T.T. Tran, D. N. Vo and P. Vasant / GMSARN Intgomal Journal 10 (2016) 33 - 40

piten, Distribution Network Reconfiguration Using One Rank
il .
Y % Cuckoo Search Algorithm
}"’n% Tung The Tran, Dieu Ngoc Vo and Pandian Vasant
a_,g

Abstract— This paper presents the method using Cuckoo Sedgdrithm (CSA) for solving the optimal Distributio
Network Reconfiguration (DNRC) problem for powesslaninimization. The CSA is based on the obligat®d
parasitic behaviour of some cuckoo species in coatlain with the Lévy flight behaviour of some biagsl fruit flies.
The One Rank Cuckoo Search Algorithm (ORCSA) méshoeated based on the conventional CSA methab 40
improve optimal solution and speed up convergehtéhe ORCSA method, new eggs generated via Ligysflare
replaced partially and the newly generated eggsthen evaluated and ranked at once. On the othedhthere is a
bound by best solution technique proposed for @ptathe invalid dimension in order to improve cergence rate
and performance. The proposed method has beeneappfi IEEE 16-bus, IEEE 33-bus and IEEE 69-busibigton

systems. The results obtained using the ORCSAcan@ared with those obtained using other modernrtiegtes for

performance examination.
Keywords— Cuckoo search algorithm, one rank cuckoo search algorithm, distribution network reconfiguration.

searching efficiency, but generally cannot convetge

1. INTRODUCTION the global optimum solution in the large-scale
o . distribution systems. Recently, artificial inteligce

Distribution systems are planned and designed niyt 0 gearch methods have become popular for solving the
to red.uce the Investment cost but also the systenpypc problem. They can direct searching processes t
operational cost. During unexpected forced ou_tatgfes the global optimum at the probability of one humtire
transformers and feeders, or ove_rloads and maintena . ant theoretically. However, they all inevitably
the system need to be regonflgured_ by th_e operatoﬁwmve a large number of computation requirememd
controlling the status of the different switchesmler to ;on4o1  parameters.  Various  artificial  intelligence
improve the system efficiency, reliability and opiemial o045 have been applied to solve the Problem asich
cost for the new operating conditions. Distribution Binary Group Search Optimization (BGSO) [11]
Network Reconfiguration (DNRC) is the procedure of enatic Algorithm (GA) [12], Fireworks Algorithm
varying the topological structures of distributifeeders (FWA) [13], Ant Colony Optimization (ACO) [14]
by ch_angmg the open/c_losed states of thg seqimmv_gtl Particle Swarm Optimization (PSO) [15], Harmonic
and tie switches [1]. This important operating picacis Search Algorithm (HSA) [16], etc.

typical_ly used to reduce the system real power {ln&s. The cuckoo search algorithm (CSA) developed by
redu_ctlon), relieve networ.k overloads (load balaggi Yang and Deb is a new meta-heuristic algorithm for
and improve system security. solving optimization problems inspired from theighte

Many researchers studied the DNRC problems using, 4 parasitism of some cuckoo species whichHair t
_d|ﬁer_ent methods from conventional ones to anail_c eggs in the nests of other host birds of otherispethis
intelligence-based methods. Several conventlonalis a more efficient algorithm compared with GA and
methods have l_Jeen _apphed for SOIV'”Q the DNRC_PSO [17]. Marichelvam [18] proposed an improved
problem such as: Merlin and Back [2], Shlrmohammadl hybrid cuckoo search algorithm for solving the
a:nd Hong [hBJJ Castro elt al [4], Earan ar|1d Wu. [5]|’ L":jet permutation flow shop scheduling problems. In [18],
al [6], Nahman et al [7], Zhu et al [8Bimulate hybrid cuckoo search algorithm integrated with fuzz
Anneahng (SA) [9], Tabu Search (TS) [10], etc. The system was proposed for solving multi-objective t uni
conventional methods are all greedy search allgnnth commitment problem. CSA was also implemented to
They are easy to be implemented and provide highsqyye the structural optimization tasks [20].

In this paper, an ORCSA is first proposed for the
DNRC problem. The ORCSA is developed by Ahmed et

Tran The Tung, Vo Ngoc Dieu (corresponding autram with @l [21] in 2013 by performing two modifications ¢ime
Department of Power Systems, Faculty of Electrmal Electronic ~ Original Cuckoo Search Algorithm including merging
Engineering, Ho Chi Minh City University of Techogly, Vietnam.  exploration phase and exploitation phase and bduynd
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Fireworks Algorithm, Genetic Algorithms, Refined whereN,, is the number of branchds, is the number of

Genetic Algorithms, Harmony Search Algorithm and buses, andilssis the number of substations.

Improved Tabu Search. . .
e)Bus isolation

2. PROBLEM FORMULATION All buses have to be served after reconfiguratibine

node must not be isolated without output supplymfro

any feeder. It means only one switch should be egém

a loop.

The network reconfiguration problem in a distrilouti
system is to find the best configuration of radiatwork
that gives minimum power loss while satisfying aert
operating constraints. The operating constraints ar
voltage profile of the system, current capacity toé 3. ONE RANK CUCKOO SEARCH ALGORITHM
feeder and radial structure of the distributiorteys 3.1. One Rank Cuckoo Search Algorithm

Mathematically, the problem is formulated as folkow
The objective function for the DNRC problem is the
minimum power losses:

The Cuckoo Search Algorithm, a new meta-heuristic
algorithm, was inspired from the obligate brood
parasitism of some cuckoo species by laying thgiisen
. Nbr P2+ Q? the nests of host birds of other species for sglvin
Min F(X) =Z Rx— V2 (1) optimization problems. The CSA was first develojbgd
i= i Yang and Deb in 2009. The CSA is summarized in the
three main principal rules as follows [22]:

whereX is the vector of control variables:

- 1. A cuckoo bird lays an egg and chooses a nest
X =[Sy - S ] @) among the predetermined number of available host
whereR; is resistance of thigh branchNy, is the number nests to dump its egg.
of the branchesX is the vector of control variableSW 2. The best nests with high quality of egg (better
is the tie-switches to maintain the radial topolagythe solution) will be carried over to the next generati
network, Nrie is the number of the tie-switches, aRd 3. The number of available host nests is fixed), e
Q. Vi are real power load, reactive power load and egg laid by a cuckoo is discovered by the host bird
voltage magnitude at busrespectively. , _ with a probability probabilityp,01 [0, 1]. For the
The problem includes the equality and inequality fraction of eggs, the host bird can either throanth
constraints as follows: away, or abandon them and build a new nest.
a) Power flow equations: There is one more parameter is introduced in the
N, proposed method in order to decide if the computai
Z =R+ ZP i=1,...,N, 3) process merges exploration phase and exploitatiase
i=1 together, called one rank ratio 4 iThe task of selecting
Nb N, the ratio is easy. It is initially set to 1 to allanerging
ZQgi =Q +ZQ; i=1,..,N, 4) new eggs from exploration phase and exploitatioasph

together. The ratio is still fixed at 1 until a teetnest
cannot be found at a current iteration. For theasion,

wherePy;, Qg are real power and reactive power of the o X ; .
the ratio is reduced as in the following equation:

generation.P, Q_ are total real power loss and total
reactive power loss. rlet Zp e _0 5 /D (8)

or

b)Bus voltage limits wherelter is the current iteration and D is the number of

Vi in SV VY e 1=1,0N, (5) objective function dimension.
mmn e On the other hand, there is a bound by best solutio
whereV; min, Vimax are minimum and maximum voltage technique proposed for replacing the invalid dinn@ms

limits of ith bus, respectively. in order to improve convergence rate and performanc
c) Feeder capacity limits: Foy =1-1/-/D ©)
0<1i <limaxii =1...Np (6) 3.2 ORCSA for the DRN problem

wherel; is current inith branch and;max is maximum 3.2.1. Initialization

current capacity ath branch. . .
For implementation of the proposed ORCSA to the

d) Radial configuration: problem, control variables is defined below:

The system has to remain radially operated after  x =[gn, SV,,..., SV ] (10)
reconfiguration. In other words, no loop is allowadhe e
reconfigured network. Following condition must be Initialize input ofX is then determined:
fulfilled in order to have the radial configuratia the
distribution network. Xig = X" + randX( X m'”) (13

Nrie = Np, = ( N, — Nss) (7)
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3.2.2. Generation of New Solution via Lévy Flights

The new solution is calculated based on the previimst
nests via Lévy flights. In the proposed CSA methbé,
optimal path for the Lévy flights is calculated by
Mantegna’s algorithm [23]. The new solution by each
nest is calculated as follows:

X§®" = Xbest +a xrand, x AX "

12

whereo> 0 is the updated step size; raila normally
distributed random number in [0, 1] and the incegas
valueAX 4" is determined as:

AX I = v x 9,(B) x (Xbest, — Gbes)
o,(B) (13)
where

__fand,

- 18

‘randy‘ (14)
where rand, and rand, are two normally distributed
stochastic variables with standard deviatigy{) and

a,(0) given by:

X ﬂ
) r@a+p) sm( 2] (15)
o,(8) = -
[1+/3j v pxd T)
o,(B) =1 (16)

where S is the distribution factor (0.8 8 < 1.99) and
/1{.) is the gamma distribution function.

3.2.3. Alien Egg Discovery and Randomization

The action of discovering an alien egg in a nest bbst
bird with the probability of palso creates a new solution
for the problem similar to the Lévy flights. Thewe
solution due to this action can be found out in the
following way:

X I = Xbesj + KxA X" (17)
where Xbesy is a solution generated via Lévy flights as
in Section 3.2.2 andK is the updated coefficient
determined based on the probability of a host Ird
discover an alien egg in its nest:

1 if rand, <p,
0 otherwise

(18
and the increased valutX
AX{® = rand, x| randp( Xbeg)— randg Xbes}
(19
where rand, and rands are the distributed random
numbers in [0, 1] ancAndp1(Xbes) andrandp2(Xbesg)

are the random perturbation for positions of thstsién
Xbest.

is determined by:

3.2.4. Bound by best solution mechanism

For the newly obtained solution using Matpower ool
4.1, its upper and lower limits should be satisfiéd
described in the second modification in Section e
bound by best solution mechanism is used to hahele
inequality constraint.

3.2.5. Stopping Criteria

The algorithm is stopped when the number of itereti
(Iter) reaches the maximum number of iterations
(Itermay-

The overall procedure of the proposed ORCSA for
solving the DNRC problem is addressed as follows:

Step 1: Select parameters for ORCSA including the
number of nesNp, the maximum number of
iteration Itermax. Initialize population of host
nests.

Run the radial system checking algorithoh an
the load flow to calculate the power loss.

Evaluate Xbest and Gbest based on the value
of their fitness function. Set the iteration
counterlter = 1 and one rank ratig, = 1.

Generate new solutions for abandoned eggs
via Lévy flights as in Section 3.2.2

Initialize a random number and compare to
one rank ratia,,. If the random number is less
thanr,,, go to Step 6. Otherwise, go to Step 8

Discover alien egg and randomize to ge@erat
new solution as in Section 3.2.3

Perform bound by best solution mechanism to
define new solution as in section 3.2.4.

Run the radial system checking algorithch an
the load flow to calculate the power loss.
Evaluate fitness function to get nébestand
Ghest

Discover alien egg and randomize to geaerat
new solution as in Section 3.2.3

Step 10: Perform bound by best solution mechangsm t
define new solution as in Section 3.2.4.

Step 11: Run the radial system checking algorithoh a
the load flow to calculate the power loss.
Evaluate fitness function to get nétbestand
Gbhest

Step 12: If the current iteration Iter is equal ttoe
maximum number of predetermined iteration.
Stop the iterative procedure. Otherwise, set
Iter = Iter+1 and go to Step 13.

Step 13: If the best ne@bestat the current iteration is
not better than that of the previous iteration.
Obtain the one rank ratio using eq. (8) and
back to 5.

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:
Step 7:

Step 8:

Step 9:

4. NUMERICAL RESULTS
4.1 Selection of Parameters

The proposed method was tested on 16-bus, 33-hds, a
69-bus radial distribution systems and results Hasen
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obtained to evaluate its effectiveness.
systems, the substation voltage is considered(ag.l.
and all the tie and sectionalizing switches aresittared

as candidate switches for reconfiguration probl&ime
algorithm of this method was programmed by MATLAB
R2009b in 2.4 GHz, i3, personal computer.

In the proposed ORCSA method, there are five
parameters including three main ones from original
Cuckoo Search Algorithm and two others from the two
modifications on the original CSA. Two main paraemnst
among the three affect each new solution genefated
exploration and exploitation phases are the nunaber
nests N and the probability of an alien egg to be
discovered pwhereas the maximum number of iteration
Itermaxdirectly influences the final optimal solution. On
the other hand, the two other parameters affectimgr
exploration phase and exploitation phase and gatgsf
upper and lower limits are respectively one rartlorg,
and bound by best ratigy, The bound by best solution
allows the proposed ORCSA method to

convergence rate and performance. Furthermore, the

demonstarted ORCSA method outperforms the original
CSA method due to those two parameters. Contrary to
the three main parameters from original CSA method,
they are chosen with ease thanks to the defingfmwn

in equation (8) and (9). The parameters of the ORCS
methods for the test systems are summarized ineThbl
[22].

Table 1: The parameters of the ORCSA method

Test Number Number of
Pa Itermax .
system | of nest variables
16 bus 20 0.26 25 3
33 bus 20 0.26 30 5
69 bus 20 0.26 60 5

4.2 |EEE 16-bus system

The first example is a three feeder, 16-bus radial
distribution system, as shown in figure 1. Data thog
system can be found in [24]. The system consists3of
sectionalizing switches (normally closed) and thtiee
switches (normally open). The solid line in Figute
represents the sectionalizing switches and a dditted
represents the tie switches. The tie switches ef th
system are 14, 15 and 16
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Fig. 1. IEEE 16 bus test system.

test system

improve Table 2: Comparision of simulation results for IEEE 16bus

Method sw-irtic:Ghes Pozll\e/\r/)loss (\p/Tr)
Initial 15,16,17 | 514.0293 | 0.9682
ORCSA 7,8,16 465.3 0.9721
SA[9] 7.8.16 4661 | 0.9716
DE [24] 7,8,16 466.1 0.9716
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The total active and reactive power loads on theFig. 2. Voltage profile improvement of ORCSA for IEEE16
system are 28.7 MW and 16.3 MVAr. The system lgad i bus test system.

assumed to be constant and base MVA and voltage

ratings of the system are selected as 100 MVA ahd 1 4 3|EEE 33-bus test syste

kV. The initial power loss obtained for the origina

configuration is 514 kW. The 33-bus test system is a 12.66 kV, 33 busesg 5t
For this test case, the optimal power loss afterswitches and 32 sectionalize switches. The systmid

reconfiguration is obtained as 465.3 kW. The resaft ~ given in [25]. The schematic diagram of the sysiem

the proposed algorithm are compared with the algms ~ shown in Figure 4.

of Simulated Annealing [9] and Differential Evoloti

[26] and shown in Table 2. From there it is obsdrtret

the optimal power loss obtained by the proposedatkt

is less than the other two methods SA [25], DE .[24]

Figure 2 shows the voltage profile improvement

achieved by ORCS algorithm, the convergence

36



T.T. Tran, D. N. Vo and P. Vasant / GMSARN Intgomal Journal 10 (2016) 33 - 40

[ ——ORCS Algarithm

Real Power loss (KvY)

lteration

15 20

i

Fig. 3. Convergence characteristics of ORCSA for IEEEL6
bus test system.
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Fig. 4. IEEE 33 bus test system.
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The simulation results are listed in Table 3. T&al
system real power loss was 208.46kW. By applyireg th bus test system.

ORCSA, the final power loss is 138.92 kW. The rissul
of the proposed algorithm are compared with Firdawor

Algorithm [13], Genetic Algorithms [12],

Refined
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Fig. 5. Voltage profile improvement of ORCSA for IEEE33
bus test system.
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Fig. 6. Convergence characteristics of ORCSA for IEEEB3

4.4 | EEE 69-bustest system

Genetic Algorithms [26], Harmony Search Algorithm This is a 69-bus large-scale radial distributiorstegn

[16] and Improved Tabu Search [27]. From therds it

with 68 sectionalizing and five tie switches. Tlystem

observed that the optimal power loss obtained gy th data is given in [28]. The schematic diagram of the
proposed method is less than those others. Figure System is shown in Figure 7.

shows the voltage profile improvement achieved by
ORCS algorithm, the convergence -characteristic is

shown in figure 6.

Table 3: Comparision of simulation results for IEEE 33bus
test system

. . Power loss|  Vmin

Method Tie switches (KW) ()
Initial 33,34,35,36,37, 208.46 0.910
ORCSA 7,9,14,32,37 138.92 0.947
FWA[13] | 7,9,14,28,32 139.98 0.941
GA[12] 7,9,14,32,37 139.55 0.937
RGA [26] 7,9,14,32,37 139.55 0.937
HSA[16] | 7,10,14,28,36 146.39 0.933
ITS [27] 7,9,14,36,37 145.11 0.933

| 2B HE
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Fig. 7. IEEE 69 bus test system

The obtained best results from the proposed ORCSA
method are compared with Harmony Search Algorithm
[29], Genetic Algorithms [30] and Simulated Annedgli
[31]. From there, it is observed that the optimaivpr
loss obtained by the proposed method is less than t
other two. Figure 8 shows the voltage profile
improvement achieved by ORCS algorithm, the
convergence characteristic is shown in Figure 9.
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Table 4: Comparision of simulation results for IEEE 69bus of Technology (HCMUT) under grant number TNCS-

test system PbT-2015-18
: : Power 10Ss|  Vmin
Method Tie switches (kW) (p.u.) REFERENCES
Initial 69,70,71,72,73 224.98| 0.9092 [1] Carpaneto, E., & Chicco, G. (2008). Distribution
ORCSA 14,57,61,69,7( 98.59 0.9405 system minimum loss reconfiguration in the hyper-
HAS [29] | 13,18,56,61,69 99.35 0.9428 cube ant colony optimization framewotectric
g p Power Systems Reseay@8(12), 2037-2045.
D

GA [30] 12,44, 65’70’7f 99.62 0'94‘;8 [2] Back H, & Merlin A. (1975). Search for Minimum-
SA [31] 12,44, 65,70,73 99.62 0.9428 Loss Operating Spanning Tree Configuration for an

Urban Power Distribution System. 5 th Power
System CompCon., Cambridge, UK Sept-5.

[3] Shirmohammadi, D., & Hong, H. W. (1989).
Reconfiguration of electric distribution networle f
resistive line losses reductidEEE Transactions on
Power Delivery4(2), 1492-1498.

[4] Castro, C. H., Bunch, J. B., & Topka, T. M. (1980).
Generalized algorithms for distribution feeder
deployment and sectionalizindeEE Transactions
on Power Apparatus and Systernf®), 549-557.

“oltage (p

e e [5] Baran, M. E, & Wu, F. F. (1989). Network
09 - - - - = = = reconf!guranon in d|str|b_ut|0n systems _for loss
Mode reduction and load balancingeEE Transactions on

Power Delivery4(2), 1401-1407.
Liu, C. C., Lee, S. J., & Venkata, S. S. (1988). An
expert system operational aid for restoration asd |
reduction of distribution systemi&EE
‘ Transactions on Power Systg8€2), 619-626.
AR R R : [7] Nahman, J., & 8bac, G. (1994). A new algorithm
1 for service restoration in large-scale urban
. distribution  system<lectric power systems
i research29(3), 181-192.
| [8] zhu, J., Xiong, X., Hwang, D., & Sadjadpour, A.
(2007, June). A comprehensive method for
reconfiguration of electrical distribution network.
g 5 : InPower Engineering Society General Meeting,
80, " o 3'0 o & i 2007. IEEE(pp. 1-7). IEEE.
lteration [9] Chang, H. C., & Kuo, C. C. (1994). Network
Fig. 9. Convergence characteristics of ORCSA for IEEB9 reconfiguration in  distribution ~ systems  using
bus test system. simulated annealingclectric  Power  Systems
Research29(3), 227-238.
5. CONCLUSION [10]Jeon, Y. J., & Kim, J. C. (2000). Network
] reconfiguration in radial distribution system using
This paper has proposed the ORCSA method, as a new  gjmulated annealing and tabu search.Pdmver
evolutionary technique, for reconfiguration of Engineering Society Winter Meeting, 2000.
distribution systems. The main advantage of solgnch IEEE (Vol. 4, pp. 2329-2333). IEEE.
problems using ORCSA over the conventional [11]Jin, X., Zhao, J., Sun, Y., Li, K., & Zhang, B. (0
mathematical methods is its simplicity. The results November). Distribution network reconfiguration
obtained_ during simu_lati_on show_that the proposed for load balancing using binary particle swarm
ORCSA is capable of finding the optimal or neariopt optimization. InPower System Technology, 2004.

solution to the three cases studied in this paper.  powerCon 2004. 2004 International Conference
Simulations are carried out with 16, 33 and 69 bus  on(vol. 1, pp. 507-510). IEEE.

systems then compared with other methods. Thetsesul [12]Nara, K., Shiose, A., Kitagawa, M., & Ishihara, T.
obtained by the proposed method outperform therothe (1992). Implementation of genetic algorithm for

Fig. 8. Voltage profile improvement of ORCSA for IEEE69
bus test system. (6]

(5]
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methods in terms of solution quality and computatio distribution systems loss minimum re-configuration.
efficiency. Therefore, the proposed ORCSA couldabe IEEE Transactions on Power Syste(8), 1044-
useful and powerful method for solving the DNRC 1051.
problem. [13]Ahmed Imran, A. M., & Kowsalya, M. (2014). A
new power system reconfiguration scheme for
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