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Abstract-This paper gives an application of Moth Swarm Algorithm (MSA) in transmission networks by integrating UPFC 
and SVC devices for loss reduction and voltage profile enhancement. Power Loss Sensitivity Factors are used to find the 
optimal locations of UPFC and Fuzzy Approach is used for optimal locations of SVC.MSA is used to get the optimal control 
parameter settings of UPFC and optimal sizes of SVC in concern to the power loss minimization. The method proposed in 
this paper is tested on IEEE 14- bus system and the results are discussed. 
 
Index terms-Optimal placement, Fuzzy approach, Power loss sensitivity factors, Transmission networks, MSA. 
 
I. INTRODUCTION  
 
Due to the expanded demands on transmission, 
absence of  long –term planning and the need to 
provide open access to generating companies and 
customers, all together have created tendencies 
towards innovationof FACTS. Flexible Alternating 
Current Transmission Systems (FACTS) are ‘ac 
transmission systems incorporating power electronics 
based and other static controllers to enhance 
controllability and increase power transfer 
capability’.The main objectives of FACTS are to 
increase power transmission capability,voltage 
control, voltage stability enhancement and power 
system stability improvement. 
 
FACTS include devices such as UPFC, SVC, TCSC, 
SSSC, STATCOM etc., among them UPFC is the 
most efficient device.  Many researchers have 
proposed installing UPFC [1,2] and SVC [3,4, 5] in 
power systems when placed in optimal locations to 
reduce power losses.This leads to an idea of 
integrating both the devices UPFC and SVC to get 
results much better than the individual placement of 
them.In this paper, two FACTS devices Unified 
Power Flow Controller (UPFC) & Static 
VARCompensator (SVC) are used. The UPFC is one 
of the most versatile devices. The major role of UPFC 
is to control the flow of real and reactive power by 
injection of a voltage in series with the transmission 
line. Real and reactive power flow control can allow 
for power flow in specified routes. Various 
mathematical models of UPFC has been introduced 
rely on various purposes of application. Here in this 
paper, the power injection model of UPFC is 
used.SVC is used for Shunt Compensation. It is a 
shunt connected static VAR generator or absorber 
that minimises power loss and enhances voltage 
profile. Power loss sensitivity factors [6] &Fuzzy 
approach [4] are used to know the optimal locations 
of UPFC & SVC respectively in the transmission 
network. Optimal Placement of SVC and UPFC by 
using SFLA was proposed before for minimization of 

real power loss and improvement of voltage profile 
[6].  
A new method Moth Swarm Algorithm (MSA), 
which is inspired by orientation of moths towards 
moonlight[7] is proposed in this paper to achieve the 
desired objective i.e., realpower loss minimization 
and enhancement of the voltage profile.The load flow 
method used here is Newton-Raphson method. 
 
II. MODELLING OF UPFC & SVC 
 
A. Modelling of UPFC 
The UPFC is a device which can control 
simultaneously all three parameters of line power 
flow (line impedance, voltage and phase angle). The 
UPFC is a combination of static synchronous 
compensator (STATCOM) and static synchronous 
compensator (SSSC). Both converters are operated 
from a common dc link with a dc storage capacitor[6] 
as shown in below Figure.1. 
 

 
Figure.1UPFC Schematic Diagram 

 
Converter 1 shall provide the shunt reactive 
compensation for the line either by generating or 
absorbing controllable reactive power. Converter 2 
injects an AC voltage with controllable magnitude 
and phase angle in series with transmission line 
through a series transformer [2]. This is the 
fundamental function of UPFC, through which 
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converter 2 either supplies or absorbs reactive power 
and active power is exchanged on the basis of series 
injected voltage. 

 

 
Figure.2.Steady-state UPFC power injection model 

 
Here the power injection model of UPFC has been 
used which is simple and can be easily incorporated 
in load flow studies [1, 2]. The below Figure.2 
portrays the power injection model of UPFC. 
 
The elements of the equivalent power injections [6] in 
Figure.2 are 
 

 
 
In a power system where UPFC is placed between 
nodes i and j, the admittance matrix is altered by 
including a reactance 푋 between the nodes. The 
Jacobian matrix is changed by addition of appropriate 
powers. 
 
B. Modelling of SVC 
Static VAR Compensator is a shunt connected 
FACTS device having the ability of supplying 
reactive power and thus could protect the system 
from voltage sags’ potential threats[3,4,5].In the 
fundamental type of SVC, it is a thyristor controlled 
reactor which is a mix of capacitor connected in 
parallel. SVC resembles in the working perspective as 
a variable reactor which generates or absorbs the 
reactive power. It is mainly used for voltage 
regulation. It is an important component to control 
the voltage usually placed at the end of the 
transmission line. SVC is a shunt branch with a 
compensated reactive power QSVC shown in 
Figure.3which was set by available inductive and 
capacitive susceptance. On the other hand in SVC’s 
working point of view, it is a shunt connected 
variable reactance, which either generates (or) 
absorbs reactive power in order to regulate the 
voltage magnitude. In this paper SVC model is 

acknowledged as an element which feeds a certain 
amount of reactive power at selected bus. 
 

 
Figure.3. Injection model of SVC 

 
III. OPTIMAL LOCATIONS OF UPFC & SVC 
 
A. Optimal Location of UPFC using Power loss 
sensitivity indices: 
To find the optimal locations of UPFC the most 
suitable line in the system need to be discovered. In 
such manner the power loss sensitivity factors are 
used [6].For UPFC placed between buses i and j the 
power loss sensitivity factors concerning to the 
parameters of the UPFC is given as 
푎 =  (5) 

 
The power loss sensitivity factors is calculated with 
the assistance of the equation given below which is 
concluded from the equation below, 

=2ViVjcos(δi-δj) +2ViVjsin(δi- δj )   (6) 

 
B. Optimal Location of SVC using Fuzzy Approach 
The optimal locations of SVC on load buses are 
known by using Fuzzy approach[4].Here Fuzzy logic 
is developed by taking two objective functions there 
by reducing real power losses and keeping up voltage 
profile within prescribed limits (0.9p.u-1.1p.u).  
 
The Fuzzy rules are developed by using two inputs. 
Power loss index (PLI) and nodal voltages (p. u). 
Power loss index value for 푛 node can be found by 
using the following equation  

푃퐿퐼( ) =
퐿푅(푛) − 퐿푅(푚푖푛)

퐿푅(푚푎푥) − 퐿푅(푚푖푛)                (7) 

Where LR (n) is known as the loss reduction at 
푛 node and the minimum and maximum values of 
loss reduction are denoted by  
LR (min) and LR (max) respectively. The fuzzy rules 
are taken from [4].The suitability index for the SVC 
placement is given by the output of fuzzy. The proper 
locations of the SVC will be the maximum values of 
the Fuzzy output. The following figures from 
Figure.4 to Figure.6 shows the membership function 
plot for power loss index, p.u.nodal voltage and SVC 
suitability respectively. 
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Figure.4. Membership function plot for power loss index 

 

 
Figure.5. Membership function plot for p.u. nodal voltage 

 

 
Figure.6.Membership function plot for SVC suitability 

 
IV. MOTH SWARM ALGORITHM (MSA) 
 
Moth Swarm Algorithm was developed by Al-Attar 
Mohamed [7]. This algorithm is based on moths’ 
behaviour. Lepidoptera (butterflies and moths) is the 
second largest order in the insect class, which are 
more than 53% of all species on earth. Moths and 
other insects try to avoid themselves from predators 
during daylight, and at night they use the celestial 
navigation technique to adjust in the dark. The moths 
fly in a straight line over  long distances in a constant 
angle relative to celestial far distant point light e.g., 
moonlight. In any case, such orientation suffers from 
a transverse direction motion due to spiral tracks 
around nearby artificial light sources.In MSA, the 
solution of optimization problem is represented by 
position of light source, and the fitness of this 
solution is considered as luminescence intensity of 
the light source. The proposed method consists of 
three groups of moths, which may be defined as 
follows: 

Pathfinders: A small group of moths (푛 ) that has 
ability to find the new areas over the optimization 
space with the principle of first in last out. The main 
function of this group is to separate the best positions 
as light sources to guide the movement of the main 
swarm. 
Prospectors: This forms second group of moths 
which tends to move in a random spiral path within 
the neighbourhood of the light sources, which have 
been marked by the pathfinders. 
Onlookers: This group of moths moves directly 
towards the best global solution (moonlight), which 
has been obtained by prospectors. 
Initialization, Reconnaissance, TransverseOrientation 
and Celestial Navigation are the phases of moths 
occur in MSA. 
In Initialization Phase, the positions of moths are 
randomly created. 
In Reconnaissance Phase, to improve the diversity of 
solutions, the pathfinder moths update its positions by 
interacting with each other with an ability to fly for 
long distances using adaptive-crossover with levy-
mutation. Here adaptive crossover is performed for 
first‘t’iterations, the normalised dispersal degree휌  in 
jth dimension is measured as  

휌 =
∑

   (8) 

 
Where 푛  is pathfinder moths and  휇  is variational 
coefficient given by                 
휇 = ∑ 휌     (9) 
 
The pathfinder moths update their positions using 
adaptive crossover points group 푐  with Levy-
mutation as given below 
j휖푐  if  휌 ≤ 휇 (10) 
 
The behaviour of Levy-Flights is as follows, 
퐿 ~푠푡푒푝⊕ Levy(α)~0.01

⃓ ⃓α
    (11) 

 
Where stepis the scaling size related to the scales of 
the interest problem, α  is the entry wise 
multiplications, u =N (0,휎 ) and y=N (0,휎 )are two 
normal stochastic distributions. 
Find sub-trail vectors with Levy-mutation using 
푣 =푥 +퐿 . (푥 − 푥 ) +퐿 . (푥 − 푥 )     (12)                                               
Build the trail solutions by using 

푉 =
푣 푖푓푗 ∈ 푐
푥 푖푓푗∄푐

                    (13) 

Then fitness value of the completed trail solution is 
compared. If 푓(푣  )< f (푥  ) then prefer 푉  to  푥  ,if 
not keep  푥  in place of 푉 . 
In Transverse Orientation Phase, the prospectors 
which are the next best luminescence intensities are 
defined as 

http://iraj.in


International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,  Volume-5, Issue-4, Aprl.-2017 
http://iraj.in 

Optimal Placement of UPFC and Svc in Transmission Networks Using Moth Swarm Algorithm (MSA) 
 

  37 

푛 = 푟표푢푛푑((푛 − 푛 )*(1- ))(14) 
 
Where‘t’ is set of trajectories and ‘T’ is course of 
iterations. 
Update the position of prospectors, 
푥 = ⃓푥 -푥 ⃓.푒 .퐶표푠2휋푡 + 푥   (15) 
 
In Celestial navigation phase, for each onlooker, if 
i∈ 푛 then onlooker moths moves with Gaussian 
walks 푥 = 푥 +휖 + [휖 *푏푒푠푡 − 휖 ∗
푥 ]                                                                              (16) 
If not it moves with ALIM, using푥 = 
푥 + 0.001.푁 푥 − 푥 ,푥 − 푥
+ 1−

푔
퐺 . 푟 . 푏푒푠푡 − 푥 + 2

푔
퐺  .  푟  . (푏푒푠푡

− 푥 )                                                                          (17) 
Here 1 −  is cognitive factor and 2  is social 
factor. 휖 is a random samples from Gaussian 
stochastic distribution go to the size of this 
group,푏푒푠푡  is the global best solution obtained by 
the transverse orientation phase (both prospectors and 
pathfinders), 휖 and 휖  are random numbers 
distributed uniformly within the interval [0, 1].The 
Following Figure.7shows the flying of moths in 
spiral path and in a fixed angle. 
 

 
Figure 7: Flying of Moths in spiral path and in a fixed angle 

 
V. ALGORITHM OF MSA TO DETERMINE 
SIZE OF SVC AND CONTROL PARAMETER 
SETTINGS OF UPFC 
 
Step1: Identify the locations of SVC and UPFC by 
Fuzzy approach and Power loss sensitivity factors 
respectively. 
Step2:Initialize the swarm size (n), number of light 
sources푛 , maximum number of iterations T, number 
of dimensions and limits of moth swarm variables. 
Step3: For UPFC sizing the dimensions are 2 i.e., r 
which is series voltage coefficient and 훾which is 
series voltage source angle should be in limits of 0 to 
0.1 and 0 to 360° respectively. For two SVC’s, the 
dimensions are 2, i.e., shunt reactive power limits are 
from 0 to 30 MVAR. For simultaneous placement the 
dimensions are 3. 
Step4:Generate the moth swarm randomly as [n*d] 
matrix within the limits. Run the load flow by placing 

UPFC & SVC and find the fitness. The fitness 
function is the real power loss minimization. 
Step5:Sort the fitness functions in ascending order. 
The first 푛 solutions are the solutions corresponding 
to pathfinder moths. 
 Step6:Update pathfinders using equation 10 and 
fitness of completed trail solution is compared using 
equations 11 to 13. 
Step7: Thenfor selection of updating pathfinders, 
estimate the probability value of 푃   푖. 푒.,
푃 =

∑
which is determined to be proportional to 

luminescence      intensity. 

푓푖푡 =
푓표푟 푓 ≥  0

1 + ⃓ 푓 ⃓ 푓표푟 푓 < 0
        (18) 

Step8: Update the position of prospectors using 
equation 15. Calculate the fitness of prospector. 
Step9: Thendefine next best solutions as onlookers. 
An Onlooker moth moves with Gaussian walks if not 
with Associative learning mechanism with immediate 
memory using equations 16 and 17. 
Step10:Calculate the fitness of onlooker. Identify 
new light sources, moonlight, and type of each moth. 
Step11: If maximum iterations are reached then 
display optimal solution (moonlight),else repeat the 
steps until solutions converge. 
Step12: The solution vector gives optimal SVC sizes 
and optimal control parameters of UPFC and best 
fitness value gives minimum real power loss. 
 
VI. RESULTS 
 
The proposed method is tested on IEEE-14 bus 
system .The losses before and after the device 
placement is tabulated from Table.1 to Table. 2and 
the results are shown as follows: 
 

 
Table.1 – Results for 14 bus system losses with and without 

UPFC (MSA) 

 
Table.2 – Results for 14 bus system losses with and without 

SVC (MSA) 
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The results with the simultaneous placement of UPFC 
& SVC devices are tabulated below in Table.3 as 
follows: 
 

 
Table.3 – Results for 14 bus system losses with and without 

UPFC & SVC (MSA) 
The voltages are enhanced with the individual 
placement of devices UPFC and SVC and also with 
the simultaneous placement of UPFC&SVC as 
tabulated in Table.4. 
 

 
Table.4-Voltages of 14 bus system for all the three cases 

 
The loss reduction is morewith the simultaneous 
placement of UPFC and SVC devices as shown 
inTable.3 than the individual placement of UPFC and 
SVC devices as shown in Table.1, 

Table.2respectively. The voltage profiles are 
enhanced with the placement of above FACTS 
devices as shown in Table.4.Hence MSA is proved in 
giving appreciable results. 
 
CONCLUSION 
 
In this paper, a two stage technique for knowing the 
optimal locations, the optimal control parameter 
settings of UPFC and sizes of SVC for active power 
loss minimization of standard IEEE-14 bus system is 
presented. By placing UPFC and SVC at optimal 
locations individually, the total real power loss of the 
system is minimised.The losses are reduced and 
voltage profile is enhanced by placing UPFC and 
SVC at optimal locations simultaneously.The results 
indicate the effectiveness of MSA for the optimal 
control parameter settings of UPFC and sizes of SVC. 
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