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Abstract. The total power losses in distribution network system can be minimized by network
reconfiguration. In this paper, an efficient hybridization of heuristic method which is called as
Evolutionary Particle Swarm Optimization (EPSO) is introduced to identify the open and closed
switching operation plans for feeder network reconfiguration. The main objective is to reduce the power
losses in the distribution network system and improve the voltage profile in the overall system
meanwhile minimizing the computational time. The proposed combination of Particle Swarm
Optimization (PSO) and Evolutionary Programming (EP) is introduced to make it faster to find the
optimal solution. The proposed method is applied and its impact on the network reconfiguration for real
power loss and voltage profiles is investigated. In network reconfiguration, the network topologies
change through On/Off of the sectionalizing and tie switches in order to optimize network operation
parameters. The aim is to find the best configuration which consists of switches that will contribute to a
lower loss in the distribution network system. The method was tested on a IEEE 33-bus system to show
the effectiveness of the EPSO method over the traditional PSO and EP method.

Introduction

In order to make sure a reliable and secure the system economically, the high demand in power system
has become as a challenging job to most of the power system engineers. This is due to the heavy loaded
network that would increase the load current drawn from the source and at the same time, it leads to an
increasing in voltage drop and system losses. Due to the dropping in voltage magnitude and
intensification in distribution losses, the performances of distribution system turn out to be incompetent.
With this regards, changes in economic and commercial environment of power systems design and
operation have necessitate the need to consider a smart distributed network by reconfigure the network.
Ultimately, several constraints shall be considered during network reconfiguration which are asseverate
of radial structure for distribution system, section of all users should need to be assisted, feeder capacity
should not be beat the limit and feeder voltage profile should be sustained.

Regarding to the issue, various methods have been developed to solve the network reconfiguration
problem over the year. Based on [1,2,3,4], an improved method in refined Genetic Algorithm (GA) for
distribution network reconfiguration application was presented. But the proposed GA is useable when it
is implemented for huge network systems only and efficiently for the restoration system problem solving
and load balancing study. A part from that, an improved of optimization method such as Particle Swarm
Optimization (PSO) for power losses minimization has been done in [5,6,7,8]. The simulation results for
this optimization method have shown a good healthiness of the approach in term of power loss reduction
but they are less optimal solution for computational time. Furthermore, an Evolutionary Programming
(EP) is another method that has been widely used in solving the network reconfiguration problem. There
is reported in [9,10,11,12]; the authors proposed a multi-objective Evolution Programming (EP) method
for distribution network reconfiguration system. The ability of EP for network reconfiguration to balance
the load, reduce the power losses, minimizing switching operations, certifying voltage quality, service
reliability assurance and enhancement of voltage profile in distribution system has been looked as the
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advantages of this method. But the result of power loss reduction has shown that the ability of EP to
propose the best result is not optimal when compared to the traditional PSO method.

Due to that, after many years of the algorithm application methods are introduced; the hybrid method
for this research area is become more popular to apply. One of the powerful and applicable method that is
being developed is Evolutionary Particle Swarm Optimization (EPSO) that has been introduced in [13].
There are several research has been reported in application of EPSO on power system according to
[14,15,16,17,18]. But there is no paper research yet in distribution network reconfiguration.

Testing and Modeling

This type of network consists of 33 load nodes, one feeder, 32 normal closed tie line, 5 normally open
tie switches (S33, S34, S35, S36 and S37) and 37 branches as in Fig. 1. The line data and also for load
data for 33-bus system has been gain from [19]. The total load in the system is 3.715MW and the system
load is expected to be constant and Sbase = 100MVA. Same as other test system, a high resistance and
high reactance value will be modified in R and X column in line data to simulate the open line.

Methodology and Proposed Method

a. Initialization

The flow chart of implemented EPSO algorithm by MATLAB programming is shown in Fig. 2. The
process is started with the initialization population which is determined by selecting tie switches from the
set of original tie switches. Those variables will be generated by the system via a random generator
available in the program and they will be utilized to compute the power losses in the next step.
The EPSO parameters are initialized such as number of particles N, weighting factors, C1 and C2 and
maximum number of iteration. In order to ensure the radial network is maintained, several constraints
need to be considered in the system. There are several rules have been adopted for the selection of
switches.

Rule 1 : All switches that do not belong to any loop are to be closed

Rule 2 : All switches are connected to the sources are to be closed

Rule 3 : All switches contributed to a meshed network need to be closed
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Fig. 1: 33-bus radial distribution system Fig. 2: flowchart of EPSO implementation




b. Fitness Calculation

An initial population of particles with random position, X and velocities, V' on dimension in the
solution space is randomly generated. For each particle that fulfills the constraints mentioned above, the
power flow will be accomplished and the total power loss will be calculated using the Newton-Raphson
load flow program.
c. Determine Pbest and Ghest

During the searching process, the two best values are updated and recorded. It is related with the best
solution that has been extended so far by each particle which retains path of its coordinate in the solution
space. This value is noted as Pbest and another best value to be verified is Gbest, which is the whole best
value so far by any particle. The Pbest and Gbest are representing the generation of tie-switches and
power loss.
d. New Velocity and Position

In this step, the particles’ velocity and position is updated by apply the Eq. (1) and (2). The particle’s
velocity signifies a switches movement. Meanwhile, the total power loss of all switches is evaluated by
using the new position, X,,.., .

I/}-"Jr1 =w X ij + C; X rand, (1)
X (Plicestj - Xjk) +C,
X rand,
Xjk+1 — XJk + I/jk+1 (2)
Where

Vj" is the velocity of particle j in iteration k

Xj" is the position of particle j in iteration k

Pl’,‘estj is the best value of the fitness function that has been  achieved by particle j before iteration k
Gk, s the best value among the fitness function value.

C; and C, are constants that represent weighting factors of the random acceleration terms
k+1

I is the new velocity
k+1
I is the new position
e. Combination and Tournament Selection
After obtaining the new position X,,.,,, the new fitness value (total power loss) is determined using the
value of new position. Thus, the set of new position X,,.,, and the old set position X will be combined
together. This combination of new and old set position will be contested in a tournament. A position
gains the score when its fitness is better than other contenders and this tournament is contested as
randomly. The selection strategy in this process is using priority selection strategy. In this technique, the
old set position X and the new position X,,.,, were sorted in descending order according to power loss in
the system.
f. Convergence Test
The new position set will be tested for convergence. If convergence is not achieved, the process will
be repeated.

Result and Analysis

a. Losses Reduction
The losses for three different algorithms which are EP, PSO and EPSO were compared with the original
network. In this paper, four cases are considered:

Case 1. The system is without feeder reconfiguration(Initial).

Case 2: The system is a network reconfiguration using PSO algorithm method.



Case 3: The system is a network reconfiguration using EP algorithm method.
Case 4: The system is a network reconfiguration using EPSO algorithm method.

Table 1. Analysis Result Of 33-Bus Test System

Parameters Case 1 Case 2 Case 3 Case 4
S(‘)"S;ﬁzc}" be 33,34,35,36,37 7.10.28,14,32 17,7,10,37.13 11,28,32,34
Total Power
Loss(kW) 202.7 126.4 125.2 120.7

Loss Reduction

(kW) - 76.3 77.5 82.0
Loss Reduction

(%) - 37.6 38.2 40.5

Table 1 displays the performance of PSO, EP and EPSO that has been tested using 33-bus distribution
system and summarizing with the numerical results for the four cases. The total power loss has been
value in distribution system when the EPSO is applied as the network reconfiguration method and it is
noticed as a considerable decrease. Thus, it is confirmed from case 2 and case 3 that the heuristic
methods are able to minimize the system power loss after reconfiguration from 202.7 kW to 126.4 kW
for case 2 and 125.2 kW for case 3.

In the other hand, the percentage of power reduction for case 2 and case 3 are 37.6% and 38.2%
respectively. The minimum power losses is observed in case 4 which is application of EPSO algorithm
as the optimization method, the final total power loss is decreased from initial 202.7 kW to 120.7 kW.
Thus, this EPSO method has lower loss reduction compare with other two methods (PSO and EP). From
the perspective of losses, using the EPSO has positively impacted in the analyzed power distribution
network, achieving value of 40.5% while the number of open switches is change to 11, 28, 32, 33, 34.

b. Computing Time

Meanwhile, regarding to the Table 2, the computing time for the EPSO method is 12.2 seconds faster
as compared to EP and PSO method. For the traditional PSO, it requires 54th iterations before it can
converge while the EPSO which implements the competition concept of EP requires only 39th number
of iteration before it converges.

Table 2. Performance of Computing Time

Parameters EP PSO EPSO
CPU time
(secs) 55.0 16.0 12.2
No.of th th
iteration 54 39

Fig. 3 details illustrate the comparison of CPU time based and the number of iteration of PSO and
EPSO to converge. As compared to the other EP and PSO methods during the simulation, EPSO
algorithm is accomplished of solving faster and converge them quickly within a short period of time.
Apart of that, the EPSO algorithm is also beneficial in term of consistency of the simulation results when
it is compared to conventional PSO. Fig. 4 shows the comparison of the consistency for both methods
after 12 times simulation of the programming.
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Fig. 3: Convergence performances Fig. 4: Consistency of simulation results

c. Voltage profile

Meanwhile, for the reconfiguration distribution network using EPSO, this proposed method does not
only give the lowermost total of losses, but also improves the voltage profile in the overall network
system. The voltage profile for the network after reconfiguration is demonstrated a significant
improvement as illustrated in Fig. 5. It also seen that bus voltages for all cases are within the allowable
range (0.99 to 1.00). Regarding to the Fig. 5, there are some improvements of 12.5% on voltage value
between buses 7 until 13 when EPSO is compared to PSO and EP. The increment of voltage value also
can be seen in bus 33 as improvement of 12.5% and the rest is equal between EP and EPSO.

The relationship between power losses with three heuristic methods is shown in Fig. 6. The EPSO
shows a great different after reconfiguration. It can be decided that the suggested method EPSO is a
better method for reconfiguration process since, the EPSO provides the better result compared to others
and its performance is better than traditional method
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Fig. 5: Voltage Profile for 33-bus Fig. 6: Comparisons of power losses
Conclusion

As a conclusion, the EPSO was successfully tested in IEEE 33-bus original distribution system and it
showed a better performance in term of power loss reduction and voltage profile. Meanwhile, the
proposed method requires less number of iteration and computing time to converge and also has the
better consistency for the simulation results. The conventional Particle Swarm Optimization (PSO)
algorithm is modified by substituting the concept of combination and selection method from
Evolutionary Programming (EP) algorithm that made it faster to find the optimal solution. Thus, it can be
said that this hybridization method is more effective and has better performance for network
reconfiguration when it compared to PSO and EP method.



References

[1] Sivanagaraju, S., Srikanth, Y. And Babu, E. Jagadish, “An  Efficient Genetic Algorithm for
Loss Minimum Distribution System Reconfiguration”, Electric Power Components and Systems, 34:
3, 249 — 258, 2006. (3)

[2] J.Z.Zhu, “Optimal reconfiguration of electrical distribution  network using the refined genetic
algorithm”, Electric Power Systems Research 62 (2002) 37-42

[3] Romeo M. Vitorino, Humberto M. Jorge, Luis P. Neves, “Network Reconfiguration using an
improved genetic algorithm for loss and reliability optimization in distribution system”, Instituto de
Engenharia de Sistemas e Computadores de Coimbra, no. 7, 2009.

[4] P.Ravibabu, M.V.S.Ramya, R.Sandeep, M.V.Karthik and S.Harsha “Implementation of Improved
Genetic Algorithm in Distribution System with Feeder Reconfiguration to Minimize Real Power

Losses”, IEEE, 2010.

[5] Zhenkun Li, Xingying Chen, Kun Yu, Yi Sun and Haoming Liu, “A hybrid particle swarm
optimization approach for distribution network reconfiguration problem”, IEEE, 2008.

[6] T. Sawa, “Radial network reconfiguration method in distribution system using mutation particle

swarm optimization”, IEEE  Bucharest Power Tech Conference, June 28" — 2" July 20009.

[71 Men-Shen Tsai and Wu-Chang Wu, “A novel binary coding particle swarm optimization for
feeder reconfiguration”, National Taipei University of Technology, Taipei, Taiwan, pp. 438 —
449,

[8] Anoop Arya, Yogendra Kumar and Manisha Dubey,“Reconfiguration of electric distribution
network using modified particle swarm optimization”, International Journal of Computer

Applications (0975 — 8887), volume 34 —no. 6, Nov  2011.

[9] Ying-Tung Hsiao, “Multiobjective evolution programming for feeder reconfiguration”, IEEE Trans.
on Power Systems, vol. 19, no. 1, Feb 2004.

[10] Y.H.Song, G.S.Wang, A.T.Johns, P.Y.Wang, “Distribution network reconfiguration for loss
reduction using fuzzy controlled evolutionary programming”, IEE Proc:-Gener., Transm., Distrib.,

vol. 144, no. 4, july 1997.

[11] Mohammad Solaimoni, Malihe M. Farsangi, Hossein Nezamabadi-pour, ‘“Multi-objective real
evolution programming and graph theory for distribution network reconfiguration”, University
Of Pitesti — Electronics and Compouter Science, Scientific Bulletin, no. 8, vol. 2, pp.74 — 80,
2008.

[12] Alexandre C. B. Delbem, Andre Carlos Ponce de Leon Ferreira de Carvalho, and Newton G. Bretas,
“Main chain representation for evolutionary algorithms applied to distribution system
reconfiguration”, IEEE Transactions on Power Systems, vol. 20, no. 1, Feb 2005.

[13] Angeline, P.J., “Using Selection to Improve Particle Swarm Optimization”, IEEE World Congress
on Computational Intelligence, vol., no. 4-9, 1998, pp. 84-89.

[14] Miranda, V.; Fonseca, N., “EPSO — Evolutionary Particle Swarm Optimization, a New Algorithm
with Applications in Power Systems”, IEEE Trans. on Transmission and Distribution Conference
and Exhibition 2002: Asia Pacific,pp. 745-750

[15] H.Moriand Y.Yamada, “EPSO-Based Method for State Estimation in Radial Distribution System”,
IEEE International Conference 2006, Oct 2006

[16] Tsung Ying Lee, “Optimal Spinning Reserve for a Wind Thermal Power System Using EIPSO”,
IEEE Trans. On Power Systems, Nov 2007

[17] Naing Win Oo, “A Comparison Study on Particle Swarm and Evolutionary Particle Swarm
Optimization Using Capacitor Placement Problem”. IEEE International Conference on Power and
Energy (PECon 08), Dec 2008

[18] Vale, Z.A.; Ramos, C.; Silva, M.R.; Soares, J.P.; Canizes, B.; Sousa, T.; Khodr, H.M., “Reactive
Power Compensation by EPSO Technique,” IEEE International Conference on Systems Man and
Cybernetics (SMC), 2010

[19] J.J. Jamian, H.Musa, M.W. Mustafa, H. Mokhlis, and S.S Adam, “Combined Voltage Stability
Index for Charging Station Effect on Distribution Network”, International Review of Electrical
Engineering-IREE, 2012


http://ezproxy.um.edu.my:2100/xpl/mostRecentIssue.jsp?punumber=8329
http://ezproxy.um.edu.my:2100/xpl/mostRecentIssue.jsp?punumber=8329
http://ezproxy.um.edu.my:2100/xpl/mostRecentIssue.jsp?punumber=5629466
http://ezproxy.um.edu.my:2100/xpl/mostRecentIssue.jsp?punumber=5629466

