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ABSTRACT-The operation and control of the distribution network is more complex due to the system loads which vary 
from time to time. In this case, the power loss will not be minimum for a fixed network configuration. So, there is a need 
for network reconfiguration from time to time. Network Reconfiguration is a complex combinatorial optimization process 
aimed at finding a radial operating structure that minimizes the system power losses. This paper proposes a recently 
developed meta heuristic Harmony Search Algorithm which is conceptualized using the musical process of searching for a 
perfect state of harmony. This algorithm describes sensitivity analysis for identifying the optimal locations of distribution 
generation units, which in turn reduces the real power loss and improves the voltage profile in the distribution systems. To 
study the performance of the proposed method, reconfiguration of network and different scenarios of DG unit locations are 
considered simultaneously. For finding the objective function, the constraints of voltage profile of the system, branch 
current carrying capacity of the feeder, radial structure of the distribution system are included. Simulations are carried out 
on 33-bus system in order to validate the proposed algorithm. 
 
KEYWORDS- Complex combinatorial, Distributed generation, Harmony Search, Meta heuristic, Network 
reconfiguration. 
 
 

I. INTRODUCTION 
 

Distribution systems are normally configured radially for effective coordination of their protective devices. Due to the 
uncertainty of system loads and increased power demand, the operation of distribution system becomes complicated. 
Studies indicated that about 70% of total losses occur in distribution system only[1]. In order to reduce the required load 
demand and to reduce the power loss, the system must be expanded by increasing the substation capacity and number of 
feeders. However, this may not be easily achieved due to various constraints. So, power loss minimization techniques are 
employed to provide more capacity margin for the substation to meet the load demand. 

 
Power loss reduction is one of the main targets in a power company aimed for increasing the profit margin. Although 

many techniques are available for reducing losses at the distribution level, network reconfiguration and distributed 
generation installation are most effective. Power loss in a distributed network will not be minimum for a fixed network 
configuration. So, there is a need for reconfiguration from time to time. Network reconfiguration is the process of altering 
the topological structure of feeders by changing the open/close status of sectionalizing and tie switches. Since many 
network reconfiguration combinations are possible, choosing the best optimal structure, without violating the constraints is 
a difficult task. Also the selection of best locations and size of DG units is also difficult. The advantages obtained from 
feeder reconfiguration are, for example, real power loss reduction, balancing system load, bus voltage profile improvement, 
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increasing system security and reliability, and power quality improvement. For heavy reactive power loads, network 
reconfiguration and for heavy active power loads, distributed generation placement cannot effectively reduce the real power 
losses[1]. If these two methods are compinedly optimized, better results will certainly be obtained than that of any one 
method. So far, both the network reconfiguration and DG placement are considered seperately. In the proposed method, 
they are dealt simultaneously. Since network reconfiguration and distribution generation placement are complex 
combinatorial, non differentiable constrained optimization problem, many algorithms are poposed in the past.  

 
Merlin and Back first proposed the network reconfiguration problem using branch and bound technique. Civanlar et al. 

Suggested heuristic algorithm. Nara et al.  Presented a solution using genetic algorithm. Zhu presented a refined genetic 
algorithm. In this paper, HSA has been proposed to solve the distribution system network reconfiguration problem in the 
presence of distributed generation. The algorithm is tested on 33 bus system and has been coded in MATLAB language. 

 
 This paper organized as follows. In Section II, the problem formulation is given; Section III outlines the Harmony 

Search Algorithm; Section IV provides the application of HSA; Section V develops the test results and Section VI gives 
conclusions.  

 
II. FORMULATION OF OPTIMIZATION PROBLEM  

A. Objective Function 
The objective of the present optimization problem is to minimize the network power loss and maximize the voltage 

regulation. The imposed operating constraints are voltage profile of the system, current carrying capacity of the feeder and 
radial structure of distribution system. The objective function is given by, 
 
                         Maximize f = max ( ௅ܲைௌௌ

ோ  +  ௅ܲைௌௌ
஽ீ  )             

                         Subjected to ௠ܸ௜௡  ≤ | ௞ܸ| ≤ ௠ܸ௔௫               
                         and หܫ௞,௞ାଵห ≤ หܫ௞,௞ାଵ,௠௔௫ห                         

∑ ܲீ ௄
௡
௞ୀଵ  ≤ ∑ ( ௞ܲ

௡
௞ୀଵ  + ௅ܲ௢௦௦,௞)                                                                                                                                  (1) 

                        det(A) = 1 or -1 ( radial)                         
                  det(A) = 0 (not radial)                                     
 
where  
 ௅ܲைௌௌ

ோ   -Net power loss reduction with reconfiguration 
 ௅ܲைௌௌ

஽ீ    -Net power loss reduction with DG 
௠ܸ௜௡         -Minimum bus voltage 
௠ܸ௔௫         -Maximum bus voltage 

  ௞,௞ାଵ      -Current in the line section between buses k and k+1ܫ 
     ௞,௞ାଵ,௠௔௫ -  Maximum current limit of line section betweenܫ
                   buses k and k+1 
௞ܲ             - Real power flowing out of bus k 
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B. Power Flow Equations 

 
                                                             Fig 1. Single-line diagram of a main feeder. 
By the following equations, the power flows are computed. 
P୩ାଵ =  P୩ - 

ୖౡ
|୚ౡ|మ {P୩ଶ + ( Q୩ + Y୩ |V୩|2 ) 2 } - P୐୩ାଵ       (2) 

Q୩ାଵ= Q୩ - 
ଡ଼ౡ

|୚ౡ|మ {P୩ଶ + ( Q୩ + Y୩ଵ |V୩|2 ) 2 } - Y୩ଵ|V୩|2 - Y୩ଶ|V୩ାଵ|2 - Q୐୩ାଵ    (3) 

|V୩ାଵ|2=|V୩|ଶ+ୖౡ
మାଡ଼ౡ

మ

|୚ౡ|ଶ
(P୩ଶ+(Q୩+Y୩|V୩|ଶ)ଶ)–

2(R୩ P୩ ++ܺ௞(ܳ௞ + ௞ܻ| ௞ܸ|ଶ                                                                                                                                                                   (4) 
The power loss in the line section with buses k and k+1 is computated as 

       P୐୭ୱୱ(k,k+1)=R୩.(୔ౡ
మା୕ౡ

మ

|୚ౡ|మ )                              (5) 
By summing up the losses of all line sections of the feeder, the total power loss is given by, 
    P୘,୐୭ୱୱ = ∑ P୐୭ୱୱ(k, k + 1)୬

୩ୀଵ                (6) 
   
C. Power Loss Using Network Reconfiguration 
After reconfiguration , the power loss in the line section with buses k and k+1 is computated as 

P୐୭ୱୱ′  (k,k+1) = R୩.( ୔ౡ
మା୕ౡ

మ)

ห୚ౡ
′ ห
మ                                                                                                                                                                               

(7) 
By summing up the losses of all line sections of the feeder, the total power loss is given by, 
P୘′ ୐୭ୱୱ = ∑ P୐୭ୱୱ′୬

୩ୀଵ ( k, k+1)      (8) 
 
D. Power Loss Using Network Reconfiguration 
 
Net power loss reduction in the system is the difference of the equations (7) and (8). i.e., 
 P୐୓ୗୗୖ  = ∑ P୘,୐୭ୱୱ(k, k + 1)୬

୩ୀଵ  - ∑ P୘,୐୭ୱୱ
′୬

୩ୀଵ ( k, k+1)         (9) 
 
E. Power Loss Reduction Using DG Installation 

 
Fig.2. DG installation at an arbitrary location. 
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When a DG is installed at an arbitrary location, the power loss is given by,  
Pୈୋ,୐୓ୗୗ = ୖౡ

୚ౡ
మ(P୩ଶ + Q୩

ଶ) + ୖౡ
୚ౡ
మ(Pୋଶ + Qୋ

ଶ -2P୩Pୋ- 2Q୩ Qୋ)(ୋ
୐
)           (10) 

Net power loss reduction is the difference of equations (10) and (12) is given by, 
 P୐୓ୗୗୈୋ  = ୖౡ

୚ౡ
మ ( Pୋଶ +  Qୋ

ଶ  - 2P୩ Pୋ - 2Q୩ Qୋ ) (ୋ
୐
)                           (11) 

The positive sign of  P୐୓ୗୗୈୋ  indicates that the system loss reduces with installation of DG. 
 
F. Sensitivity Analysis For DG Installation 
To compute sensitivity factors of candidate bus locations to install DG units, sensitivity analysis is used. 
For the given line section as shown, 

 
                                                                            Fig 3. A line section containing an impedance and load. 
 
Active power loss in the k th-line between k-1and k buses is given by 

P୪୧୬ୣ୪୭ୱୱ = 
(୔ైౡ,౛౜౜
మ ା୕ైౡ,౛౜౜

మ )ୖౡ
୚ౡ
మ    (12)                                 

Now, the loss sensitivity factor (LSF) can be obtained with the equation  
ப୔ౢ౟౤౛ౢ౥౩౩
ப୔ైౡ,౛౜౜

 = 
ଶ∗ ୔ైౡ,౛౜౜ ∗ ౎ౡ

୚ౡ
మ         (13) 

 
III. HARMONY SEARCH ALGORITHM 

 
The Harmony Search Algorithm (HSA) is a new meta heuristic population search algorithm proposed by  Geem, Kim 

and Loganathan. HSA was derived from the natural phenomena of musicians behavior when they collectively play their 
musical instruments (population members) to come up with a pleasing harmony (global optimal solution). This state is 
determined by an aesthetic standard (fitness function). The HS algorithm, is simple in concept, few in parameters, and easy 
in implementation, has been successfully applied to various benchmarking, and real-world problems like travelling 
salesman problem . The main steps of HSA are as follows: 
Step 1: Initialize the problem and algorithm parameters 
Step 2: Initialize the harmony memory 
Step 3: Improvise a new harmony 
Step 4: Update the harmony memory 
Step 5: Check the termination criterion 
These steps are described in the next five subsections. 
 
A. Initialize the problem and algorithm parameters 

The HS parameters are specified in this step. These are harmony memory size ( HMS), or number of solution vectors in 
the harmony memory; harmony memory considering rate(HMCR); pitch adjusting rate (PAR); and number of 
improvisations (NI) or stopping criterion. The harmony memory  (HM) is a memory location where all solution vectors 
(sets of decision variables) are stored. The parameters HMCR and PAR are used to improve the solution vector and these 
are defined in step 3. 
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B. Initialize the harmony memory 

In this step, the HM matrix is filled with as many randomly generated solution vectors as the HMS: 

HM= 

⎣
⎢
⎢
⎢
⎢
⎡ xଵଵ xଶଵ ⋯ x୒ିଵଵ x୒ଵ

xଵଶ xଶଶ … x୒ିଵଶ x୒ଶ
⋮ … ⋱ ⋮ …

xଵୌ୑ୗିଵ xଶୌ୑ୗିଵ ⋯ x୒ିଵୌ୑ୗିଵ x୒ୌ୑ୗିଵ

xଵୌ୑ୗ xଶୌ୑ୗ … x୒ିଵୌ୑ୗ x୒ୌ୑ୗ ⎦
⎥
⎥
⎥
⎥
⎤

                     (14) 

 
C. Improvise a new harmony 

A New Harmony vector 
୶
→′ = ( xଵ′  , xଶ′ … … … … . . x୒′  ) is generated based on three criteria: 1) memory consideration, 2) 

pitch adjustment, and 3) random selection. Generating a new harmony is called improvisation. HMCR, which varies 
between 0 and 1, is the rate of choosing one value from the historical values stored in the HM, while (1-HMCR) is the rate 
of randomly selecting one value from the possible range of values, as shown below. 

if ( rand( ) < HMCR 
                          x୧′  ← x୧′  ε { x୧ଵ, x୧ଶ … … … … … x୧ୌ୑ୗ} 

                                                                                                                  else 
                                                                                                                           x୧′  ← x୧′  ε X୧ 
                                                                                                                 end                                          (15) 

where rand( ) is a uniformly distributed random number between 0 and 1 and X୧ is the set of the possible range of values 
for each decision variable, i.e., Lݔ௜ ≤ ௜ܺ  Uݔ௜. For example, an HMCR of 0.85 indicates that HSA will choose decision 
variable value from historically stored values in HM with 85% probability or from the entire possible range with 15% 
probability. Every component obtained with memory consideration is examined to determine if pitch is to be adjusted. This 
operation uses the rate of pitch adjustment as a parameter as follows: 
                                                                                                                 if ( rand( ) < PMR 

x୧′  ← x୧′  ± rand( ) * bw 
                                                                                                                 Else 
                                                                                                                   x୧′  ← X୧

′  
                                                                                                                end                       (16) 
 

where bw is an arbitrary distance bandwidth for the continuous design variable and rand( ) is uniform distribution 
between 0 and 1. Since the problem is discrete in nature, bw is taken as 1. 
 
 
 
D. Update harmony memory 

If the new harmony vector 
୶
→′ = ( xଵ′  , xଶ′ … … … … . . x୒′  ) has better fitness function than the worst harmony in the HM, the 

new harmony is included in the HM and the existing worst harmony is excluded from the HM. 
 

E. Check stopping criterion 
The HSA is terminated when the stopping criterion (e.g. maximum number of improvisations) has been met. Otherwise, 

steps 3 and 4 are repeated. 
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IV. SOLUTION METHODOLOGY 
 

Getting the optimal solution for combined network reconfiguration and DG allocation using conventional methods is 
difficult because they are complex combinatorial optimization problems. So, a nature inspired evolutionary algorithm, 
HSA, that is based on the improvisation process of music players is applied. 
 

The main idea is to get best combinations of open/closed switches and place an optimal size of capacitors at sensitive 
buses so that the combined network must give minimum real power loss and improve the voltage profile in the system. 
 

In general, the structure of solution vector for reconfiguration of a radial distribution system is expressed by Arc No.(i) 
and SW. No.(i) for each switch i. Arc No.(i) identifies the arc (branch) number that contains the ith open switch, and SW. 
No.(i) identifies the switch that is normally open on Arc No.(i). For large distribution networks, it is not efficient to 
represent every arc in the string, since its length will be very long. To memorize the radial configuration, it is enough to 
number only the open switch positions.  The solution vector must contain the open switch numbers and DG values. Hence 
the first part of variables in the solution vector is open switch numbers and second part of variables is sizes of the DG 
settings. The second part of the solution vector is DG values required to be placed at different nodes in the system. If a 
network has n buses and s is number of available DG sizes, then there are (ݏ + 1)௡  possible combinations of solution are 
possible. This requires a lot of computational burden. In order to reduce the computational efficiency and dimension of the 
solution vector, voltage stability indices are used to select most sensitive nodes which require reactive power compensation.  

The format of the solution vector in Harmonic Memory (HM) matrix is 
 
HMS= [ ଵܱ    ܱଶ    ଷܱ     ସܱ    ܱହ    ଵܵ    ܵଶ    ܵଷ]  
 
               Reconfiguration  DG Sizes 

In order to explain the proposed method, a standard IEEE 33-bus distribution system is considered. It consists of 32 
normally closed switches and 5 normally opened switches as shown in Fig. 4. This network contains one tie switch in each 
loop and these are designated as 33, 34, 35, 36, and 37. In the 
solution process only tie switches are used to form solution vectors of the HMS. 

 
Fig.4. Configuration of 33 bus system for solution vector 1(ܵܯܪଵ) 

 
The computation of voltage stability indices help to select optimal locations (most sensitive nodes) for DG placement in 

the system. For this network optimal locations are computed as 6, 28, 29, 30 and 9 which require reactive power 
compensation to minimize power loss and improve voltage profile. Thus the second part contains three variables and these 
are DG sizes. Throughout the optimization process the dimension of second part of the solution vector is constant and only 
optimal size of the capacitor at a node will vary. The solution vector (ܵܯܪଵ) for this configuration is represented as: 
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,ଵ = [33ܵܯܪ 34, 35, 36, 37  , ଵܵ  ܵଶ  ܵଷ] 
               

Reconfiguration DG Sizes  
The DG sizes are chosen randomly from 0 to maximum size of the capacitors available. For other solution vector 

 a radial network, shown in Fig. 5, is randomly generated with open tie switches 19, 13, 21, 30, and 24 without ,(ଶܵܯܪ)
violating the radiality constraint. 

 
Fig.5. Configuration of 33 bus system for solution vector 2 (ܵܯܪଶ) 

 
For the above configuration the solution vector is represented as: 

,ଶ = [19ܵܯܪ 13, 21, 30, 37 , ଵܵ  ܵଶ  ܵଷ] 
               

                   Reconfiguration   DG Sizes 
 
In the fashion, all the other possible solution vectors randomly are generated without violating the radial structure or 

islanding any load in the network. For this network, total number of solution vectors generated are less than or equal to 
highest numbers of switches in any individual loop. The total Harmony Matrix ( HM) generated randomly with objective 
function values is shown below. 

⎣
⎢
⎢
⎢
⎡ 19, 13, 21, 30, 37, ଵܵ

ଵ,ܵ ܵଷ 
ଵ  | ଵ݂

   6,34,14, 30,37, ଵܵ
ଶ,ܵଶଶ, ܵଷଶ | ଶ݂

… … … … … … … … … … … … 
33, 34,35,36,37, ଵܵ

ே , ܵଶே ,ܵଷே  | ௡݂
   ⎦

⎥
⎥
⎥
⎤

 

 
The objective function values ( ଵ݂, ଶ݂ … … . ௡݂) shown in the last column of the HM matrix are sorted in ascending order to 

eliminate the worst solution vectors in the next iteration. The new solution vectors are updated. Using the new solution 
vectors, the worst vectors of previous iteration will be eliminated with a new random vectors selected from the population 
that has less objective function value. This procedure is repeated until termination criteria is satisfied. The 
flow chart of the proposed algorithm is shown in Fig. 6. 
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Fig.6. Flowchart of the proposed method 

 
V SIMULATION RESULTS 

 
To demonstrate the application of the proposed method, test system comprising of 33 buses are considered. The 

substation voltage is considered as 1 p.u. The algorithm was developed in MATLAB and simulations are carried out. 
 

The test system is a 33 bus, 12.66 kV, radial distribution system[9].  It consists of five tie lines and 32 sectionalize 
switches. The normally open switches are 33 to 37 and the normally closed switches are 1 to 32. The line and load data of 
the network is obtained and the total real and reactive power loads on the system are 3715 kW and 2300 kVAr. The 
parameters of HSA algorithm used in the simulation of network are HMS=6, HMCR=0.9, PARmin=0.4, PARmax=0.9, 
maximum iterations = 5000.Using sensitivity analysis sensitivity factors are computed to install the DG units at candidate 
bus locations for scenarios III, IV, and V. After computing sensitivity factors at all buses, they are sorted and ranked. Only 
top three locations are selected to install DG units in the system. The limits of DG unit sizes chosen for installation at 
candidate bus locations are 0 to 2 MW. The optimal structure of network after simultaneous reconfiguration and DG 
installation for scenario V is shown in Figure 7. 

 
 

Fig.7.Optimal Network Structure with simultaneous network reconfiguration and DG allocation 
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The voltage profile curve of all scenarios at light load conditions is shown in Figure 8. The graph shows how the voltage 

varies with bus number. The bus number is taken along the x-axis since it is an independent quantity and the voltage is 
taken along y-axis because it is a dependent quantity. The bus number is from 1 to 33 and the voltage in per unit is taken 
from 0.955 to 1. It is seen that the voltage reaches 1 p.u at bus number near 1 and 19.  

In the simulation of network, five scenarios are considered to analyze the superiority of the proposed method. 
Scenario I: The system is without reconfiguration and distributed generators (Base case); 
Scenario II: same as Scenario I except that system is reconfigured by the available sectionalizing and tie switches; 
Scenario III: same as Scenario I except that DG units are installed at candidate buses in the system; 
Scenario IV: DG units are installed after reconfiguration of network; 
Scenario V: System with simultaneous feeder reconfiguration and DG allocation.   
 

From the below figure it is clear that for scenario V i.e., system with simultaneous feeder reconfiguration and DG 
installation, the voltage profile is highest than other scenarios.  
 

 
Fig.8. Voltage profile of a 33-bus radial distribution system at light load 

 
 

VI. CONCLUSION 
 

A new algorithm has been presented to solve the network reconfiguration problem in the presence of distributed 
generation (DG) for minimizing the real power losses. An efficient meta heuristic HSA is used in the optimization process 
of the network reconfiguration and DG installation. The proposed method is tested on a IEEE 33 bus system at light load 
level. The results show that simultaneous network reconfiguration and DG installation method is more effective in reducing 
power loss and improving the voltage profile compared to other methods. The ratio of percentage loss reduction to DG size 
is highest when number of DG installation locations is three. In earlier approaches, network reconfiguration and DG 
placement in distribution networks are considered independently. However, in the proposed method network 
reconfiguration and DG installation are dealt simultaneously for improved loss minimization and voltage profile. 
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