h 

DG 

Outage 

2 124.8301  

188.22 

 

188.22 8 127.38 

11 

Line 

outage 

2-4  

127.38 

188.22 187.9548 

4-6 184.3525  

188.22 4-12 188.064 

Overload

ing 

1 127.38  

188.22 

 

188.22 1.5 124.2572 

2 127.38 

 



 

                                                                                                                  
 

 

 

Tables 5 (a) and (b) given above illustrate the outcomes of optimal 

location and allied parameters for the FACTS appliances. It exhibits the best 

location of the FACTS appliances andafter connecting FACTS appliances, 

the power losses, appliance cost and fuel cost have been evaluated.  

 

Case (i) 
 

Here, the allotment of single-type FACTS appliances is effectively 

carried out by means of the novel YYPO technique. For the purpose of 

augmenting the power system stability index as well as cutting back the 

losses, three diverse types of FACTS appliances, starting with the 

STATCOM appliance are used to be positioned in optimal location 

exclusively. 

 
(a) 

 
(b) 

Figure.4: Comparison analysis of losses, fuel cost and STATCOM cost with 

proposed method and existing methods (a) Line outage condition and (b) 

Overloading 
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In Figure 4 (a) given above, the assessment of power losses, STATCOM 

cost and fuel cost  by means of the novel and modern techniques for line 

outage are effectively evaluated.  In the case of the modern technique FA 

based location   for 22-24, 1-2 and 6-7 the power losses are found to be 

13.163MW, 9.8814MW and 10.2479MW respectively. The figures in respect 

of the fuel costs are estimated to be 774.5828$/h, 782.7462$/h, 778.8598$/h 

respectively. The corresponding values for the device cost are found to be 

127.38$/h, 124.2296$/h and 127.38$/h respectively. The STATCOM 

allocation employing the modern PSOtechnique based location for 22-24, 2-

4, 12-15; the relative power losses are estimated to be 10.3864MW, 

8.8597MW and 9.6556MW respectively. The PSO based the fuel cost and 

devices costs are evaluated to be 781.3021$/h, 782.7462 $/h, 798.2167 $/h 

and 127.38$/h, 126.339$/h, 127.38$/h respectively. It is illustrated that the 

innovativetechnique showcases superior outcomes asregards the 

minimization of power loss, device cost and fuel cost vis-à-vis those of the 

parallel approaches. The Figure 4 (b) given above illustrates the comparative 

appraisal of overloading condition by both the novel and modern techniques.  

In this regard, the STATCOM based novel technique is capable of 

positioning inthe best optimal location, leading to the augmentation of to 

power system steadiness and incredible reduction of the power losses. 

 

Case (ii) 
 

Here, the allotment of FACTS (UPFC) gadgets is carried out by 

employing the novel YYPO technique. At this point, optimal solution is 

chosen and located for using the IPFC with the aim scalping up of the power 

security and also cutting down the reactive and active power losses, voltage 

deviation, fuel cost respectively. 

 
(a) 

 

 



 

                                                                                                                  
 

 
 

 

 
(b) 

Figure.5: Comparison analysis of losses, fuel cost and UPFC cost with proposed 

method and existing methods (a) Line outage condition and (b) Overloading 

 

In the Figure 5 (a) shown above, the evaluation of power losses, UPFC 

cost and fuel cost with the novel and modern techniques for line outage is 

effectively carried out. The UPFC allotment employing the modern PSO 

technique based location for 4-6, 1-3, 2-4, and the related power losses are 

estimated to be 7.3279MW, 9.2151MW and 8.3225MW respectively. The 

PSO based assessed fuel cost and devices costs are found to be 802.2738$/h, 

798.2167$/h, 798.2167$/h and 188.22$/h, 182.631$/h, 186.3389$/h 

respectively. A different modern technique FA based selected location for 2-

4, 2-4 and 27, 30 and power losses are computed to be 7.6037MW, 

9.6449MW and 12.3366MW respectively. Further, the fuel cost is estimated 

to be 796.5725$/h, 789.0031$/h, 788.7185$/h whilethe device cost is 

calculated to be 189.3151$/h, 184.8938$/h and 188.22$/h. The UPFC based 

novel technique has succeeded in positioning the optimal location absolutely 

so as to realize an improvement in the power system steadiness and 

significant decrease in losses. The Figure 5(b) given above effectively 

illustrates the comparative appraisal of the overloading condition in respect 

of both the projected and modern techniques.  

 

Case (iii) 
 

Here, the allotment of the IPFCgadgets is efficiently executed by the deft 

deployment of the novel YYPO technique. At this point, the optimal location 

is chosen and located for using the IPFC with the aim of scaling up the power 

system security and also cutting down the reactive and activepower losses, 

fuel cost, voltage deviation areindividually. 
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(a) 

 
(b) 

Figure.6: Comparison analysis of losses, fuel cost in addition to IPFC cost with 

proposed method and existing methods (a) Line outage and (b) Overloading 

condition 

 

The Figure 6 (a) effectively exhibits   the comparison analysis of power 

losses, IPFC cost and fuel cost with the novel and modern techniques for line 

outage condition. It describes the losses and fuel cost comparison of PSO, 

FA and the projected controller. The power losses of PSO areestimated 

8.7503MW, 9.3562MW, 9.1896MW and the optimal locations are 12-15-23, 

1-3-4 and 12-15-23 respectively. In the case of the FA the power losses are  

 



 

                                                                                                                  
 

 

 

assessed to be 8.7275MW, 8.261MW, 9.9121MW with the optimal locations 

being 5-7-2, 2-4-12 and 12-14-15 respectively. The fuel costs of the PSO are 

calculated to be 785.1092$/h, 795.9825$/h, 784.5921$/h and in the case of 

the FA, the corresponding figures for the fuel costs are found to be 

789.1156$/h, 790.505$/h and 789.0374$/h respectively. The IPFC device 

based cost assessment of the PSO technique has yielded the figures of 

188.22$/h, 188.0996$/h, 188.22$/h, while the relative values for the FA are 

calculated to be 188.1313$/h, 188.1513$/h & 188.22$/h. It is crystal clear 

that when compared to the performance of several techniques, the innovative 

technique has showcased its efficiency by realizing considerable reduction in 

costand the losses. On the other hand, the Figure 6 (b) elegantly depicts the 

comparison analysis of overloading with the anticipated and modern 

techniques for employing the IPFC. Thus, the novel technique emerges as the 

superior one by  considerable cutting down the  power loss, device cost, 

thereby achieving significant  fuel cost minimization vis-à-vis those of the 

competing approaches.  

 
(a) 

 
(b) 
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(c) 

Figure.7: Convergence nature of reducing fuel cost compared to the novel and 

modern techniques (a) STATCOM (b) UPFC and (c) IPFC in IEEE 30 bus system 

 
                      Table.6: Line outage ranking using Severity index of IEEE-30 bus system 

 

Line 

Outage 

Line 

flow 

(MVA) 

Line 

flow 

limits 

(MVA) 

Normal 

condition 

SI 

After connecting FACTS device SI 

STATCOM Rank UPFC Rank IPFC Rank 

2-3 0.3812 32.0000 0.98 0.83 3 0.62 2 0.77 3 

5-6 0.7494 32.0000 0.98 0.93 4 0.77 5 0.82 4 

8-9 0.6051 16.0000 0.98 0.96 5 0.65 3 0.86 5 

13-14 0.7541 16.0000 0.98 0.78 2 0.60 1 0.66 1 

18-19 0.8546 65.0000 0.98 0.72 1 0.68 4 0.69 2 

 
As evident from the Figure 7, the traditional techniques such as the FA 

and PSO have triggered oscillations in the course of its search, thus paving 

the way for the local minimum and uneven convergence.   On the contrary, 

the suggested YYPO technique has amazingly achieved steady convergence 

traits, showing a non-oscillatory nature. Analysis of contingency are 

illustrated in the line outages 2-3, 5-6, 8-9, 13-14 and 18-19 are ultimate 

controlled the overload on the other lines.Table 6 are tabulates the power 

flow for each contingency on the overloaded lines and are estimated to the 

severity index. 

 

 

 



 

                                                                                                                  
 

 

 

5.2 Performance and Analysis with IEEE 118 Bus System 
 

The projected techniques are experimented and utilize for dynamic and 

ambiguity analysis.Thus the examined system containsseveral generator likes 

transformers, shunt reactors and lines through in which are of high quality. 

At the outset, by means of the Newton-Raphson Approach,the optimal power 

flow appraisal is performed.In accordance with the assessment, fuel cost, 

voltage profile, the power loss, reactive and real powers are duly estimated.In 

a background parameters are such as the real, voltage and reactive power are 

effectively estimated.Usually, the demand load of the system is evaluated 

and then loading effects of the valve are reflected in the system, and finally, 

the related fuel cost functions of generators are computed. In respect of the 

cost analysis process, manifold parameters described above are treated as a 

single objective functions with the intention of minimization. The test system 

are include the54 generator buses and 186 transmission lines 

[35].Thegenerator of transmission line and the real power generation Pgis 

elegantly exhibited in the Table 7 respectively. All the data are identical to 

the standard IEEE 118 bus data.  For the examination, the novel technique 

employed to successfully tackle the OPF issue of the power system.  Now, to 

illustrate the efficacy of the novel technique, an IEEE 118 bus system is 

efficiently deployed and by comparing its performance with those of the 

parallel approaches like the PSO and FA techniques.  

 
Table.7: Generator Data in IEEE 118 bus system 

 

Bus Pg (MW) Bus Pg (MW) Bus Pg (MW) 

10 450.0 54 48.0 87 4.0 

12 85.0 59 155.0 89 607.0 

25 220.0 61 160.0 100 252.0 

26 314.0 65 391.0 103 40.0 

31 7.0 66 392.0 111 36.0 

46 19.0 69 516.0   

49 104.0 80 477.0   

 
Case A: At normal condition, the OPF issue is presented. 

Case B: Contingency examination 

Case C: Diverse FACTS gadgets setting-up   

 

                   Analysis of Case A 
 

Here, on the IEEE 118 bus systems, a detailed account of the 

investigation are conducted for the purpose of augmenting security is 

furnished.In the first case, the projected YYPO technique is executed. In 

IEEE 118 bus system, optimal control variables are achieved under a normal 

condition.  
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(a) 

 
(b) 

Figure.8: Normal condition (a) Voltage and(b) Power losses 

 

Figure 8 are appearing the above effectively exhibits performance 

assessment of the voltage and power losses.The normal condition of IEEE 

118 bus system,the normal power loss and the fuel cost are evaluated to be 

198.9916and 6413.7599 $/h correspondingly.Now ensuring section, an 

extensive account of diverse contingency situations in varied load conditions. 

 

 

 



 

                                                                                                                  
 

Analysis of Case B 
 

The results are regarded with the various details of the investigation is 

performed in using the IEEE 118 bus system.It is utilize for security 

augmentation are furnished. The contingency assessment was also carried out 

in the backdrop of base load conditions to effectively locate the detrimental 

contingencies. In the novel technique, threedistinct severe contingencies are 

taken into consideration for the purpose of improving the security. In the 

event of the suggested technique comes out successful in reducing the 

overload on three severe contingencies, it can effectively mitigate for the 

overload on lines to the reduced type of severe contingencies.The innovative 

and modern techniques are effectively employed under the diverse situations 

contingency and to attainthe optimal control variables in the IEEE 118 bus 

system. 

Scenario (i): Generator outage condition 

Scenario (ii): Line outage condition 

Scenario (iii): Overloading 

 
Table.8: Results of generation fuel cost under the normal loss and contingency 

conditions for IEEE 118 bus system 

Type of 

faults 

Outage 

Number/ 

Loading 

Normal 

Loss 

MW 

FACTS devices 

UPFC STATCOM IPFC 

Outage 

Loss in 

MW 

Fuel cost 

in $/h 

Outage 

Loss in 

MW 

Fuel cost 

in $/h 

Outage 

Loss in 

MW 

Fuel cost 

in $/h 

DG outage 8  

 

 

 

 

 

 

198.9916 

201.0324 6580.872 201.1871 3690.162 200.8896 5712.9035 

14 203.0254 6671.289 203.2145 3365.124 199.6986 5741.3154 

18 198.0547 6412.452 197.3256 3398.189 201.3698 5547.8157 

Line outage 52 200.0124 6589.214 200.3698 3852.102 200.3975 5896.1457 

85 198.0215 5999.321 198.3254 3215.214 199.3954 5684.3697 

121 203.0324 6214.236 201.2345 3335.248 198.2345 6001.2417 

Overloading 

(%) 

1 205.0896 6632.214 205.3479 3692.248 202.3641 5871.3232 

1.5 200.0145 6521.125 200.3493 3697.178 198.3641 5428.2489 

2 199.0258 6664.214 199.3971 3214.489 200.9716 5555.2719 

 
Scenario (i): Generator Outage Condition 

 
In generator outage condition, it is evident from the Table 8 that, the 

overall generation and therefore the overall transmission power losses are 

considerably cut down. Thus the overall generation fuel cost value is reduced 

to the tune of 1832.8879 $/h vis-à-v is the normal condition. Further, the 

overall active power generation in the generator outage condition and  
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therefore the overall generation fuel cost and transmission power losses 

values are incredibly reduced in comparison with the normal 

conditions.Moreover, the general condition of concurrent outage of lines, 

overall active power generation and hence the losses are significantly 

enhanced vis-à-vis the other conditions. 

 

Scenario (ii): Transmission Line Outage Condition 
 

Here,under a contingency state for corrective control, the projected 

method is effectively employed. Under based load condition, the contingency 

assessment is carried out and it is to locate the adverse contingencies.This 

results of the contingency assessment reveal the fact that line outages 52, 85 

and 121 have triggered the overload on other lines. It is evident from the 

Table 9 that the outage of single lines has greater impact than that decreasing 

the fuel cost and outage loss of the FACTS appliances. The line is corrupted 

in the power system and it covers the way for the sharing of its power flow 

among others in the system, thereby causing the probable overloadingof 

certain the lines.The impact of opened line is assessed by using the line of 

other system. Event of overcrowding in the network, the installed 

STATCOM, UPFC and IPFC are set in such a manner as to alleviate the 

overcrowding.If this method also fails to mitigate the overcrowding in the 

system, a new STATCOM, UPFC and IPFC is installed byemploying the 

reactive power lossdecline technique or opening thepacked out line/s. 

 

Scenario (iii): Overloading 
 

In a realistic time-duration, the Table 9 shows the overloading of the 

transmission lines is wholly mitigated in the entire cases with the exception 

of cases where overloading has impact on 1, 1.5 and 2 % of the system.This 

clearly showcases the efficiency of the anticipated technique for overload 

mitigation. 

 

Analysis of Case (C) 
 

Here, three distinct cases are taken into account and in allthe cases the 

novel YYPO approach is performed with the aim of locating the optimal 

placement and best rate values for FACTS gadgets. Moreover, scenariossplit 

into the following three cases: 

Case (i):  STATCOM gadget allotment by means of theYYPO 

Case (ii): UPFC gadget allotment by means of the YYPO 

Case (iii): IPFC gadget allotment by means of the YYPO 

 

 

 

 



 

                                                                                                                  
 

 

 

 
Table.9 (a) and (b): Results of optimal location and the related parameters for 

FACTS devices. 

Types 

of 

Faults 

Outag

e 

Numb

er 

Best location After connecting FACTS devices 

STATCOM UPFC IPFC 

STAT

COM 

UPF

C 

IPFC Fuel 

cost 

$/h 

STATC

OM 

Cost 

$/h 

Fuel 

cost 

$/h 

UPF

C 

cost 

Fuel 

cost 

$/h 

IPFC 

cost 

DG 

Outag

e 

8 11-1 112-

141 

7-96 5000.4

297 

210.25 5130.6

579 

188.2

2 

5880.8

742 

188.2

2 

14 14-6 42-86 24-9 5055.4

851 

218.50 5200.4

531 

188.2

2 

5600.2

325 

183.4

5 

18 45-1 12-

154 

65-3 5045.2

314 

 

5135.8

945 

186.3

2 

5885.1

2356 

181.2

3 

Line 

outage  

52 65-89-

92 

56-

96-

101 

68-

69-

120 

5023.4

512 

211.89 5136.4

523 

185.5

6 

5712.3

46 

 

188.5

6 

85 101-

128-

132 

139-

141-

152 

148-

156-

171 

5055.4

231 

208.12 5126.3

415 

5756.4

89 

186.1

5 

121 154-

156-

161 

68-

69-71 

163-

174-

182 

5064.5

623 

223.84 5125.3

102 

182.3

4 

5601.2

348 

188.2

2 

Over 

loadin

g 

1 111-

123-

135 

89-

91-99 

179-

181-

183 

5045.2

341 

215.56 5132.6

241 

181.6

3 

5840.2

3647 

1.5 22-36-

42 

56-

65-74 

133-

139-

141 

5056.5

264 

5138.4

215 

184.7

8 

5846.1

320 

181.2

3 

2 112-

132-

144 

166-

171-

177 

56-

62-74 

5101.7

895 

208.12 5128.4

521 

5859.1

548 

 
Case (i): STATCOM Allocation Using Proposed Method 

 
The FACTS gadgets extend a helping hand in enhancing the voltage 

profile, considerably cutting down losses, stepping up power flows and to 

offering reactive power support.The STATCOM is well-equipped using the 

qualities of augmenting the voltage profile. However, if the voltage profile is 

needed, the STATCOM emerges as the ideal candidate thanks to its cost-

efficiency and lesser level of intricacy.  
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(i) 

 

 
(ii) 

Figure.9: Comparison analysis of STATCOM cost and fuel cost with proposed  

Methodas well as existing methods (i) Line outage and (ii) Overloading condition 

 

Figure 9 (i) given above, effectively exhibits the comparison scrutiny of 

the STATCOM cost and fuel cost arrived at by employing the novel and  

 



 

                                                                                                                  
 

 

 

modern techniques for the line outage.  The STATCOM allotment utilizing 

the modern FA approach based best locations are 15-54-89, 45-89-110 and 

112-125-129 and the relative device costs and fuel costs are evaluated to be 

250.32 $/h, 289.45 $/h & 235.89 $/h and 5200.4856$/h, 5162.8967$/h & 

5151.3246$/h respectively. The PSO technique based best locations are 123-

132-148,101-128-136, 65-91-114, the relative device and fuel costs are 

225.56$/h, 232.74$/h & 241.21 $/h and 5126.4213$/h, 5118.4619$/h & 

5096.4589$/h respectively. The best locations in the novel techniques are 65-

89-92, 101-128-132, 154-156-161 the related device costs are found to be 

211.89$/h, 208.12$/h & 223.84$/h and fuel costs are estimated to be 

5023.4512$/h, 5055.4231$/h & 5064.5623$/h respectively. The Figure 9(ii) 

shown above indicates that evaluation analysis of the overloading condition 

by means of the projected and modern techniques. Now, the STATCOM 

based novel technique has shown its mettle in realizing the best optimal 

location, consequently augmenting the power system steadiness and 

considerably cutting down the fuel and device costs. 

 

Case (ii): UPFC Allocation Using Proposed Method 

 
  Here, an appraisal of the optimal location to set up the UPFC is duly 

carried out by effectively employing the novel technique. Thus, the fuel cost, 

device cost under normal and after connecting device condition and best 

locations are duly estimated. A comparative assessment of the performance 

of the novel technique and modern methods like the FA and PSO approach is 

performed.  Thus, to establish the UPFC, the best line is taken as the most 

ideal location. Further, as the common bus, the bus-1 is estimated for the 

UPFC shunt and series converters. By positioning it in this location, thus, it 

is presumed that, the further investigation with the UPFC is carried out. 

 
(a) 
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(b) 

Figure.10: Comparison analysis of UPQC cost as well as fuel cost with proposed 

method and existing methods (i) Line outage and (ii) Overloading condition 

 

Figures 10 (a) and (b) above exhibit the assessment analysis of the UPFC 

costs and fuel costs achieved by the projected and traditional techniques for 

the line outage and overloading. The UPFC based novel approach has 

successfully detected the optimal location for placement so as to achieve 

incredible improvement of power system steadiness and also to cutback 

considerably both the fuel and device costs.  

 

Case (iii): IPFC Allocation Using Proposed Method 
 

Now, the innovative YYPO technique are the allocation of IPFC 

appliance is efficiently carried out. FACTS appliances ofIPFC is duly chosen 

and positioned in the optimal location two by two to eventually perk up the 

power system steadiness index and diminish the losses. 

 
(i) 

 

 



 

                                                                                                                  
 

 

 

 
(ii) 

Figure.11: Comparison analysis of IPFC cost and fuel cost with proposed method 

and existing methods (i) Line outage and (ii) Overloading condition 

 
The above-shown figure 11 (i) efficiently illustrate the comparison 

analysis of IPFC costs and fuel costs incurred by the projected and 

conventional techniques for the line outage condition.  In comparison with 

the parallel techniques, the novel approach has scored an edge over the other 

by achieving appreciable cost-efficiency and by decreasing the losses. Figure 

11(ii) duly demonstrates the comparison analysis of overloading by means of 

the projected and modern methods by employingthe IPFC. The best locations 

identified by the FA approach are found to be 46-86-101, 153-164-172 and 

112-154-164. The related device costs are estimated to be 240.64, 235.31$/h 

& 229.32$/h and the fuel costs are determined to be 5952.3121$/h, 

5945.3214$/h & 5938.1234$/h respectively. The best locations achieved by 

the PSO approach are assessed to be 155-164-169, 158-155-175 and 138-

146-171, while the relative values of device costs and fuel costs are found to 

be 215.12$/h, 204.23$/h & 190.65$/h and 5902.3147$/h, 5889.6589$/h & 

5875.4586$/h. Thus, it is crystal clear that the novel technique has 

successfully achieved the best locations such as 179-181-183, 133-139-141 

and 56-62-74. Further, the resultant device costs and fuel costs are assessed 

to be 188.22$/h, 188.22$/h & 181.23$/h and 5840.2364$/h, 5846.132$/h & 

5859.1548$/h respectively. It is heartening to note from the above that the 

projected technique has showcased supreme efficiency, by considerably 

cutting back the power loss and significantly scaling down the fuel cost to the 

least, vis-à-vis the performance of the peer techniques. 
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(a) 

 
(b) 

 
(c) 

Figure.12: Convergence nature of reducing fuel cost compare to proposed and 

existing methods (a) STATCOM (b) UPFC and (c) IPFC in IEEE 118 bus system 

 



 

                                                                                                                  
 

 

 

 
Table.10: Line outage ranking using Severity index of IEEE-118 bus system 

Line 

Outage 

Line 

flow 

(MVA) 

Line 

flow 

limits 

(MVA) 

Normal 

condition 

SI 

After connecting FACTS device SI 

STATCOM Ranking UPFC Rank IPFC Ranking 

64-65 103.89 100 0.22 0.03 1 0.10 2 0.04 1 

112-

113 

223.56 130 0.22 0.13 3 0.18 5 0.05 2 

141-

142 

160.22 100 0.22 0.18 5 0.08 1 0.12 4 

176-

177 

172.45 100 0.22 0.05 2 0.21 3 0.19 5 

56-57 107.75 200 0.22 0.14 4 0.13 4 0.09 3 

 
Figure 11 effectively illuminates the convergence nature of falling fuel 

cost achieved by the novel and modern techniques are employed. Table 10 

are tabulates the optimal control-variable settings for all the three devices 

like as IPFC, UPFC and STATCOM using the ultimate value of severity-

index. In each case, ranking is achieved in duly furnished in the last column. 

It is obvious from Table 10  that the overloading of the transmission lines is 

wholly mitigated in a realistic  time-duration in the entire devices with the 

exception of the line outage 64-65, 112-113, 141-142, 176-177 and 56-57 

where the line flow rating is 200 MVA, which duly project the supreme 

efficiency of the novel technique for the overload mitigation. 

 
Table.11: Comparison analysis of fuel cost in proposed and existing methods with 

IEEE 30 and 118 bus system 

 IEEE 30 bus system IEEE 118 bus system 

Algorithms ALC-

PSO 

[36] 

SFLA-

SA 

[37] 

FA PSO Proposed ALC-PSO 

[38] 

PGAs 

[35] 

FA PSO Proposed 

Fuel cost 

($/h) 

825.69 801.79 774.58 781.30 773.32 128369.733 8278.9 6598.7586 6593.9774  

6413.7599 

 

 
In the comparison analysis exhibited in Table 11, the parameters such as 

the torque and speed curves of the IEEE 30 and 118 bys system are 

effectively assessed. As is evident, the minimization of fuel cost are realized 

by the novel technique is greater than those achieved in the time-tested  
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techniques such as Parallel Genetic Algorithms (PGAs), Simulated 

Annealing (SA), the Aging Leader And Challengers (ALC-PSO), Shuffle 

Frog Leaping Algorithm (SFLA) and,  FA and PSO. Further, at the IEEE 30 

as well as IEEE118 bus system based fuel cost minimization of 

noveltechnique projects considerable reduction in the cost, while the parallel 

methods pitiably lag behind with sub-standard performances. 

 

6 Conclusion 
 

The document elegantly launches a proficient technique aimed at the 

security assessment ofpower system. The OPF problems are effectively 

assess the IEEE 30 as well as IEEE 118 bus system is taken to be the test 

system.Epoch-making OPF technique is effectively assessed with constraints 

and ambiguity such as the voltage deviations, power losses and investment 

cost are estimated correspondingly.Moreover, the FACTS appliances are 

duly deployed and the related fuel costs are found out.With an eye on 

optimizing, the generation of fuel cost as well as the developed system 

security functions, a novel optimization technique YYPO iscarried to the 

limelight. The originated OPF issue is successfully tackled, simultaneously 

fulfilling the equality constraints as well as the system equality.By initiating 

the iterative process, the novel technique are projected and its proficiency 

with superior initial values as well as achieves the ultimate best value in 

more number of iterations vis-à-vis that of the modern technique.In FACTS 

appliance creates on the power injection modelin voltage source, the NR load 

flow incorporation processes areoffered to scale up the system security by 

means of therelative device in optimal location through the projected 

technique assessment. At last, it is established that, while the system security 

is assessed under contingency conditions, employing the OPF,the security is 

significantly stepped up with the FACTS appliances. The performance of the 

novel technique as evidenced by the cheering outcomes are assessed and 

contrasted with those of the parallel approaches like the PSO and FA 

methods.  Using IEEE 30 bus system are employingthe novel technique, fuel 

costs of STATCOM, UPFC and IPFC appliances are evaluates as 773.33$/h, 

792.597$/h and 788.748$/h respectively. In contrast, in the case of the 

modern techniques such as the PSO and FA, the relative figures are 

778.86$/h, 803.098$/h, 790.277$/h, 774.583$/h, 799.11$/h and 791.748$/h 

respectively. Thus it is crystal clear that the innovative techniques have 

shown immense skills in realizing remarkable levels of the minimum cost 

functions in relation to those of the traditional techniques.  
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