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Abstract — This paper explores the application of Particle Swarm Optimization (PSO) algorithm to electric power communication 
networks. It analyses the algorithm principle, basic steps, application steps and parameter settings and other content. The 
algorithm's search ability is tested, and the experimental results are analyzed. Then it presents a distributed cooperative particle 
swarm optimization algorithm to solve the reactive power optimization problem. It considers a coordinated control through a 
hierarchical decomposition of the large-scale power system. It is decomposed into several sub-optimal systems, which effectively 
reduces the complexity of solving the problem, while taking a mixed strategy of coordination between the various subsystems, such 
that each subsystem requests mutual cooperation and common evolution. PSO algorithm is proposed for sharing information 
among more particles, which can effectively improve the accuracy of the algorithm and global convergence capability, to further 
improve the computational efficiency of the algorithm. Four different examples of calculation results show that the method has 
superior computational efficiency and convergence capability, giving high quality solutions suitable for solving large-scale power 
system reactive power optimization problem, with a strong practical value. 
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I. INTRODUCTION 

Research and development of electric power 
communication network started relatively late in China, it is 
accompanied by the composition of the electric power 
communication network equipment and demand of 
telecommunication management network and gradually 
developed [1, 2]. With the development of communication 
technology, in order to meet the power system safe, stable, 
efficient production requirements, in order to meet the 
electric power business operations to the market demand, the 
development of electric power communication network is 
very fast. Many new communication equipment, 
communication system, such as digital SPC, SDH fiber loop, 
SDH microwave, ATM and WDM, have the influx of the 
network features change rapidly [3]. As a special 
communication network industry, network is needed with the 
development of power system and the gradual formation and 
development. It is mainly used to alleviate public 
development caused by slow [4]. Some special 
communication demand of electric power department 
communication ability is insufficient and fill the public 
network is difficult to meet the specialized production, to 
ensure the normal power efficiently, and promote the 
development of the national economy [5, 6]. 

With the progressive realization of the market operation 
mechanism, improve operational level, reduce operating 
costs has become an important symbol of the 
competitiveness of enterprises, so the reactive power 
optimization issues raised higher requirements [7]. Since the 
dredging problem nonlinear, discontinuous, constraints 
diversity, discrete control variables, calculate the 
characteristics of large-scale, real-time environment so the 
towel dynamically scale power optimized control extremely 
difficult. In the traditional optimization methods, such as 

linear programming, quadratic programming, mixed integer 
law, which have some advantages and adaptability, but these 
methods require the objective function differentiable only 
guarantee local optimal solution, and the solution time long, 
easy to produce "curse of dimensionality" and can not be a 
large-scale optimization [8]. 

With the progressive realization of the market operation 
mechanism, improve operational level, reduce operating 
costs has become an important symbol of the 
competitiveness of enterprises, so the reactive power 
optimization issues raised higher requirements. Since the 
dredging problem nonlinear, discontinuous, constraints 
diversity, discrete control variables, calculate the 
characteristics of large-scale, real-time environment so the 
towel dynamically scale power optimized control extremely 
difficult. In the traditional optimization methods, such as 
linear programming, quadratic programming, mixed integer 
law, which have some advantages and adaptability, but these 
methods require the objective function differentiable only 
guarantee local optimal solution, and the solution time long, 
easy to produce "curse of dimensionality" and can not be a 
large-scale optimization [9, 10]. 

This paper proposes a PSO algorithm, each particle will 
give full consideration to providing more particles to share 
information to correct individual action strategies, not just 
the best particle population, the equivalent of each particle 
considered more particle its social impact, effectively 
extends the basic formula PSO algorithm to quickly 
converge to the global optimal solution. This paper proposes 
a distributed cooperative PSO respectively IEEE bus system 
and an actual 312 node grid was simulated reactive power 
optimization, and optimization and some other co-
evolutionary algorithms and different selection strategies the 
results were compared, the results showed that: the algorithm 
is suitable for large-scale power station reactive system 
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optimization, and has fast convergence and high precision of 
the outstanding advantages, with a strong value. 

II. RESEARCH STATUS OF POWER COMMUNICATION 

NETWORK 

Most foreign countries have established special network 
of electric power, but also in some countries is the line 
resources leased public network, they have earlier 
established power company, pay attention to economic 
benefits at the same time also promoted the development of 
network management of electric power communication 
network, the network management of each sub network is 
doing relatively perfect, at present is moving in the direction 
of the development of integrated network management. But 
as a result of foreign electric power communication network 
management research and development conducted early, 
network management of electric power communication 
network application is also more [11].  

Model TMF and ITU standards based on multi level on 
the starting point such as the Harris group in the management 
of the company's own company, established with open 
platform to support a variety of general and special electric 
power communication network, network management 
protocol, provide development kit, has expansion ability, the 
height of the support structure of the distributed network 
management products. Communication technology and 
computer technology abroad development and integration of 
an earlier also contributed to the progress of the electric 
power communication network management at home and 
abroad, but because of the structure of the network are 
different, mechanism and means of operation and 
management of different, less we can use for reference from 
the electric power communication network management 
abroad experience [12-14]. 

Research in recent years, some new methods based on 
artificial intelligence, such as artificial neural networks, 
expert systems and genetic algorithms, etc. have been 
introduced into the power system optimization problems, and 
some methods have been put to practical use and have 
achieved good results. PSO is a novel random evolutionary 
search algorithm, which has parallel processing features, 
robust, easy to implement, and high computational 
efficiency, it has been successfully applied to solve a variety 
of complex optimization problems [15-17]. PSO algorithm 
has been applied to solve the problem of reactive power 
optimization, and achieved good results. 

III. RELATED PARTICLE SWARM OPTIMIZATION 

ALGORITHM 

A. Optimization algorithm 

The application of distributed cooperative particle swarm 
optimization algorithm for reactive power optimization 
problem, the solution should first demand reactive power 
control variables. In this paper, a hierarchical decomposition 
of a coordinated control thought first large-scale power 
system optimization problem is decomposed into several 
subsystems, and each subsystem individually optimized to 
reduce the complexity of solving the problem, and then ask 

each subsystem synergy the optimal solution of the whole 
problem interact obtained. For reactive power optimization 
problem, in terms of economy or from the security of the 
system, it is required to minimize the reactive power flow 
between the different partitions, so that in situ reactive power 
balance. The Principle of label switching is shown in Figure 
1. 

 

 
Figure 1. Principle of label switching 

The particle is equivalent to a search space for the 
optimization problem of a set of potential solutions, don't 
take up any space, without any quality and volume, but has 
the memory function. To what degree each particle is made 
by the function of algorithm of calculating fitness value to 
evaluate the decision, for example, if the optimization 
function is the minimum of objective function is obtained, 
the fitness values of the particle properties of smaller more 
and, conversely, such as object function if the calculated the 
fitness value is greater, the particle is more superior 
performance [14]. 
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Every particle in the population according to the 
following formula on its location update: 

 
( 1) ( ) ( 1)j j j

i i ix t x t v t   
                (2) 

B. Discrete PSO algorithm 

A cluster is usually defined as a collection of a group of 
autonomous bodies, through their mutual direct or indirect 
communication, to solve some problems of distributed and 
thus through all the activities. Here, autonomy refers to an 
entity with its own activity in an environment, its simple, 
usually does not need to have a senior intelligence, however, 
is an advanced smart to reach their activities the activities of 
the clusters shown, we call this kind of activities for the 
swarm intelligence. Swarm intelligence is a kind of 
biological system and the social system. The simulation 
system makes use of local information to generate the group 
behavior cannot be predicted. 

1 2( 1) ( ) ( ( )) ( ( ))j j j j j j j j
i i i i i iv t v t rand pbest x t rand gbest x t              (3) 
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At present most of the improved PSO algorithm with 
adaptive strategy is improved based on adaptive linear, 
proposed by Shi and Eberhart decreasing inertia weight 
strategy can be stated as follows: 

max max min( )
g

G
                      (5) 

The value of inertia weight according to the type of 
change: 
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       (6) 

The flow of PSO algorithm was shown in Figure 2. 

?i ix is better than pbest

i ipbest x

?i ipbest is better than gbest

i igbest pbest

 
Figure 2. The algorithm flow chart  

IV. EXPERIMENTAL RESULTS 

A. The method of selecting parameters 

The parameters in PSO algorithm mainly includes: the 
population size N, the maximum speed threshold Vmax, 
threshold Xmax maximum position, the inertia weight w, 
cognitive coefficient C1 and social factor C2. Methods the 
first three parameters are used to determine the range of 
numerical experiments. The latter three parameters directly 
affect the trajectory of particles, and therefore has a more 
direct impact on the performance of algorithm, this paper 
mainly studies the three parameters. 

In order to understand the effects of various parameters 
on particle trajectory in the search process, and to verify the 
convergence condition of a section, parameter selection of 
several classical values for particle optimization trajectory 

simulation, the simulation conditions were: X (0) = 10, V (0) 
= 8, P = 0, the iteration number is 50. The results are as 
shown in Figure 3. In Figure 3 (a) w = 0.1, P = 0.3 results, 
the corresponding eigenvalue is real, non oscillatory 
convergence; Figure 3 (b) w = 0.7, P = 0.5 results, the 
corresponding eigenvalues with positive real part of the 
complex. 
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Figure 3. The results of several classical values for particle optimization 

 
According to the formula (11-13) shows that PSO 

algorithm, particle trajectory is based on Max (λ1, λ2) of the 
exponential form of convergence or divergence, and the 
parameter form decides the convergence model of particle 
trajectories. The different parameters have different 
optimization results; in fact, even for the same parameter, the 
random algorithm, may also get different results. 

In PSO, the search interval of each dimension is 
separately between the value of [0.2, 0.6], [0.8, 1.6] and [2.8, 
3.45]. At the same time, the outer layer of the particle inertia 
weight and learning factor value for 0.75, 1.375. In this 
paper, all the simulation mean value is 10, the evolution of 
150000 times. In order to evaluate the DBPSO optimization 
performance, 5 benchmark function simulation of DBPSO 
algorithm was used Table 1, the test function dimension 
unified value of 30, and compare the optimization 
performance with the standard PSO algorithm and NMPSO 
algorithm DBPSO. 
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  TABLE 1   5 BENCHMARK FUNCTIONS USED TO TEST AND THEIR 
PARAMETERS 

Function Name Dimens
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In the co-evolution, and optimization of the subsystems 

in a single individual fitness values to assess the need to elect 
individual representatives from other groups, and in 
collaboration with the behavior of individuals applied to the 
target areas to be assessed, according to the cooperative 
behavior in the target performance in the field of adaptation 
value assessment. Population representative selection 
methods are: random selection method and the best selection. 
Random selection method is representative of randomly 
selected individuals from each population, and most current 
selection method is to select the best individuals of each 
species as a representative. Through theoretical analysis and 
numerical experiments show that the cloud of randomly 
selected mode is excellent group can play a role, but also 
take into account higher proportion of poor population 
groups. 

Different systems usually have to calculate the time scale 
of a greater impact algorithm, this paper on four different 
systems of reactive power optimization simulation, 
calculation time four kinds of algorithms are shown in Table 
4 and Figure 5 (due to the optimal method and little 
difference method for the computation of time, shown in 
Figure 5, only the mixing time graph). With the increasing 
size of the system, co-evolutionary approach significantly 
increased computing speed advantage, when calculating the 
actual 312-node system, three kinds of methods time curve 
of the question, distance significantly increased, fully reflects 
the proposed method in the calculation of large when the size 
of reactive power optimization problem. This is because the 
decomposition of complex systems has been simplified to 
optimize their only smaller subsystems and coordination 
between subsystems, so algorithm to quickly converge to the 
satisfaction of the optimal solution. 

V. CONCLUSION 

This paper introduced the particle swarm algorithm and 
the telecommunication network management, combining the 
characteristics of the former, was improved for the latter, and 
successfully applied it to two aspects of network 
management of electric power communication network: the 
best rescue route selection and the selection of the best route. 
In this paper, the PSO algorithm from the basic principle, 
mathematical representation, parameter setting, basic steps, 
application process, application and development direction 
of in-depth analysis and research in many aspects. From the 
selection of inertia weight, the time-varying weight variation 
range and decline rate effects on the W, the population size 
and topology effects on W of several aspects of the use of 
test functions to do a different experiment, combined with 
the experimental results of their influence on the w pattern 
and the degree of. Combining the above experiments PSO 
algorithm was improved on introduction of random inertia 
weight and the discrete idea. 
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