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AAABSTRACTBSTRACTBSTRACT   

The present power system is consisting of 

several sub-networks such as generation, 

transmission, and distribution sub-networks. 

Use of new technologies and the growth in 

interconnections are continuously increasing 

the complexity of the system further. These 

highly complex modern power systems are 

operating in severely stressed conditions due 

to economical and environmental 

considerations rendering them vulnerable to 

frequent failures [10]. Therefore, ensuring the 

stability of these systems has become one of 

the major concerns for the power system 

engineers, especially the voltage stability. 

This paper provided a method for 

improvement of voltage stability in 

interconnected power systems using a neural 

network, this paper deals with L-index 

technique to calculate the stability margins 

and to furnish the information about the weak 

areas in the network. Outputs of this 

technique are use to train and test an ANN. 

The trained ANN architecture is capable to 

predict the values of L-indices and control 

quantities, i.e. generator excitation levels and 

settings of Static VAR Compensators (SVCs) 

to keep the system stable. 

Keywords:—Voltage Stability, Load flow, L-

Index, Neural Network, svc.  

 

 

 

I. II. II. INTRODUCTIONNTRODUCTIONNTRODUCTION   

Power system Stability can be seen as 

loss of synchronism (i.e. some synchronous 

machine going out of step) when the system is 

subjected to a particular disturbance [1]. “Power 

system stability is the ability of electric power 

system for a given initial operating condition to 

regain a state of operating equilibrium after 

being subjected to a disturbance” [1, 2]. There 

are two types of stabilities rotor angle stability 

and voltage stability. This paper will focus on 

voltage stability. The voltage instability occur 

when the generation and transmission system 

unable to deliver power demanded by load. 

The main factor of voltage instability is the 

inability of power system to meet the reactive 

power demand. The system is voltage unstable 

if magnitude of voltage at least, one bus in the 

system is decrease as the reactive power 

injection at the same bus increased. In other 

word a system is voltage stable if V-Q 

sensitivity is positive and voltage unstable if V

-Q sensitivity is negative at least, one bus in 

the system (The V-Q sensitivity at a bus 

represent the slop of V-Q curve at a given 

operating point). Voltage stability one of the 

major issues in power system planning, 

operation and control. This paper is used L-

index to check voltage stability margin. The 

obtained results are used to train a feed-

forward neural network using the back 

propagation algorithm (The details of Feed-

Forward neural network are given in 

methodology section).  
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Method of voltage stability analysis 

There are several methods by which the 

voltage stability is calculated such as: 

 P-V method. 

 V-Q method. 

 Method based on singularity of 

power flow jacobian matrix at the 

point of voltage collapse. 

 Continue power flow method. 

 The power system stability tool-box 

(PSAT) is used to calculate the P-V curve. 

Observing Figure 1. 

 
Figure: 1 P-V characteristics 

There are two equilibrium solutions 

corresponding to the same loading parameter at 

the low loading. One is a high voltage solution 

and the other is a low voltage solution. When 

the loading increases, the two solutions 

approach each other and finally become one 

nose point. Out of the two solutions, the higher 

voltage operating point is stable and the lower 

voltage operating point is unstable. The power 

system can only operate on the upper- half of P

-V curve where the system dynamics act to 

restore the state to the operating point when it 

is subjected to a disturbance.  

On the other hand, any slight 

disturbances from the low voltage operating 

point on the lower-half of P -V curve result in 

the operating state moving away from the 

operating point towards the origin. The nose 

point of the P - V curve is named as the voltage 

stability limit. Figure 2 show the active power 

loading vs. voltage profile at same bus. Active 

power loading is increases magnitude of 

voltage is decreases. 

 
 Figure :2 Fast Voltage Stability Indicator 

There are several methods by which the 

voltage stability index is calculated such as: 

 Voltage instability proximity index[3] 

 Voltage collapse proximity indicator.
[4] 

 L-Index.[5] 

This paper used L-index as a voltage 

stability indicator. 

1. This index was derived from the 

voltage equation at a load bus. The 

voltage stability index is terms as 

symbol L given by [5]:  

 

V Li = Load voltage at bus i. 
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V oi = No load voltage at bus i. 

θi = (θoi - θLi). 

θLi = Load angle at bus i. 

θoi = No load angle at bus i. 

2. First load flow solution is obtained 

incorporating the generator control 

and load characteristics. Using the 

load flow results the L-index is 

computed as: 

 
Where, j=g+1…………. n and all the 

terms within the sigma on the RHS of equation 

are complex quantities. The values Fji are 

obtained from the Y bus matrix given by [6]: 

 
Where IG, IL, VG, VL represent currents 

and voltages at the generator and load nodes. 

Rearranging the above-mentioned equations 

yields: 

 
Where 

 
are the required values. The L-indices for 

a given load condition is computed for all load 

buses, and thus the complex equation for the L

- index for node can be written as:  

 
 The value of L varies from 0 to 1.0. L 

value close to 0 indicates stable voltage 

condition while L value close to 1.0 indicates 

unstable voltage condition. In order to maintain 

a stable voltage condition in the system 

network, the value of L at any load bus must 

be kept to a small value close to 0. If the value 

of L at any load bus approaches 1.0, it shows 

that the load bus is close to its instability limit 

and if L is equal to 1.0, the system has already 

in the state of voltage collapse. In this study, 

the value of stability index L was evaluated for 

every load bus in a test system for various 

loading conditions. Figure 3 the voltage 

stability assessment is shown as the value of L-

Index is approach unity at same time the 

magnitude of voltage approach zero value.  

 
Figure: 3 L-Index & Voltage Characteristics 

II. MII. MII. METHODOLOGYETHODOLOGYETHODOLOGY   

The capability of proposed technique to 

predict the voltage stability condition of a 

power system, a comparative study was 

conducted by developing an Artificial Neural 

Network (ANN) system and used it to perform 

the similar task. A multilayer feed-forward 

Artificial Neural Network with error back-

propagation was developed. The developed 

network consists of three basic elements as 

follows [7]: 

 Input layer. 

 Hidden layer. 

 Output layer. 

as shown in Figure 4  
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Figure 4: Artificial Neural Network Structure 

The topology of the developed network 

consists of an input layer, one hidden layer and 

an output layer. The output of this developed 

system is the stability index value, thus a single 

node was used in the output layer [8]. With the 

neural network tool create a network, train it 

and evaluate the performance by using mean 

squared error. In this paper the back-

propagation algorithm is used to train the 

network. 

The training process involved in this 

system was performed in order to train the 

developed network with a set of inputs and a 

targeted output. Meanwhile testing process was 

conducted in order to get the predicted stability 

index by using the weights and bias obtained 

from the trained network. 

 ANN Training Scheme 

Step1:  A conventional voltage stability 

algorithm is run with the test system 

for simulated loading conditions. For 

this first the base case and the 

maximum loading conditions of the 

test system are determined using the 

conventional software. Then the load 

conditions are varied from base case 

till full load and training samples are 

generated. 

Step2:  Create a database for the Input vector 

such as X= [ ] Where, 

real and reactive power at 

load buses. Moreover, target vector is 

created in the form of L-indices for 

the corresponding Input vectors. 

Step 3: Train the network based on a set of 

activation functions and number of 

neurons. The number of neurons in 

each layer is varied initially and 

optimum combination is found out 

depending on the training period and 

performance error. 

Step 4: Find the most suitable network based 

on the simplicity least possible Mean 

Square Error and computational 

speed. Further use various test 

functions to confirm the effectiveness 

of the proposed neural network. At 

this state the functions and all the 

parameters are finalized for this 

combination. 

III. RIII. RIII. RESULTSESULTSESULTS   ANDANDAND   DDDISCUSSIONSISCUSSIONSISCUSSIONS   

The test system presented in this study is 

the IEEE six-bus system, for which the single 

line diagram shown in Figure 5 [9]. 

The IEEE six-bus system is composed of 

a slack bus (1) and one voltage controlled bus 

(2) and four load buses (3, 4, 5 and 6). As a 

result, the developed Neural Network has 2 

inputs representing real and reactive power of 

load bus 3 in the system and one outputs 

corresponding to the value of L-index of load 

bus 3.  

 
Figure. 5. IEEE 6·Bus Lest System 
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The L-index corresponding to the slack 

bus and voltage controlled buses are not 

considered in the input and output list since 

they are always zeros as long as the bus 

voltages remain controlled. The configuration 

of developed neural network consisted of one 

hidden layers with 20 neurons in hidden layer 

1 neurons in output layer. 

The selection of this configuration is 

based on its training speed and its convergence 

accuracy. Figure 6 shows the performance of 

the neural network in minimizing the MSE 

error during training process. The regression 

analysis and prediction output of developed 

Neural Network covering stability index at the 

load bus in an IEEE 6 bus test system shown in 

Figure 7. Figure 7 shows the closeness of the 

actual output produced by the network with 

respect to targeted output. The results from the 

testing network are shown in Table No. 1. In 

Table No. 1, the results shows a good 

agreement between output and targeted output 

which were obtained in predicting voltage 

stability index during normal operating 

condition, it clear from Table 1 the predicted 

value by ANN is very close to Target value. In 

the proposed technique, the training process 

was carried out many times until it meets a 

stopping criterion means in terms of mean 

squared error (mean squared error is average 

squared difference between output and target) 

Zero means no error, over 0.6667 means high 

error.  

 
Figure: 6 Training Errors 

Table No.1 Results Shows a Good 

Agreement Between Output and Targeted  

 

 
Figure: 7 the closeness of the actual output produced 

by the network with respect to targeted output 

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
0

0.2

0.4

0.6

0.8

1

1.2

1.4

Number of epoch

M
e
a
n
 s

q
u
a
re

d
 E

rr
o
r

0 0.2 0.4 0.6 0.8 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Targets T

O
u
tp

u
ts

 A
, 

 L
in

e
a
r 

F
it
: 

A
=

(1
)T

+
(4

.1
e
-0

0
7
)

 Outputs vs. Targets, R=1

 

 

 Data Points

Best Linear Fit

A = T

Assessment and Preventive Control of Voltage Stability Using Artificial Neural Network 

Author(s) : Shashi Kumar Yadav, Ashok Soni, GGCT, Jabalpur 



 

International Journal of Modern Engineering and Research Technology 

Volume 4 | Issue 1 | January 2017 
52  

IV. CIV. CIV. CONCLUSIONONCLUSIONONCLUSION   

Present power systems are highly 

complex and working under heavily stressed 

conditions Therefore voltage stability has 

become one of the important issues in power 

system planning, operation and control. This 

paper presents a neural network with back-

propagation algorithm is developed for the 

computation of power system voltage stability 

analysis, L-indices have been calculated from 

IEEE 6-bus data and the results of L-index are 

verified by using ANN. Give satisfactory 

solutions towards improved stability. Highly 

nonlinear problems like this can be solved 

using single hidden layer neural network and 

propose its ability in online assessment of 

voltage stability and margin. It is found that in 

such an analysis, the training algorithm is the 

most important factor in the performance and 

accuracy of the network, since any variation to 

be done in the number of neurons and the 

network parameters is limited. Post regression 

analysis and the comparison of the output at 

each bus shows that the output obtained are 

sufficiently accurate if well organized training 

is conducted reducing the redundancy and 

normalizing the inputs as well as outputs. 

Moreover, the performance of each of the 

training algorithms depends also on the size of 

the power system network under consideration. 
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