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Abstract: With increase in industrial development, sub urbanization, and population growth, the 
energy demand is continuously increasing year by year. This excessive power demand has put a 
strain on the distribution network thus causing increased power losses (I2R) due to flow of 
electric current. It therefore becomes highly important to minimize power losses at distribution 
level in order toemaximize the operational efficiencyeof distributionl utilities. Network 
reconfiguration is one offthe effective way that has been used by the distribution utilities for 
distribution system loss minimization. In thisipaper, an ImprovediHarmonyiSearch Algorithm 
(IHSA) inspired from musician’s performance is presented to solveSnetwork reconfiguration 
problem with an objective torminimize distribution system power loss. The IEEE – 69ibus 
andiIEEE – 119ibus radial distribution networks haveibeen used toidemonstrate the efficacyrof 
therproposed method. The obtained simulation test results demonstrated that proposed IHSA 
achieved better quality of solutions and can be a promising and efficient optimization technique 
for solving distribution network reconfiguration problems. 

Keywords : Improved HarmonyWSearchWAlgorithm, Loss Minimization, Network 
Reconfiguration, RadialiDistributioniSystem 

NOMENCLATURE 

1Pn+ Realipower flowing outiof busi(n+1) Rn
ResistanceSofSthe branch 
line l 

1Qn+
Reactivespower flowinguoutsof bus 
(n+1) Xn

ReactanceRofRthe branch 
line l 

Pn
Realspower flowing through branch 
line l ,PT Loss

TotalTpowerTloss of the 
feeder 

Qn
ReactiveVpower flowingVthrough 
branch line l minV Busiminimum voltage 

( , 1)PLoss n n+
Realipowerilosses withintthe branch 
connecting buses niand (n+1) maxV Bus maximumivoltage 

( , 1)QLoss n n+
ReactiveRpower losses within the 
branchiconnecting buses niand (n+1) In

Current magnitude through 
branchrconnectingrbuses n 
and (n+1) 

( 1)PLoad n+ Realipoweridemand atibus(n+1) maxIn
Maximum current limit 
through branchiconnecting 
busesin and (n+1) 

( 1)QLoad n+ Reactiveipoweridemand atibus (n+1) A Bus incidence matrix 
Vn Voltage atibusin HSA Harmony Search Algorithm 

1Vn+ Voltageiatibus n+1 IHSA Improved Harmony Search 
Algorithml 

1. Introduction
The electric power supply chain consists of generating station, transmission network,

distribution system and end users load. Among all these segments of power sector value chain, 
distribution business segment has an important role as it is a final interface between the sector 
and end users. It affects to the cost of supplied energy, quality and reliability of electricity, and  
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any underperformance at distribution level pollutes the entire power sector value chain. The 
electric distribution network usually operated in a radial configuration because radial operation 
in comparison with mesh operation has many advantages such as easy voltage adjustment, better 
control of power flows, reduced occurrence of faults, uncomplicated coordinated of protection 
systems and reduced occurrence of faults [1]. Moreover, the distributioninetworks operateiat 
lowivoltage andihigh current, the powerjloss in thejsystem isihigh, and theivoltage regulationiis 
poor. According to the report published by World Bank in 2018 that only 25% of the total power 
loss takes place in transmission and sub-transmission system while 75% ofithe totalipower 
lossesiare occurringiin theipower distributioninetwork thus making the distribution segment 
technically inefficient [2]. Further, these huge power losses at distribution level increaseithe 
operatingicost of electriciutilities and consequentlyiresult in highicost ofielectricity supplied to 
end users. For the distribution system to operate in a reliable manner and provide high service 
quality to consumers, it therefore becomes imperative to increase the efficiency of distribution 
system and decrease its operating cost. One of the best possible way to achieve this is by 
minimizing the real power losses. Power loss minimization can be achieved using various 
methods such as distribution network reconfiguration (DNR), installation of capacitors, 
increasing the voltage level, and by optimally placing distributed energy sources [3]. Among 
these available techniques, the distributionisystem networkireconfigurationiis consideredito be 
the most effective technique for the electricity distribution operators since it requires less 
investment as it allows the utilization of already existing resources available with distribution 
utilities. 
    Distribution network reconfiguration refers to alter the networkrtopology byjopening 
andiclosingiof switches (switching status) that connect or disconnect the branches of the system 
so as to obtain best radial topological configuration. Figure 1 illustrates an example of the basic 
concept of network reconfiguration process by controlling sectionalize and tie switches to change 
the topology of the distribution system. 

Figure 1. Basic Concept of Network Reconfiguration Approach 

 As an alternative of loss minimization, the network configuration also offers other advantages 
that can be leveraged by the distribution system such as [4], [5]: 
a. Improve reliability of the distribution network.
b. Improve the voltage profile at all network buses.
c. Restrain the distribution line from being overloaded.
d. Help to restore supply to the demands when fault occurred.

In the present paper, the distributionEnetworkEreconfiguration problem is formulatedjas
aisingle objective function with a goal tojreduce thejsystem active power loss while fulfilling all 
the operating constraints of the system. The major challenge in implementing the 
distributionsnetworksreconfigurationsproblem is the consideration of high number of different 
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possible switching combinations in a network and analyse as the candidates of the optimal 
configuration. Thatais why the distributionanetwork reconfigurationaproblem is termedaas a 
combinatorial constrainedroptimization problem with arnonlinear, non-differentiablerobjective 
function. In theiexisting literature, several optimizationitechniques (or algorithms) withivarying 
degree of successihave been widely employedito solve network reconfigurationiproblem.  
    Merlin and Back [6] in 1975 were the first to propose an algorithmeto determine 
distributionrsystem reconfiguration with minimumspower loss. Their method was basedson 
branch and bound technique with all tie lines initially closed thus creating an arbitrarily meshed 
system, then the switch opening was continued until radial configuration was restored. Civanlar 
et al. [7] implemented a branch exchange method to determineithe changeiin powerilossesidue 
toiload switching fromioneifeeder toianother. The concept behind the method is that in a loop, a 
closed switch will replace the open switch to minimize power loss. The switching configuration 
which causes the maximum loss minimization is selected. However, the major drawback of this 
approach is that selection of a pair of switches is very time consuming, and further the procedure 
does not ensure that multiple switching options provide optimum solution. Shirmohammadi and 
Hong [8] appliedDheuristic algorithmDbased optimal power flowDanalysis to network 
reconfiguration foriminimising distribution feederilosses. Their approachibegins with aimeshed 
distributionssystem considering all tiesswitches closed.  At thatspoint, the switchessare then 
opened oneiafter another determined byioptimal power flowianalysis. Baran andiWu [9] applied 
a branchiexchange method using heuristicireconfiguration technique for feeder lossiminimization 
and loaddbalancing. Initially, incumbent spanningdtree (parent) is created anddall possible 
(children) trees are then checked by branch exchange method. Wagner et al. [10] 
presentedsreconfiguration algorithmsbased on solutionsof a linearstransportation problem. 
Quadraticgfeeder line sectionglosses were approximatedgby a piecewiseglinear function, 
permittingisolution usingistepping-stone algorithm. K Nara et al. [11] implemented a genetic 
algorithm approach for minimizing the power losses in distribution network. In the proposed 
algorithm, the system real power losseseand penalty valueseof voltageedropeand current 
capacity violations were represented by approximate fitness function, and radial configurations 
or sectionalizing switch status were described by genetic strings. Sarfi et al. [12] proposed 
dynamic programming approach forElossEminimization. In this approach, the 
distributionssystemsis first partitioned into groups of load buses, and then applied network 
partitioning theory to minimize losses within each group of buses. Ji – YuanrFan etral. [13] 
presentedia heuristic based single – loopioptimization technique wherein the switchiexchanges 
withinra loop is determined, and then a heuristic approach is applied tordevelop theroptimal 
switch plan to achieve optimal configuration that minimized power losses in meshed distribution 
networks. Kashem et al. [14] proposed artificial neural network (ANN) approach in the analysis 
of network reconfiguration for minimizing real power losses. Taleski and Rajicic [15] offered 
heuristic Branch Exchange optimization technique for minimizing power losses in radial 
network. In order to achieve reconfiguration, the loop that describes open tie switch is initially 
closed, and then opening the sectionalizing switch that produces maximum energy loss saving. 
Das [16] proposedkheuristic ruleskandkfuzzy multi-objective framework toksolve distribution 
networkireconfigurationiproblem. GoswamiiandiBasu [17] presented an optimum poweri 
flowipattern basediheuristic algorithmifor poweriloss minimizationiin radialidistribution 
systems. Theioptimum flow pattern with singleiloop formediby closing ainormallyiopeniswitch 
is determined, and thisiflow pattern wasiestablished in theiradial network byiopening aiclosed 
switch. Thisjprocedure was repeatedjuntil the minimumjlossjconfigurationswas obtained. In 
addition, the different optimization techniques that have been widely proposed by researchers in 
recent years toisolve distributioninetwork reconfigurationiproblem so asito minimizeipower loss 
include Refined Genetic Algorithm (RGA) [18, 19], Harmony Search Algorithm (HSA) [20], 
Bacterial Foraging Optimization Algorithm (BFOA) [21], Fireworks Algorithm (FWA) [22], 
Particle SwarmIOptimization (PSO) [5], Ant Colony SearchsAlgorithm (ACSA) [23], 
ModifiedSHoney BeeSMating OptimizationSAlgorithm (MHBMOA) [24], Plant Growth 
Simulation Algorithm (PGSA) [4], Modified Tabu Search Algorithm (MTS) [5], Improved Tabu 
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Search Algorithm [25], Uniform Voltage Distribution Based Constructive Reconfiguration 
Algorithm [26] , Hyper Cube – Ant Colony Optimization [27] , Modified Plant Growth 
Simulation Algorithm (MPGSA) [28], Salp Swarm Algorithm (SSA) [29], Heuristic Algorithm 
[30], etc., as well as Hybrid Optimization Algorithms [31, 32]. 
  In light of the above discussion, it is evident that for minimizing line losses in distribution 
network using network reconfiguration approach, heuristic and metaheuristic techniques have 
been mainly employed by most of the researchers in the prevalent literature, and moreover there 
has been observed a growing interest in nature inspired algorithms to optimally solveithe 
networkrreconfiguration problem. Inrthis paper, anrImproved HarmonyrSearch Algorithmris 
proposedgto solve distribution networkl reconfigurationgproblem. The benefits of IHSA include: 
identification of highiperformance regions ofisolution space in aireasonable run time, increased 
convergence speed, and high coverage of a given search space etc. The robustness of proposed 
IHSA is validated on two standard IEEE radial test systems – IEEE 69 and IEEE 119 bus system. 
Numerical resultsishow that the proposed IHSA is accurate and efficient, and has fast 
convergence rate in comparison with results available in the recent existing literature. 
 
2. Problem Formulation 
    Traditionally, utility companies have designed and developed power distribution systems as 
radial network topology, meant to carry electric power from the substation to all the existing 
loads interconnected to the network along a single path. Radialjdistribution networks 
oftenDfeature tie switchesDand sectionalizing switchesDmainly employed for system 
reconfiguration, powerEsupplyErecovery and fault isolation. TheseEswitches allowEfor 
reconfiguringsthe network topology, with thesobjectivesebeing enhancing reliability of the 
system, loadibalancing, voltageiprofile enhancement, and minimizing system powerilosses. In 
this paper, the distributionsnetworkrreconfigurationrproblem attempts to determine the best 
reconfiguration of radial distributionrsystem thatrminimizes total systemrpower lossesrwhile 
satisfying allioperating and technicaliconstraints such as radial topology of distribution system, 
thermal limits of feeder, and voltageiprofileiof theisystem. 
 
A. Power Flow Equations 
 Consider a singleilineidiagramqof a simple feeder – line configuration as shown in Figure 2, 
which consists of two buses n and (n+1), connected through a branch line [20]  

 
Figure 2. Singleilineidiagramiofia main feeder 

 
The computation of power flow is described by followinglsetiofirecursiveiequationslas: 

        
( )2 2

1 ( , 1) ( 1) ( 1)2
RnP P P P P P Q Pn n Loss n n Load n n n n Load n

Vn
= − − = − + −+ + + +

                   (1)                                   

      
( )2 2

1 ( , 1) ( 1) ( 1)2
QnQ Q Q Q Q P Q Qn n Loss n n Load n n n n Load n

Vn
= − − = − + −+ + + +

                 (2) 
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2 22 2 2 2 2 ( ) 1, 2, .......,1 2
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Vn

+
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     (3) 
 The realjpowerilossesiinitheibranch section connecting nth and (n+1)th bus isicomputed 
using following equations: 

( )2 2

( , 1) 2

P Qn n
P RLoss n n n

Vn

+
=+

(4) 
 The total realspower lossessof radialsdistributionsnetwork having NB buses may be 
determined by summingiall theiline lossesiasifollows: 

( , 1),
1

NB
P P n nT Loss Loss

n
= +∑

= (5) 

B. Objective Function
The system active power loss minimization without the violation of the system constraints is

the main objective of distribution network reconfiguration in the present paper. The objective 
function is therefore formulated as:  
        Minimize f = min ( Loss,TP )         (6) 
  Subjectito theifollowingioperating constraints: 
a. Poweribalance:

   
( ),

1 1

NB NB
P P PnGen n Loss n

n n
= +∑ ∑

= = (7) 
i.e. total active power fed to the network must balance the totaliload poweridemandiand

totaliactive powerilosses. 

b. Bus voltage constraint:
min maxV V Vn≤ ≤ (8) 

i.e. operating voltage at all buses of the system musttlie withintthe specifiedtlimits of minimum
and maximum voltages.

c. Line thermal limits:
maxI In n≤ (9) 

i.e. all the feeder lines must operate within their thermal limits.

d. The radial structure of the distribution network must be ascertained.

        

det[ ] 1 1 ( )
det[ ] 0 ( )

Bus incidence matrix or for radial network
Bus incidence matrix for non radial network

= −
= −     (10) 

3. Overview of Harmony Search Algorithm (HSA) anddImproved HarmonysSearch
Algorithm (IHSA)

A. HarmonyiSearchiAlgorithm
In recenteyears, nature inspired heuristicrand meta – heuristicroptimizationralgorithms find

widespread use in providing optimal solution for optimization problems of industrial and 
scientific importance. The harmonyisearch (HS) developedibyiGeem et al. [33]  is an  emerging 
meta – heuristicioptimization technique conceptualized from the music improvisationiprocess 
whereia groupiof musicians collectively tune their musical instruments’ (population members) 
pitches developing a perfect state of pleasing harmony (globalSoptimumSsolution) as 
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determinedkby aesthetic standard (fitness function). In comparison to other optimization 
techniques, HSA is easy to implement, better robustness, and reduces the number of iterations 
for converging towards optimal solution. 
 
      The analogy between improvisation and optimization is shown in the tabular form as follows: 
                      Table 1. Analogyibetweeniimprovisation andioptimization 

Improvisation Optimization 
Musiciani / Music Player DecisioniVariable 
MusicaliInstrument PitchiRange DecisioniVariableiRange 
Harmony Solution Vector 
Audience Aesthetics Objective Function 

 
The major steps in implementing HSA are explained as follows:  
Step 1: Optimization Problem Description and HSA Parameters Initialization 
Initially, the optimization problem with constraints is formulated in termsiof theiobjective 

function ( )f x : Minimizeif(x)isubject to L i Ux x x≤ ≤ , in whichi { }1,2,3,......,i D∈ , Lx
and Ux  aretthe lowertand uppertbounds for the decisionsvariables, and D isrthe numberrof  
decision variables. Thercontrol parameters that govern the performance of HSA: Harmony 
Memory Considering Rate (HMCR), Harmony Memory Size (HMS), PitchrAdjustmentsRate 
(PAR), Adjusting Distance Bandwidth (bw), and Stopping Criteria (i.e., number of improvisation 
(NI) areialso initiated inithis step. Here, HM is the repository of solutionivectors; HMCRjand 
PAR arejused tojimprove thejsolutionjvector. 
 
Step 2: HarmonyiMemoryiInitialization 
In this step, Harmony Memory (HM) matrix, isifilled withirandomly constructed HMSisolution 
vectors.  

 

1 1 1 1
1 2 1
2 2 2 2
1 2 1

1 1 1
1 2 1

1 2 1

x x x xNN

x x x xNN
HM

HMS HMS HMS HMSx x x xNN
HMS HMS HMS HMSx x x xNN

 
− 

 
 −
 

=  
 − − −
 −
 
  − 





    




                                    (12) 

 
Step 3: New Harmony Improvisation 

 In this stage, a new solution ( )1 2, ,............, Nx x x x′ ′ ′ ′=


 termed as harmonyivector 
isigenerated basedron memoryrconsideration, random initialization, and pitchtadjustment. The 
generation of new harmony memory is known as improvisation. Intthe memorytconsideration, 
thejvalue of each component is updated as follows: 

       

( ( ) )
1 2 3{ , , .........., }

if rand HMCR
HMSx x x x x xi i i i i i

else
x x Xi i i
end

<

′ ′← ∈

′ ′← ∈

                                       (13) 
 Where rand ( ) isia random number uniformlyidistributed in the range of 0 and 1, and 𝑋𝑋𝑖𝑖 is 
the value space of the 𝑖𝑖th variable. HMCR, which lies in the range [0,1], isithe 
rateiofiselectingione valueifrom already stored historicaltvaluestin theiHM whereas the ratel of 
randomlytselecting oneivalue fromithe possibleirange ofivalues is denoted by (1 – HMCR). 
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 Eachjcomponent obtainedjby the memory considerationjis examined tojdetermine whetherjit 
shouldjbe pitch adjusted. ThejPAR parameter istthe rate of pitch-adjustment. Thisroperation uses 
the rate of pitchjadjustment asia parameter as follows: 

   

( ( ) )
( )

if rand PAR
x x rand bwi i

else
x xi i
end

<
′ ′= ± ∗

′ ′=

                                         (14) 
 Where bw isian arbitraryidistance bandwidth forithe continuousivariable designiand rand ( ) 
is a uniformlyidistributed randominumber (rand∈[-1,1]). 
 
Step 4: Harmony Memory Updation 

If the fitness value of the newiharmony vector ( )1 2, ,............, Nx x x x′ ′ ′ ′=


is betterithan 
theiworst fit harmony, the worst harmony iniHM is then substituted by the new harmony. 
Step 5: Check thetStoppingiCriterion 
If the termination criterion (i.e. maximumSnumber ofSiterations) is reached, stop the 
computation. Otherwise, stepsi3iandi4 areirepeated. 
 
B.  ImprovediHarmonyiSearch Algorithm (IHSA) 
        The performance of HSA reveals that although this algorithm is good in finding out the 
highrperformance regions of thersolution space inra short timetbut weak in performing local 
searchifor numerical optimization applications. Toiimprove theiperformance ofiHSA technique 
and overcome the drawbacks involved in the fixedivaluesiof PARiand bw, Mahdavi et al. [34] 
proposed an improved version of traditional HSA called as ImproveddHarmonydSearch 
Algorithm (IHSA). The IHSA usesjvariable PARjand bw values intthe improvisationrstep to 
improve the performance of the HAS. The PAR and bw valuestchange dynamicallyIwith the 
generationinumber expressediasifollows: 

   

( )max min( ) min
PAR PAR

PAR gn PAR gn
NI
−

= + ∗
                                                            

      
min( ) exp lnmax
max

bwgnbw gn bw
NI bw

  
= ∗ ∗                                                                          (15) 

where minPAR and maxPAR  indicate the minimum and maximum pitch adjusting rates, 
respectively.  gn and NI denote the generation number and the maximum number of iterations, 
respectively. Also, bw (gn) is bandwidth for each generation, minbw and maxbw indicate the 
minimum and maximum bandwidths. 
 
4. Simulation Results and Discussions 
   For evaluating and validating the efficacy ofDthe proposedDmethod, it was implemented 
anditestedion two standardiIEEE radial bus networks – IEEEi69 – busiandiIEEE 119 – 
busidistribution testisystems. Iniorder toianalyse theirobustness of theiproposedimethod in 
comparison with other optimization techniques found in the existing literature for achieving the 
function of distribution power loss minimization, two different cases are considered while 
simulating the network: 
Case I (Base Case): The system is without reconfiguration. 
Case II (Network Reconfiguration Performed): Same as case I except distribution network 
reconfiguration problem is performed.  
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 The proposed optimization algorithm was implemented by developing a computer program 
that is simulated in MATLAB R2014b and run on an Intel Core i3 processor having 3 GHz, 4GB 
personal computer. 
 The range of IHSA parameters considered in simulating the distribution network for 
optimized reconfiguration are shown in Table 2. 
 

Table 2. Range of IHSA Parameters 
IHSA Parameters Values / Ranges 

Harmony Memory Considering Rate (HMCR) 0.95 

Size of Harmony Memory (HMS) 30 

Minimum Value of Pitch Adjustment Rate (PARmin) 0.01 

Maximum Value of Pitch Adjustment Rate (PARmax) 0.99 

Minimum Bandwidth (bwmin) 0.0001 

Maximum Bandwidth (bwmax) 1.0 

Maximum Number of Iterations 10 

Number of Improvisations 5000 

 
A. Test System II – IEEE 69 – BusiRadialiDistributioniSystem 
 TherIEEE 69 busris a standard 12.66 kV medium scale distribution system consists of 68 
sectionalizing switches labelled from 1 – 68, 5 tie switches from 69 – 73, 69 nodes and 73 
branches [35]. The total load demand for this network are 3.802 MW and 2.694 MVAr, 
respectively. Further, to evaluate the performanceiofiproposedjIHSA, three loadjlevels: light 
load (0.5), nominalkload (1.0), and overload (1.5) are considered while performing the 
simulation of network for optimized reconfiguration. The base case (i.e. before reconfiguration) 
network power loss calculated from the load flow at three load conditions are: 56.51 kW (light 
load), 224.95 kW (nominal load) and 665.32 kW (heavy load). The initial nominal bus system 
voltage is 0.9091 p.u. The sectionalizing switches that are initially opened in normal operation 
are – SW1-69, SW1-70, SW1-71, SW1-72, SW1-73. The initial configurationiof 69 – bus 
distribution system isidepictediiniFigure 3. and the results obtained by the proposed IHSA for 
two different scenarios are presented in Table 3. 
 

 
Figure 3. IEEE 69 – bus test system 
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Table 3. Resultsiofi69 – BusiSystem 

Scenario LoadiLevel 
!LightiLoad (0.5) Nominal Loadi(1.0) Heavy!Loadl(1.5) 

Scenario – I 
(i.e. Base Case) 

Switches 
Opened 

l SW1-69,l SW1-70,l 
SW1-71,l SW1-72,l 

SW1-73 

l SW1-69,l SW1-70,l 
SW1-71,l SW1-72,l 

SW1-73 

SW1-69,l SW1-70,l 
SW1-71,l SW1-72,l 

SW1-73 
Power Loss 

(kW) 56.51 224.95 665.32 

Minimum 
Voltage (p.u) 0.9576 0.9091 0.8454 

Scenario – II 
(i.e. Network 

Reconfiguration 
Implemented) 

Switches 
Opened 

l SW1-14,l SW1-15,l 
SW1-61,l SW1-69,l 

SW1-70 

l SW1-14,l SW1-15,l 
SW1-61,l SW1-69, 

l SW1-70 

l SW1-14,l SW1-15,l 
SW1-61,l SW1-69,l 

SW1-70 
Power Loss 

(kW) 26.12 99.45 271.39 

% Loss 
Reduction 53.77 55.79 59.20 

Minimum 
Voltage (p.u) 0.9723 0.9495 0.9050 

 
 Table 4. Comparison of Simulation Results for IEEE 69 – busiradialidistributionisystem for 
Nominal Load Condition 

Case Item ITS [25] RGA [18] GA [11] UVDA 
[26] 

FWA 
[22] ACSA [23] Proposed 

IHSA 

Scenario I 
(Base Case) 

Switches kept 
open 

SW1-69,  
SW1-70, 
SW1-71,  
SW1-72,  
SW1-73 

SW1-69, 
 SW1-70, 
SW1-71, 
 SW1-72, 
SW1-73 

SW1-69, 
SW1-70, 
SW1-71, 
SW1-72, 
SW1-73 

SW1-69,  
SW1-70, 
SW1-71,  
SW1-72, 
SW1-73 

SW1-69, 
SW1-70, 
SW1-71, 
SW1-72, 
SW1-73 

SW1-69, 
SW1-70, 
SW1-71, 
SW1-72, 
SW1-73 

 SW1-69, 
SW1-70, 
SW1-71, 
SW1-72, 
SW1-73 

Power iLoss - 
PL (MW) 0.2249 0.2249 0.2249 0.2249 0.2249 0.2249 0.2249 

Vmin (p.u) 0.9091 0.9091 0.9091 0.9091 0.9091 0.9091 0.9091 

Scenario II 
(Network 
Reconfiguration 
Performed) 

Switches kept 
open 

SW1-14,  
SW1-57, 
SW1-69,  
SW1-61, 
SW1-70 

SW1-13, 
SW1-17, 
SW1-61, 
SW1-55, 
SW1-69 

SW1-14, 
SW1-53, 
SW1-70, 
SW1-61, 
SW1-69 

SW1-14, 
SW1-58, 
SW1-61, 
SW1-69, 
SW1-70 

SW1-69, 
SW1-70, 
SW1-14, 
SW1-56, 
SW1-61 

SW1-69, 
SW1-70, 
SW1-14, 
SW1-57, 
SW1-61 

SW1-14, 
SW1-15, 
SW1-61, 
SW1-69, 
SW1-70 

Power iLoss - 
PL (MW) 0.1010 0.1002 0.1032 0.1013 0.1057 0.1022 0.0994 

Vmin (p.u) 0.9323 0.9428 0.9411 0.9256 0.9428 0.9432 0.9495 
Loss 
Reduction 
(%) 

55.09 55.44 54.11 54.95 53.00 54.55 55.80 

 
 As seen from the results obtained in this table that afteriperformingiproposedireconfiguration 
problemtbasedton IHSA for IEEE 69 – bus system, switches: SW114, SW155, SW161, SW169, 
SW170 areiopenediand theinetwork lossesiare reduced fromi224.95 kW (i.e. base case) to 98.59 
kW (i.e. scenario 2). For normal loading condition, the corresponding percentage ofspowerrloss 
reductioniis 55.79%, and theivoltage magnitude after reconfiguration raised to 0.9495 p.u.  
 The comparison between the resultstobtained withtthe proposedtmethod and otherrmethods 
found in the existing literature is presented in Table 4. The comparative analysis signify that thei 
proposed method is effective and efficient in bringing down the distribution loss and improving 
the system bus voltage profile. 
 The comparison of power loss reduction percentages foroIEEE 69 – busoradialasystem is 
depicted in Figure 4. 
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Figure 4. Comparison of power loss reduction percentages foriIEEEi69 – busisystem 

 
 Further, the voltage profile curves for both the scenarios obtained by proposed IHSA method 
for nominal load is shown in Figure 5. 

 
Figure 5. Voltage Profile Improvement for both the scenarios at nominal load by IHSA for 

IEEEi69 – busisystem 
 
  Theicomparison of convergence characteristics regarding to realipowerilossifor IEEE 69 – 
busisystemiis presented in Figure 6. Itiisiobservedifrom the Figure, thatitheiproposed, methodias 
comparedito other approaches converges faster for reconfiguration scenario.  
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Figure 6. Comparison of convergence characteristics for IEEE 69i– busiradialidistribution 

system 
 
B. Test System II – IEEE 119 – BusjRadialjDistributionjSystem 
 TheiIEEE 119 – nodeisystemiis a largeiscale radialidistribution network comprising of 119 
nodes, 118 sectionalizing switchessand 15 ties switches [29]. Thessystem totalsactive and 
reactiveiloads arei22.709 MW andi17.041 MVAr, respectively. Theiinitialisystemireal power 
lossiand initial busivoltage before reconfiguration are 1.298 MW and 0.8688 p.u. The initial 
opened tie switches are: SW1118 – SW1119 – SW1120 – SW1121 – SW1122 – SW1123 – SW1124 – SW1125 
– SW1127 – SW1128 – SW1129 – SW1130 – SW1131 – SW1132. Theisingleilineilayout of 119 – 
busisystem is demonstrated in Figure 7.  
 Similar to IEEEi69 busiradial distributioninetwork, thisi119 busiradial distributionisystem is 
likewise simulated for both the situations (i.e. base case and network reconfiguration scenario) 
at same three distinct loadingiconditions viz lightiload, nominaliload andiheavyiload, and the 
findings obtainediby theiproposed IHSAiincluding optimal tietswitches configuration, power 
loss, percentage lossireduction and minimumip.u. voltage are shown in Table 5. As can be seen 
fromithe results obtained that after implementing reconfiguration scenario using IHSA, the 
system active power loss reducedrfroms1.298 MW to 0.8523 MW, andsminimumsbus 
voltageiimprovedifromi0.86880 p.u. toi0.9324 p.u. Further, the proposed IHSA determined the 
optimal opened switches: SW123 – SW125 – SW134 – SW139 – SW142 – SW150 – SW158 – SW171 – 
SW174 – SW195 – SW197 – SW1109 – SW1121 – SW1129 – SW1130. 
In Table 6, the results obtained by various methods existing in the literature are compared with 
proposed IHSA approach. It is observed from the outcomes of Table 6, thatitheiproposed 
methodias comparedito otherimethods provide better solution for minimizationiofidistribution 
networkiactiveipowerilossiand improvement of voltageiprofile.  
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Table 5. Results of 119 – Bus System 

Scenario 
Load Level 

LightiLoad 
(0.5) 

NominaliLoad 
(1.0) 

HeavyiLoad 
(1.5) 

Scenario – I 
(i.e. Base Case) 

Switches 
Opened 

SW1118 – 
SW1119 – 
SW1120 – 
SW1121 – 
SW1122 – 
SW1123 – 
SW1124 – 
SW1125 – 
SW1127 – 
SW1128 – 
SW1129 – 
SW1130 – 
SW1131 – 
SW1132 

SW1118 – SW1119 
– SW1120 – 

SW1121 – SW1122 
– SW1123 – 

SW1124 – SW1125 
–  SW1127 – 

SW1128 – SW1129 
– SW1130 – 

SW1131 –  SW1132 

SW1118 – 
SW1119 –SW120 

– SW121 – 
SW1122 – 
SW1123 – 
SW1124 – 
SW1125 – 
SW1127 – 
SW1128 – 
SW1129 – 
SW1130 – 
SW1131 – 
SW1132 

Power Loss 
(MW) 0.658 1.298 1.845 

Minimum 
Voltage (p.u) 0.9025 0.8688 0.8025 

Scenario – II 
(i.e. Network 

Reconfiguration 
Implemented) 

Switches 
Opened 

SW123 – SW125 
– SW134 – 
SW139 – SW142 
– SW150 – 
SW158 – SW171 
– SW174 – 
SW195 – SW197 
– SW1109 – 
SW1121 – 
SW1129 – 
SW1130 

 

SW1123 – SW125 
– SW134 – SW139 
– SW142 – SW150 
– SW158 – SW171 
– SW174 – SW195 
– SW197 – 
SW1109 – SW1121 
– SW1129 – 
SW1130 
 

SW123 – SW125 
– SW134 – 
SW139 – SW142 
– SW150 – 
SW158 – SW171 
– SW174 – 
SW195 – SW197 
– SW1109 – 
SW1121 – 
SW1129 – 
SW1130 
 

Power Loss 
(MW) 0.4527 0.8523 1.1771 

% Loss 
Reduction 31.2 34.33 36.20 

Minimum 
Voltage (p.u) 0.9568 0.9324 0.9050 
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Figure 7. Singleilineidiagramiof 119 – bus radialidistributionisystem 

 
 

 
Figure 8. Comparisoniofipower loss reduction percentages for IEEE 119 – bus system 
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Table 6. Comparison of Simulation Results for IEEE 119 – bus radial distribution system for 
Nominal Load Condition 

Case Item ITS 
 [25] 

RGA 
[32] 

GA  
[11] 

MTS 
 [5] 

FWA 
[22] 

CSA 
 [36] 

Proposed 
IHSA 

Scenario I 
(Base 
Case) 

Switches 
kept open 

SW1118 – 
SW1119 – 
SW1120 – 
SW11121 
– SW1122 
– SW1123 
– SW1124 
– SW1125 
– SW1127 
– SW1128 
– SW1129 
– SW1130 
– SW1131 
– SW1132 

SW1118 – 
SW1119 – 
SW1120 – 
SW1121 – 
SW1122 – 
SW1123 – 
SW1124 – 
SW1125 – 
SW1127 – 
SW1128 – 
SW1129 – 
SW1130 – 
SW1131 – 
SW1132 

SW1118 – 
SW1119 – 
SW1120 – 
SW1121 – 
SW1122 – 
SW1123 – 
SW1124 – 
SW1125 – 
SW1127 – 
SW1128 – 
SW1129 – 
SW1130 – 
SW1131 – 
SW1132 

SW1118 – 
SW1119 – 
SW1120 – 
SW1121 – 
SW1122 – 
SW1123 – 
SW1124 – 
SW1125 – 
SW1127 – 
SW1128 – 
SW1129 – 
SW1130 – 
SW1131 – 
SW1132 

SW1118 – 
SW1119 – 
SW1120 – 
SW1121 – 
SW1122 – 
SW1123 – 
SW1124 – 
SW1125 – 
SW1127 – 
SW1128 – 
SW1129 – 
SW1130 – 
SW1131 – 
SW1132 

SW1118 – 
SW1119 – 
SW1120 – 
SW1121 – 
SW1122 – 
SW1123 – 
SW1124 – 
SW1125 – 
SW1127 – 
SW1128 – 
SW1129 – 
SW1130 – 
SW1131 – 
SW1132 

SW1118 – 
SW1119 – 
SW1120 – 
SW1121 – 
SW1122 – 
SW1123 – 
SW1124 – 
SW1125 – 
SW1127 – 
SW1128 – 
SW1129 – 
SW1130 – 
SW1131 – 
SW1132 

Power 
Loss - PL 

(MW) 
1.298 1.298 1.298 1.298 1.298 1.298 1.298 

Vmin (p.u) 0.8688 0.8688 0.8688 0.8688 0.8688 0.8688 0.8688 

Scenario II 
(Network 

Reconfigur
ation 

Performed) 

Switches 
kept open 

SW142  - 
SW126 - 
SW123 - 
SW151 - 
SW119 - 
SW158 - 
SW134 - 
SW139 - 
SW174 - 
SW195 - 
SW171 - 
SW197 - 
SW1129 - 
SW1130 - 
SW1109 

SW142 – 
SW126 – 
SW122 – 
SW151 – 
SW148 – 
SW161 – 
SW139 – 
SW1125 – 
SW173 – 
SW172 – 
SW176 – 
SW182 – 
SW132 – 
SW1109 – 
SW1130 

SW142 – 
SW160 – 
SW123 – 
SW161 – 
SW148 – 
SW173 – 
SW134 – 
SW139 – 
SW172 – 
SW176 – 
SW182 – 
SW130 – 
SW1125 – 
SW1109 – 
SW1119 

SW142 – 
SW126 – 
SW123 – 
SW151 – 
SW1122 – 
SW158 – 
SW139 – 
SW195 – 
SW174 – 
SW171 – 

S97 – 
SW1109 – 
SW134 – 
SW1129 – 
SW1130 

SW142 – 
SW125 – 
SW123 – 
SW1121 – 
SW150 – 
SW158 – 
SW139 – 
SW195 – 
SW171 – 
SW174 – 
SW197 – 
SW1129 – 
SW134 – 
SW1109 – 
SW1130 

SW142 – 
SW125 – 
SW123 – 
SW1121 – 
SW150 – 
SW158 – 
SW139 – 
SW195 – 
SW171 – 
SW174 – 
SW197 – 
SW1129 – 
SW134 – 
SW1109 – 
SW1130 

SW23 –SW25 
–SW34 –

SW39 –SW42 
–SW50 –

SW58 –SW71 
– SW74 –

SW95 –SW97 
–SW109 –
SW121 – 
SW129 –
SW130 

Power 
Loss - PL 

(MW) 
0.8802 0.8860 0.8658 0.8598 0.8732 0.8550 0.8502 

Vmin (p.u) 0.9323 0.9323 0.9298 0.9254 0.9269 0.9278 0.9324 
Loss 

Reduction 
(%) 

32.18 31.70 33.29 33.75 32.72 34.12 34.49 

 
 For IEEE 119 – buseradial distributionesystem, the comparisonnof powernlossnreduction 
percentages, and the voltageiprofile curves for both the scenarios obtained by proposed IHSA 
atinominal loadiis depicted iniFigure 8 and Figure 9. 
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Figure 9. Voltage Profile Improvement for both the scenarios at nominal load by IHSA for 

IEEE 119 – bus system 
 
 The curve in Figure 10. indicates that the IHSA gives faster solution (i.e. less computation 
time) for reconfiguration scenario. 

 
Figure 10. Comparison of convergence characteristics for IEEE 119 – bus radial 

 distribution system 
 
   Based on the findings obtained for both the IEEE test systems i.e. IEEE 69 – bus, and IEEE 
119 – bus distribution system, itiis observedithat theirobustness ofithe proposed IHSAimethod 
is superior compared tosother state – of – the art methodologies available insthesprevalent 
literature. Further, theSresults also reveal that the proposed IHSA method has better optimization 
capabilities forksolving the large scale distributionknetworkkreconfiguration problem. 
 
5. Conclusions 
      Inspired from musical harmony, ansImproved MusicsBased HarmonysSearchsAlgorithm 
(IHSA) for solving distribution networkjreconfiguration problem for both medium scale and 
largerscale radialrdistributionrsystem hasrbeen presented in the present paper. The proposed 
optimization algorithm establishes the optimized configuration of the network with main 
objective being active power loss minimization while considering operating constraints. The 
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IEEE 69 – bus andiIEEE – 119 busidistributionisystems atithreeidifferentiloading conditions 
namelyilight load, nominaliload and heavyiload have been considered to validate the efficacy of 
the proposed IHSA method. The empirical findings reveal thatsthesproposed method as 
comparedrtorotherrmethods has high convergence speed in solving network reconfiguration 
problem and found to be effective and efficient in reducing the system power loss. The 
computational results also demonstrated that IHSA has significant potential in handling with 
large scale network reconfiguration problem. Moreover, the results also signify that the proposed 
IHSA in comparison with other available methods provide better quality of solutions initerms 
ofipower lossireduction and enhancement of voltageiprofile. So, iniview of the above discussion, 
it can be concluded that proposed IHSA methodscan be asvery promisingsand powerful approach 
foridealingiwith network reconfiguration problem. 
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