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ABSTRACT Automation in power distribution systems and supervisory control and data acquisition
(SCADA), which perform network switching automatically and remotely, allows distribution companies to
flexibly control distribution power grids. Cross-section switches also has a significant role in the automation
in distribution systems, in that the operational optimization of these switches is able to enhance the supply
power quality and reliability indicators, and can be a prosperous solution to increase the reliability, efficiency
and overall service quality in services to customers. In this regard, in this work, the genetic optimization
algorithm (GOA) approach which integrated the Steepest Descend Technique (SDT) is proposed and
enhanced based on the features of the mentioned issue to sketch the optimal location and control of
automatic and manual cross-section switches and protection relay systems in distribution power systems.
The GOA is able to search globally that can prevent the result from locally convergence, also, GOA gives
superior primary solutions for the SDT. Thus, the SDT can search locally with higher performance which
increase the solutions’ accuracy. Therefore, an optimization formulation is proposed to improve the value-
based reliability of the suggested layout considering the cost of customer downtime and the costs related
to segmentation of switches and relay protection devices. Also, a distributed generation (DG) system
in distribution networks is considered based on the islanded state of generation units. The effectiveness
of the optimal suggested procedure is evaluated and represented via performing a practical test system
in the distribution network of Ahvaz city in Iran. The results show that using proposed method and by
optimally allocating switches maneuver, energy losses without switches are reduced from 310.17 (MWh) to
254.2 (MWh), and also by using DG, losses are reduced from 554.01 to 533.61 which confirms the ability
and higher accuracy of the proposed method to improve reliability indices.

INDEX TERMS Automated distribution networks, genetic algorithm, sectionalizing switch placement,
reliability, distributed generation, customer interruption cost model.

I. INTRODUCTION
A. BACKGROUND
Today, assessing of power distribution systems in order to
find new ways to improve reliability indicators in distribution
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networks using distribution automation systems (DASs) is
one of the interests of experts in the electricity industry. The
use of DAS in distribution power grids can be defined to
monitor, control and operate the components and devices
of the power distribution grid systems to restore and pro-
vide energy to customers in the event of an error. Actually,
DAS not only remotely controls and operates distribution
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substation equipment and feeders, but can also present a reli-
able, self-repairing power grid which is able to quickly and
efficiently respond to events and react appropriately. There-
fore, economic and technical analysis of DAS will be neces-
sary due to the high cost of power grid investment [1]–[3].

In some researches, it has been estimated that almost 70%
of interruptions and power outages are due to failures in
the primary distribution networks [4], [5]. Hence, significant
efforts have been made to decrease the negative impacts
of failures using DAS with automatic protection devices
like circuit breakers (CBs) or cross-sectional (sectionalizing)
switches in the network. One important task of DASs can
be optimally determining the location of remotely control
switches to detect and separate faults and quickly mend cus-
tomer service. Therefore, the appropriate number and loca-
tion, as well as the type of such protective devices tominimize
the effect of interruption, can play a pivotal role in improving
the automation distribution systems’ reliability [6].

In addition to this, the numeral and locational opti-
mization of automatic and manual switches, and also the
optimal type of protection devices and relays are highly
effective to minimize overall costs and maximize customer
yields [7], [8]. Sectionalizing switches have been mainly
utilized to enhance service reliability in primary distribu-
tion networks. Research studies illustrated that a distribution
system typically accounts for up to 40% of power supply
costs and about 81% of customer reliability issues [9]. Also,
reconfiguring distribution networks can be an efficient way
and economical approach to enhance system reliability. Over-
all, one of the main purposes of evaluating the reliability
indices in distribution power grids is to model any possi-
ble conditions for the occurrence of interruptions or errors
in the system and to calculate the effect of reliability in
any possible conditions. This process can be done through
different approaches [10]–[13]. Considerable studies have
been done in this area, for example, in the reference [14]
an analytical technique according to the network assump-
tions and considering the statistical distribution of failure
rate and repair time has been presented. They have proposed
the related method, which was based on the error problem
of all power grid devices and their results in interrupting
load points. Reference [15] proposed an optimal practical
method in which the reliability performance of the network
can be estimated by directly evaluating the configuration of
distribution power system. In this article, authors claimed that
this method does not need historical data, and can identify
specific places which require corrective action.

In the paper [16], a Markov hierarchical model for relia-
bility analysis such as the impacts of various fault modes,
failure separation strategy and load restoration according
to the system configuration, integrity of control protection
systems, and single protection component has been pre-
sented. Reference [17], also, presented an approach to reduce
the complexity of radial distribution system using network
equivalents to a set of general reliability of feeders. This
method suggested a sequential and repetitive procedure for

evaluating a person’s reliability indicators from the point of
load. Billinton and Wang, the authors of the paper [18], have
proposed a sequential chronological simulation method using
Monte Carlo to evaluate reliability and compare it with the
analytical technique; where, they have resulted that the sim-
ulation method needs a longer computational time, however,
they provided data on the point of load and system indicators
which represented technical and analytical strategies.

Recently, heuristic algorithms like genetic optimization
algorithm (GOA) [4], ant colony optimization (ACO) [19],
simulated annealing optimization [20] and also immune algo-
rithm optimization [21] have received more attention in the
technical literature review as different techniques to address
the problem of optimal sectionalizing switching allocation.
For example, to specify the number and optimal placement of
two different models of automatic switches (circuit breaker
and sectionalizer) in distribution grids, the technique of
the trinary particle swarm optimization algorithm (PSO) is
used in reference [22]. In the paper [23], the problem of
switch feeder displacement, with the aim of reducing cus-
tomer power outage costs, has been solved using an inno-
vative approach and simple numerical calculations. In the
reference [24], a complex integer linear equation has been
obtained to model the sectionalizing switch allocation issue,
in that the switch cost and customer output power are also
investigated. Also, in order to tackle the problem of optimal
combination and location of switching placement in distri-
bution automation grids, an analytical approach has been
presented in article [25]. Other techniques including the
decomposition method and the reference alliance algorithm
were used in references [26] to specify the optimal placement
of switches. Besides, in the reference [4], a framework and
solution based on the concept of memetic method with a
structured population has been proposed.

In these scientific works, several factors including switch-
ing cost, expenses of interruptions or outages of customer
services and the desired number and the places of sectional-
izing switches were considered to meliorate the reliability of
electrical power grids. Nonetheless, considering information
disparities such as the cost of disconnecting the customer are
able to have a great impact on the precision of reliability
assessments, which have not been taken into account in these
articles.

One of the reasons that can directly affect the outage or
interruption cost model of customer service is the accuracy of
reliability analysis. In general, there are two models for mod-
eling the cost of outages or interruptions in customer service.
In the customer survey method, customer power outage or
interruptions’ cost data is usually provided, which can also be
modeled as customer damage performance (CDF) [26], [27].
In this method, the total or average interrupt cost for every
customer segment is determined as a duration function. The
main drawback of this model is average cost model (ACM),
which ignores the scattered nature of the information in a spe-
cific customer group. In this case, the scattered characteristic
of customer disconnection costs during the specified fault
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period is determined as the probability distribution model
(PDM). As the outcomes have been shown in articles [28],
it was shown that PDMhas a significant impact on forecasting
the expected customer outage or interruptions’ costs.

Another important issue that needs to be considered is
the growth of distributed generation (DG) in the power grid,
which is limited by economic reasons [29]–[31]. Issues such
as increasing attention to the quality of electricity and its posi-
tive effects on grid-connected equipment, awareness of envi-
ronmental issues arising from the use of renewable energy,
regulation in the electricity market and attention to reducing
the cost of photovoltaic and wind production can be defined
as the reasons of increasing the integration of DGs in power
grid systems. In the analysis of the issue of reliability in
the power distribution network, DG units can improve the
reliability of the network by reducing the downtime and repair
time after a specific error. However, such improvements in
network reliability depend on the performance of DG units,
like islandingmode [32], [33], while protection needs are also
met [34]. Therefore, whenDGunits are present in distribution
networks and can produce a percentage of the network load,
the problem of switching optimization and optimization of
the location of protection devices and equipment becomes
more complicated.

In this paper, GOA has been used to solve the switches
placement in the real electrical distribution network. The aim
is tominimize thewhole objective functionswith various con-
strains like technical and economical. The offered technique
includes 3 various cost functions, consisting of maintenance
and investment cost, the cost of expected undistributed power,
and the cost of power losses.

B. MOTIVATION AND MAIN CONTRIBUTION
The principle contribution of this research work is to propose
a GOA to address the optimal allocation issue of sectionaliz-
ing switches considering the effects of protection devices in
the presence ofDGs in power network. The suggested optimal
approach provides a practical technique while limits the num-
ber of network switching and protection devices installed and
minimizes the reliability costs. In the proposed cost model,
the values contain the costs of maintenance and investment,
costs of energy losses and undistributed energy, which simul-
taneously include costs related to switches and protection
equipment like investment, installation, maintenance, and
yearly operation costs have been considered. In addition,
in this paper, the cost of interruptions and outage caused by
temporary failures has been considered in the proposed equa-
tions. Generally, the main contributions of the paper are sum-
marized as follow: 1) Optimal placement of different devices
in an actual distribution system (Ahvaz distribution network)
with 3 different cost functions; 2) Maneuver switches optimal
configuration layout has been propelled to a real project
in diverse case studies with or without DG and has been
compared with classical mode (without maneuver switches);
3) This research work develops reliability of network with
higher accuracy and efficient optimization technique in the

GOA framework. Also, the presented algorithm integrates
the steepest descent technique (SDT) to make up GOAs’
drawbacks of rare performance in the local questing, and
has been confirmed by an actual study case; 4) The branch
line influence has been planned on the automatic device
configuration in this study. The system reliability has been
investigated significantly and avoiding manual planning. So,
the electrical power grids reliability is meliorated.

C. PAPER STRUCTURE
The remainder of the research work is reported as fol-
lows. In Section II, the optimization method and prob-
lem formulation will be presented. Section III will present
proposed algorithm and problem equations. In Section IV,
also, assumed case studies will be investigated and simula-
tion outcomes will be considered. Finally, the main conclu-
sions of the suggested optimization technique will be stated
in Section II.

II. PROPLEM FORMULATION
A. SWITCHES SECTIONALIZING AND PROTECTIVE
COMPONENTS
Overall, in order to reduce the impacts of faults to an accept-
able minimum rate, utilities usually have installed protective
devices and components through the feeders of distribution
grids. In this regards, in this paper, the protective compo-
nents including CBs by overcurrent detection equipped with
automatic reclosing relay protections at the substations, and
also sectionalizing fuses and switches through the feeders
are considered. After operating the upstream CB, automatic
sectionalizing switches are able to isolate a faulted section.
Fuses, which have lower protective costs, are able to sense the
failure. We assume that they have the interruption capability,
but they do not have the ability of reclosing automatically.
In addition, in this article, fuses will be installed on the sides,
and a limitation will be considered to prevent fuses from
being placed on the main feeders.

B. BASIC OPERATIONAL CONCEPTS OF DISTRIBUTION
SYSTEMS
Distribution systems typically use switches and protective
components to increase network reliability and minimize the
effects of customer errors which lead to minimizing the num-
ber of customers who are affected by protective components.
Because of the inefficiency of equipping all feeders, only a
finite number of protective components and switches could
be set on the feeders. In addition, the type and location of
these components should vary depending on the network
configuration.

Since sectionalizing switches are able to locate on either
side of each section of the line, the protection devices are
generally placed at the inception of the line feeding sec-
tions and on the feeders. The performance of operation in
distribution systems is generally considered based on the
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model, number and place of protective components and
switches.

C. DISTRIBUTION NETWORKS RELIABILITY INDICES
In the event of a failure or outage in the distribution
network, failure management processes try to return the net-
work to normal operating conditions in the shortest possi-
ble time. Overall, a generic failure management procedures
contains of 3 different parts: first, determining the location
of failure, second, separating the failure location, and third,
energy supply recovery. Failure indexes provide information
to accelerate and identify the failure place finding and the
energy supply restoration process. Switching segmentation
can divide the failure section and reduce the number of outage
for customers, and interruption time. In this way, assigning
cross-section switches and failure signal indicators in power
distribution networks can remarkably reduce interruption
costs and improve reliability.

Cross-section switches can generally develop the rate of
automation in distribution power grid and bring notable
benefits to energy supply corporations. Furthermore,
the cross-section switches divide areas from the faulty parts,
whenever a failure is happened in the network. The upstream
customer to the faulty area is reformed through the primary
line, and the downstream customer to the faulty area is
reformed via the alternative line linked with tie breaker
switches. Additionally, the client’s interruption and outage
time in the faulty zone is the total of repair and failure
periods. Overall, we can define two different modes of
sectionalizing switching: one type is manual switch which
has been performed the separation manually, and another
type is remote-controlled switch that has been implemented
the separation remotely. Therefore, the time of switching in
remote-controlled switchingmode is notably lower compared
to manual switching mode that can reduce costs of outage and
interruption time. Even though the remote-controlled switch-
ing mode executes with a higher performance in the failure
management process, this type can be more expensive, so it
is usually not preferred through energy supply corporations.
As a result, manual switches, firstly, have been taken into
account the first option in energy supply corporations. When-
ever the located manual switch fails to meet the required reli-
ability, remote control switching modes are selected. Briefly,
reliability needs and component prices have a significant
effect on the position of switches. In the electrical distributed
sections, the most important characteristics of reliability are
defined as follows:

• Medium interruption frequency index of the system
(MIFIS);

• Medium interruption frequency index of the customer
(MIFIC);

• Medium interruption duration index of the system
(MIDIS);

• Medium interruption duration index of the customer
(MIDIC):

• Medium service availability index (MSAI);

The formulas (1) to (5) are presented the mentioned specifi-
cations [35].

MIFIS =
sum of customer interruption

sum of customers that is serviced
=

∑
λjNj∑
Nj

(1)

MIFIC =
sum of customer interruption

sum of customer interruption time
(2)

MIDIS=
sum of customer that is in electrical interruption

sum of customers that is serviced

=

∑
UjNj∑
Nj

(3)

MIDIC=
sum of time customer interruption

sum of customer that is in electrical interruption

=

∑
UjNj∑
λjNj

(4)

MSAI =
sum of time that customers have electricity

sum of time that customers must have electricity

=

∑
Nj ∗ 8760−

∑
UjNj∑

Nj ∗ 8760
(5)

where λj represents fault rate (number of fault based on f/yr);
Nj represents the number of clients on spot j, and Uj indi-
cates yearly egress period. In several research works, further
indices have been suggested in the power distribution grids
as follows:
• Average load

Lα = Lβ .f (6)

where, Lα defines the medium of loads, Lβ represents
the maximum load, and f defines the load ratio.

• Energy not supplied (ENS)

ENS = 6Lα(j)Uj (7)

where, Lα(j) represents the medium of loads that is con-
nected with the grid at the spot j.

• Medium of not provided energy

MENS =
sum of energy not generated

sum of customers that is serviced

=
6Lα(j)Uj
6Nj

(8)

• Medium customer curtailment index (MCCI)

MCCI =
sum of energy not generated

sum of customers that contain interruption
(9)

For active, passive, and transient failures which are hap-
pened accidentally, the amount of fault of the compo-
nents on every off-grid section will be summed to the
others, and an equivalent fault rate is achieved for the
off-grid section.

λtotal =
∑

λ (10)

In equal blackout time of every island, it will be obtained
using equation (11).

Utotal =
∑

(λ× r) (11)
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1) DG MODELING
The DG operation in distribution power grids are able to be
presented in a two conditions form in which the generator
works in full/zero capacity that is displayed in Figure 1.
Because the DGs are typically made as small generation units
with the range of < 15MW , the incomplete capacity status
has been relinquished in this research. The incomplete capac-
ity status is normally utilized for 100MWproduction or more.
In this work, we assume that the forced outage rate (FOR)
is 0.01 and the maintenance time of DGs is 44h, that used
in reference [28]. Another important point is that in face of
existing active fault in the grid, the DG must be immediately
decoupled. After isolating the faulted areas, the DG supplies
the sound zones of the grid by working in islanded manner.

FIGURE 1. Two-state form for DG units.

Hence, we can define the probability of unavailability
and availability of a double-mood form for DGs which are
presented as follows:

Pavailable =
µdg

λdg + µdg
(12)

Punavailable =
λdg

λdg + µdg
(13)

where, λdg represents the expected fault rate and µdg gives
the expected repair rate of a DG unit.

III. PROPOSED METHOD FORMULATION AND
ALGORITHM
A. PROBLEM FORMULATION
The proposed method has 3 different cost functions, consist-
ing of investment and maintenance cost, the cost of expected
undistributed power, and the cost of power losses which are
given in equations (14) to (16).

CF1 = (NSnew.Cnew)+
(
NSplcCplc

)
+

∑T

m=1

(
NtotalCmaintPWm−1

)
Ntotal = NSnew + Nc + Ntie (14)

Second cost function is presented in equation (15).

CEENS =
∑n

n=1
(Ulp.j.nPj.n × CEj.n

+

∑Ni.n

j=1
Up.j.nPj.n × CEj.n)

CF2 =
T∑

m=1

CEENS × PWm (1+ 0.01Lgn)m−1 (15)

The third cost function is also provided in equation (16).

CF3 = Loss− Costn = Nn ×
24∑
t=1

ξt.n × Losst.n (16)

where,Nn represents the number of period day; ξ t.n provides
the average hourly energy market price, Lgn defines the
growth percentage of annual load corresponding to period n
and N i.n represents the points load number which cannot be
recovered; CEj.n expresses expected uninterruptible energy
supply at point j and Losst.n is the energy losses per hour t,
for a typical day, in duration n, for the first project annual;
NSnew represents the number of new switches, NSplc is the
number of switches moved to the other place; Cnew defines
the purchasing and installation cost for the new switches,
Cplc represents the cost of moving the extant switches to the
new place; and Nc gives the whole number of usual closed
manner.

B. GENETIC ALGORITHM
Searching methods in some optimization algorithms
like PSO, FA or DE include small-step random moving and
heuristically directional moving, and may have difficulty to
generate new answers which have been very away from the
old cluster.

Such techniques usually lessen universal efficiency, even
though help too much to convergence performance. As a
result, this work expands the enhanced GOA that has a
more suitable template questing with major-scale questing
capabilities. In addition, it has been incorporated with SDT
for enhancing the convergence accuracy and performance.
Fig. 2 displays the diagram of the proposed optimization
method. Aa can be seen, it includes three different parts:
1) Additional migration operator in comparison to the simple
GOA owing to the recruitment of parallel GOAs [35] as its
template; 2) The member part which calculates the optimiza-
tion objective; 3) The SDT which takes the great members
within the improvement and questing further from them for
raising the accuracy of the solution. The GOA can effectively
and universally control the optimization process which evalu-
ates everymember (solution).Whenever an excellentmember
generates, it sends to the SDT questing as a primary solution.
The optimally universal solution has been opted from the
quested solutions of SDT.

Not only that GOA techniques are generally global search-
ing approaches for avoiding from local convergence, but also
they are very useful owing to the parallel calculation process.
GOAs quest to find the optimum solution with simulating
the inherent choice and genetic strategy in the evolution view
of Darwin [36]. This optimization method is started with a
population which provides the potential solutions area for the
problem. This population contains a group of members by
having encoded genes. Therefore, every member is the fea-
ture of special chromosomes. As the genetic materials carrier,
the chromosome characterizes inherently with a compound of
genotype/genes, and has been specified the outer statement of
one member. As a result, a direction between the phenotype
and the genotype is established at the beginning in the type
of genuine/binary coding to simplify. Within the subsequent
evolution, the members are opted based on the basic of
fittest surveillance, and then, a new population has been
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FIGURE 2. Suggested optimization algorithm flowchart.

producedwith genetic factors, mutation and crossover. As new
descendants are rather environmentally adaptive compared to
the previous ones, the population is acceding optimal. The
desired conclusive solution is able to be achieved through
decoding the optimal members in the previous descendant.
Various enhancements were developed in the recent years,
including fluid GOA [37], Niched GOA (NGOA) [38], messy
GOA [39] and Adaptive GOA (AGOA) [40]. As efficient
universal heuristic questing approaches, they are successfully
utilized in energy management optimization problems to
optimally allocate switches [41].

The GOA must forbid local converging of solutions,
provide primary solutions accessible to SDT, and con-
sider computational proficiency. Therefore, the consequent
enhancements have been executed accordingly.

GOA should prevent local convergence of solutions and
provide the initial solutions available to SDT that take into
account computational efficiency. Therefore, some improve-
ments can be made accordingly as follows:

1) Initiation. To use all of the advantages of com-
putational resources, a parallel GOA has been
employed [35]. The global population have been sepa-
rated to the N sub-populations, where every of them
includes µ members and evolves independently. All
members have been randomly generated at the first
generation. Genes have been encoded based on binary
coding.

2) Termination status. In overall, the GOA has been
terminated whenever the number of production (np)
has been reached to the determinate maximum (Np).
An extensive amount of Np, that is difficult to estimate,
may give rise to vast calculations cost. As a result,
the other end estimator (npnb) has been defined. It is
specified as the generations number when better mem-
ber has not appeared.Whenever either np or npnb attains
to their defined maximum of Np or Npnb, the iteration
will be terminated.

3) Preselection. Here, the crowding method in the NGOA
has been applied to form members in the 1th various
productions uniformly spread in the solution area [38].
It adjusts the crowding factor (CF) where chooses
randomly 1/

CF of entire members to crowd to omit
and reproduce to those very alike to them. Therefore,
members have been divided from each other, and the
population diversity have been increased. The likeness
among 2 members are able to be tested based on the
specified threshold of hamming distance (dm0) [42].
The Subroutine CROWD pseudocode has been pre-
sented as below:

CROWD (CF)
1 nCROWD= [µ/CF]
2 ck = RANDOMARRAY (1,µ)[1 :nCROWD+1]
3 for k = 1: µ and k not in ck
4 for l in ck
5 If dh(Members [k],

Members [l]) < dm0
6 Members [l]. PRODUCTION()

Where the Subroutine RANDOMARRAY (α, β) will gen-
erate a range of random-sorted sequence from αtoβ;
Line_2 also will select random indexes of the crowd-
ing members via producing a random area/domain of
array from 1 to µ and cutting out the prime nCROWD
elements. Figure 2 displays the diagram of the proposed
optimization method.

4) Fitness function. For every member, the fitness will be
calculated using the optimization objective, where the
objective will be calculated via the Equations. 14 to 16.
As the objective should be minimize (OF), the basic
fitness will be given as:

OF =
∑3

k=1
ωkCFk ;

∑3

i=1
ωk = 1 (17)
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According to ref [38], a niching method has been used in
NGOA with the aim of preventing local convergence via a
sharing function:

S (xk , xl)

=


1− d1(xk ,xl )

ξ1
, if d1 (xk , xl) < ξ1, d1 (xk , xl) ≥ ξ2;

1− d2(xk ,xl )
ξ2

, if d1 (xk , xl) ≥ ξ1, d2 (xk , xl) < ξ2;

1− d1(xk ,xl )d2(xk ,xl )
ξ1ξ2

, if d1 (xk , xl)<ξ1, ξ1 (xk , xl)<ξ2;

0, otherwise.
(18)

Here S (xk , xl) refers to the share functional amount of
members xk and xl ; d1 (xk , xl) and d2 (xk , xl) donate their
hamming distance (dh) [29], [30] and major fitness interval;,
respectively; nich radius ξ1 and ξ2 refer to the determined
maximums of d1 (xk , xl) and d2 (xk , xl). Fitness function have
been adjusted like below:

OF′(xk ) = OF(xk )
/∑M

l=1 S (xk , xl)
(19)

Afterward, the equation tenses the fitness. A member who
is more like other ones is in lower fitness at present.

Selection. The members have been chosen on the
basis of the classical roulette technique. Any member
in a sub-population has been chosen in a possibility of
OF
′

(xk )
/∑M

k=1OF
′

(xk ) Crossover and mutation. For avoid-
ing problems in determining the probability of crossover and
mutation, the adaptive technique in AGOA [40] has been used
in this part. These have been formulated like below:

cp =


cp1 −

(
cp1 − cp2

) (
OF − OFavg

)
OFmax − OFavg

,

OF ≥ OFavg;
cp1, OF < OFavg

(20)

amp =


amp1 −

(
amp1 − amp2

) (
OF − OFavg

)
OFmax − OFavg

,

OF ≥ OFavg;
amp1, OF < OFavg

(21)

Here cp refers to adaptive crossover possibility; cp1
and cp2 donate its determined max and min, respectively;
amp refers to adaptive mutation possibility; amp1 and amp2
show its determined max and min, respectively; OFmax and
OFavg donate the max and average amounts of population
fitness, respectively. For the mutating member, OF refers to
only its major fitness.
OF is larger for two crossovers. A constant crossover

technique and a bit inversion technique have been utilized
to the crossover and mutation procedures, respectively. The
relations among adaptive possibilities and member fitness
are illustrated in Figure 3. Members who have lower fitness
have been broken through crossover and operators of muta-
tion more easily, however, members who have higher fitness
have been broken harder. The technique has the capability of

FIGURE 3. Adaptive possibilities: (a) possibility of adaptive crossover,
(b) probability of adaptive mutation.

increasing the global search feature and GOA convergence
efficiency.

Migration. An operator of migration in the Multi-island
GOA (MIGOA) [35] has been entered with the aim of helping
to keep subpopulation variety. MIGOA is one of the finest
gained GOA schemes. Any subpopulation has evolved into
discrete islands, and several members on any island have
migrated to other particular numbers of productions, pm,
in a migration possibility, mpp. In general, MIGOA subpop-
ulations eventually has converged to various local optimal
solutions; global optimum is one of them. The Subroutine
MIGOARATE pseudocode is like below:

Here Line_2 produces a random sequence, rs, in order
to choose migrating islands (Line_5 to Line_6); Subroutine
RANDOM (α, β) has returned a random float area from α

to β; Subroutine RANDOM INT (α, β) has returned a random
integer area from α to β; Line_6 shows the continuance
of Line_5.

Generally, the optimization algorithm pseudocode is given
like below:
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MIGOARATE()
1 if Production % pm == 0
2 rs = RANDOMARRAY (1,N )
3 for k=1: N/2
4 if RANDOM (0, 1)<mpp
5 interchange

Islands [rs [2 ∗ k − 1]] .Members
[RANDOM INT (1, µ)]

6 With Islands [rs [2k]].
Members [RANDOM INT (1, µ)]

Optimization Mehod
1 input Global−Constants//,

containingallabovementioned
2 // constants in the GOA and constants in the SDT.
3 INITIATE()
4 for np = 1toNp
5 Parallel for k=1 to N
6 Islands [k [.CROWD(Cp) //Preselection.
7 parallel for l=1 to µ
8 f=Islands[k]. Members [l].FITNESS() //
Calculate fundamental fitness (Eq. 17).

9 if OF > OFo
10

Excellent−Members.APPEND(Islands
[k] .Members [l])

11 Islands[k].NICHE D− FITNESS() // Calculate
niched fitness by Eqs. 18, 19
12 Islands[k].SELECTED() // by roulette way.
13 Islands[k].PROBABILITIES() // Calculate
adaptive probalities by Eqs. 20, 21
14 Islands[k].CROSSOVER()
15 Islands[k].MUTATE()
16 MIGOARATE()
17 if npnb ≥ Npnb// End checking.
18 break
19 Put Optimal be a Member and Optimal.

Basic−Fitness = 0
20 parallel for every in Excellen t− Members
21 ind=SDT−SEARCH−FROM (Member, inc,

tolerance)
22 if ind.Basi c− Fitness > Optimal.Basi c− Fitness
23 Optimal =ind
24 Output Optimal

The repetition of GOA has been described by the ini-
tial 18 lines. A parallel calculation layout that considerably
aids the performance of the algorithm, has been used at
this part. The parallel keyword refers to that the loop con-
tents are parallel. FITNESS member function in line 8 cal-
culates the major fitness equation.17. Great members who
own finer fitness in comparison to fitness threshold, OF0,
are chosen by lines 9 and 10 for the next SDT searching
(Lines 19–23). Part C would examine the SDT. Because the

mutation, crossover and selection procedures are like the
ones in classic GOA, the comprehensive description of
the MUTATE, CROSSOVER and SELECT subroutines have
been eliminated at this part.

C. STEEPEST DESCENT METHOD
The above advance in GOA’s global search capability may
unavoidably cause the destruction of its local search fea-
ture around optima. Meantime, the result of GOA has been
considerably affected via the size of the population [43],
however, the scale of the population of this paper has been
limited via bounded computational sources. Afterward, for
improving the solution accuracy, an SDT [44], [45] has been
used. A superb member may be buried throughout the evolu-
tion in the GOA. However, this member may be near to the
optimal solution. Therefore, SDT has been used for all superb
members throughout the history of GOA.

The process of SDT starts at a possible solution, x(0).
At any stage, it has searched from the solution of the ultimate
stage, x(j), and along the gradient, ∇OF(x(0)):

OF
(
x(j) + tj∇OF

(
x(j)
))
= max(x(j) + t∇OF

(
x(j)
)
)

(22)

∇OF
(
x(j)
)
has been calculated via the diversity process at

this part (separate variables, nk , (k= 1, . . . , 4) have not not
involved):

∇OF
(
x(j)
)

= (0, 0, 0, 0,
OF (n1, . . . , n4, ϕ1 +∇ϕ1, ϕ2, . . . , ϑ4)− OF

(
x(j)
)

∇ϕ1
,

OF (n1, . . . , n4, ϕ1, ϕ2+∇ϕ2, . . . , ϑ4)−OF
(
x(j)
)

∇ϕ2
, . . . ,

OF (n1, n2, . . . , ϑ4 +∇ϑ4)− OF
(
x(j)
)

∇ϑ4
) (23)

tj refers to the length of the step to be calculated. The follow-
ing paper utilizes an adaptivebisection process to calculate tj.
The pseudocode is like below:

Subroutine SDT _NEXT (member, inc, tolerance) seeks
from the member in a first stage length increase of inc and
finishes based on the tolerance threshold. Member function
OFFSET (ρ, t) of the member who has the relating solution
is x, returns a novel member who has the relating answer is
x + ρt . In the following process, the length of the step alters
via an increase, inc. Firstly, inc reduplicated till the gradient
goes down (Lines 4–6). Afterward, the searching keeps on.
Throughout any repetition in Line_7 to Line_12, the spot with
max fitness has been stored via the further, and 2 adjoining
spots have been sought at a halved stage length increase.
The repetitions finish at the time of satisfying the determined
accuracy and tolerance. The subroutine has returned the novel
questing spot of the further stage of the SDT. The adaptive
process prevents the large calculation costs resulting from a
very small increase in the first stage length.
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FIGURE 4. The flowchart of the suggested placement algorithm.

SDT_NEXT (Member, inc, tolerance)
1 ρ = Member.GRADIENT() // By Eq. 23.
2 subsequent=Member.OFFSET(ρ, inc)
3 subsequent.FITNESS() // Update subsequent.

fundamental_Fitness for the 1th iteration.
4 while subsequent.OFFSET(ρ, inc).FITNESS() >

= subsequent. fundamental _Fitness
5 subsequent=subsequent.OFFSET(ρ, inc)
6 inc=inc ∗ 2
7 while inc > tolerance
8 inc=inc/2
9 if subsequent.OFFSET(ρ, inc) > subsequent. fun-
damental_Fitness
10 subsequent= subsequent.OFFSET(ρ, inc)
11 else if subsequent.OFFSET(ρ, - inc) > subse-
quent. fundamental_Fitness
12 subsequent= subsequent.OFFSET(ρ, - inc)
13 return subsequent

When length of step, tj, has been sought, the search keeps
on from the novel point

x(j+1) = x(j) + tj∇OF
(
x(j)
)

(24)

After a series of repetitions, the SDT is able to be finished
on situation that x(j+1)− x(j) ≤ 1x0, in which1x0 shows the
determined step threshold. The SDT pseudocode shows like
below:

SDT is a local search process and its effects are
considerably dependent on the first solution. Therefore,
GOA solutions are used in the form of the primary searching

SDT _QUEST_FROM (Member, inc, tolerance)
1 OF=0 // To store the fundamental fitness of the

solution in the final stage.
2 ind= Member. fundamental_Fitness
3 while ind - OF> tolerance
4 OF=ind. fundamental_Fitness
5 ind= SDT _ subsequent(Member, inc, tolerance)
6 return ind

points with the aim of avoiding useless search costs and local
convergence.

D. PROPOSED ALGORITHM
The flowchart of our suggested algorithm for switch alloca-
tion is depicted in Figure 4. In some cases, the available data
to feeders might not have adequate reliability information.
Hence, this is vital to first receive and sufficient grid data.
Then, the essential data is completed with computing the
diverse parts of load and the exit and entrance level of fault
and maintenance.

In this regard, we first determine the optimal allo-
cation of selected feeders. After selecting the adequate
optimization method for the network, the candidate feeders
could be analyzed in reliability and normal conditions. In fact,
the status should be evaluated for optimal distribution of load.
Besides, computational information including initial values
of reliability and losses are determined in the feeders. Then,
according to the desired limitations including undistributed
power and losses, the objective functions (OFs) are ana-
lyzed with equations (19) to (21), and the outcomes of the
performance in the grid are considered. In this research
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work, in the first step, all the data of faults and repair
of switches, feeders load values, blackout information and
distribution transformers are investigated. Considering the
suggested algorithm, the characteristics of the system includ-
ing the operational switching mode in normal condition,
failure occurrence and load restoration values are depicted
in Figure 5.

As can be seen, the separated and intended islandingmodes
are displayed in the Figure 5 (a). These smart islands are
protected by devices like fuses, relays and power switches,
and the load of them is determined. Figure 5 (b) depicts
the fault event in the assumed grid. In addition, the opera-
tional switches for isolating the failure place are indicated
in the Figure 5 (c). As shown in the Figure 5 (c), two
of down switches have been opened and the faulty loca-
tion is decoupled from the main grid system. Consequently,
about 1 MW of transmitted power is lost as the quantity of
load loss till it has been restored. However, as can be seen
from the Figure 5 (d), about 0.5 MW of a MW is covered
from another transmission line, where the same operation
is performed with the proposed optimal algorithm. Assum-
ing that an error occurs in multiple zones of the power
grid, the amount of load lost in the islanded mode will be
determined, and then, the best mode will be selected with
the least lost, and the switches are placed in those loca-
tions. As a result, the amount of energy supplied will be
minimal.

Considering all the above mentioned issues, we model
the reliability analysis in the assumed power grid with the
suggested algorithm. Because reliability is often used for
power grid equipment such as feeders and lines, and here
the whole system is considered, two essential power system
parameters including λ and r have been computed for every
chosen off-grid zones. The amount of the parameter λ in the
entire network has been displayed in equation (10), and the
amount of energy is calculated using equation (11).

In the suggested algorithm, the number of failures is made
taken into account various failure models that are given as
follows:
• Active failure
• Passive failure
• Preventive repair failure
• Transient failure

The happening of every failure state has a various impact on
the reliability indices. So, according to this issue, by apply-
ing each of the failure states in the power network system,
the impact of this failure on the performance of every switch
is calculated one by one based on the protection approach in
each area, hence the loads which affected by the operation of
every switch have been specified.

IV. SIMULATION RESULTS
A. CASE STUDY
In order to implement the offered approach in this project,
we use a real case study and 34 feeders in medium volt-
age power network are selected in the Ahvaz city, Iran.

FIGURE 5. The operational switches and loads restoration lines in the
power network.

Hence, assumed feeders in the power network are fed from
19 substations. In our case study, the results and data
of 2 feeders are illustrated in the following as Ahvaz
3-5132 and Ahvaz 3-5052. In order to have a reliable
research, it is vital to define with the configuration of the
power gird including place and the number of components.
Therfore, the configuration data, type of failure and the num-
ber of components have been used from the piror authors’
research in reference [46].

Figure 6 displays the overall geographical map showing the
location of lines and feeders from power distribution system
of Ahvaz city.
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FIGURE 6. a) Geographical map showing the location of lines and feeders in the power
distribution system of Ahvaz city; b) Grid power flow results is color design according to the load
sharing of feeders where green less than 50 %; Yellow from 50% to 80 %; Red more than 80 %.

TABLE 1. Obtained outcomes of power flow and loss analysis, Reliability assessment of main feeders from Ahvaz 3-5132 and Ahvaz 3-5052 in
fundamental state.

B. POWER FLOW AND RELIABILITY ANALYSIS
In this part of the research, the two studied feeders including
Ahvaz3-5132 and Ahvaz3-5052 in five different modes con-
sisting of without maneuver, with the presented maneuver,
three switches, four switches, three switches with DG and
four switches with DG are studied and evaluated. The GOA
has been utilized to address the presented approach.

1) WITHOUT SWITCHING MANEUVER
In the first mode, the power distribution network of the case
study is tested and evaluated without taking into account
maneuvers and switches. The obtained outcomes includ-
ing the power flow and loss analysis, reliability assess-
ment of main feeders in Ahvaz3-5132 and Ahvaz3-5052
in the basic mode are presented in Table 1. Figure 7 also
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TABLE 2. Obtained outcomes of power flow and loss analysis, and reliability assessment of main feeders from Ahvaz3-5132 and Ahvaz3-5052 in the
suggested manner of utilization (three different switches allocation).

TABLE 3. Simulation results of reliability assessment for Ahvaz3-5132
and Ahvaz3-5052 feeders in the proposed approach by island areas
based on the Figure 8.

displays the maneuver switches positions in the main feeders
of Ahvaz3-5132 and Ahvaz3-5052 in the basic mode.

2) POWER DISTRIBUTION GRID WITH PROPOSED
MANEUVER APPROACH (3 SWITCHES)
In the second mode, the assumed power distribution grid is
studied and assessed with three different proposed maneuver
switches. The obtained results of placement in the proposed
three switches for the power flow and loss analysis, reli-
ability assessment of the main feeders from Ahvaz3-5132
and Ahvaz3-5052 are presented in Tables 2 and 3. The
obtained reliability simulation results for the main feeders of
Ahvaz3-5132 and Ahvaz3-5052 in the separately operational
proposed mode for the island zones are depicted in Figure 8.
As shown in Figure 8, the positioning of the maneuvering
switches in the feeder Ahvaz3-5132 and Ahvaz3-5052 are
displayed in the fundamental state.

3) POWER DISTRIBUTION GRID WITH PROPOSED
MANEUVER APPROACH (4 SWITCHES)
In the third mode, the assumed power distribution grid is
studied and evaluated with four different proposed maneuver
switches. The obtained results of placement in the proposed
four switches for the power flow, and loss analysis, reliabil-
ity assessment of the main feeders from Ahvaz3-5132 and
Ahvaz3-5052 are presented in Table 4. The obtained reli-
ability simulation results for the feeders Ahvaz3-5132 and
Ahvaz3-5052 in the separately operational proposed mode
for the island zones are displayed in Figure 9. As can be
seen from this Figure, the positioning of the maneuvering
switches in the feeder Ahvaz3-5132 and Ahvaz3-5052 are
displayed in the basic mode. Figure 10 also displays the

TABLE 4. Simulation results of reliability assessment for Ahvaz3-5132
and Ahvaz3-5052 feeders in the proposed approach by island areas
based on the Figure 9.

FIGURE 7. The positioning of the maneuver switches in the main feeders
of Ahvaz3-5132 and Ahvaz3-5052 in the basic mode.

cost function diagram of the suggested allocation method in
several iterations.

4) POWER DISTRIBUTION GRID WITH THE PROPOSED
MANEUVER LOCATED (3 SWITCHES) IN
DG CONNECTION MODE
In the fourth mode, the assumed power distribution net-
work is studied and assessed with three different pro-
posed maneuver switches in presence of DG. The obtained
results of placement of the four switches for the power
flow and loss analysis, reliability assessment of the feed-
ers from Ahvaz3-5132 and Ahvaz3-5052 with and without

VOLUME 9, 2021 98501



H. Karimi et al.: Automated Distribution Networks Reliability Optimization

TABLE 5. Simulation results of the reliability assessment of Ahvaz3-5132 and Ahvaz3-5052 feeders in the proposed approach with and without the
presence of DG.

TABLE 6. Simulation results of the reliability assessment of
Ahvaz3-5132 and Ahvaz3-5052 feeders in the proposed
approach (three switches) in the presence of DG.

FIGURE 8. Position of maneuver switches in Ahvaz3-5132 and Ahvaz
3-5052 feeders in the recommended mode state.

the presence of DG are presented in the proposed mode
in Table 5.

5) POWER DISTRIBUTION GRID WITH THE PROPOSED
MANEUVER LOCATED (4 SWITCHES)
IN DG CONNECTION MODE
In the fifth mode, the assumed power distribution network
is studied and assessed with four different proposed maneu-
ver switches in presence of DG. The obtained results of
placement of the four switches for the power flow and
loss analysis, reliability assessment of the feeders from
Ahvaz3-5132 and Ahvaz3-5052 with and without the pres-
ence of DG are presented in the proposed mode in Table 6.

DG connection in zone 2 has reduced the losses of this
section; it does not have a positive effect on the ENS rate,
but by increasing the number of switches and converting
the desired area into 4 zones, the presence of DG makes it

FIGURE 9. Location of the suggested switches.

FIGURE 10. Diagram of the objective function of suggested allocation
algorithm in various iterations.

possible to create an independent island to be fed by DG.
In this case, the total ENS and total losses are reduced
(see Table 5).

V. CONCLUSION
Overall, the most important benefit of optimal placing and
operating switches in the power distribution grid during their
utilizable lifetime is achieving compatibility between increas-
ing the reliability of the network and the costs depended
on the purchase, installation and repair of switches. In this
research work, we have proposed an optimal solution to
specify the number, type and place of protection devices and
cross-section switches in power distribution networks with-
out and with the presence of DG units, taking into account
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the possibility of clients’ interruption. The proposed place-
ment method is accomplished on a real power distribution
grid of Ahvaz city. A genetic algorithm optimization tech-
nique has been utilized to analyze the effects of distribu-
tion automation systems to meliorate the reliability indices
of a power distribution grid. The significant purposes of
the paper are to optimally minimize the three overall cost
functions comprising the cost of investing and maintaining
network equipment, the cost of undistributed energy, and the
cost of losses of energy. Overall, the suggested optimization
approach combined the benefits of GOAs and SDT. The
GOA searched for the optimal universally, that prevented the
outcome from locally converging, and provided great primary
solutions for the SDT. The SDT also searched locally with
the excellent performance for improving the accuracy of the
optimum solution. The optimal placements of switches under
several study test cases in the actual distribution grid of Ahvaz
city have been considered. The reliability simulation out-
comes confirmed the effectiveness of the presented optimal
placement of automatic switches mechanism including auto-
cross-section switches and re-closers. In general, the great
advantage of placing and operating switches in the network
over their useful life is to achieve a conciliation among net-
work reliability and costs associated with the procurement,
installation, and repair of switches. Additionally, by applying
DGs, the impacts of using DAS on the optimal placement of
protection devices and switches have been analyzed.
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