2017 IEEE 4% International Conference on Knowledge-Based Engineering and Innovation (KBEI)

Dec. 22" 2017
(Iran University of Science and Technology) — Tehran, Iran

A Grasshopper Optimization Algorithm to solve
Optimal Distribution System Reconfiguration and
Distributed Generation Placement Problem

Mehran Sanjabi Asasi Mojtaba Ahanch
mehran.sanjabi@gmail.com mojtaba.ahanch@gmail.com
Mojtaba Sedghi Amiri
Neka Power Generation Management Company
Neka, Iran

mojtabasedgheamiri@yahoo.com

Abstract— This paper presents a novel technique for solving
simultaneous optimal distribution system reconfiguration and
DG placement problem in order to minimize active power loss. A
meta-heuristic Grasshopper Optimization Algorithm (GOA)
inspired from the swarming behavior of grasshoppers in nature
is implemented to determine optimal solution to this optimization
problem. The proposed method is applied to 33 and 69- bus test
systems. The obtained results have been compared with other
existing evolutionary algorithms, so that the comparisons
confirm the performance as well as the effectiveness of the
proposed method to determine the global optimum solution.

Keywords—distribution system reconfiguration (DSR); DG
placement; active power loss; grasshopper optimization algorithm
(GOA)

[. INTRODUCTION

Power loss reduction has always been a significant issue in
power systems particularly in distribution systems. In
distribution systems about 10-13% of the total power generated
is lost as active power losses [1]. Therefore, some common
methods such as capacitor placement, DG allocation, and
distribution system reconfiguration (DSR) have been used for
power loss reduction in distribution systems [2]. DSR is
obtained by changing the status of the switches with different
goals. In recent years, many researches have solved DSR
problem with different methods. The DSR problem first was
solved by authors in [3] in order to power loss reduction using
a branch and bound-type optimization technique. Authors in
[4] have presented a heuristic technique based on branch
exchange to reduce power loss which this method has
improved by authors in [5]. In [6] an efficient meshed heuristic
method for optimal reconfiguration of distribution systems has
been presented to minimize the network loss. In [7] a harmony
search algorithm (HSA) has been proposed to solve the DSR to
obtain optimal switching combination in the network which
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results in minimum power loss. In [8] a new method called
Uniform Voltage Distribution based constructive Algorithm
(UVDA) has been proposed for solving optimal
reconfiguration of large-scale distribution systems. In [9] a
Multi-Objective Invasive Weed Optimization Algorithm
(MOIWO) has been proposed to solve the Optimal distribution
system reconfiguration to simultancously minimize active
power loss, maximum node voltage deviation, number of
switching operations and the load balancing index. In [10] a
mixed-integer second-order conic programming (MISOCP)
model has proposed for solving the robust distribution systems
reconfiguration, in order to minimize active power losses and
reliability constraints.

The role of distributed generators (DGs) for improving the
efficiency of the distribution systems has been verified. One of
the most important challenges for a better effectiveness of DGs
in distribution systems is determination of optimal size and
location of them. Optimal placement and sizing can reduce
power losses and improve voltage profile [11]. In [12] an
evolutionary programming (EP) has been presented for the
optimal placement of distributed generation (DG) units based
on wind and solar energy in a distribution system. A swarm
intelligence technique which named Bacterial Foraging
Optimization Algorithm (BFOA) has been used to find the
optimal size and location of DG in order to minimize power
losses, operation cost and improve voltage stability [13]. In
[14] a novel application of multi-objective particle swarm
optimization has been proposed to solve the optimal placement
of DGs considering operational and economical aspects. In
[15] an improved non-dominated Sorting Genetic Algorithm II
(INSGA 1II) has been proposed for solving multi-objective
optimization model of DG sitting and sizing in distributed
systems.

All the above researches focused only on the optimization
of either network reconfiguration or the DG placement. Some
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researchers have integrated both the DSR and DG placement
problems to improve the efficiency of distribution network
[16-21]. In [16] a meta heuristic Harmony Search Algorithm
(HSA) has been used to solve the reconfiguration problem in
the presence of DGs in order to minimizing real power losses
and improving voltage profile in distribution system. In [17] a
novel integration method based on fireworks optimization
algorithm (FWA) has been proposed to solve DSR problem
together with optimal placement of DGs to minimize real
power losses and improve voltage stability. In [18] the DSR
problem has been implemented concurrently with the optimal
placement of DGs in order to minimizing the real power loss.
A heuristic algorithm based on uniform voltage distribution
based constructive reconfiguration algorithm” (UVDA) has
been proposed for solving this complex problem. Distribution
system reconfiguration in the presence of DGs has also been
carried out using a meta-heuristic cuckoo search algorithm
(CSA) inspired from the obligate brood parasitism of some
cuckoo species [19]. In [20] authors have presented distribution
system feeder reconfiguration considering different model of
DGs using quantum particle swarm optimization (DQPSO)
with an objective of minimizing real power loss. In [21] a
discrete Teaching-learning based optimization (DTLBO)
algorithm has been proposed for solving the DSR in presence
of DGs to minimize active power loss and improve voltage
profile.

In this study, the proposed method based on GOA
simultaneously uses active power loss as an objective function
to determine the optimal configuration of distribution system,
and the optimal location and size of DGs. The proposed
method is tested on 33-bus, 69-bus test systems, and the
obtained results are compared with the results of other methods
available in the literature to evaluate the performance and
effectiveness of the proposed method.

II. PROBLEM FORMULATION

A. objective function

For the optimal distribution system reconfiguration and DG
placement problem in this study, the considered objective
function is formulated to minimize the total active power loss
which is given by:
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Where, r; is the resistance of line i, V; is voltage magnitude

at bus i, P; and Q; are real and reactive power injected to bus i
respectively. k; is a binary variable, k; =0 or 1 indicates if the
switch i is open or close. Np is the total number of buses.

Subject to:

Power flow equation:
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Where, Ppgi and Qpgi are power generation of DG at bus 1i,
PLi and Qy; are the active and reactive power load at bus i. Gjj
and Bj are the conductance and susceptance of the line
between bus i and bus j respectively. 6, is the angle between

bus i and bus j.

Bus voltage and line capacity limits:

Vi min SVZ' SVi max (3)
Sij < Sij max (4)

DG capacity limit:
PDGi min < PDGi < PDGi max (5)

Where, Ppgimin and Ppgimax are the lower and upper limits of
DG at bus i respectively.

Radial network limit

Ny is defined as the number of lines.

III. PROPOSED METHOD

A. Grasshopper Optimization Algorithm

Grasshoppers are a type of insect with long hind legs that
can leap high into the air and fly. These creatures have a
specific social interaction network which equip them with a
particular predatory strategy. The network makes a connection
between grasshoppers in a way that the location of each
grasshopper can be harmonized to a proper one. Through this
harmonization and the group awareness in the network,
grasshoppers can choose the predatory direction.

To explain the social interaction in the network, a search
agent is shown as an example in the Fig. 1. There are two
opposite forces between grasshoppers called reputation and
attraction forces. Attraction forces allow grasshoppers to
exploit promising regions (local search), and the reputation
forces encourage them to explore the search space (global
search). Comfort zone refers to the area in which the
mentioned forces are equal. Since the target location is
undiscovered, the location of the grasshopper owns the best

0660



fitness in considered as the nearest one to the target. To reach
the goal, Grasshoppers keep on their movement along with the
direction of the target in the social interaction network. To
make a balance between global search and the local search, the
locations of grasshoppers are updated and thus, the comfort
zone deceases adaptively. After following the exploitation and
exploration process, grasshoppers finally reach a convergence
and find the best solution [22].

Comfort sone

Alttraction force —*

Repulsion force  —-

Fig. 1. Social interaction of grasshoppers [22]

Mathematical description of the process comes as follows.
By considering G grasshoppers in the swarm, the d-
dimensional location of the ith grasshopper can be defined as:

Xf’(i =L...,G) (7
To mimic the predatory process, the following equation is
proposed:

Xt+1)=
¢ Z ”’b uby =1, s(r{o-x{0) —X Olit, ®
s(r)=f eXp(—) exp(-7) ©)

Where; ¢ is the current 1terat10r1 s is a function to determine
the strength of reputation and attraction forces; f defines the
intensity of attraction; / is the attractive length scale; ub; and
Ib; are the upper and the lower bound in the d-dimensional
functions respectively; dj is the distance between the ith and

the jth grasshoppers; Ta is the d-dimensional location of the
target (the best solution); ¢ is the deceasing factor to make a
balance between exploration and exploitation. Large value of c
leads to more exploration in GOA, and small value of ¢ results
in more exploitation. ¢ is a set always between Cmax and Cmin.
tmax 18 also the maximum iteration of the process.
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GOA’s search process is the same as particle swarm
optimization (PSO). But, in PSO, each particle updates its
location by its current position, the global best and the personal
best. However, in GOA, each grasshopper updates the position
by its current position, the global best, and by the positions of
all other grasshoppers. Thus, GOA encourage all search agents
to participate in the optimization procedure which leads to
higher efficiency of the search [22]. The flowchart of
Grasshopper Optimization Algorithm is shown in Fig. 2.

Set GOA parameters (cmin,cmax and maximum iteration)

v

Generate the initial swarm population

v

Evaluate the fitness value of each search
agent and determine the best search agent

v

Update c using Eq. (10) <

v

Normalized the distance between
grasshoppers in [1,4]

v

Update the position of each search agent
using Eq. (8)

v

Evaluate the fitness value of each search
agent and update the best search agent

It < MaxlIt

Yes

Fig. 2. Flowchart of Grasshopper Optimization Algorithm

B. Application of GOA to solve DSR considering DG
placement problem

Distribution systems include two type switches; tie lines
(normally opened) and sectionalize switches (normally closed).
When tie lines are closed some loops are created in the system.
Therefore, a loop in distribution system consists of a tie line
and some sectionalize switches. The number of the loops equal
to the number of tie lines. System reconfiguration in
distribution systems is achieved by changing the status of the



switches in the loops. For keeping the system radial, one switch
must be opened in each loop.

The goal of this paper is to find optimal solution for the
optimal distribution system reconfiguration and DG placement
problem to reduce active power loss. Therefore, each search
agent in GOA consists of 11 variables which are divided into
two parts. One belongs to the location of tie lines and the other
one indicates the location and size of DGs. The coding of each
search agents which is set for 33-bus test system is shown in
Fig. 3. The five first variables indicate tie lines location and the
rest of variables determine DGs location and size.

/ /

/ /
/ /
/ /

33 13 35 16 37 32 2 29 1 10

)

Tie Line Location DG Location /Size DG Location /Size DG Location /Size

Fig. 3. Variable architecture of each search agent

IV. SIMULATION RESULTS

In order to demonstrate the effectiveness of the proposed
method in solving the simultaneous optimal distribution system
reconfiguration and DG placement problem using GOA, it is
applied to two test systems consisting of 33 and 69 buses. The
simulation results are compared with those of ref [16-18]
which has considered the problem. For both the test systems,
the maximum number of DGs is limited to three. In addition,
the limits of DG sizes are considered 0 to 2 MW for both the
test systems. In the simulation of system, five scenarios are
considered to analyze the effectiveness of the proposed
method.

Scenario 1: The system is analyzed without reconfiguration
and DG units (base case).

Scenario 2: The system is only optimally reconfigured.
Scenario 3: Allocation and size of DG are optimized.
Scenario 4: Allocation and size of DG are optimized after
scenario 2.

Scenario 5: The system is optimally reconfigured and
simultaneously, DGs are allocated.

The proposed algorithm, GOA, has been implemented in
MATLAB2016a and a system with INTEL Core 2 DUE CPU,
2.6 GHz and 4 GB RAM. For both the test systems the
parameters of GOA algorithm used in the simulation are
maximum number of iteration Iterm.,x =200, number of search
agents Ng =30, Ciin =0.0004, Crax =1.

A. The 33-bus test system

This test system consists of 37 branches, 32 sectionalize
switches and five tie lines. The line, load and tie line data are
taken from [5]. In the system, sectionalize switches which are
normally closed are numbered from 1 to 32, and tie lines which
are normally opened are numbered from 33 to 37. The total
active and reactive power loads of the system are 3.72 MW and
2.3 MVAr, respectively. The single line diagram of the system
and its loops is shown in Fig. 4.

Fig. 4. 33-bus test system

The optimal answers obtained by proposed method for each
of the scenarios are presented in Table 1. From Table 1, it is
observed that power loss (kW) in the system is 202.685 (base
case), which is reduced to 139.2, 71.305, 58.743, and 55.59
using scenarios 2, 3, 4, and 5 respectively. Also, the percentage
of power loss reduction for the scenarios 2-5 are 31.32%,
64.82%, 71.02%, and 72.57%, respectively. In all scenarios,
the highest power loss reduction is obtained using scenario 5. It
can also be seen from Table 1 that the minimum voltage of the
system is significantly improved in all the scenarios. The
minimum voltage improved from 0.9131p.u. (base case) to
0.9380, 0.9687, 0.9742, and 0.9702 p.u. using scenarios 2, 3, 4,
and 5 respectively. The voltage profiles are compared and
shown in Fig. 5. for all the scenarios. It is markedly obvious
that the voltage of all the buses have greatly improved after
applying the proposed method.

In addition, to show the performance of the proposed
method, a comparison has been considered among different
evolutionary algorithms which are presented in Table 1.
According to the table, the performance of the proposed
method has outperformed other methods. In all scenarios, the
optimal results obtained by proposed method are better than
HAS, FWA, and UVDA in term of power loss. In scenario 4
and 5, the minimum voltage is slightly lower than UVDA.
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TABLE L SIMULATION RESULT FOR THE 33-BUS TEST SYSTEM
Scenarios Item Proposed method (GOA) HAS [16] FWA [17] UVDA [18]
Switches opened 33, 34, 35, 36, 37 33,34, 35,36,37 | 33,34,35,36,37 | 33,34, 35,36,37
Scenario 1 Power loss (kW) 202.685 202.685 202.685 202.685
Minimum voltage (Bus number) 0.9131 (18) 0.9131 (18) 0.9131 (18) 0.9131 (18)
Switches opened 7,9,14,32,37 7,9, 14,32,37 7,9,14,32,28 7,9, 14,32,37
Scenario 2 Power loss (kW) 139.2 138.06 139.98 139.55
%Loss reduction 31.32% 31.88% 30.93% 31.15%
Minimum voltage (Bus number) 0.9380 (32) 0.9342 0.9413 (32) 0.9378 (32)
Switches opened 33, 34, 35, 36, 37 33,34,35,36,37 | 33,34,35,36,37 | 33,34, 35,36,37
Power loss (kW) 71.305 96.76 88.68 74.213
%Loss reduction 64.82% 52.26% 56.24% 63.39%
Scenario 3 ["\Minimum voltage (Bus number) 0.9687 (32) 0.9670 0.9680 (30) 0.9620 (33)
1099.13 (24) 107 (18) 589.7 (14) 875 (11)
Size of DG (kW) (Bus number) 753.959 (14) 572.4 (17) 189.5 (18) 925 (29)
1071.36 (30) 1046.2 (33) 1014.6 (32) 931 (24)
Switches opened 7,9,14,32,37 7,9,14,32,37 7,9, 14, 32,28 7,9,14,32,37
Power loss (kW) 58.743 97.13 83.91 66.602
%Loss reduction 71.02% 52.08% 58.60% 67.14%
Scenario 4 [\ finimum voltage (Bus number) 0.9742 (32) 0.9479 0.9612 (30) 0.9758 (32)
1068.13 (24) 268.6 (32) 599.6 (32) 1125 (30)
Size of DG (MW) (Bus number) 950.32 (30) 161.1 (31) 314.1 (33) 592 (15)
931.33 (8) 661.2 (30) 159.1 (18) 526 (12)
Switches opened 11, 30, 33, 34,37 7,14, 10, 32, 28 7,14, 11, 32,28 7,10, 13,27, 32
Power loss (kW) 55.59 73.05 67.11 57.287
%Loss reduction 72.57% 63.95% 66.89% 71.74%
Scenario 5 ["\inimum voltage (Bus number) 0.9702 (30) 0.9700 0.9713 (14) 0.9760 (32)
966.55 (24) 525.8 (32) 536.7 (32) 1554 (29)
Size of DG (MW) (Bus number) 1296.61 (6) 558.6 31) 615.8 (29) 649 (15)
853.62 (33) 584 (33) 531.5(18) 486 (21)

Fig. 5. Comparison of voltage profile of 33-bus test system
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B. The 69-bus test system

The second test system is a 69-bus distribution system with
73 branches, 68 sectionalize switches and five tie lines. The
sectionalize switches are numbered from 1 to 68, and tie lines
are numbered from 69 to 73. The data of the system are given
in [23]. The total active and reactive power loads of the system
are 3.802 MW and 2.649 MVAr, respectively. The schematic
diagram of the system with its loops is shown in Fig. 6. Similar
to 33-bus test system, the five scenarios are considered for this
case study.
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Fig. 6. 69-bus test system

The optimal results of applying the proposed method for all
the scenarios are presented in Table 2. From Table 2, it is clear
that the base case power loss (225 kW) is reduced to 98.57,
69.40, 36.48, and 35.19 using scenarios 2, 3, 4, and 5
respectively. Similarly, the percentage of power loss reduction
for the scenarios 2-5 are 56.19%, 69.15%, 83.79%, and
84.36%, respectively. Similar to 33-bus test system, the highest
power loss reduction is obtained using scenario 5 compared to
other scenarios. It can also be seen from Table 2 that the
minimum voltage of the system is significantly improved in all
the scenarios. The minimum voltage improved from 0.9092
p.u. (base case) to 0.9495, 0.9792, 0.9810, and 0.9813 p.u.
using scenarios 2, 3, 4, and 5 respectively. The voltage profiles
are compared and shown in Fig. 7. for all the scenarios. It is
easily observed that the voltage of all the buses have greatly
improved after applying the proposed method.

The performance of the proposed method is also compared
with the results of other methods similar to 33-bus test system.
According to the table, the performance of the proposed
method has outperformed other methods. In the all scenarios,
the optimal results obtained by the proposed method are better
than HAS, FWA, and UVDA in terms of power loss and
minimum voltage.

TABLE IL SIMULATION RESULT FOR THE 69-BUS TEST SYSTEM
Scenarios Item Proposed method (GOA) HAS [16] FWA [17] UVDA [18]
Switches opened 69, 70, 71, 72,73 69, 70,71,72,73 | 69,70,71,72,73 | 69,70,71,72,73
Scenario 1 Power loss (kW) 225 225 225 225
Minimum voltage (Bus number) 0.9092 (65) 0.9092 (65) 0.9092 (65) 0.9092 (65)
Switches opened 69, 70, 14, 56, 61 69, 18,13,56,61 | 69,70,14,56,61 | 69,70, 14,58, 61
Scenario 2 Power loss (kW) 98.57 99.35 98.59 98.58
%Loss reduction 56.19% 55.85% 56.19% 56.19%
Minimum voltage (Bus number) 0.9495 (61) 0.9428 0.9495 (61) 0.9495 (61)
Switches opened 69,70, 71,72,73 69,70,71,72,73 | 69,70,71,72,73 | 69,70,71,72,73
Power loss (kW) 69.40 86.77 77.85 72.626
%Loss reduction 69.15% 61.43% 65.40% 67.72%
Scenario 3 [ Minimum voltage (Bus number) 0.9792 (65) 0.9677 0.9740 (62) 0.9688 (65)
517.1 (6) 107 (18) 408.5 (65) 1410 (61)
Size of DG (kW) (Bus number) 382.13 (9) 572.4 (17) 1198.6 (61) 604 (11)
1727.5 (29) 1046.2 (33) 225.8 (27) 417 (17)
Switches opened 69, 70, 14, 56, 61 69, 18, 13,56,61 | 69,70, 14,56,61 | 69,70, 14,58, 61
Power loss (kW) 36.48 51.3 43.88 37.84
%Loss reduction 83.79% 77.2% 80.50% 8318%
Scenario 4 [ Minimum voltage (Bus number) 0.9810 (61) 0.9619 0.9720 (61) 0.9801 (61)
1419.69 (61) 1820.8 (61) 1001.4 (61) 1378 (61)
Size of DG (MW) (Bus number) 673.1 (51) 330.5 (60) 214.5 (62) 620 (11)
552.14 (65) 270.3 (58) 142.5 (64) 722 (64)
Switches opened 69, 70, 14, 55, 61 69,17,13,58,61 | 13,55,63,69,70 | 14,58, 63,69, 70
Power loss (kW) 35.19 40.30 39.25 37.111
%Loss reduction 84.36% 82.08% 82.56% 83.51%
Scenario 5 | Minimum voltage (Bus number) 0.9818 (61) 0.9736 0.9796 (61) 0.9816 (63)
1433.88 (61) 352.5 (60) 1127.2 (61) 1472 (61)
Size of DG (MW) (Bus number) 537.547 (11) 1066.6 (61) 275 (62) 538 (11)
527.457 (65) 452.7 (62) 415.9 (65) 673 (17)
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Fig. 7. Comparison of voltage profile of 69-bus test system

V. CONCLUSION

In this paper, Grasshopper Optimization Algorithm (GOA)
was presented to solve simultaneous optimal distribution
system reconfiguration and DG placement problem in order to
minimize active power loss. The proposed method was tested
on 33 and 69- bus test systems at different scenarios. The
results verify that scenario 5 (simultaneous distribution system
reconfiguration and DG placement) is more effective in terms
of the active power loss and the voltage profile improvement in
comparison with the other scenarios. Moreover, the results of
the proposed method are compared with the results of other
evolutionary algorithms named HAS, FWA, and UVDA. The
comparison proves that the performance of GOA is better than
HAS, FWA, and UVDA in the all scenarios.

REFERENCES

[1] Ng, H. N, M. M. A. Salama, and A. Y. Chikhani. "Classification of
capacitor allocation techniques." /EEE Transactions on Power Delivery

15.1 (2000): 387-392.

Kalambe, Shilpa, and Ganga Agnihotri. "Loss minimization techniques
used in distribution network: bibliographical survey." Renewable and
Sustainable Energy Reviews 29 (2014): 184-200.

Merlin, A. "Search for a minimum-loss operating spanning tree
configuration for an urban power distribution system." Proc of Sth
PSCC, 19751 (1975): 1-18.

Civanlar, Seyhan, et al. "Distribution feeder reconfiguration for loss
reduction." IEEE Transactions on Power Delivery 3.3 (1988): 1217-
1223.

(2]

B3]

(4]

30

40 50 70

Bus Number

(3]

(6]

(7]

(8]

(9]

[12]

[13]

[14]

[15]

0665

Baran, Mesut E., and Felix F. Wu. "Network reconfiguration in
distribution systems for loss reduction and load balancing." /JEEE
Transactions on Power delivery 4.2 (1989): 1401-1407.

Mena, Antonio José Gil, and Juan Andrés Martin Garcia. "An efficient
heuristic algorithm for reconfiguration based on branch power flows

direction." International Journal of Electrical Power & Energy
Systems 41.1 (2012): 71-75.

Rao, Rayapudi Srinivasa, et al. "Optimal network reconfiguration of
large-scale distribution system using harmony search algorithm." IEEE
Transactions on power systems 26.3 (2011): 1080-1088.

Bayat, Akbar. "Uniform voltage distribution based constructive
algorithm for optimal reconfiguration of electric distribution
networks." Electric Power Systems Research 104 (2013): 146-155.

Rani, D. Sudha, N. Subrahmanyam, and M. Sydulu. "Multi-objective
invasive weed optimization—an application to optimal network
reconfiguration in radial distribution systems." International Journal of
Electrical Power & Energy Systems 73 (2015): 932-942.

Lopez, Juan Camilo, et al. "Robust optimisation applied to the
reconfiguration of distribution systems with reliability constraints." [ET
Generation, Transmission & Distribution 10.4 (2016): 917-927.

Al Abri, R. S., Ehab F. El-Saadany, and Yasser M. Atwa. "Optimal
placement and sizing method to improve the voltage stability margin in
a distribution system using distributed generation." [EEE transactions
on power systems 28.1 (2013): 326-334.

Khatod, Dheeraj K., Vinay Pant, and Jaydev Sharma. "Evolutionary
programming based optimal placement of renewable distributed
generators." IEEE Transactions on Power systems 28.2 (2013): 683-695.

Kowsalya, M. "Optimal size and siting of multiple distributed generators
in distribution system using bacterial foraging optimization." Swarm and
Evolutionary computation 15 (2014): 58-65.

Ameli, Amir, et al. "A multiobjective particle swarm optimization for
sizing and placement of DGs from DG owner's and distribution
company's viewpoints." [EEE Transactions on Power Delivery 29.4
(2014): 1831-1840.

Liu, Ke-yan, et al. "Optimal sitting and sizing of DGs in distribution
system considering time sequence characteristics of loads and

DGs." International Journal of Electrical Power & Energy Systems 69
(2015): 430-440.



[16]

[17]

[18]

[19]

Rao, R. Srinivasa, et al. "Power loss minimization in distribution system
using network reconfiguration in the presence of distributed
generation." IEEE transactions on power systems 28.1 (2013): 317-325.

Imran, A. Mohamed, M. Kowsalya, and D. P. Kothari. "A novel
integration technique for optimal network reconfiguration and
distributed ~ generation  placement in  power  distribution
networks." International Journal of Electrical Power & Energy
Systems 63 (2014): 461-472.

Bayat, A., A. Bagheri, and R. Noroozian. "Optimal siting and sizing of
distributed generation accompanied by reconfiguration of distribution
networks for maximum loss reduction by using a new UVDA-based
heuristic method." International Journal of Electrical Power & Energy
Systems 77 (2016): 360-371.

Nguyen, Thuan Thanh, Anh Viet Truong, and Tuan Anh Phung. "A
novel method based on adaptive cuckoo search for optimal network
reconfiguration and distributed generation allocation in distribution

[20]

(21]

[22]

[23]

0666

network." International Journal of Electrical Power & Energy
Systems 78 (2016): 801-815.

Guan, Wanlin, et al. "Distribution system feeder reconfiguration
considering different model of DG sources." International Journal of
Electrical Power & Energy Systems 68 (2015): 210-221.

Lotfipour, Arash, and Hossein Afrakhte. "A discrete Teaching—
Learning-Based Optimization algorithm to solve distribution system
reconfiguration in presence of distributed generation." International
Journal of Electrical Power & Energy Systems 82 (2016): 264-273.

Saremi, Shahrzad, Seyedali Mirjalili, and Andrew Lewis. "Grasshopper
optimisation algorithm: Theory and application." Advances in
Engineering Software 105 (2017): 30-47.

Savier, J. S., and Debapriya Das. "Impact of network reconfiguration on
loss allocation of radial distribution systems." IEEE Transactions on
Power Delivery 22.4 (2007): 2473-2480.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


