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 Abstract - Voltage stability analysis is very 
essential for a secure power system operation. A lot 
of works have been developed for this analysis with 
different optimization techniques. In this paper a 
Genetic-Algorithm based optimization scheme for the 
location of SVC (Static VAR Compensators) for 
voltage stability enhancement of power system is 
presented. The objective function of the proposed 
work is to increase system voltage margin & enhance 
system stability criteria. The proposed algorithm is 
tested on an IEEE-14 bus test power system for 
voltage stability enhancement and results are 
presented. The advantage of this proposed algorithm 
is to develop a simple and convenient procedure 
which can be applied effectively to enhance the 
voltage stability. This paper considers a tool based on 
the determination of critical modes. Critical modes 
are computed by studying the system modes in the 
vicinity of the Point of Collapse. System participation 
factors for the critical mode are used to determine 
the most suitable sites for system reinforcement. 
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I. INTRODUCTION 
Voltage stability is increasingly becoming a limiting 
factor in the planning and operation of many power 
systems [1, 2]. With increasing system loading and open 
transmission access, power systems are more vulnerable 
to voltage instability. Together with ever-present 
disturbances, this may result in a serious consequence of 
a voltage collapse as shown by a number of major 
incidents throughout the world [1, 2]. Voltage collapse 
tends to occur from lack of reactive power support in 
heavily stressed conditions, which are usually triggered 
by the system faults. One of the important operating task 

of power utilities to keep voltage within an allowable 
range for high quality customer services. Power utility 
operators in control centers handle various equipments 
such as generators, transformers, static condenser (SC), 
and shunt reactor (ShR), so that they can inject reactive 
power and control voltage directly in target power 
systems in order to follow the load change. Modern, 
power systems are prone to widespread failures. With 
increased loading of existing power-transmission 
systems, operation of power system becomes more 
complex and power system will become less secure. 
Operating environment, conventional planning and 
operating   methods can leave systems exposed to 
instabilities. Voltage instability is one of the phenomena 
which have result in a major blackout.  
 
FLEXIBLE AC TRANSMISSION SYSTEMS  
 

(FACTS) controllers, on the other hand, are being 
increasingly used to provide voltage and power flow 
control in many utilities. Their application to improve 
voltage stability margin in highly developed networks is 
demonstrated [3,4]. Application of FACTS devices is a 
very effective solution to prevent voltage instability and 
voltage collapse due to their fast and very flexible 
control. Therefore optimal location of FACTS is a very 
important issue and several methods [5,6] are proposed 
for it.  

 
 
The SVC is  one  of  the  best  device  that  it  can  

contribute  to improve the voltages profile in the transient 
state and therefore, in improving the quality performance 
of the electric service. Some of papers have been tried to 
find suitable location for FACTS devices to improve 
power system security and loadability [7,8]. Optimal 
allocation of these devices in deregulated power systems 
has been presented in [9,10].  Some of papers use 
heuristic approaches and intelligent algorithms to find 
suitable location of FACTS devices [9,11].  
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II. PROPOSED WORK 
This paper presents a potential heuristic method 

based on GA to find optimal location of FACTS devices 
to enhance voltage stability level and power system 
losses. Genetic Algorithm is previously used for many 
optimization problems like optimal power flow, 
economic dispatch and controller optimization, 
congestion management and etc in power systems 
[12,13]. The most critical system mode can be computed 
by performing a Point of Collapse power flow solution, 
which requires the computation of the system Jacobean 
matrix at the point of maximum loadability [14]. The 
method amounts to solving a power flow problem subject 
to the constraint that the Jacobean of the power flow itself 
be singular [15, 16]. This paper considers an 
approximation to this approach that works well in 
practice. The system is loaded to near its point of 
collapse, and modal analysis is performed on this stressed 
system. One advantage of the pragmatic approach is that 
standard software can be used in the analysis, namely 
ordinary power flows and Eigen-structure analysis 
programs [17, 18]. Proposed method is tested on IEEE 14 
bus system and results are presented. 

 
 

III. INDEXES & SENSITIVITY METHODS FOR 
VOLTAGE STABILITY ANALYSIS 

 
As the power flow method is implemented for voltage 

stability analysis, the Jacobean matrix of solved load flow 
equations, by Newton-Raphson method, can be used. The 
linearized steady-state, system power voltage equation is 
expressed as  below- 

 

�∆�
∆��= �

��� ���
��� ���

��∆�
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(1) 
 
where, 
ΔP = incremental change in bus real power. 
ΔQ= incremental change in bus reactive power. 
Δθ = incremental change in bus voltage angle. 
ΔV= incremental change in bus voltage magnitude. 
 
To express the relation between ΔQ and ΔV for a 

small change in real power, ΔP=0 can be assumed, this 
yields 

 
∆� = 	 ���� − ������
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(2) 

 
Rearranging equation  (2), we get 
 
∆� = ��

��∆�                       
(3) 
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Where, JR is called the reduced Jacobean matrix of 
the system; it relates the bus voltage magnitude and 
reactive power injection. Let, 

 
�� = ��ƞ               

(5) 
� = right eigenvector matrix JR  
η = left eigenvector matrix JR  
λ = diagonal Eigen value matrix of JR 
  
• The magnitudes of the Eigen values provide a 

relative measure        of the proximity to 
instability.  

•       The eigenvector, on the other hand, provide 
information related         to mechanism of loss 
of voltage stability. 

•       If λi>0, the ith modal reactive power 
variation is along the same       direction, 
indicating that the system is voltage stable.  

•      If λi<0, the ith modal voltage and the ith 
modal reactive power    variation is along the 
opposite direction, indicating the    magnitude 
of λi determines the degree of stability of the ith  
 modal voltage.  

•      The smaller the magnitude of positive λi , the 
closer ith modal  voltage is to being unstable.  
 

PARTICIPATION FACTOR 
 

The appropriate definition and determination as to 
which node or load bus participates in the selected modes 
become very important. This necessitates a tool, called 
the participation factor, for identifying the weakest nodes 
or load buses that are making significant contribution to 
the selected mode and is suitable for STATCOM 
placement.  

 
If � and η represent the right and left hand 

eigenvectors, respectively, for the Eigen value λi of the 
matrix JR, then the participation factor measuring the 
Participation of the kth bus in ith mode is defined as:  

 
 ��� = ���ƞ��          (6) 
 
Pki shows the participation of the ith eigenvalue to the 

V-Q sensitivity at bus k. For all the small eigenvalues, 
bus participation factors determine the area close to 
voltage instability. 

 

IV.  ALGORITHM 
 
 
FITNESS FUNCTION 
 

As mentioned earlier, GAs mimic the survival-
of-the fittest principle of nature to make a search 
process. Therefore, GAs are naturally suitable for 
solving maximization problems.  
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Certain genetic operators require that the fitness 
function be non-negative, although certain operators 
need not have this requirement. For maximization 
problems, the fitness function can be considered to be 
the same as the objective function or F(i) = O(i).  
 
CROSSOVER 
 

Crossover is the primary genetic operator, 
which promotes the exploration of new regions in the 
search space. For a pair of parents selected from the 
population the recombination operation divides two 
strings of bits into segments by setting a crossover point 
at random, i.e. Single Point Crossover. The segments of 
bits from the parents are exchanged with each other to 
generate new entity.  
 
 
MUTATION 
 

The mutation adds a random search character to 
the genetic algorithm, and it is necessary to avoid that, 
after some generations, all possible solutions were very 
similar ones.  
 
REPRODUCTION 
 

Reproduction is based on the principle of 
survival of the better fitness. It is an operator that obtains 
a fixed number of copies of solutions according to their 
fitness value. If the score increases, then the number of 
copies increases too. A score value is of associated to a 
given solution according to its distance of the optimal 
solution (closer distances to the optimal solution mean 
higher scores). 
 

 
Fig 4.1 – Flow chart of Genetic Algorithm 

 

 
Figure 4.2- The Working Principle of a Simple Genetic 

Algorithm 

V. PROBLEM FORMULATION   
The algorithm works in following ways: 
 

1. Firstly it requires following important input 
data of Power system to be analyzed-  

a. Power system topology or Bus system. 
b. Bus parameters. 
c. Bus loading Data 

 
2. The algorithm requires following parameters 

from user 

a. Number of FACT devices. 
b. Maximum and Minimum ratings. 
c. Stability Margin. 

 
 Now after receiving the listed parameters following 
processing are performed- 
 

1. Firstly it requires to estimate the missing 
parameters which is performed by NR (Newton 
Raphson) method the algorithm of estimating 
the missing parameters is as follows 

a. Assume random values for missing 
parameters. 

b. Calculate the Error between given 
values of active and Reactive power on 
buses and calculated power (on the 
basis of assumed values). 

c. If error is greater than required 
tolerance then  

i. Estimate Jacobian matrix. 
ii. Now by using inverse 

Jacobian modify the assumed 
values. 

iii. Go to step 1.b. 
d. Else 

i. Exit the routine. 
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2. Now estimate the participation Factor of each 
bus on system instability according to given 
formula (6) 

��� = ���ƞ�� 
 

3. Once we have the participation factor we need 
to minimize it by using appropriate FACT at 
correct place we perform it as follows 

a. Arrange buses according to their 
participation factor in descending 
order. 

b. Take the N most participating buses 
where N is equal to number of FACT 
devices available. 

c. Pass the bus numbers and number of 
FACT devices their ratings and margin 
to genetic algorithm for finding the 
optimum solution according to 
following fitness function “F = max 
(PCM) < margin.” 

d. The genetic algorithm repeats the step 
2 by placing estimated value in 
supplied reactive power column of bus 
load data, until the fitness function 
satisfied.     

4. End.  
 

VI. RESULT & DISCUSSION 

 
Fig. 6.1. IEEE 14-Bus System 

 
The developed technique is tested on IEEE 14 bus 20 

lines as shown in Figure 3 below. System Bus no 1 is 
chosen as slack bus 2, 3, 6, & 8 are generator buses. 
While the remaining buses bus no 4, 5, 7, 9, 10, 11, 12, 
13, & 14 are load buses. MATLAB i.e. the matrix 
laboratory is the software used, and is now widely used 
for the simulation for almost all type of power systems. 
 
Bus No. V(pu) PCM 
1 1.0600  
2 1.0450  

3 1.0100  
4 1.0132 0.0081 
5 1.0166 -0.0113 
6 1.0700  
7 1.0457 0.0225 
8 1.0800  
9 1.0305 0.0009 
10 1.0299 -0.0047 
11 1.0461 0.0396 
12 1.0533 0.2026 
13 1.0466 -0.0406 
14 1.0193 0.0740 
 

Table 6.1 – Results for Base Case 
 
Total active power loss = 13.593MW  
Total reactive power loss = 56.910Mvar 
 

From above table 6.1 the voltage magnitude and 
participation factor (PCM) in critical mode or base case 
for load buses in base case and the table also shows that 
four buses bus no. 12, 7, 11, & 14 are more sensitive to 
voltage instability. 
 

Buses 7, 11, 12, & 14 are requiring the 
optimum rating of FACT devices in each week buses. 
We have obtained the optimum rating of FACT device 
with the help of  Genetic Algorithm technique in which 
the objectives are  either to reduce the participation 
factor below 0.05 or thousands of iterations reached 
(with FACT devices range 0 to 20 Mvar). The results are 
shown below: 

 
Bus 
no. 

Optimum 
FACT 
rating 
(Mvar) 

Min.
LImit 
FAC
T 

Max. 
Limit 
FACT 

PCM 
base case 

PCM 
optimum 
case 

7 3.9639 0 20 0.2248 0.0204 
11 9.3524 0 20 0.3186 0.1152 
12 13.897 0 20 0.2036 0.0088 
14 8.9585 0 20 0.6647 0.0759 

 
Table 6.2 – Results for GA 

 
Bus No. V(pu) PCM 
1 1.0600  
2 1.0450  
3 1.0100  
4 1.0159 0.0081 
5 1.1083 -0.0108 
6 1.0700  
7 1.0561 0.0204 
8 1.0900  
9 1.0430 -0.0155 
10 1.0422 -0.0182 
11 1.0575 0.1152 
12 1.0691 0.0088 
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13 1.0557 -0.0101 
14 1.0417  0.0759 

 
Table 6.3 – Voltage Profile and PCM for Optimum Case 
 
Total Active Power loss = 13.456 MW 
Total Reactive Power loss = 56.657 Mvar 

 

VII. CONCLUSION 
 
In this paper, the method for optimal setting of 

SVC with the fitness function of F = max (PCM) < 
margin. The proposed algorithm has been applied to 
practical IEEE 14-bus system. Voltage Stability 
enhancement  is a complex combinational problem. A 
Genetic Algorithm is presented to solve this problem. 
The main objective is to maximize the voltage at buses 
& minimize the active power loss in the network, while 
satisfying all the power system operation constraints. 
The Genetic algorithm has been coded as well as the 
power flow Newton - Raphson method using MATLAB.  

 
The proposed algorithm has been successfully 

applied to the IEEE 14-bus system. The simulation 
results show that GA algorithm always lead to a 
satisfactory result. The obtained results are superior 
compared to previously reported work in the literature.  

 
But if not properly applied or controlled, The 

reactive power from capacitor banks can create high 
voltages and more losses. The greatest danger of 
overvoltage occurs under light load. Good planning 
helps to ensure that capacitors are placed and operated 
properly. 
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