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Abstract 

Methods generally used for load flow analysis have been found to be time consuming and complex. This paper 
presents an optimization algorithm for load flow analysis inspired from swarm optimization techniques. Particle 
swarm optimization (PSO) is a type of swarm intelligence that is based on social-psychological principles and 
provides insights into social behavior, as well as contributes to engineering applications. This algorithm optimizes 
the power flows on different branches of network using the particles memory based algorithm. The feasibility of the 
concept has been proved by performing simulations in ETAP environment. 
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1. Introduction 

Load flow solution is the one of the most commonly 
used term in power system. Load flow (or power flow) 
is the solution for the static operating condition of an 
electric-power transmission system, and is the most 
frequently performed routine digital-computer power 
network calculations. Over the last twenty years an 
enormous amount of effort has been made in research 
and development on the numerical calculation process 
Load flow analysis is a very important tool for the 
analysis of distribution systems and is used in 
operational as well as planning environments. Real-time 
applications such as network optimization, switching, 
state estimation and Var planning in the distribution 
automation system (DAS) and distribution management 
system (DMS) work on a robust and effective power 
flow method1. Such a power flow solution must be able 
to model the special features of distribution systems in 
sufficient detail. Load flow analysis is the solution of 
the network under steady state condition subject to 
certain inequality constraints under which the system 
operates. Load flow calculation provides the power 
flows and voltages for a specified power system subject 
to the regulating capabilities of the generator, 
condensers and specified net interchange between 
individual operating system. This information is 
essential for the continuous monitoring of the present 
state of the system and analyzing the effectiveness of 
the alternative plans for the future. The load flow is 
essential for designing a new power system and for 
planning extension of existing one for increased load 
demands  control and operation, economic scheduling 
and exchange of power between the utilities of existing 
system. One of the most important aspects in power 
systems nowadays is the voltage stability analysis. Most 
of the methods used in determining the voltage stability 
or the maximum loading of the system depend on the 
solution of the Load flow2. It is well known that the 
problem of load flow is solved using numerical 
techniques. Previously the gauss-seidal method and 
Newton-raphson method were used for the load flow 
analysis. These methods have been found to be 
problematic in obtaining the load flow solution with the 
calculation of jacobian matrix. Distribution system load 
flow analysis is done by conventional 

forward//backward sweep approach but it takes more 
time for the convergence3. Conventional Newton 
Raphson method is used to calculate the incremental 
correction of the state variables in Load Flow where 
jacobian matrix is used4. The well known Newton-
Raphson method for the load flow analysis is modified 
to achieve compatibility for AC/DC systems with 
integrated DC links in the AC network. A modified 
Jacobian equation comprising of the DC real and 
reactive power at the AC/DC buses, and their 
relationship with the AC system variables has been 
worked out5,6. Artificial Neural Network is used for load 
flow analysis with real as well as complex numbers7,8. A 
new procedure of load flow which provides solutions 
for balanced, unbalanced radial distribution network has 
been proposed which consists of evaluations of a simple 
algebraic expression of voltage magnitude. Here 
trigonometric functions are not used and a vector has 
been used to store the data9. Ant Colony algorithm is a 
new heuristic biological modeling method which has the 
ability of global searching. An efficient and reliable ant 
algorithm based load flow algorithm has already been 
developed10. The load flow equations of a power system 
containing FACTS will be much more nonlinear and the 
equation set may be non-convex. The conventional 
NRLF method may not solve these equations 
satisfactorily17. This system was not able to converge 
when it was loaded near to its maximum point. The aim 
of the work presented in the paper is the applicability of 
particle swarm optimization (PSO) and load flow 
analysis in the management of electrical distribution 
networks. The term PSO refers to a relatively new 
family of algorithms that may be used to find optimal or 
near to optimal solutions to numerical and qualitative 
problems. PSO can be implemented easily using most of 
the programming languages since the core of the 
program can be written in a single line of code and it is 
both very effective and quick when applied to a diverse 
set of optimization problems The general objective is to 
optimize the load flow data for planning and economic 
scheduling for network management. A new algorithm 
is developed for the optimization of load flow solution 
of IEEE 14 bus system in this paper. Particle population 
used in the algorithm has a memory based updation 
which is based on their individual and social 
experiences. Comparison is carried out at every updated 
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step. Other advantages of PSO are easy implementation, 
less number of parameters to be used, less computation 
time required, efficient global searching, and fast 
convergence. This paper has been further divided into 
the following sections. Section 2 describes the 
characteristics of particle swarm optimization. Section 3 
gives the load flow analysis of power system network. 
Network configuration and simulation is presented in 
section 4. Paper has been concluded in section 5. 

2. Particle Swarm Optimization 

Particle Swarm Optimization is one of the evolutionary 
computation techniques. The method has been 
developed through simulation of simplified social 
models. A PSO system works on the co-operation 
between social birds and their adaptation according to 
the surroundings. This is depicted in figure 1. 

A PSO system follows social behavior of the birds 
and based on social behavior the swarms improve their 
knowledge and in each iteration they get adapted to that 
new value. Based on the updated results PSO works as a 
simulator for different applications. The features of the 
method are described as follows: This method is based 
on researches on swarms such as fish schooling and bird 
flocking. The computation time is short and it requires 
small amount of memory. It was originally developed 
for nonlinear optimization problems with continuous 
variables. However, it can be also used to solve 
problems with discrete variables. Thereby, it can be 
applied to mixed integer nonlinear optimization 
problems with both continuous as well as discrete 
variables. The above features are suitable for load flow 
problems as well as for Voltage Control problem 
because practically efficient methods have not been 
developed for nonlinear problems with both continuous 
and discrete variables11. The above features allow PSO 
to handle the load flow problem and also require less 
computation time. According to the research performed, 
bird flocking phenomenon, birds find food by flocking 
(not by each individual). It leads to the assumption that 
information is shared in flocking. It has been seen from 
the observations made about behavior of human groups 
and behavior of each individual i.e. agent, that each 
individual’s behavior is also based on behavior patterns 
governed by the groups such as customs and other 
behavior patterns according to the experiences by each 
individual. This basic assumption is the underlying 
concept of PSO. PSO is a global optimization algorithm 

for dealing with problems in which a point or surface in 
an n-dimensional space represents a solution. All of the 
potential solutions are plotted in this space and provided 
with an initial velocity27. All the particles travel through 
the solution space, and are evaluated by certain fitness 
criteria. Over time, particles accelerate toward those 
with better fitness values. PSO is basically developed 
through simulation of bird flocking in two dimensional 
space. The coordinate position of each agent is given its 
XY coordinate (fig-2), velocity is expressed as vx (the 
velocity of X-axis) and vy (the velocity of Y-axis). The 
updation of the agent position is made by modifying the 
position and velocity information. PSO procedures 
based on the above concept can be described as follows. 
The bird flocking procedure optimizes a given objective 
function. Each agent knows its best value so far (pbest) 
and its XY position. Also, each agent has the 
information of the best value in the group (gbest) among 
pbests. For modifying its position, each agent uses the 
current velocity and the distance from pbest and gbest. The 
modification can be represented in terms of velocity. 
Velocity of each agent can be updated by the following 
equation. 
 
vi = vi + rand * (pbesti - si) + rand * (gbest - si )  
                   (1) 

where,  
vi : velocity of agent i, 
rand : uniformly distributed random number between 0 
and 1, 
si : current position of agent i, 
pbesti : pbest of agent i, 
gbest : gbest of the group. 
Using the above equation, a certain velocity that 
gradually gets close to pbest and gbest can be calculated. 
The current position (searching point in the solution 
space) can be modified by the following equation.  

PSO SYSTEM

SOCIAL 
BEHAVIOUR

IMPROVED 
KNOWLEDGE ADAPTION

PSO AS 
SIMULATOR

 

Fig. 1.  PSO system steps 
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sk+1 =  sk + vk+1                
                 (2) 
where, 
Sk : current position, 
Sk+1 : modified position, 
Vorig : current velocity, 
Vmod : modified velocity, 
Vpbest : velocity based on pbest 
Vgbest : velocity based on gbest  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Searching point in solution space 
 

Fig.2 presents the concept of updating searching 
points. PSO makes use of several searching points like 
Genetic Algorithm (GA) and the searching points 
gradually get close to the global optimal point using its 
pbest and gbest. The features of the searching procedure 
can be summarized as follows: 
(i) Initial positions of pbest and gbest are different. By 
using the different direction of pbest and gbest all 
agents gradually move towards the global optimum. 
(ii) The modified value of the agent position is 
continuous and the method can be applied to the 
continuous problem. However, the method can be 
applied to the discrete problem using grids for XY 
position and its velocity. 
(iii) There is no inconsistency in searching procedures 
even if continuous and discrete state variables are 
utilized with continuous axis and grids for XY positions 
and velocities. The method can be used for solving 
mixed integer nonlinear optimization problems with 

continuous and discrete state variables naturally and 
easily. 
(iv) The above concept is explained using only XY axis 
(2 dimensional spaces) (Fig. 3). However, the method 
can be easily applied to n-dimensional problem. 
 
 
 
 
 
 
 
 
 
 
 
 
            Fig.3.  Particle movement components 
 

The particle movement is influenced by the three 
major components; memory, inertia and co-operation. 
The movement results in new positions of particle with 
updated data. The movement of particle start from the 
current position and it is influenced by the best position 
of his life as well as the best position found by the other 
particle in their life22.  

The topology represents a fully connected graph, 
and, based on all the statistics, it is concluded that 
information spreads quickly (fig. 4). Sociologically, it 
could represent a small and closed community where 
decisions are taken in consensus. The ring topology 
represents a regular graph with a minimum number of 
edges between its nodes. The graph statistics show that 
information travels slowly along the graph. This allows 
for different regions of the search space to be explored 
at the same time, because information of successful 
regions travels to the other side of the graph in a long 
time28. Graph topology has one particle connected with 
all the other and hypercube topology has connections of 
each particle with all the elements in the group. Particle 
Swarm Optimization is used for other optimization 
problems in power system too. According to the 
features of distribution network, more feasible solutions 
can be produced by updating the rule of position 
modification in Particle Swarm Optimization for 
reconfiguration of Distribution Network12. At first, PSO 
algorithm was used to solve optimization problem in 
continuous space. In order to solve optimization 
problem in discrete space, Dr. Kennedy and Dr. 
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Eberhart introduced PSO algorithm in the form of 
binary system13. Particle Swarm Optimization is also 
used for optimal steady-state performance analysis of 
power systems14. 
 
 
 
 
  
 
 

Fig.4.  Particle topology in PSO 
 

3. Load flow analysis 

Load flow analysis is the solution of the network under 
steady state condition subject to certain inequality 
constraints under which the system operates. Load flow 
calculation provides the power flows and voltages for a 
specified power system subject to the regulating 
capabilities of the generator, condensers and specified 
net interchange between individual operating system. 
This information is essential for the continuous 
monitoring of the current state of the system and 
analyzing the effectiveness of the alternative plans for 
the future. The load flow is necessary because of the 
reasons given below: 

It is essential for designing a new power system and 
for planning extension of existing one for increased load 
demands15. Load flow is important for economic 
scheduling, control and operation, planning, and 
exchange of power between the utilities of existing 
system. Load flow can determine the best size and as 
well as the most favorable location for capacitor. Load 
flow analysis is also required for many other studies 
such as transient stability, voltage stability and 
contingency studies16. The main objective of load flow 
is to find the voltage and the angle of the lines during 
any undesirable condition that exist in the network. 
Therefore the search for optimized v, δ depends upon 
the two functions of the real and reactive powers of the 
network. A load flow solution of the power system 
requires mainly the two steps, formulation of the 
network equations and suitable mathematical technique 
for the solution of equations. The load flow equations 
are simply the power balance equations at each bus, 
both active and reactive powers. The power balance 
equation shows that there are no power losses in any 
bus, as the input power to a bus is equal to the output 
power from that bus. Load Flow finds the voltage 
magnitudes and angles of the different system buses that 
minimize the difference between the input power and 
the output power from the bus. So the load flow 

problem can be formulated as an optimization 
problem17,18. 
Fpi = Ʃ Vi Vj Yij cos (θij + δi – δj) - Pgi + Pli   
   (3) 
Fqi = Ʃ Vi Vj Yij sin (θij + δi – δj)  - Qgi + Qli   
   (4) 
These are the load flow equations for active and reactive 
powers and our optimization problem can be formulated 
as the minimization of the load flow function. 
                    Minimize f (v,δ )  
So the objective function of the load flow is to minimize 
these functions to get the voltages and angles of the 
buses, which satisfy the power balance equations. As 
this function is non linear function, we have used 
particle swarm algorithm to optimize it19. At any given 
load on the system there are two solutions for the load 
flow (Fig. 5). One is a stable solution (at point 1) and 
the other one is unstable (at point 2) from the voltage 
stability point of view. This means that as an 
optimization problem the Load Flow has two global 
minima. To overcome this problem we use particle 
swarm optimization algorithm. 
     
 

 
              Fig.5. P-V curve for given load 
 

Several algorithms are available for carrying out 
load flow analysis of power systems. In this paper, we 
have used three important algorithms – Gauss-Seidel 
(G-S) Method, Newton-Raphson (N-R) Method, and 
Fast Decoupled (FDC) method for comparison with the 
performance of the proposed algorithm. The Gauss-
Seidel method is one of the simplest iterative methods 
in the solution of non-linear equations. The method is 
based on the Gauss iterative method and also a flat 
voltage profile is considered initially17. The number of 
iterations required in this method is more than other 
methods. On the other hand the time taken per iteration 
is less than other iterative methods. This method 
provides better performance for systems with light 
loading conditions and hence is not recommended for 
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heavily loaded systems. N-R method17,18 is a very 
popular and faster solution for load flows analysis. This 
method requires an initial condition and works well for 
heavily loaded systems as compared to other methods. 
FDC method is derived from N-R method. It essentially 
decouples the effect of reactive power on the angles of 
complex bus voltage along with the effect of real power 
on magnitudes of complex bus voltages. 
 

4. Network configuration and simulation 

IEEE 14- bus system is taken as the network to prove 
the validity of the particle swarm optimization 
algorithm for load flow analysis20,21. Figure 6 presents 
the test system which consists of the slack bus (node 1), 
three PV (nodes 2, 3, and 6), ten PQ buses, and 20 
branches. This network has been used in many 
probabilistic studies. The system of six discrete 
distributions for the active load (at nodes 3, 6, 9, 10, 11, 
and 14), four discrete distributions for the reactive load 
(at nodes 9, 10, 11, and 14), with three to five impulses 
each and eight normal distributions for active and 
reactive loads at the remaining buses. The bus voltage is 
set to 0.44 KV. The control variables are transformer 
tap (t) and reactive compensation (b) at bus 9. 
   
 

 
 
 

Fig.6. IEEE 14 Bus network 
 

The IEEE 14 bus system is configured in ETAP 
software (Fig.7) and then the load flow is run to get the 
voltage magnitude and angles at different buses. This 
was carried out using Newton Raphson method , Gauss-
Seidel method, and Fast Decoupled method17,18. The 
result is shown in fig. 10 which depicts the voltage 
profile of all the 14 buses for these methods.   

   
 

 
 

Fig.7. Simulated network in ETAP 
 
      

The results of load flow analysis of 14 bus network 
was optimized using particle swarm optimization 
algorithm25,26. This algorithm was used for the 
optimization of load flow results in MATLAB with PSO 
toolbox. The tool box screen for the optimization is 
shown in fig. 8. Two dimensions of search were taken 
with twenty positions at the starting of search. With 
each and every iteration, search area reduced and inertia 
weight also reduced with the reduction in search space. 
The search process ended, when either number of 
iterations finished or the search converged. The results 
of PSO simulations were obtained mostly by 
convergence of simulation as this is a fast algorithm 
which takes less computation time also. Since this 
algorithm converges before the number of iterations are 
over, it gives results which are very near to the actual 
bus voltages. The improved results for load flow 
analysis are presented in graphs given in fig. 9 and fig. 
10. It presents a comparison of bus voltages and phase 
angle. It can seen that voltage of load flow using PSO is 
much closer to the voltage profile of 14 bus network as 
compared to Load flow without using PSO algorithm.  
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Fig.8. PSO load flow result screen 
 
   

 
 
Fig.9. Voltage magnitude comparison                

          

                                                       
 
 
 
Fig.10.  Phase magnitude comparison 
 

This comparison of result is analysed and presented 
in Table 1 for all the buses and their respective voltages 
and angles. Standard deviation has been calculated and 
it shows the closeness of the results with the actual 
values. The bus voltages at bus 4 is same as standard 
deviation is zero for this one. For other buses also the 
standard deviation is quite low. The angle is different 
for each and every bus except bus 1. 
 
 
 
 
 

Table 1. Comparison of result (Voltage) 
 
Bus 
No 

Newton 
raphson 
(N-R) 

Gauss 
Seidel 
(G-S) 

Fast 
Decoupled 
(FDC) 

PSO Standard 
Deviation 
 

1 1.06 1.06 1.06 1.061 0.0005000 
2 1.045 1.045 1.042 1.043 0.0015000 
3 1.01 1.01 1.01 1.001 0.0045000 
4 1.0177 1.019 1.018 1.018 0.0006164 
5 1.0195 1.020 1.02 1.019 0.0004573 
6 1.07 1.07 1.07 1.062 0.0040500 
7 1.0615 1.062 1.061 0.961 0.0501016 
8 1.09 1.09 1.09 1.09 0 
9 1.0559 1.056 1.059 1.055 0.0016378 

10 1.051 1.051 1.052 1.051 0.0004717 
11 1.0569 1.057 1.058 1.057 0.0005354 
12 1.0552 1.055 1.057 1.055 0.0009000 
13 1.0504 1.050 1.055 1.070 0.0094845 
14 1.0335 1.036 1.038 1.033 0.0022411 
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Table 2. Comparison of result (Angle) 
 
Bus 
No 

Newton 
raphson 
(N-R) 

Gauss 
Seidel 
(G-S) 

Fast 
Decouple
d 
(FDC) 

PSO Standard 
Deviation 

1 0 0 0 0 0 
2 -4.9847 -5 -5 -4.9815 0.009844 
3 -12.723 -12.5 -12.5 -12.223 0.204719 
4 -10.311 -10.21 -10.2 -10.141 0.070571 
5 -8.7718 -8.87 -8.8 -8.5013 0.161676 
6 -14.216 -15 -14.3 -14.1 0.405706 
7 -13.356 -13.68 -13.45 -13.16 0.215953 
8 -13.361 -13.71 -13.5 -14.931 0.718141 
9 -14.937 -15.1 -15 -15.097 0.079349 

10 -15.097 -15.2 -15.08 -14.236 0.447982 
11 -14.788 -15.13 -15.1 -15.321 0.220722 
12 -15.075 -15.25 -15.07 -15.012 0.102886 
13 -15.156 -15.5 -15.12 -15.152 0.179392 
14 -16.031 -16.5 -16.04 -16.025 0.234081 

 

5. Conclusion 

The objective of this work was to use the concept of 
particle swarm optimization for the non linear load flow 
optimization. PSO has been used for power system 
management. The theoretical framework chosen was 
based on the search of swarms for food. Individuals gain 
evolutionary advantage by sharing information among a 
group when a task is given to them. This idea leads to 
the search of solution in to an optimization problem. 
The initial aim of the particle swarm concept was to 
graphically simulate the graceful and unpredictable 
choreography of a bird flock, the motive of discovering 
patterns that govern the ability of birds to fly 
synchronously, and to suddenly modify direction with a 
regrouping in an optimal fashion. From the initial 
objective, the concept evolved into a simple and 
efficient optimization algorithm as the voltages and 
angles obtained by Load Flow using PSO are much 
closer than the ideal values. 
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