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Abstract  
 

This paper presents a novel approach to the effec-
tive location of FACTS devices in power system by a gravi-

tational search algorithm (GSA) technique. The ultimate aim 

is to improve the voltage profile of system as well as reduce 

real power losses. Among the various FACTS controllers, 

Unified Power Flow Controller (UPFC) considered. Gravita-

tional search algorithm work based on the gravitational con-

cept used to provide an optimal solution by solving multi 

objective optimization problem. The location and rating of 

the UPFC optimized in IEEE standard 39 bus systems. Sim-

ulation done by MATLAB software and Newton-Raphson 

method used for power flow. 

Keywords- FACTS; GSA; Optimal location 
 

1. Introduction 
 

 The power system is a complex network compris-

ing of transmission lines interconnecting all the generator 

stations transformers and load. The important requirement of 

a reliable power system is to maintain the voltage within the 

possible range to ensure a high quality of customer service. 
The voltage collapse occurs in power system to supply the 

reactive power or by an excessive absorption of reactive 

power.  

Therefore it is difficult to provide voltage stability 

even in normal condition. Voltage problem mainly associat-

ed with the reactive power imbalance. Voltage instability 

problem is being addressed in two different ways. The first 

approach is to mitigate the problem and the second approach 

is to enhance the voltage stability of the system for selecting 

the operating condition. The only way to save system from 

voltage collapse is to reduce reactive power load or add ad-

ditional reactive power. To achieves secure and economic 
operation Flexible AC Transmission System devices are 

properly installed in the system. The function of FACTS 

devices is to control the transmission line power flow. There 

are various types of FACTS devices are used such as Static 

Series Compensator (SSSC), Static Synchronous Compensa-

tor (STATCOM), Static VAR Compensator (SVC), Unified 

Power Flow Controller (UPFC), and Interline Power Flow 

Controller (IPFC). The principle function of UPFC is to con-

trol the flow of real and reactive power by injecting voltage 

in series with transmission line.  
 

2. Static Model of UPFC 
  

Power flow through the transmission line depend 
on line reactance, bus voltage magnitudes, and phase angle 

between sending and receiving end buses .i.e.., .  

 

Sin ( )                                        (1) 

 

          UPFC is capable of both supplying and absorbing real 

and reactive power and it consists of two ac/dc converters. 

One converter is connected in series with the transmission 

line through a series transformer and the other in parallel 

with the line through a shunt transformer. The dc side of the 

two converters is connected through a common capacitor, 
which provides dc voltage for the converter operation. As 

the series branch of the UPFC injects a voltage of variable 

Magnitude and phase angle, it can exchange real power with 

the transmission line and thus improves the power flow ca-

pability of the line as well as its transient stability limit. The 

shunt converter exchanges a current of controllable magni-

tude and power factor angle with the power system. 

 
Fig. 1.1UPFC Power injected model 

 

 

 
UPFC injected power for the from bus 
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       (2) 
UPFC injected power for the to bus 

       (3) 

Where 

fb=from bus 

tb=to bus 

bs=Ybus value  

v(fb)=voltage value from bus 

v(tb)=voltage value to bus 

 

3. Calculation for Real Power Loss 
 
       The objective function of this problem is to find the 

optimal place and rating of the UPFC based on real power 

loss calculation. Hence, the objective function is expressed 

as in equation 
Power loss = PijF + PijT                                      (4) 

Real power loss=abs(sum(power loss))             (5) 

Where, 

PijF=real(complex power from bus) 

PijT=real(complex power to bus) 

 

3.1 Fitness Function 

 
       Considering the power loss as the objective function 

and the Fitness Function is expressed as in equation 

 

 
                   (8) 

Equality constraints: 
The Equality constraints represents load flow equation as 

 

 
3.1.1 Inequality Constraints:  
Bus voltage inequality constraint: 

 
Bus Voltage angle inequality constraint: 

 
Real power inequality constraint: 

 
Reactive power inequality constraint: 

                                             (14) 

4. Gravitational search algorithm 
           GSA is the stochastic search algorithm, which based 
on Newtonian Laws and mass interaction. The GSA tech-

nique, agents are taken as the consideration of the objects 

and the performances are measured by their masses.   
Step 1.To determine the search space of the proposed meth-

od and initialize the starting location, voltage limit and the 

angle, which are assumed as the agents. 
Step 2.Random generation of input values such as the volt-

age and the corresponding angle. From the input values fit-

ness functions evaluate. 

Step 3.Evaluate the fitness of the each agent and determine 

the solution. 
Step 4.Update the gravitational constant G(t),best fitness 

F(B),worst fitness F(W) and mass of the agent Mi(t) can be 

described as the following equation. 

F(B)=Min Fitness                                                              (15) 

F(B)=Max Fitness                                                             (16) 

                                                           (17) 

                                                        (18) 

Step 5.To evaluate the total force of the agents at different 

direction, it can be described by the following equation. 

TF(t)=                                   (19) 

           
Force=G(t)

 

Rij is the Euclidian distance between two agent, E is the 

small constant, Mp(t) and Ma(t) active and passive gravita-

tional mass related agent. 

Step 6.Find the acceleration of agent, which can be deter-

mine by the following equation 

a(t)=                                                                          (21) 

Step 7.Updating the agent’s velocity and position using the 
following equation 

V(t+1)=random(t)+a(t)                                                      (22) 

X(t+1)=x(t)+V(t+1)                                                           (23) 

Step 8.Repeat the procedure from step 3 to 7 until it reaches 

the stop criteria. 

Step 9.Terminate the process. 
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Fig. 2. GSA Flowchart 

 

5. Simulation Results 

 
    IEEE 39 bus system was used for testing GSA and the 

results were obtained. In which location of the UPFC ware 

optimized and the objective such as minimizing real power-

less and improvement of voltage in power system ware ob-

tained. The optimal location of UPFC in IEEE 39 system is 

identified bus number 5-6 and series injection voltage 

0.1200pu, series injected voltage angle 1.673676 obtained 
by. Hence UPFC placed between bus number 5 and bus 

number 6 and the real power loss --0.723883 p.u. calculat-

ed.. The voltage profile in IEEE 39 bus system shown in Fig. 

3. 

 

5.1 Voltage profile in IEEE 39 bus system after 

placing UPFC 

 
The voltage profile in IEEE 39 bus system before and after 

placing UPFC is shown in Fig. 3. 
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Fig.3. Voltage Profile after placing UPFC 

 

5.2 Convergence speed of gravitational search    

      algorithm 
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Fig. 4 Convergence speed 

 

5.3 Comparison of Voltage before placing      

      UPFC and after placing UPFC 

 

Bus 

no 

Before 

plac-

ing  

UPFC 

After 

placing 

UPFC 

Bus 

no 

Before 

placing 

UPFC 

After 

Placing 

UPFC 

1 1.047 1.047 19 1.050 1.052 

2 1.049 1.049 20 0.991 0.987 

3 1.030 1.031 21 1.032 1.032 

4 1.004 1.004 22 1.050 1.050 

5 1.005 1.098 23 1.045 1.045 

6 1.008 1.097 24 1.037 1.038 

7 0.997 0.997 25 1.058 1.058 

8 0.996 0.996 26 1.052 1.052 

9 1.028 1.028 27 1.038 1.038 

10 1.017 1.017 28 1.050 1.050 

11 1.013 1.013 29 1.050 1.050 

12 1.000 1.000 30 0.048 1.048 

13 1.014 1.015 31 0.982 0.982 

14 1.012 1.012 32 0.983 0.983 

15 1.015 1.016 33 0.997 0.997 

16 1.032 1.033 34 1.012 1.012 

17 1.034 1.034 35 1.049 1.049 

18 1.031 1.031 36 1.064 1.064 



  ISSN:2321-1156 

International Journal of Innovative Research in Technology & Science(IJIRTS) 

28 

INTERNATIONAL JOURNAL OF  INNOVATIVE RESEARCH IN TECHNOLOGY&SCIENCE | VOLUME 3, NUMBER2 

6. Conclusion 

 
In this paper GSA algorithm used to improve the 

voltage stability of the power transmission system. The ap-

proach was implemented and the performance evaluated 
with IEEE 39 bus system. Initially voltage rating of the each 

buses calculated and the optimal location of the UPFC, in-

jected voltage magnitude, voltage angle determined .The 

result shows that this stochastic algorithm quickly finds the 

optimal solution and size of the UPFC then other technique. 
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