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Abstract: System possibilities in power frameworks frequently add to over-stacking of system 
branches, inadmissible voltages and issues of voltage steadiness/voltage collapse. Optimal power 
flow (OPF) is a static nonlinear programming issue which enhances a specific target work while 
fulfilling a lot of physical and operational imperatives forced by gear confinements and 
security/voltage dependability requirements. Flexible AC transmission systems (FACTS) 
apparatus are coordinated in power frameworks for controlling force stream to enhance the 
execution of the power frameworks under both ordinary activity and system contingency. This 
paper presents a new algorithm named Modified Adaptive Differential Evaluation to limit the 
generator fuel cost in ideal power stream control with Flexible AC Transmission systems and 
voltage soundness constraints. The FACTS apparatus considered here incorporate static 
synchronous compensator (STATCOM) and static synchronous series compensator (SSSC). The 
proposed methodology has been inspected and tried on the IEEE 30-bus test network. A few 
cases were explored to test and approve the power of the proposed strategy in finding the ideal 
arrangements under both ordinary activity and chose system possibility conditions. Test results 
show that the proposed methodology can get better arrangement and requires less CPU time than 
the calculations announced in the writing. 

Keywords: Optimal power flow, differential evolution, modified adaptive differential evolution, 
power system performance, FACTS devices, STATCOM and SSSC devices  

1. Introduction
The ideal power stream issue is essentially an expansion of monetary power dispatch issue

and expects to decide the ideal settings for control factors in a power organize fulfilling diverse 
equity and imbalance requirements. Additionally, it has turned into the most imperative device 
utilized by the framework administrator in power frameworks misuse and arranging [1]. The 
OPF is a static obliged non-curved, nonlinear improvement issue, whose advancement has 
pursued intently propels in scientific programming procedures and Figureuring innovation [2]. 
 In addition, the expanding load on the current transmission lines causes the voltage solidness 
and voltage crumple issues. Hence, thought of these issues has additionally turned into a 
noteworthy worry in secure power framework activity. It has been shown in the writing that the 
voltage sizes don't go about as a decent vicinity marker of a voltage strength limit and voltage 
fall [3,4]. In this way, it is important to incorporate voltage solidness lists in the assessment and 
investigation of secure task of intensity frameworks. 
 In the writing numerous execution records have been proposed to gauge the seriousness 
dimension of voltage security issues [6]. These lists could be utilized disconnected or on-line to 
decide how shut the framework is to voltage crumple. In addition, these files give a scalar extent 
that can be checked and Figureured rapidly as framework parameters change. They incorporate 
the affectability factors [7], second arrange execution file [8], voltage flimsiness closeness 
record[9], solitary qualities and eigen esteems [10], etc.  
 For secure activity of the framework with no limit infringement, complete demonstrating of 
the framework  through  load  stream  conditions and operational limitations is fundamental. The 
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arrangement of defined ideal power stream display gives the ideal functioning state of a electric 
structure and the comparing fixing of regulating factors fulfilling both equality and inequality 
constraints for financial and secure activity [11]. The power stream conditions speaks to the 
fairness limitations while the breaking points on control factors and the working furthest reaches 
of intensity framework subordinate factors speaks to the disparity constraints. Numerous 
operational goals have been utilized while planning an ideal power stream issue, yet a generally 
viewed as target in an ideal power stream is to limit the fuel cost subject to correspondence and 
imbalance requirements [12].  
 The issues identified with the likelihood of including soundness requirements into standard 
OPF details are talked about in [13] and an applied system is introduced in [14].. The voltage 
solidness requirements are additionally consolidated in a few mixture OPF plans [15,16]. These 
plans puts prerequisites on assessing the basic purpose of voltage security, consequently the issue 
size and calculation load are upgraded. An ideal dispatch with voltage security requirements, 
utilizing the bifurcation strategy to ascertain the voltage steadiness edge is accounted for in [17]. 
A voltage security obliged ideal power stream with the adjusted type of voltage dependability L-
Index as voltage soundness imperatives is proposed in.[18].  
 Lately, the quick advancement in the area of intensity hardware had released new open doors 
for the utilization of the FACTS apparatus as a standout amongst the best approaches toward 
enhance control framework task controllability and power exchange limits [3, 4]. Certainties 
gadgets can significant increase the control exchange ability amid relentless state task by 
controlling the bus voltage size and its stage point and the transmission line reactance. In 
addition, the incredibly quick controlling activity of the FACTS apparatus, they have become as 
promising contender for the better use for improvement of intensity system execution.  
 Static synchronous compensator (STATCOM), which can control the transport responsive 
power, assumes a critical job in enhancing the transport voltages and can be considered as one 
of the FACTS apparatus. The essential job of SATACOM is to help voltage at basic focuses in 
the framework [5,9]. The STATCOM is fundamentally associated in shunt frame to the power 
framework and it will inject the responsive capacity to control the transport voltage. This device 
is having the assorted abilities and finding the best possible area for it into power system, is one 
of the significant undertakings in power transmission. The Static Synchronous Series 
Compensator (SSSC) is another critical FACTS device and is introduced in sequence in the 
transmission lines for power stream control. This SSSC apparatus has the capacity to change its 
reactance attributes and is successful in controlling force streams of transmission frameworks 
[5]. Therefore, considering the voltage dependability limitations, and the FACTS apparatus in 
the detailing of the OPF issue turns into an exceptionally obliged, blended whole number, non-
straight and non-arched enhancement issue for financial activity of intensity frameworks 
[2,4,5,6].  
 In the writing, a few numerical programming strategies were utilized effectively to obtain 
concern of the OPF problem under various working conditions [7]. Studies of different 
traditional improvement techniques used for delightful concern of the OPF issue are given in [8– 
10]. Nevertheless, the established strategies depend on some essential presumptions, for 
example, smoothness, convexity, congruity and differentiability. Be that as it may, genuine OPF 
problems might be detailed with nonlinear qualities, for example, prohibited operating zones, 
valve point impacts, and piecewise quadratic cost capacities [11]. Along these lines, the 
established strategies by and large won't almost certainly take care of such OPF issues.  
 In the ongoing past, the advancement of computational assets had spurred the improvement 
of new strategies, for example, metaheuristics. These metaheuristics strategies can overcome 
almost every one of the disadvantages of the traditional techniques [12]. A portion of the 
techniques which have been utilized to explain the OPF problems are: Genetic Algorithm 
[13,14],Simulated Annealing [17],Tabu Search [15], Particle Swarm Optimization [16], 
Differential Evolution [18], Imperialist Competitive Algorithm[19,20], Biogeography Based 
Optimization [21,22], Gravitational Search Algorithm[23,24], Harmony Search [25], Artificial 
Bee Colony [26,27],Black Hole [28], Teaching Learning based Optimization [29], League 
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Championship Algorithm [30], Group Search Optimization [31] and numerous others. Studies 
of different met-heuristics techniques used for delightful concern of the OPF issue are introduced 
in [32,33].  
 In the writing, it has been exhibited that the differential Evaluation (DE) procedures created 
by Storn and Price [109] is an incredible transformative enhancement calculation. The DE 
advantages are anything but difficult to execute, and essentially quicker to take care of 
advancement issues. Albeit a few writings proposed some novel enhancement of DE calculation 
[24– 26], the recreation outcomes demonstrated so as to present be numerous spaces for 
development. In this paper, another DE calculation, called Modified adaptive differential 
Evaluation (MADE) calculation is proposed for better outcomes.  
 In this paper, the MADE calculation is proposed for taking care of the ideal power stream 
issues with voltage security imperative under both ordinary task and system possibility. The 
target work considered is the working cost minimization under typical activity through the ideal 
fixings of every single regulation variable for a stationary electric-network stacking condition 
under ordinary task. The proposed methodology is represented through the IEEE30-bus network 
without and with FACTS devices. Recreation results exhibit that the Modified adaptive 
differential Evaluation (MADE) calculation gives truly wonderful outcomes contrasted with the 
first DE calculation and those detailed in the writing. 
 
2. Voltage Stability L-index 
 The voltage dependability L-index is a decent pointer whose esteem lies between zero (no 
load) and one (voltage fall) [31]. The L-index can likewise be utilized as a quantitative measure 
for estimating the voltage security edge under the given working point. For a given network 
working condition, utilizing the heap stream (state estimation) results, the voltage soundness - 
list is Figureured as [32], 
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 For steadiness, the list must be not exactly or equivalent to 1 for any of the hubs j. 
Subsequently, the worldwide marker demonstrating the dependability of the total framework is 
specified through limit of intended for every load buses An L -index esteem near 0 and far from 
1 shows the enhanced framework solidness. The upside of this L-index limits in the 
straightforwardness of the mathematical count and self-expression of the outcomes. 
 
3. FACTS devices 
 In the cutting edge control frame works the utilization of FACTS devices are turned out to 
be a promising answer for different power framework issues. These devices are viewed as one 
such innovation that permits better usage of the current transmission network, alongside 
numerous different advantages. When all is said in done, the issues related through the employed 
of FACTS elements are displaying, cost, proper area, appropriate dimension and limits. The 
control framework execution and the soundness can be upgraded by utilizing FACTS devices. 
 
A. STATCOM device 
 The ideal task of the power framework systems have been founded on financial standard. The 
shunt FACTS devices can be extremely useful in the ideal task of intensity framework systems. 
The VSC type STATCOM device comprises of self-commutated DC to AC converters with GTO 
thyristors. This gadget can inside produce capacitive and inductive imaginary power for 
transmission line pay. The converter having energy storage device can also exchange real power 
with the system, in addition to the independently controllable reactive power.  
 The STATCOM device which is a VSC based FACTS controller creates a synchronous 
voltage of controllable extent and stage point. At the point when the VSC is shunt-associated 
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with a bus by means of a coupling transformer, the subsequent STATCOM device can ingest or 
infuse imaginary power starting the bus or to which it is associated and hence keep up the bus 
voltage extent [25]. The proportional circuit says to the fundamental reappearance activity of the 
voltage sourced converter is materialized in Figure 1. 
 
 
 
 
 
 
 

(a) 
 
                                                                    
                                                                   
 
 
 
 

(a). 
Figure 1. Static compensator (STATCOM) system: (a) voltage source converter(VSC) 
connected to the AC network via shunt-connected transformer; (b) Equivalent circuit 

 
The shunt voltage source of the STATCOM characterized by 
 vRvRkvR IZVV +=  (2) 
is given in Norton equivalent form 
 vRvRNvR VYII −=  (3)                                                                    
here these articulations, speaks to transport k voltage and speaks to the voltage source inverter. 
is the Norton's present as is the inverter's current. Additionally, and are the transformer's 
reactance and small out permission separately.  
The STATCOM voltage infusion constraint requirement be like per the following: 
 maxmin

vRvRvR VVV ≤≤  (4)              

where min
vRV  and max

vRV are the STATCOM’s minimum and maximum voltages. 
Utilizing the STATCOM control conditions, the linearized model of STATCOM is incorporated 
into the power stream arrangement procedures, where the voltage extent and stage edge are 
viewed as the state factors. 
 
B. SSSC device 
 A SSSC comprises of a coupling transformer, a capacitor and an inverter [13]. The SSSC 
device will be associated in arrangement with transmission systems via a coupling transformer. 
The function of SSSC gadget is like the static stage shifter and it infuses voltage in quadrature 
through individual of the transmission line ending voltages for managing the dynamic power 
stream. The SSSC is an adaptable controller and does not draw imaginary power from the AC 
framework. This normal for SSSC makes it equipped for controlling not just dynamic and 
imaginary power stream or nodal voltage extent. A diagrammatic portrayal of the SSSC and its 
equal networks are appeared in Figures 1(a) and (b), separately. 
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Figure 2. Solid state compensator (SSSC) system: (a) voltage source converter (VSC) 

connected to the AC network using a series transformer and (b) series solid state voltage source 
 
The series voltage source of the SSSC may be given by 
 )sin(cos cRcRcRcR jVE δδ +=  (5) 
 The voltage size and its stage point of the SSSC show be balanced through utilizing an 
iterative calculation toward adjust a predetermined dynamic plus receptive electric streams over 
the SSSC. There will be most extreme and least points of confinement for the voltage size , which 
are an element of the SSSC capacitor value, the voltage stage edge esteem lies somewhere in the 
range of 0 and 2 π  radians. 
The SSSC device equivalent voltage injection cRcRV θ∠  limits are represented in eqns.  

maxmin
cRcRcR VVV ≤≤  (6) 

 maxmin
cRcRcR δδδ ≤≤  (7) 

 
4. Problem formulation 
 The primary objective of the OPF be to optimize a specific target subjected to a equality and 
inequality imperatives. The issue is able to be scientifically displayed as pursues: 
 Min ),( uxOF  (8)               
put through  
 0),( =uxg  (9) 

 maxmin ),( huxhh ≤≤  (10) 
wherever vector x indicates the state variables of a electric structure network that contains the 
slack bus active power production  ( 1GP ), voltage amplitudes and phase angles of the load buses

),( iiV δ , and alternator imaginary power production ( GQ ). Vector u stand for control 

variables that includes of active power production levels ( GNP ) and generator voltages 

amplitudes ( GNV ),  transformer tap setting ( KT ), and imaginary power insertions ( CKQ ) owing 
to volt-amperes reactive (VAR) compensations; i.e.,  
 ].....,...........,..........,..............[ 1112 CSCNTGNGGNG QQTTVVPPu =     (11) 
wherever    
N  = no. of alternator buses,  
NT = n. of tap changing transformers 
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CS = no. of shunt imaginary power insertions.       
Objective Function: The OPF issues have the objective function:  
 Min TF ( )∑ ++= igiigii cPbPa 2  is the cost of generation 
 
Constraints: The OPF issue has two type of limitation:  
Equality Constraints: These be the puts of nonlinear electric flow equations to facilitate direct 
the electric network, i.e,  

 0)cos(
1

=+−−− ∑
=

jiijijj

n

j
iDiGi YVVPP δδθ  (12)       

 0)sin(
1

=+−+− ∑
=

jiijijj

n

j
iDiGi YVVQQ δδθ  (13)  

wherever GiP and GiQ are the real and reactive power outputs injected at bus i respectively, the 

load command on the identical bus is characterized by DiP and DiQ , and components of the bus 

admittance matrix are given by ijY &  ijθ . 

 
Inequality Constraints: These be the put of limitation that stand for the network prepared and 
safety restrictions like the boundaries on the subsequent: 
1) Alternators active & imaginary power production  
 NiPPP GiGiGi ,,1,maxmin =≤≤  (14)                

 NiQQQ GiGiGi ,,1,maxmin =≤≤  
 (15) 
2) Voltage Amplitudes at every bus in the system  
 NLiVVV iii ,,1,maxmin =≤≤  (16) 
3) Transformer tap fixings  
 NTiTTT iii ,,1,maxmin =≤≤  (17)             
4) Imaginary power insertions owing to capacitor store  
 CSiQQQ CiCiCi ,,1,maxmin =≤≤  (18)   
5) Transmission lines loading  
 nliSS ii ,,1,max =≤                                                               (19) 
6) Voltage stability index  
 NLiLjLj ii ,,1,max =≤  (20)     
 
5. The proposed algorithm 
 The achievement of any populace put together inquiry calculations is based with respect to 
worldwide investigation and neighborhood abuse [21]. The mutation scheme plays an important 
role in the search capability and the convergence rate of the DE algorithm. Actually, the DE 
calculation has great worldwide investigation capacity, yet at the same time feeble neighborhood 
abuse capacity and combination speed are the real disadvantages of the technique [22]. Within 
the first DE calculation, 3 vectors be picked aimlessly in favor of change plus the foundation 
vector is after that chosen indiscriminately between the 3. Thus, the change technique 
DE/rand/1/receptacle has the capacity toward keep up assorted variety in the populace and 
worldwide hunt ability, yet it has moderate union. Consequently, a novel transformation plot is 
essential to suggest to enhance the nearby hunt ability plus to quicken the combination of 
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differential evaluation system. Here this manuscript, the projected novel coordinated 
transformation plot utilizes the weighted contrast vector. It be assessed through utilizing the best 
& the most exceedingly bad individual by the side of a specific production. 
 

 
 

Figure 3. Flow chart for overall approach 
           

No 
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The modeled mutation plan is as given below: 

 
1 ( )G G G G

i r b wv X F X X+ = + −
 (21) 

where and are the best and most noticeably awful vectors and is an arbitrary picked vector within 
the whole populace. This medication be planned to maintain the arbitrary base vector in the first 
transformation condition all things considered and the most excellent and most exceedingly bad 
vectors supplant the staying two vectors in the whole populace to obtain the distinction vector. 
Truth be told, the worldwide arrangement be able to be effectively achieved while everyone 
vectors in the populace pursue the heading of the top vector and the other way of the most 
exceedingly bad vector. These outcomes within the novel transformation principle to contain 
superior neighborhood seek capacity and assembly rate. Additional, the reasonable adjustment 
of control constraints additionally shows a superior execution belongings in various 
advancement issues.  
 Within this paper, the planned methodology modifies the organize parameters𝐹𝐹 and CR, aside 
from NP. Clearly the effect of organize constraints NP on the DE calculation execution be 
immaterial contrasted with the further two organize constraints. The organize constraint 𝐹𝐹 by 
and large communicates the intermingling pace of DE. In this manner, a superior estimation of 
𝐹𝐹encourages the investigation control which be commonly helpful within the beginning time of 
DE. Then again, a lower esteem of𝐹𝐹 may be the unseemly parameter esteems in people to come. 
Thinking about the above viewpoints for the parameter adjustment, Cauchy dissemination is 
used as an extensive advance strategy in the proposed calculation. 
 
The general methodology includes the accompanying advances:  
Stage 1: Read framework information and association constraints.  
Stage 2: produce starting answers intended for every one the organize factors.  
Stage 3: Run the Newton-Raphson control stream plan to Figure the age of the slack bus warm 
unit and ensure the prepared requirements of the control framework.  
Stage 4: compute the wellness work estimation of each arrangement.  
Stage 5: produce posterity populace utilizing MADE transformation and crossover activities  
Stage 6: ensure as far as possible.  
Stage 7: make sure the end circumstances. On the off chance that the end conditions are fulfilled, 
go to stage 8, generally, go to stage 3.  
Stage 8: publish out the outcomes. 
 
6. Simulation results  
 The planned modified adaptive differential evolution algorithm calculation designed for 
tackling ideal power stream issues is tried on standard IEEE 30-bus test frameworks. Table 1 
gives the subtleties of the test frameworks. The proposed calculation was executed utilizing 
MATLAB 7.8 running on Intel Core 2 Duo, 2 GHz, and 2.0GB RAM PC. The MADE calculation 
parameters utilized for the reproduction are condensed in Table 2 
 

 Table 1. Description of test systems 
Parameter IEEE 30- 

No. of buses  BN  30 

No. of generators  GN  6 

No. of transformers TN  4 

No. of shunts shN  2 

No. of branches lN  41 
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Table 2. Simulation parameters of MDE algorithm 

Parameters IEEE 30-bus 
Population size 
Max. no. of generations 
Scaling Factor (F) 
Crossover rate (CR) 

50 
150 
0.1 
0.8 

 
 The adjusted test framework, as appeared in Figure 3, comprises of 6-
generatingunitsinterconnected with 41 parts of a transmission connect with an all out dynamic 
and responsive heaps of 283.4 MW and 126.2 MVAR respectively. The framework bus and the 
branch information are taken from [35]. The shunt receptive power remunerations are given at 
load transports 10, 12, 15, 17, 20, 21, 23, 24 and 29 as given in [21]. The transport 1 is regard as 
as the swing bus. The fuel cost coefficients and least and most extreme cutoff points of genuine 
power ages are taken from [ 21]. The base and most extreme qualities for the alternator voltages 
and tap changing transformers are 0.9 and 1.1p.u. individually. The base and most extreme 
voltage limits for the heap transports are viewed as 0.95 and 1.1 in per unit separately. The line 
stream limits are taken from [19]. 

 
Figure 3. Single line diagram of IEEE 30-bus test system 

 
 With the end goal of examination, the reenactments are done for the AC OPF issue on an 
IEEE 30-bus framework through the first DE and the MADE calculations. These is case is 
planned just to demonstrate the viability and capacity of the proposed calculation. So as to 
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demonstrate the effectiveness of the planned methodology, a correlation of our calculation is 
completed with different strategies detailed in the writing.  
 Within this paper, MATLAB encoding codes for in cooperation the DE and the MADE ideal 
power stream calculations are created and consolidated jointly for the recreation function. In the 
execution of the calculations, a few parameters ought to be adjusting for ideal inquiry procedure. 
In this paper, these constraints contain be removed from numerous PC tests. The settings of the 
planned calculation are as per the following: Number of populaces is set to 50 and the most 
extreme number of cycle is 150 for both test systems respectively. The arrangement seek space 
of these contextual analyses has numerous nearby minima, and the worldwide least is difficult 
to get. Because of the stochastic idea of the transformative calculation, 20 independent 
preliminary runs are completed to extricate the factual data.  
 The proposed MADE and DE calculations are connected for taking care of the ideal power 
stream issues with persistent control factors, diverse uniformity and imbalance requirements 
under typical activity. In the MADE, there is another change administrator and versatile control 
parameters with the goal that better arrangement of OPF can be found in less number of 
emphases. The estimations of F and CR, populace sizes, most extreme number of ages for 
example the control parameter are given Table 3.  
 Figure. 4 demonstrate the variety of most excellent individual arrangement's age cost against 
the quantity of ages in the populace amid the MADE and the DE evolutionary procedure. From 
this figure it is obviously seen that the union property of the MADE technique is superior to 
those accomplished by the first DE calculation. Figure. 6gives the best all out fuel cost, most 
noticeably bad complete fuel cost, normal absolute fuel cost, and they got outcome's standard 
deviation of the planned MADE technique and unique DE calculation. The age cost in the 
planned MADE methodology is 798.9612$/h, which is superior to anything the first DE and the 
others strategies announced in the writing.  
 The examination of consequences of actualizing OPF over the 30-transport test framework 
utilizing the planned MADE calculation alongside the other technique reported in the writing are 
introduced in Tables 1. The outcomes demonstrate the predominance of the planned strategy 
over additional technique. The expense acquired by the planned procedure is observed to be not 
exactly the current outcomes while fulfilling all the correspondence and imbalance requirements. 
The productivity of the planned calculation lies in the way that the acquired outcome's standard 
deviation for 20trials is irrelevant. The ideal settings of the control factors for both DE and 
MADE calculations are shown in Table 3. 
 

 
Figure 4. Best, worst, average results and standard deviation for DE and MADE algorithms 
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Figure 5. Best, worst, average results and standard deviation for DE and MADE algorithms 

 
Table 3. Best generation cost with different algorithms 

Method Cost($/h) 
MATPOWER[51] 
Gradient[52]  
Di.E [53] 
HS [24] 
EP [21] 
TS [54] 
IEP [55] 
MDE [56] 
SGA [57] 
EGA [58] 
ACO [59] 
FGA [60] 
PSO [60] 
IPSO [61] 
ACSA[62] 
DE 
MADE 

804.060 
802.430 
802.190 
802.620 
802.290 
802.465 
802.376 
803.699 
802.060 
802.578 
802.000 
802.205 
801.978 
799.035 
799.012 
799.499 
798.961 
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Figure 6. Convergence characteristics of cost without and with FACTS devices for MADE 

algorithm under normal operation 
 
 In this second reproduction consider, the MADE calculation is connected for taking care of 
the ideal power stream issues with FACTS devices. The shunt and arrangement FACTS devices, 
for example, STATCOM and SSSC devices are considered in OPF arrangements of IEEE 30-
transport framework under ordinary task. The quadratic fuel cost minimization is measured to 
test the planned calculation and it is expanded with all the equity, disparity, and voltage solidness 
imperatives and requirements of the FACTS gadgets.  
 For each situation think about, two arrangements of 20 trials were performed for taking care 
of the OPF issues with STATCOM and SSSC devices independently. Every one of the 
arrangements fulfills the requirements on receptive power age breaking points and line stream 
limits. The STACOM gadget is situated at transport 24 which is having a low voltage extent 
under base case task. Additionally, the SSSC gadget is situated in the line associated somewhere 
in the range of buses17 and 12 which is conveying the least line streams with base case activity.  
 Figure 6 &7 demonstrate the union of the expense of age of 30-transport test framework 
without and with FACTS gadgets with the MADE algorithm for the best run. From the Fugs.6-
12 it tends to be seen that the MADE calculation achieves the best arrangement inside 100 cycles 
under typical operation. The ideal estimations of control factors, acquired with proposed MADE 
calculation, are given in Table 3. From the Table 3 it very well may be seen that, the fuel cost is 
798.8501 $/h without FACTS gadgets and is 799.9790 $/h and 799.9790 $/h with STATCOM 
and SSSC gadgets separately. It can likewise be seen from the Table 3 that the SSSC gadget 
gives the lower cost of age without and with STATCOM gadget. Thus, there is an intense 
decrease in the power misfortune and total of squared voltage solidness lists with smidgen 
increment in the expense of age. The all out calculation time of the calculation is around 300 
seconds for the all the contextual investigations.  
 From the Table 4 it tends to be seen that the MADE algorithm can decrease the expense of 
age contrasted with the decrease of expense of age by alternate techniques announced in the 
literature. It is very clear from the Table 4 that MADE gives the better outcomes contrasted with 
established DE calculation. Figures 8-12 demonstrate the transport voltage profiles, voltage 
edges, voltage steadiness records, and rate line loadings under ordinary activity without and with 
FACTS gadgets. From the Figures.28-35 it tends to be seen that the heap transport voltages and 
rate line loadings are well inside the required scope of 0.95– 1.01 p.u, and 0-100% individually. 
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Figure 7. Convergence characteristics of cost without and with FACTS devices for MADE 

algorithm under contingency 
 

Table 4. Optimal setting of control variables for IEEE 30-bus system under normal operation 
Control 

variables(p.u.) DE MADE 
MADE 

STATCOM SSSC 
Pg1 
Pg2 
Pg3 
Pg4 
Pg5 
Pg6 
Vg1 
Vg2 
Vg3 
Vg4 
Vg5 
Vg6 
Tt1 
Tt2 
Tt3 
Tt4 

Qc10 
Qc12 
Qc15 
Qc17 
Qc21 
Qc22 
Qc23 
Qc24 
Qc29 

1.7780 
0.4828 
0.2129 
0.1152 
0.2121 
0.1200- 
1.1000 
1.0881 
1.0705 
0.9999 
1.0629 
1.0620 
1.1000 
1.1000 
1.0183 
1.0067 
0.1987 
0.0630 
0.0606 
0.0913 
0.0362 
0.1417 
0.0126 
0.0327 
0.0219 

1.7492 
0.4821 
0.2231 
0.1305 
0.2135 
0.1200- 
1.1000 
1.0873 
1.0690 
1.0640 
1.0610 
1.1000 
0.9999 
1.0588 
0.9869 
0.9705 
0.0830 
0.0705 
0.0543 
0.0990 
0.0569 

0 
0 

0.0647 
0 

1.7739 
0.4866 
0.2060 
0.1209 
0.2130 
0.1200 
1.1000 
1.0880 
1.0683 
1.0374 
1.0617 
1.0951 
1.0367 
1.0239 
1.0274 
0.9724 
0.0489 
0.1026 

0 
0.0568 
0.0265 
0.1252 
0.0622 
0.0077 

0 

1.7729 
0.4852 
0.2020 
0.1251 
0.2150 
0.1200 
1.1000 
1.0878 
1.0687 
1.0317 
1.0616 
1.0745 
1.0238 
1.0630 
1.0080 
0.9865 
0.0303 
0.1049 
0.0731 
0.0901 
0.0362 
0.1520 
0.0213 

0 
0.0302 

TotalCost($/h) 
Ploss(p.u.) 

Lj2s 
t(s) 

799.2274 
0.0871 
0.1229 
200.1 

799.1278 
0.0844 
0.1145 
156.3 

799.0798 
0.0865 
0.1190 
170.12 

799.0570 
0.0862 
0.1167 
169.36 
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TotalCost($/h) : AC grid Total cost of generation 
Ploss(p.u.) : Real power loss 
Lj2s : Sum of squared voltage stability indices 
t(s) : Computation time 
 

Table 5. Optimal setting of control variables for IEEE 30-bus system under contingency 
Control 

variables(p.u.) DE MADE 
MADE 

STATCOM SSSC 

Pg1 
Pg2 
Pg3 
Pg4 
Pg5 
Pg6 
Vg1 
Vg2 
Vg3 
Vg4 
Vg5 
Vg6 
Tt1 
Tt2 
Tt3 
Tt4 

Qc10 
Qc12 
Qc15 
Qc17 
Qc21 
Qc22 
Qc23 
Qc24 
Qc29 

1.3274 
0.5962 
0.3487 
0.2077 
0.2458 
0.1907 
1.1000 
1.0786 
1.0459 
1.0317 
1.0478 
1.0760 
1.0016 
0.9998 
0.9965 
0.9664 
0.0924 
0.0493 
0.0375 
0.0383 
0.0866 

0 
0.0428 
0.0348 
0.0345 

1.3261 
0.5950 
0.3500 
0.2042 
0.2467 
0.1941 
1.1000 
1.0803 
1.0602 
0.9980 
1.0555 
1.0341 
1.0524 
1.1000 
1.0239 
1.0227 
0.0844 
0.1176 
0.0600 
0.0991 
0.0666 
0.1082 
0.0134 
0.0347 
0.0337 

1.3273 
0.6010 
0.3500 
0.2036 
0.2468 
0.1878 
1.1000 
1.0786 
1.0527 
1.0578 
1.0493 
1.0819 
1.0152 
1.0210 
0.9000 
0.9394 
0.1622 
0.0327 
0.0246 
0.0791 
0.0444 
0.1122 

0 
0 

0.0245 

1.3262 
0.5930 
0.3500 
0.2013 
0.2441 
0.2012 
1.1000 
1.0802 
1.0620 
1.0403 
1.0553 
1.0912 
1.0019 
1.0701 
0.9841 
1.0180 
0.0259 

0 
0.0362 
0.0634 
0.0311 
0.2000 
0.0357 
0.0201 
0.0530 

TotalCost($/h) 
Ploss(p.u.) 

Lj2s 
t(s) 

823.2468 
0.0824 
0.1242 

204.5050 

823.2244 
0.0820 
0.1336 

157.9510 

823.1973 
0.0824 
0.1107 

172.2230 

823.1776 
0.0819 
0.1220 

170.3990 
 
 TotalCost($/h) : AC grid Total cost of generation 
 Ploss(p.u.) : Real power loss 
 Lj2s : Sum of squared voltage stability indices 
 t(s) : Computation time 
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Figure 8. Voltage profiles of IEEE 30-bus system under normal operation 

 

 
Figure 9. Voltage stability indices IEEE 30-bus system under normal operation 

 

 
Figure 9. Percentage line loadings of IEEE 30-bus system under normal operation 
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Figure 10. Voltage profiles of IEEE 30-bus system under network contingency 

 

 
Figure 11. Voltage stability indices IEEE 30-bus system under network contingency 

 
 

 
Figure 12. Percentage line loadings of IEEE 39-bus system under network contingency 
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7. Conclusions 
 This paper displayed a Modified adaptive differential evaluation algorithm for taking care of 
the OPF issue with quadratic generator fuel cost bends without and with the FACTS devices 
under ordinary activity and system possibility condition. The voltage security compels and the 
imperatives of the FACTS devices are additionally considered alongside various fairness and 
imbalance requirements amid the ideal power stream arrangements. In this part, the stochastic 
technique for MADE was proposed to enhance framework execution by acknowledging OPF 
arrangement and voltage solidness with STATCOM and SSSC situation and upgraded expense 
of age. The outcomes are confirmed and contrasted and different other computational strategy 
executed for OPF plan as accessible in writing. The proposed methodology has been effectively 
and successfully executed to locate the ideal settings of the control factors of the IEEE 30-bus 
network. The outcomes unmistakably demonstrate that better arrangements are acquired utilizing 
this proposed methodology when contrasted and unique DE and different techniques announced 
in the writing. 
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