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 Background: Network reconfiguration alters the topological structures of the 

distribution feeders by changing the open/close status of the sectionalizing and tie 

switches with a view of minimizing the network real power loss (RPL). Objective: The 
paper aims to develop a Dragonfly Optimization (DO) based reconfiguration scheme 

that reduces the RPL without incurring any additional cost for installation of capacitors 

and tap-changing transformers. DO is a nature inspired optimization technique that 
imitates the static and dynamic swarming activities of dragonflies. Conclusion: Test 

results on two distribution networks illustrate that developed method is robust in 

minimizing the RPL.  

 

Nomenclature: 

BBO  biogeography based optimization 

DO  dragonfly optimization 

DOS  DO based strategy 

 C   branch-to-node matrix that describes the topological structure of the distribution network 

km
i   current through a branch connected  between node-k and -m 

max

km
i   maximum permissible current through a branch connected  between node-k and -m 

nn   number of nodes 

nb   number of branches  

km
r    resistance of a branch connected  between node-k and -m  

RPL  real power loss 

jT   binary variable that represents the topological status of j -th branch. It  

equals ‘1’, if the tie/sectionalizing switch is closed, else its value is set as ‘0’ 

m
V   voltage at node-m 

Vmin  lowest node voltage seen in the network 

c
w  penalty factor for handling violation of line flow constraint 
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    a set of branches, whose current flow exceed the respective thermal  

 

INTRODUCTION 

 

Distribution networks that use primary or main feeders and lateral distributors, provide the final link 

between the high voltage transmission network and the consumers. The main feeder originates from the 

substation and passes through the major load centers, while the lateral distributors connect the individual load 

points to the main feeder through distribution transformers. Radial networks are popular because of their simple 

design and low cost. There are two types of switches in distribution networks, sectionalizing switches that are 

used to isolate the faulty network and tie switches are utilized to restore power to customers through another 

route in order to reduce interruption duration abnormal operation conditions. Each load point of the distribution 

network is fed by a route through the network components to the substation. Therefore changing the status of 

these switches will alter the power flow to loads and consequently affect the power loss. 

Network reconfiguration is an operation problem, which entails altering the topological structure of the 

distribution feeders by rearranging the status of open switches in order to obtain an optimal configuration that 

minimizes the network real power loss (RPL). A host of algorithms have been suggested for solving 

reconfiguration problem since Merlin and Back developed branch-and-bound technique (Merlin, 1975). 

Deterministic mathematical approaches involving Benders decomposition (Khodr et al., 2009), mixed-integer 

programming (Jabr et al., 2012; Taylor et al., 2012), switch exchange method (Civanlar et al., 1988; Goswami 

et al., 1992) and  heuristic algorithm (Shirmohammadi et al., 1989), which are usually fast but may not yield 

robust solution, have then been outlined. In addition, bio-inspired  algorithms such as hyper-cube ant colony 

optimization (Abdelaziz et al., 2012), bacterial foraging optimization algorithm (Sathish Kumar et al., 2012), 

particles swarm optimization (Andervazh et al., 2013), artificial immune systems (Oliveira et al., 2014), 

adaptive imperialist competitive algorithm (Mirhoseini et al., 2014), genetic algorithms (Gupta et al., 2014) and 

biogeography based optimization (Aruul Vizhiy et al., 2015)  have been applied in solving the  reconfiguration 

problems. These bio-inspired methods do impose fewer restrictions on the search space and do not require 

derivatives of the functions. 

Recently, a Dragonfly Optimization (DO), a meta-heuristic optimization technique imitated from the static 

and dynamic swarming activities of dragonflies, has been outlined for solving optimization problems (Seyedali, 

2015). It has been applied to a variety of optimization problems (Dharmendra et al., 2016, Hamdy et al., 2016, 

Rakoth Kandan et al., 2016) and found to yield satisfactory results.   

This paper endeavors  to use DO in solving the reconfiguration problem with a view of minimizing the RPL 

besides obtaining the global best solution. It presents the results of two radial networks for illustrating the 

performances.  

 

Proposed Method: 

Reconfiguration is necessary in distribution networks not only for minimizing the RPL but also improving 

the voltage profile (VP). The proposed DO based strategy (DOS) involves representation of a dragonfly with 

problem variables and formation of a fitness function. The decision variable in DOS is the open-switch 

numbers. Each habitat of the DO is therefore represented in vector form to denote the open-switches as  
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The fitness function can be formed as  
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An initial swarm of dragonflies is formed by generating random values within their respective limits. The 

fitness function is calculated by altering the network topology according to the status of open-switches of each 

dragonfly; and the exploration and exploitation phases, which represent social interaction of dragonflies in 

navigating and searching for foods and avoiding enemies, are performed for all the dragonflies in the swarm 

with a view of maximizing their finesses. The iterative process is continued till convergence. 

 

Numerical Results: 
The DOS is tested on two standard distribution networks. The first one is a 12.66 kV, 33 node network, 

which consists of 5 normally open switches and 32 normally closed switches. The normally open tie-switches 

are 33, 34, 35, 36 and 37, and the normally closed switches are 1 to 32. The line data and load data of this 

network are given in (Baran et al., 1989), and the total real and reactive power loads on the network are 3715 
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kW and 2300 kVar, respectively. The initial RPL of this network are 210.97 kW. The second test network is a 

12.66 kV, 69 node network comprising of 5 tie-loops. The network data of the initial configuration is available 

in (Kashem et al., 2001). The total active and reactive network loads are 3802.19 kW and 2694.60 kVar, 

respectively, and the initial RPL is 225  kW. 

The results for both the  networks, containing details of open-switches, RPL, lowest voltage magnitude 

(Vmin), before and after reconfiguration are compared with those of the existing methods published in 

(Goswami et al., 1992; Shirmohammadi et al., 1989; Aruul Vizhiy et al., 2015; Mohamed Imran et al., 2014; 

Srinivasa Rao et al., 2011; Mirhoseini et al., 2014; Dong-Li et al., 2015; Gomes et al., 2005; Zin et al., 2012; 

Baran et al., 1989) in Table-1. It is very clear from the results that the proposed DOS offers the lowest RPL of 

139.48 kW for for 33 node system, while for 69 node system, it is 98.59 kW, which are lower than those of the 

existing methods. Besides the Vmin is higher than existing methods and lies in between the lower and upper 

voltage limits.  

 
Table 1:  Summary of Results for 33 node network 

  Open-switches Losses (kW) Vmin 

33 node 

Initial Configuration 33,34,35,36,37 210.97 0.9038 

DOS 7,10,14,36,37 139.48 0.9378 

(Aruul Vizhiy et al., 2015) 7,9,14,32,37 139.53 0.9378 

(Goswami et al., 1992) 7,9,14,33,37 143.69 --- 

(Shirmohammadi et al., 1989) 7,10,14,32,37 140.26 --- 

(Mohamed Imran et al., 2014) 7,9,14,28,32 139.98 0.9413 

(Mirhoseini et al., 2014) 7,9,14,36,37 145.11 0.9336 

(Srinivasa Rao et al., 2011) 7,10,14,28,36 146.39 0.9336 

 

69 node 

Initial Configuration 69, 70, 71, 72, 73 225 0.9092 

DOS 69,70,14,58,61 98.59 0.9494 

(Aruul Vizhiy et al., 2015) 14, 57, 61, 69, 70 98.61 0.9495 

(Shirmohammadi et al., 1989) 11, 14, 21, 56, 62 106.67 --- 

(Baran et al., 1989) 15, 59, 62, 70, 71 99.62 --- 

(Dong-Li et al., 2015) 15, 59, 62, 70, 71 99.62 --- 

(Gomes et al., 2005) 14, 56, 62, 70, 71 99.71 --- 

(Zin et al., 2012) 15, 59, 62, 70, 71 99.62 --- 

 

 
Fig. 1: VP of DOS for 33 node system 
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Fig. 2: VP of DOS for 69 node system 

 

The VP for 33 and 69 node systems before and after reconfiguration is graphically plotted in Fig.1 and 2 

respectively. It can be observed from the figure that there is significant improvement in the VP after 

reconfiguration. It is very clear from these results that the proposed DOS  offers a better configuration that 

reduces network RPL for both the test networks. Even though VP is not considered as an objective, the proposed 

DOS is able to provide a good VP. 

 

Conclusion: 
Network reconfiguration alters the topological structures of the distribution feeders by changing the 

open/close status of the sectionalizing and tie switches with a view of minimizing the network RPL.  DO is a 

nature inspired optimization technique that imitates the static and dynamic swarming activities of dragonflies. A 

simple DO based reconfiguration scheme for RPL minimization of radial distribution networks has been 

developed. The method has been applied on two distribution networks. The results have indicated that the 

method is able to reduce the RPL besides offering a better VP without any additional infrastructural cost. The 

algorithm is suitable for practical implementation on networks of any size. The suggested method can further be 

improved by adaptively adjusting the DO parameters.  
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