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Abstract

Power System Reliability I nvestigation by L oad Balancing Technology Across The
Distribution Feeders

ABDULHAFEDH, Ayad
Master, Department of electrical and electronic

Thesis Supervisor: Prof. Dr. DOGAN CALIKOGLU
December - 2017

Pages. 91

Losses are considered as an essential threat terpoygtem reliability and
worthiness. The power losses take place in theiloigion system. The power losses can
be due to physical parameters of the elements sdibtribution system such as
material of cables and bus-bars or even the irmslathich in whole constitute the
distribution system. In this thesis, power loss tuéad variation is studied. In a radial
distribution system, load distributes among feedvéod bus-bars and hence losses may
be developed due to overload in any particular nagebar. In a radial system, three
main feeders are designed to maintain the requuoeder in order to run the branches
connected to it so that three branches are implesdemt undesired situation such as
fault at any node, current consumption will be ertely high and so this node will be
subjected to trip off until the fault is cleareds Aadial system involves a feed forward
fashion, it is important to maintain the branchttfea from this faulty node during the
trip off period. However, a new feeder may take awmstead the faulty node. One more
assumption is proven by previous studies: changnegnetwork topology is yielded a
noticeable improvement on reliability. For thoseoteases, network can be switched
into another topology by changing the feeder ofedént bus bars. Switching (off/on) a

Xl



particular node is produced a new topology and repetof this procedure is provided

many cases where reliability curve can be drawn.

System is implemented by using sixteen bus-baribigton grid that is radially
structured using Matlab software. Results are shown thahwm reliability is achieved
by using artificial neural network when nodes (two, fand fifteen) are opened and so,
the power losses is minimized and voltage proSlémproved over seven iterations of

different topologies.

Keyword: Distribution Feeder Reconfiguration, Radial Netlor

Backwardrorward Load Flow, Artificial Neural Network.
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Ozet

Dagitim Besleyicileri Boyunca Y ik Dengeleme Teknolojisi ile Giig Sistemi
Guvenilirlik Arastirmasi

ABDULHAFEDH, A yad
Y iksek Lisans, Elektrik ve Elektronik Balumu
Tez Danismani: Prof. Dr. DOGAN CALIKOGLU

Aralik - 2017

Sayfa sayisi: 91

Uretim santrallerinden nihai kullanicilara kadar meydaglerg kayiplar, giic sisteminin
guvenilirligi ve deserliligi icin temel tehdit olarak derlendiriimektedir. G6z ardi
edilemeyecek miktarda elektrik kaybigiam sisteminde meydana gelmekte olup bu
kayiplar kablo, bara malzemeleri ve hattggiglen sisteminin tamamini ajturan
yaliticilar gibi d&itim kalemlerinin fiziksel parametrelerinden kaytealabilmektedir.
Bu tezde, yuk d&simi nedeniyle meydana gelen guc¢ kayiplari incelgtimiRadyal
dagitim sisteminde yuk, ileri besleme baralari arasindalanuiriimakta ve dolayisiyla
herhangi bir dgimdeki/baradaki sar1 yik nedeniyle kayiplar odabilmektedir. Radyal
sistemde U¢ ana besleyici, sistemglbaranslar calstirmak amaciyla ¢ bram da
uygulanmasi icin gerekli olan gicli muhafaza etmzedrél tasarlanngtir. Herhangi bir
digimde arniza meydana gelmesi gibi istenmeyen durdalaakim tiketimi son derece
yuksek olacak ve bu @iim ariza giderilene kadar devrgidkalacaktir. Radyal sistem
ileri beslemeseklinde dahil oldukga, devreglikaldigl stire boyunca bu hatali glimden
beslenen bram muhafaza etmek 6nemlidir, ancak hatalgi@ia yerine yeni bir besleyici
devreye alinabilir. Daha 6nceki gahalarda kanitlanan bir gir varsayingoyledir; g
topolojisini desistirmek, guvenilirlik Gzerine gozle gorulir bir gghe sglamaktadir.
Bu iki durumda &, farkli baralarin besleyicilerini @gsstirerek baka bir topolojiye

donisturulebilir. Belli digimlerin kapatilmasi/agiimasi, yeni bir topoloji tinekte ve

XIv



bu islemin tekrarlanmasi ile glvenilirlikgeisinin gizilebilecei birgok durum temin

edilmektedir.

Sistem, Matlab yazilimi kullanilarak radyal olangipilandirilan on alti adet bara
dagitim sebekesi kullanilarak uygulangtr. ANN kullaniimis ve sonugclar, dgiimlerin
(iki, dort ve on beg) acilmasi ile optimum guveniligin sglandgl, bdylece glg
kayiplarinin en aza indirgerii voltaj profilinin farkli topolojilerin yedi kez yinelemesi
Uzerine iyilatigini gostermstir.

Anahtar Kelimeler: Dagitim Besleyici Yeniden Yapilandirmasi, Rady&kebeke,
Gerigleri YOnlU YUk Akgl, Yapay Sinir A1, ANN.
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CHAPTER ONE

INTRODUCTION

1.1 Presentation of work

In this thesis, the reliability and economace studied and achieved by
reconfiguring a radial distribution system that a@édsed by S. Civanlar et al with
sixteen bus-bars100 MVA and 23 KV is selectetb study under various
assumptions and operation criteria [Zhis work applies in the electrical power system
especially in the distribution system. The disttibn networks are consisted of two
types of structures. The network is configured aittadially structure or loop structure
(Ring main). In this work, the radial configuratimused because it is simple system.
The number of switches of radial network is small butrthg main system is complex.
The ring main network has a large number of swicAde distribution networks are
operated radially because of simpler protectenmd lower short circuit currents.
Distribution systems consist of groups ofterconnected radial circuits. The
configuration may be varied via switching operasidn transfer loads among the
feeders through normally closed switches (sectinimgl switches) or normally open
switches (tie switches). Distribution losses varydimanging configuration under same
loading condition. Therefore, under normal ope@tionditions, distribution engineers
periodically reconfigure distribution feeders by opgnand closing of switches in order
to increase the reliability and reduce line losse Tésulting feeders must remain radial

and meet all the load condition requirements.



There are numerous numbers of switches in theiloigiton system and the
number of possible switching operations isneadous. The distribution feeder
reconfiguration (DFR) is a process that consists ohgimg the status of the network
switches in order to resupply the non-energizeasaedter a fault occurrence or
optimize given criteria. DFR problem of radial power disition systems may be stated
as follows: given a load profile for a distribution netk with a number of tie lines and
switching points, find a radial configuration fdret network which minimizes the
network losses, supply the critical loads at acaglpt voltage levels. DFR is a complex
combinatorial optimization problem which yieldhie best distribution network
configuration with minimal losses by optimizing appropriate objective function
and at the same time, maintaining the constramfsosed upon the network. These
constraints are voltage limits at nodes, the rapblogy of network and supply of
power to all loads. In recent past, considerabéeasch has been conducted for loss
minimization in the area of DFR. DFR for loss redoctwas first proposed by Merlin
and Back [1].

There are many solutions for these problemsh as (the equivalent resistance
reduction, the placement of compensated capaditer distribution generator, the

network reconfiguration). The network reconfiguoatiis motivated me due to many

things such as:

Power Loss Reduction: Power Loss reduction is a main objective of DFR because
the reduction in system losses brings down theec@ssary operational cost to
the profit-driven utilities. System losses are affddig many aspects, such as

load imbalance, low voltages, and long distribution lines.

Load Balancing: DFR for load balancing determines an optimradial
distribution system configuration to balance loadsng distribution feeders.
The optimal load balancing switching operation eaalappropriate transfer of
loads from heavy-loaded feeders to light loadeddes in order to maintain
sufficient load transfer margin and consequentlyagice operational efficiency.
Load balancing can mitigate equipment overloading todaynnecessary system

losses and faster equipment aging that will cause evenlosses.



Mitigation of Voltage sags: Distribution feeder emanates radially from the
substation to supply the loads and therdi® voltage drops along the
distribution lines from the substation. To maintdie node voltage profiles
within operating limits, various control strategiesve been implemented such
as voltage regulators and reactive power suppodrder to achieve a better
voltage profile, DFR alters the network topologyldherefore power flow
magnitudes and directs to avoid over-loads and laestgilgution paths that will

cause a significant voltage drop.

Service Restoration: The goals described above are commonly targeted f
normal conditions of a distribution system. Seeviestoration is a group of
objectives in emergency conditions such as fault vdveitches are opened to
isolate part of the system. The isolation can léadoss of loads and/or
distributed generators (DGs). DFR for service nedion redirects the power
flow to regain the service to loads and DG conoastito the network while
considering the objectives for normal conditions apédcial requirements such
as minimum restoration time, maximum restored laad minimum switching
operations.

Loss and reliability are two significant psinamong several factors in
distribution network. Hence feeder reconfigurationpbeto transfer the loads
from heavily loaded feeders to lightly loaded fasddhese alterations not
only reduce the real power losses of the netwotkallao balance the loads

among feeders and significantly improve the voltage psofile

The results of this work are depended on the methatiwill be found the best
solution of feeder reconfiguration. The networkamfiguration is tested on (16 bus
system) [2]. This work is accomplished by the arigfi@eural network to make the best
decision so that any configuration gets the best results.

The results demonstrated the reconfiguration numbeis (e best solution because it

gets the minimum power losses and the best valueltzge profile.



1.2 Main component of work

This work is involved some things to make reconfigiorain electric distribution

network.

The reconfiguration is accomplished by using swicftie switches and
sectionalizing switches) and this will achieve by selectingtieches and
changing the situation of these switches.

The load flow algorithm (Backward-Forward load flow)

The (ANN)is used to get the best reconfigurationetivork.

1.2.1 Theimportance of component and the aim of work

The distribution network is existing with lossesedio multiple reason

occurrences. The proposed system to distributdodue within the network is

expected to deliver the power from the generating t® the consumer end. This

dissertation aims to implement a system that fulfils theviefig goals:

1-

To implement an economic study to find the switcies should
participate in a switch upgrade plan based the results of
reconfiguration.

The system may cope with the load variation dutiregoperation
time in order to set the optimum valuest tiparticipating the
performance and hence minimizing the losses.

An intelligent system for network reconfiguost and feeders
upgrading will be implemented by using artificial neural roetwy

The ANN will take the call to find the switches @émches) that
participating the upgrading plan. The ANN will neathe better

decision to assign the network reconfiguration to thaired feeders.

5-A power system with 16 buses will be employed tedaine the

losses and monitor the performance prior and paingdhe ANN

model.



6- Economical consideration will be followed by minimizingés and
enhancing the voltage profile.
7- System will be modeled and simulated with Matlab armbatingly

result with recommendations will be made.

In order to specify the optimum performance in th&tribution network, the
concept of feeder reconfiguration is arrived wiily bdvantage to keep the load
balanced across the network. It is obvious tleetd imbalance and losses
occurring within the network is causadhfortunate events including
economical worth degradation. The distributionwwek is usually designed
with very high number of branches to deliver thecticity to the consumés
locations. The power flow from the generatipoint to the used end is
happened throughout huge network routes. Gegethkk propagation of the
power through these routs is facing a resistanetdunany considerations such
as heat losses.

The losses within power grid are not identical &irrouts and some
routes can have lesser amount of losses as comfzatiers. Another fact
about the power grid that load is not constant thropggticular path. The load is
varied in daily and hourly times so the optimum @itions of the network are

difficult to predict.



The problem of distributed network reconfiguratiero find best configuration

of radial network having minimum power lossasd meet all operating
constraints which are voltage profile of the networkrent capacity of the feeder
and radial structure of the distribution netkv Since many switching
combinations are possible in a distribution netwditke best configuration is a
complex, non-linear, combinatorial, and non-diffefable constrained
optimization problem. The differences in power Essand voltage drops can be
measured from the simulation of the network usiaggr flow before and afteéhe
network reconfiguration. Conventional Gauss-Sedgiel Newton-Raphson
methods of load flow gives unreliable solutionglistribution network due to

radial structure of the network, and have high R/X ratio

1.3 Literature survey

1.3.1 Overview

This section is contained the studies which conetlidty many researchers for
developing the concept of network reconfigurati®his approach is reported a
quite good results which are reflected into theralfgperformance. According to the
following sections, several technologies were usednhance the efficiency of
network reconfiguration such as Genetic algor, Selective particle swarm
optimization, Gravitational Search Algorithm,a®erial foraging optimization
algorithm and extra. The each is performing theuiregl steps to keep the network
stable and robust.

1.3.2 Network Reconfiguration

This concept involves the upgrading the stabf network feeders and
switches such as open/close operation, in oadatance the load across the
system and hence improving the performance andchegluhe losses. The great
impact has reported by using a various technologieh as Genetic algorithm and
artificial inelegancy to support the operatioaf network reconfiguration. The

following is about the most relevant approaches ¢baducted in this regard:



In 1988, S. Civanlar et alThey presented strategy for network reconfiguratiothe
simplest way to make loss reduction. They areitisétb conduct research on the
subject of restructuring the electrical networkeThethod is depended on guessing
and approximation the losses by changing the mhtire to the other lines. They
made the exchanging of branch and put method for plmsgminimization[2].

In 1989, D. Shirmohammadi and H. W. Hong. They presenteduaistee method to
reduce the line resistance losses by reconfiguratioonmal operation condition. The
convergence is used to reach the optimum or nganalpsolution and without
depending of final solution from initial status of the netwsnktches. The method uses

mathematically reliable and efficient for planning and op@nastudies [3].

In 1992, S. K. Goswami and S. K. Basu. This study preskss-reduction on radial
electrical distribution system by reconfiguratisassed on optimum power flow
pattern. A new configuration is sought hewaly in order to minimize the
interference on the optimum flow pattern. The rdigpmation method is utilized in
this study to reduce resistive losses of distributicstesy that starts with analyzing the
load flow of the meshed system by closing the switches in the network.
According to the Kirchhoff's laws, current fagaio flow through the path with
minimum losses.

Whereas the system is operated as a meshed nettherkesistive losses would be
small and opening a line carrying high amount afrext would force the current to
flow through paths with higher losses. The acceptanagehing the minimum current
carrying switch would interfere the optimum flowakt. The increase in losses by
opening switches would be minimized. This switclemipg step is repeated, in order
to achieve a low loss configuration. Exigtimonfiguration and the meshed
configuration with all switches closed are analyzed accgrthnoad flow calculations.
A new network configuration satisfying the voltaged current limitations of the
system with reduced losses is proposed for theesysthe load flow analyzing is

performed by calculating the admittance matrixhaf hetwork and using Newton-



Rhapson method. P and Q values of each bus arednegdo voltage magnitude and
angles. The new voltage and current values of #&teark elements are calculated

iteratively [4].

In 1997, Song et al. They put the fuzzy control for reconfiguratidms change or boom is

a key change to modulate the rate of the boomnulsiting evolutionary operation. The
binary method is represented the situation of switclvasther they are open (0) or close
(1). Optimization process increased it speed by chale-tand with merge depthfirst and

breadth-first strategies [6].

In 2003, Y. Y. Hong and S. Y. Ho. They maintained that maniyeria depending on
the performance of the system for an operatatetermine the switch statuses in
the distribution systems such a minimizatiorlagses and minimizing the voltage
drop. For the successful operation of any radidrithstion system, the configuration
of the feeder with statuses of switch must be daterd. Minimizing losses during
normal condition and voltage drop during fault nspiortant. The Genetic Algorithms
(GAS) provides a useful tool for this purpose and\)®as the capability of encoding
the chromosomes with integers. The statuses o$whitches were considered as genes
(binary bits) in GAS. The bit with a value tdero” (“one”) implies that the
corresponding switch is open (close). After theeajenoperations are applied, the
structure of the distribution system may not be radial. Araeéxnesh check” algorithm

will be incorporated with GAS to discard the infeasible mesbp{istructures [7].

In 2003, B. Venkatesh and Rakesh Ranjan. They presented thdieagduogram (multi
-objective) to find feeder reconfiguration in real netkvolhe multi objective consists of
reducing energy loss, service reliability, enhagcuoltage stability, decreasing the
number of switching.

In this paper, the previous objective function eéhiaved by fuzzy algorithm to find the
best solution. The work is implemented and simulég€++ program and tested by Tai

power 102bus system [8].



In 2006, N. C. Sahoo and K. Prasad. They made a test forbivg system 33bus and
69bus radial distribution system. They are usedfuzey genetic algorithm to re-
planned the radial distribution system to enhance the \eoktability for the network by
using some loads. The methodology of solving had a&pproaches first one, they are
taken the average of voltage stability in all busdse $econd approach is reduced the
losses in a previous two buses and make optimizatiothése two buses to get voltage
stability improvement. After this work is achievetiey realized that the voltage
stability enhancement for the network when the lossesreduced and this is achieved

by system reconfiguration [9].

In 2007, A. Abuja. S. Das and A. Pahwa. They presented éveldpment method for
loss reduction calculation by finding the optimum trees efrtatwork. The distribution
network is consisted from a group of branches amdkes. The graph theory for
distribution system is represented. Here, the prbis characterized as problem of
specified the optimum tree of graph for radial distributsystem and applying on each
structure. This algorithm is reduced the switchaognbinations to minimum number
and reduces the number of load flow. The implentkisienulation is achieved by
PSAT and MATLAB programs on (33-bus) test system.[10]

In 2008, R. Srinivasa Rao, S.V.L. Narasimham, M. Ramalingaréiiey mentioned in
distribution system that the feeder restructuringdbieved by altering the situation of
sectionalizing switches to get the power losses reductiois work is accomplished by
modern method which is called an artificial beeoogl algorithm(ABC). This
algorithm is used to obtain the sectionalizing shats that will be operated to make
solution for the power losses minimization probléfhe (ABC) is modern form and
derivative from the meta-heuristic algorithm. THRB(C) is taken from smart foraging
manner of honey bee group. The benefit of (ABCpatgm does not need external
factors like the crossover or the mutation as #m@esin the genetic algorithm. It is
complex to find these parameters in the beginnifige other benefit is ability to

research in the algorithm and this is achievedudting in the nearness exporter in



production mechanism and that is similar to mutation atper. This work is tested on
(69, 33, 14 buses) system to demonstrate the egktof (ABC) algorithm and make
comparison with other works to satisfy that. This methodssthan the other methobly
the solution quality and efficiency of computatidfor all these systems, the
substation voltage is considered as 1.0 p.u. andeaind sectionalizing switches are
considered as candidate switches for reconfigurgbimblem. The algorithm of this
method was programmed in Matlab [11].

In 2009, Ganesh. Vulasala, Sivanagaraju, Sirigiri and Ramahiruveedula. They
have presented an efficient approach to feeder figewation for power loss reduction
and voltage profile improvement in unbalanced radiatribution systems (URDS). In
this paper Genetic Algorithm (GA) is used to obtaalution for reconfiguration of
radial distribution systems to minimize the loss&dorward and backward algorithm
is used to calculate load flows in unbalanced ithstion systems by simulating the
survival of the fittest among the strings. The optimum stringearched by randomized
information exchange between strings by perforngngssover and mutation. Results
have shown that proposed algorithm has advantages pyevious algorithms. The
proposed method is effectively tested on 19 nodk 2Bhnode unbalanced radial

distribution systems [13].

In 2010, P. V. V. Rama Rao and S. Sivanagraju. They mentiamékis study that the

feeder reconfiguration is problem of merge optimizatibimne feeder reconfiguration is
calculated the different constraints that operated in e&atttistribution system.

The Plant Growth simulation is applied in this waikd has a good formulation for
optimization parameters that used to solve theineal problems. The Plant Growth
Simulation (PGS) algorithm is proposed with formulationmake the network more
reliability and increase the speed. This methodsied successfully to solve the
standard mathematical problems. The work has aegs@drch that is related with
configuration to reduce the losses in the netwdtie load balancing problem has
objective function such as the index of load balagof branch of the system. This
method does not need to external parameters to etenipd work and this is

considered as distinguishes from the other methodssitdy is applied and tested on
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radial configuration system (69bus) to reduce lsss®l balancing load is achieved
[14].

In 2011, Suman Nath and Somnath Rana. They said that Wigation has many
requirements. The development of industry néedexpand and increasing in
development of power network, with best efficiency androwed the voltage stability.

The goal of this work is to make the transmission systedntlae distribution system are
worked with best efficiency, voltage stability andtlwill share to make reduction in
the operational cost. The network reconfigurationgsduin this work and the work is
applied on (14bus) system. This study is implenerig (Matlab). The Newton
Raphson method is used to make the load flow. Ttical neural network is applied
to get the best switches reconfiguration. The steshdEEE-14 bus system has been
modified with the addition of power lines which emtt various buses in the power
system by connection/disconnection switches. Tlsealtg obtained from the load flow
analysis corresponding to the various load conaktidcSensor with inbuilt artificial
neural network may incorporate in electric systenll stuatinue the monitoring of load
variation to give a command to series and paralehbinations of load selection. The

tie switches are selected to operate the optimum switébgs [

In 2012, Tamer M. Khalil. In this study, the goal of the Was to introduce a new
algorithm to correct the network reconfiguratiorstgyn. The new algorithm is coming
after make modification for the partical swarm ap#ation (PSO) and the new one is
called selective partical swarm optimization (SPSO). Thiskvis applied by making the
switches of network normally closed then anotheretinormally opened. This work is
tested on (69bus) and (33bus) system. The resutingared with another studying to

make the new algorithm to demonstrate [16].
In 2012, Wardiah Mohd Dahalan and Hazlie Mokhlis. They preged an effective

method based on Particle Swarm Optimization (PSO) to identifg\iitehing operation

plan for feeder reconfiguration and optimum value & §)ze simultaneously. The main
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objective is to reduce the real power losses andawgthe bus voltage profile in the
system while satisfying all the distribution comastts. A method based on PSO
algorithm to determine the minimum losses and their impadhe network. Real power
losses and voltage profiles are investigated. Fonahstrating the validity of the
proposed algorithm, computer simulations are carriedo®3 bus system. The results are
presented and compare with the Genetic Algorithm (GA) naeftho).

In 2013, Manju Mam et al. The researchers are proposedisrsthdy the radial system
reconfiguration and the efficiency of this methedfound on the testing system to
remove the overload of the system and reduced daeeiplosses .This is achieved by
restrict the electrical network and this method is usedetwease the load of calculation.
The results of this work are demonstrated that this methaabre efficient to solve the
problem of the power losses reduction in radiatriigtion system. The (CYME)
simulation is used to accomplish all the constraifit the proposed system, an 11 KV,
16 node bus system has been considered with basafiguration based on 1 MVA
[18].

In 2014, N. H. Shamsudin et al. They said that in distribuystem, the losses of the
electrical power are continued for this last yaara huge desired of the electrical
energy and that happen in the modern countriestefdre, the feeder distribution
system of the radial structure is used in widedfi®l ensure the flowing electrical
energy continuous even the fault is occurred.

This approach is used a new algorithm called thecgen improvement of genetic
algorithm(SIGA) and it is same the genetic alganthout it is made the modification
of switching by gradation probability of the genetic oparand all the constraints are
satisfaction in distribution system reconfiguratidrhis algorithm (SIGA) is applied
and tested on (33bus) distribution system but tbekvis done by chosen just (5) tie
switches. The losses of power are classified in tragifstation to the minimum values
and voltage profile is enhanced by using this athor. The results are demonstrated
that this algorithm is best than the genetic atbamiin comparing the results of the

power losses. The proposed algorithm with improseldction operator is tested to
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the initial 33-bus distribution system with 28 closedtshes and 5 opened switches.
The analysis involved the determination of powasks and voltage profile befaed

after DNR while maintaining the radially of the origlmetwork [19].

In 2014, Zeinab Ghofrani-Jahromi, Mostafa Kazemi, and Mehudsdh. They presented
an economic study to find the participate switchmeslectrical network that depend on
the results of reconfiguration. The traditional aefiguration problem tends to be
considered an electric load condition (mostly maximdemand), in order to get the
optimal reconfiguration. However, there are vaaas in distribution loading condition

such as hourly and daily variations. These ai constant changing in optimal
reconfiguration.Consequently, considering only one loading conditmight lead to

inefficiency of the results. In this workdaily load curves of different types of
distribution consumers during various types of dé@ysekdays and holidays) and
seasons (summer and winter) are used to find thierbesnfiguration hours during a
day. They used the genetic algorithm (GA) to fiheé bptimal reconfiguration in each
time interval. The objective function applied t& Gonsists of loss and energy not
supplied. The switches that contribute to reconfigarashould be remotely controlled
in order to have the capability of immediate motteration. For evaluation feasibility

of automated switch installation; the benefit-tsicaatio is calculated. The entire

procedure is applied to test distribution system, and thdtseare discussed also [20].

In 2014, K. Sathish Kumar, K. Rajalakshmi and SabRekar Karthikeyan. They
presented the best reconfiguration of radial distrdrusystem. They reconfigure the
primary feeder to loss reduction by using feedeoméiguration as planning and
control of real time. The considered mathematicdliteon is applied. The optimal

reconfiguration is applied by using artificial nalnetwork for radial distribution

system. They worked to reduce the peak load demahdnea the voltage. This work
is used (16 bus) network [21].
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In2015, Laximi. M. Kottal and Dr. R Prakash. Network recgufation process may

help to rectify many distribution system problems sustplanning, energy restoration
and loss minimization. This research describes tedsction in a radial distribution
system by network reconfiguration using a nalgorithm. Gravitational Search
Algorithm [GSA] considers all the objectives in order meet the reliability
requirements. The processing time can be reducddhren quality of solution can be
improved. The proposed approach has been appliéestesystem including IEEE 33
system. The heuristic algorithm is based on thedhgravity and mass interactions.

The algorithm is comprised of collection of searchgents that interact with each
other through the gravity force. The agents aresicered as objects and their
performance is measured by their masses. The gravitg causes a global movement
where all objects move towards other objects wihver masses. The essential
achievements of this study were gained with 33bssgdgstem before make network
reconfiguration is 79KW and after make reconfigioratlosses becomes 60KW. So
after network reconfiguration is implemented thssks were reduced up to 23.6% for
half load conditioned [22].

In 2015, Su Mon Myint and Soe Win Naing. In this work, thare two kinds of power
losses in distribution system are called (technical amdtechnical) methods for power
losses. Power flow in electrical distribution systemsinhave exact reduction of losses
and the stability of voltage must improve. There arany methods to get reduction of
losses and make the voltage improvement. These tvameders will achieve when the
reconfiguration of the network is done. The (ETABIjtware program is used to make
the power flowing.The reconfiguration of distribution network under M¥A, 33/11
kV transformer is presented. The base voltage is 1dh¥/ 74 buses are studied in detail
for reconfiguration. After reconfiguration hgsocessed, voltage regulation and
efficiency of distribution system is better sinceemting voltage exists between 95%
and 105% and line losses also reduced. There ame fungs are very important in

system feeder reconfiguration such as (reductidnsses, capacity of the power losses
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and voltage improvement).

The work is accomplished by testing the distribmtgystem (74 nodes). This grid is
taken as case of study in this research becausgrithénas a great number of the
industrial loads that make the efficiency of the systenedsiced. This work is achieved
by using partical swarm optimization to get optinsalitches technique and this is
implemented by Matlab. The results are demonstratad this work is shown a great
enhancement in voltage profile and the losses anmgceedd This mean, the stability of
voltage is improvement and losses reduction aréeged when the result is compared
with the other model [23].

In 2016, A. V. sudhakara and M. Damodar Reddy. They arsgn&ed a new method
that illustrates the feeder reconfiguration halance the network and to make
optimization for radial network system. The new hoet is demonstrated the efficient
for optimizing the radial network. The feeder reconfigorais a great method to make
the power flow changing through the branches of thevor. This work is introduced
a modern method to get solution for network reaggunfation problem with satisfying
all the constraints such as (active power lossaisarcing the voltage in the radial
network system). The load flow algorithm is workedl dhen the objective function is
satisfied to put the solution for the problem of eddiistribution system (RDS). The
Meta -heuristic Dragon Fly algorithm (DFA) is usedmake reconfiguration and to
obtain the optimal switches in the network and o&dg the power losses in the
distribution network. The strategy has been testgd final configuration of the
100MVA, 23kV, IEEE 16-bus test system with 16 branci&ssectionalizing switches
and 3 tie switches. The results demonstrate thatrafisent reduction in real power
losses and improvement of voltage profiles [24].

In 2016, Manju Mam, Leen G, N. S. Saxena .An approach waggsed to introduce a
new algorithm to solve system feeder reconfiguratimd this algorithm is called
Bacterial Foraging Optimization (BFO). The loadwilan this work is achieved by

using the backward-forward sweep method (BFS) andrg@hical information system
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(GIS). The distribution feeder reconfiguration lcacterized by (non linearity, the
combinatorial problem, hard and non differentiablEe goal of distribution system
reconfiguration is to find radial structure thatitgegy minimal power losses with all
constraints are satisfied. The algorithm (BFOA) ieduso get the optimum switches
structure with power losses minimization. The (BFOA) is wdizo make optimization
to the deviation at the node voltage. The (GIS)tiszed for good planning and
analyzing. The work is tested to the (33bus) systéhe results are compared to
another researches and the result is demonstiaa¢dhis method is efficient and it is
the best in convergence parameter. The algorithmshwdre inspired from the natural
biological behavior are called Biological Inspirethérithms (BIA). The BIA

inspired from the foraging behavior of b a c tiear is called Bacterial Foraging
Optimization Algorithm(BFOA), proposed by Passino. Since its inceptio®Bmhas
been widely accepted as global optimization alarifor real world problemsuch as
transmission loss reduction, learning of artificial raéuretworks, active power filters,

optimal controller design, and harmonic estimation [25].

In 2016, J. Nosratain Ahour, M.rostami, V. Taheri Majad, Rashidbeygi and

H.Moazen. They presented the optimal placement ofchimg that implemented by
genetic algorithm without any correction. The coatsl structure of the distribution
network depend on the number of chosen switchegtamtbcation of these switches.
They talked about the reliability of distributiogstem and related with controllable
switches. The location and the number of switches grerked on changing the load,
time of faults, frequency, kinds of customers, investnagl the maintenance work.

In this work, the revised genetic algorithm (RGA)uilized for nonlinear objective

function to reduce the cost and the optimal strudbyrehoosing the optimum number of

switches and location in radial distribution system [26].
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1.4 The main aspects of thiswork and itsimportance

The main aspects of this work are the feeder regordtion of radial network,
the load flow method for each successfully confagiam, the optimization method to
get best result for loss reduction and best voltagksction of switches that makes the
work able to yield the best results. In this watkwas mentioned in the previous
section S. Civanlar et al [2], Sathish Kumar ef2dl] and A.V Suhakara and M.
Damodar Reddy24] that They worked on (16 bus system), alsais the same
network but they are used another way to make fepgation system by using
different topologies from them. In other word, th®rk used and tried another
switches for reconfiguring. This work achieved byngsthe backward-forward load
flow and the optimization method carried out byifemial neural network to get
minimum losses and best voltage. In [2], they pne= strategy for the feeder
reconfiguration in simple way to minimize powerdes. They got results for loss
reduction by guessing and approximating the lossekthis achieved by changing the
place of line to other lines. They made an equatiogett results. They none mentioned
the load flow method or optimization method andytiilized another status of
switches. In [21], the work implemented by artificheural network for optimization
but with used different parameters. The load floan@& mentioned in this work and
they used different switches operation. In [24kytlused a new way for optimization
and its name is Dragon Fly Algorithm. Bus injectiamstzurrent utilized for load flow
calculation and the status of switches were differ&lone of all the three papers
mentioned reliability and economic gain.
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1.5 Thesis Organization

This thesis has seven chapters to describe thee gmicedure of employing
concept of artificial intelligence to support thpmower distribution network by
selecting the optimum switches that are participativg network reconfiguration to
minimize the losses. Chapter orferésentation of work” is entitled to describe the
main concept of distribution network and ftkeder reconfiguration with their

impact on the power system.

Chapter two Methodology” is entitled to describe the proposed algorithm and

its impact on the network.

Chapter threeANN Module” is entitled to describe the details of artificial

neural network and the infrastructure of the employedeho

Chapter four Practical Module” involves a complete simulation and des@hn
our proposed model and the results with thegdesspecifications in ideal

outcomes resulting from the calculations.

Chapter five €Conclusion and Recommendations”, where the
interpretation

of the gained results will carry out and accordingly themaoendations will be set.

Chapter six References and Publications”, that illustrating the references list and

the project participation in the other journals.
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CHAPTER TWO

METHODOLOGY

2.1 Outline

Power systems in general are attributed by gemey#tie required energy and
successfully delivering of that energy to the conets. The means that adopted
by such systems to carry out the power across sliyasf lands are known as
distribution systems. This section of power sysiteuite essential in terms of
efficient delivery of power to the consumers. Efilee distribution system is
termed by loss less system where same energy #sgenerated is ensured to the
consumers with zero losses; such assumption seemk®gical as impedance
lies on each distributor and hence powerncariransport without losses.
Actually, the losses minimization is very drgsted argument in power
engineering so that a plenty of approaches arentedeto reduce the power
losses.[11] Present of generated power is faded awaystridution system.
Attention was given in this project to the methdus in turn minimizing the
power losses in distribution system. This chamgaroviding the main technical
information that required for implementing of dibtrtors with lesser possible
losses. The radial and ring distribution systeneseaplained and efforts are paid
to employ a radial system to build up an efficidistribution network with

possible immunity of losses.

2.2 Distribution systems

Distribution of electrical power is usually takipdace under the said “distribution
systems”; the same is considered as final levelosfer processing that ensures a
safe delivery of the said electricity to the consusn Loads or consumers are

interfaced on the terminals of powerstidbution system and can be
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Residential places such as apartments, row-h@mksesidential
premises.

Commercial places such as hotels, restasjramtmpanies or
schools.

Industrial consumers such as factoreesd manufacturing

premises.

Above categories are made under the fact of consampf electrical unites
(unites systems). Moreover, it can be used to stdighower system behaviors
from the consumer prospective. In other word, rsiichl places are seem to
operate at all times (24 X 24) whereas the comgaare schools are remained
operational during working hours of that particalarganization. It can be

said that bus bar where the residential loads@maexcted in higher portion of itsad
are expected to be in high demand, similarly thist tan be applied for thest

categories of consumers.

The distribution systems in general can be desgraseset of nodes which can
carry of electricity from generation ends/sub stadiand delivery it to the
consumers. Transformers and protection devicemseegrated with distribution
systems in order to ensure the quality of poweffel@nt optimization schemes

are on table and each is having its own contriloudiod impacts on the network.

Distribution transformers are in turn brought tledtage from medium limits that
sent from sub-station to low limits that supposetde¢ consumed in the loads.

Generally, two types of distribution systems anenid and described below.

2.2.1 Ring distribution System

As shown in figure 2.1, the name of ring distrilbatisystem is indicated as the
closed shapdéthe power distributed in closed cycle) where thergy from
generation unites is participated by many feeddsually, it is utilized for
connecting the main feeders loigh voltage together. The cost of ring system is
higher than radial system because the structumangfsystem has many
switches, nodes and the protection devices ardvato
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It is not good when the generation voltage is lowd ghe construction is high as
more conductors and switches are used. The disbibgystem uses a radial

system due to above reasons.
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Figure 2.1: Ring distribution system.

2.2.2 Radial distribution system

Unlike ring distribution system, radial system mother form of distribution that
connecting multiple nodes with sub-station wherehaaode is supplied with
power from single feeder. Figure 2.2 is depictifights system and it is cleared
that a central node is entitled with root nodeattiates power from upper
unites (generation/substations) to lower nodesrnfEwede is connected to serve
particular geographical area with electricity ahtha same time it is connectitige

coming nodes. In such form of distribution systeach node gets
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supplied by another node in the network and nodésrn serve the loads
connected on their terminals (consumers). For ragiavork, it is important to

maintain the following constrains:

1. No loop is developed when network is on operatiomade: each bus bar
is provided with power from one end (input), bus $faould divert of
received power into the load connected on samééauand the rest
portion of power must be provided to the next baisdw that power is
ensured to not propagate in backward.

2. Each bus bar is provided with power from singledier: node is generated
for one time from one feeder. In case of multigleders are serving of this
particular node then one of them should be trippféd

3. The power delivered to any bus bar should be didhib consumption
budget: power fed to this node must be enough meedeads on bus bar
terminals as well as load of next bus bar if any.

4. As figure 2.2 is depicting; it is mandatory for assuring the radial structure

that one or more node does not feed any other motthe system.
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Figure 2.2: Radial structure of distribution system
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This structure is adopted by service provider toes¢he loss population areas
such as remote geographical locations and rurakplalrhe cost of installation for
such kind of distribution network is relatively @per than ring system. The

advantages of such distribution systems can be suined as:

1. Low cost of construction.
2. Relatively simple structure.
3. Very useful if low voltage generation is existed.

4. And useful when the main generation unit is lowatt the mid of grid.

2.3 Network reconfiguration

Power system distributed from generation emolsconsumers ends
throughout radial or ring distribution system. Mamgearchers have shown that
effective portion of losses which exists on engiosver system is attributed the
distribution losses. Arounf®] presents of total power losses aeppened
in distribution system so that power comparées keen owgontrolling of

such disorders that leads for losses.

Many approaches are proposed to put down the @aéplosses to the minimum
level and network reconfiguration is one of thosalges. Reconfiguration can be
interpreted as changing of network switches coon#iso new form of network
can be obtained. Basically, any distribution systemtains two types of

switches which are:

Tie switch: for isolation or conduction of feedeitiwother feeder in
radial distribution system.

Sectionalisation switch: since the main feedensdfal structure
are segregated to many load feeder (load bus bars).s€bgonalizing
switch is responsible to connect or isolate thellbas bars from each

other within the same feeder in radial structure.
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Usually, large number of switches can be foundnwy distribution system with
different switching status i.e. “normally close &’ or “normally opened
switch”. Reconfiguration is conducting by alteritige feeder status by opening or
closing of the switch that isolate or condtite input of this feeder.
Reconfiguration is resulted another network topgladpich might develop of
new parameters in terms of losses and voltagelerdéfigure 2.3 is highlightingf

radial structure switches.
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Figure 2.3: Tie and sectionalizing switches in aadistribution system.

2.4 Constrains of reconfiguration

As stated above, network reconfiguration is proddse optimizing the bus
voltage and hence minimizing the real power loskesrder to apply such
proposal on the grid of bus bars in radial distiidou system, we need to consider

many limitations.
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2.4.1 Network representation

A new configuration is achieved by opening andiclg@she switches in original
network layout (as a case of ON and OFF switchedhat, grid is represented
with new topology. This approach is carried dayt integration of software
programs due to computational complexity in scalculations.

The probabilities of resulting new topology ategh: for a network
Containing of n bus bar,"?f results can be achieved. That implies a very
large networks will be gained from n bus bar netnadter applying the

reconfiguration.

From the results in previous point, most of teevmetworks are
subjected for negligence, due to unwanted typesilts. A radial

configuration is only required after applying tleeonfiguration.

Furnishing through of new resulted networks, elagh bar must be

supplied with power from only one feeder.

The power supplied to that bus bar must be endoghn the load
connected on that bus bar, otherwise, real povese®will be developed.
It is obvious that bus bar voltage is requiredddaage as the limit of
voltage in the network permit. For example, if tesignated voltage on
every node was 32 KV as maximum and 29 KV as minintlien the
voltage of that node after reconfiguration showd®B KV. Per unit values are
referred always while analyzing the network.

Talking about expensive computational involves bludget of load
flow calculations for every reconfiguration. Themmoer of switches in the
distribution system required losses calculatwithin each line
separating two consecutive switches so that moitelses lead to more

calculations.

In this project, optimum load flow method ised for selecting a best

configuration of distribution network.

25



2.5 Problem formulation

Since the feeders are segregated into sectionsadfWwhich are controlled
by sectionalisation switches and the feeder witlaidial distribution system are
tied with each other by tie switches. The reconfigion program is up to change
of those switches status. However, the normallynedeswitch will be subjected
for closing and normally close switch will be sutigd for opening. The target of
those processes is to obtain the power lossesufhdition with the minimum

level so that the following constrains will be sé#d.

> 4l A ... .. (1)

The branches count is represented by “NB”; eacimdbraof distribution network
is represented by “J” and finally the losses oadinwithin each branch is PLOSS.
This function entitled with “F” is considered to tiee objective function or target

of processing in the search algorithm in hereaftbe minimum f is obtained
after initializing of load flow program where thewer and voltage are calculated
in each part of the network. The obtained topolsgestricted to the following

constrains:

Power (min.) < powr o bus < powr (ax.) ggggggg.g.gg. (2)

Voltage (min.) < voltage inbus bar <volta (ax.) gggggggge.(3)

2.6 Load flow calculations

In radial distribution system, load flow aysbk is essential for applying
reconfiguration method on the network. The majothid section of processing is to

determine the power in each point of the grid devie

a) Power (S in VA or equivalent per units) is obtaime all buses of the

system. Assuming of radial system implies some s@te main feeders
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and serving of particular part of load bus barse pbwer in those
nodes should be the summation of entire nodes @oadars) that
connected under this feeder. However, in this gtdjge main feeders are
assumed with null/blank value in load flow tableld@heir value will be
updated continuously after each configuration/svititg.

b) Line power is obtained to update the load flowdalbhe line power
means the amount of energy consumed by transmifises connecting the
feeders to each other in the grid system.

c) In this approach, three phases, multiple bas and balanced
load system is implemented. Balanced system mémtsdads connected
on each phase are identical. However, single pbakeilations will be
achieved and apply to the other phases by consiglar2® and 188 of
phase shifting at consecutive phases.

d) Current summation method is used to identify adidlow in this system

as will be discussed in further sections.

2.6.1 Backward-Forward method

This method is presented to perform load flow asialyn power system,
current summation scheme is selected due to ieg#se calculations by using V and

| information instead of power components (P and Q)

Basically, this method involves a couple sweegbackward and forward). It
begins by determining the network currents from &mdtart. In other word,
nodes and branches currents are determined framdds though first node
(main feeders). Upon the evaluation of those cistesltages in nodes and

branches are obtained in forward direction (frorstfnode to last node).

These steps (backward and forward) are repeatetKfaotimes till the reaching of
optimum convergence of results.
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2.6.2 Mathematical representation

For the sample network of figure (3.4); three bus bars are representing the
feeder and load busses. By applying of Backwardveot method, the curreand

voltage in every bus and branch are determinee tabbained.

Node (1)
TL1
LD1
Node (2)
TL2 LD2
Node (3)

LD3

Figure 2.4: Simple load flow example.
Backward sweep: Using of KCL:
0 = 0@

@ 20
o= e => ] ="
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0= 0o+ [

0@

0= 0o+ e

For above [ and 1 is achieved by considering the initial voltage acle bus
bar with unity value. By the end of this, the baekdvsweep is over.

Forward sweep: in this section of analysis, theéag® in each node is updated

with by help of calculated currents from backwaneep.

000 lloe( 0 0)
In general form:
000 e H»eoCh » 0 )
Wheren=11, 2,3 ..... K]
aH Ay b
@ ay
Ay oD @
) o Lyl @) [ @)]
PL: Real power line losses X: imaginary part ofelimpedance

QL: Reactive power line losses
R: real part of line impendence

Finally, the losses can be estimated in whole btheraatical summation of all

lines losses in the distribution system so we catewhe following formula:

01 01
QLT X 01 @y and PLTE 01 @)

Where, “k” stands for the maximum number of lineparating the bus-bars
(nodes) in radial system. The load flow algoriismimplemented by
software using Matlab to perform the analysis inckiiand flexible fashion. The

figure 2.5 is depicting the steps of coding thevabmethod in software.
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Read line data

v
Read load data

Identifying the branch
location

Identifying the border

( Branch an
Y Lnode labeling
> Iteration account setting

]

Backward sweep: usél)= —E%% and find [

for nodal current and branch current by KCL from lastento first node

K=k+1 4

y Forward sweep: by usingyVL to calculate the voltages from first node
r to last node

000 I H>eoC0h » 0 )

A 4

Calculate real power losses and reactive poweetoss
each node

dH Ay«

@ dy

I Y
Convergence set is reached3.
N

Print results

End

N v Y
Maximum iteration?

Print diagnostic ¢

A 4

Figure 2.5: load flow calculation program.
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The above mentioned steps are used for identifyiagystem losses using
backward and forward sweep method. This procedurepeated for all possible
topologies of the network.

The process may begin with reliability assssmst of network in ordinary
configuration without applying of any switching apgons. Similarly, program

will work side to side with reconfiguration algdrh to assess the performance.

Performance will be evaluated base on reliabilaygmeters. In this project, the
term reliability is attributed to the minimum losse optimum node voltage.

Ultimately, the program will suggest the resultsl@fier losses configuration
(topology) that yield maximum bus voltage amongstilable networks. The
networks to be judged are produced by the artifreeairal network program.
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CHAPTER THREE

ARTIFICIAL NEURAL NETWORK

3.1 Outline

The principle of neural networks are similar te ttuman brain working by
implementing the right connections and this is ecéd by silicon and wirsuch
as dendrites and neurons. There are 86 billioneo¥encells in a humabrain
called (neurons) and these neurons are connectaggtaumber of cells bgxons as
shown in the figure(3.1).The dendrites are accephbedinputs fromsensory
organs or from external environment. The electmpulses are created by these
inputs that transported fast in the neural netwdhe message is sent neuron to
other neuron to complete the some issues [5].

Dendrites . . Ve .
{Accept i/p) information {I F
\ : transfer ———> :
}V.
L~
Axons (Process i/p) ’

Nerve impulse

Figure 3.1: Human neuron system.
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3.2 Structure of ANN

The ANNSs are consisted from a higher number of satiat is similar in
its work to the biological neurons of the humanitrdhe linksare used to
make connection between neurons that the neurengteracted to each other as
shown in figure (3.2). The nodes are accepted dathcan make simple processes
to this data. The outputs of these operations ane go other neuron. The output of
each node is named as its activation or the valuede. The weight is related by
link. ANNs has ability to learn that is taken thiaqe by changing the value of the
weight [27].

Hidden

Figure 3.2: Artificial neural network structure.
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3.3 ANN categories

The ANNs are composed from two topologies- Feedrind and the
feedback.

Feed-Forward: the data flow is in one direction. Any node istsaégita to
another from which it does not accept any datis. dharacterized that no
feedback (no loops) as shown in figure (3.3).

This kind of ANN is used for (generationécognition /classification).

They have repaired the inputs and outputs.

Figure 3.3: The feed forward artificial neural netk

Feed-Back: Here, feedback loops are permissible as showigumef
(3.4). They are used in title-based content mersorie
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Figure 3.4: The feed-back artificial neural network

In the topology diagrams shown, each arrow reptssarconnection between two
neurons and indicates the pathway for the flowndbrimation. Each connection
has a weight, it is an integer number that conttioés signal between the two
neurons.

If the network generates a “good or desired” outthére is no need to adjust the
weights. However, if the network generates a “pmaundesired” output or an

error, then the system alters the weights in ot@@nprove subsequent results.
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3.4 The ANNSs learning of machine

The ANNs have ability to learn and continuouslyirteal. ANNs have many

kinds of learning machine [12].

The supervised Learning — It contains a teacher who has more
knowledge than the same ANNSs. For example, Théhexagives some
examples of data that the teacher knows immediatedyvers. For
example, pattern recognizing. The ANN comes up gitbsses while
recognizing. Thethe teacher provides the ANN with the answers.
The network themompares it guesses with the teatkécorrect”

answers and makes adjustments according to errors.

Unsupervised Learning - This type is required when the example
data is not existed but the answers are known.

For example, look for a hidden style. In this ¢adastering i.e.

separating a set of elements into groups accorsingome unknown

pattern is implemented depended on the existing skats present.

Reinforcement Learning — This strategy is basedlwservation.
The ANN takes a decision by observing their envinent. If thenote
is negative, the network adjusts its weights talbe to make different
solution next time.

3.5 The ANN development for network reconfiguration

The ANN has ability for mapping very puzzgiinnonlinear relationship
between best optimum configurations and the legél®ad or the variation of load
which is required for distribution feeder reconfigtion and to find the most suitable
topology according to the pattern of load basedraiming knowledge in training set,
instead of the repetitive operation of transpod liad [15]. ANNs have robustness

for disturbance and massive parallelism for harévwaplementation.
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For above reasons artificial neural networks agdiag@ in power system. In this
work a multi- layer feed-forward artificial neunaétwork is trained with the error back

propagation algorithm is used for loss reductiod aoltage improvement.

3.6 Model description

In Matlab, ANN application can be started by “néwdbmmand to create
“supervised learning model”. This model is expddtefind the possible
topology of radial distribution system. Thespible inputs are formed as
matrix of (16 by 8) dimension which stands for grewver limits in each node. The
artificial neural network model is trained to matke proper path for such input

where the same can form the distribution systerh piiedefined constrains.

3.6.1 Input Layer

The suitable chosen of input variables is workedsfaccessfully (ANN)
application Usually the guide knowledge is required to selbetinput variables.
The load variation (P and Q) real and reactive paweach node is considered the
inputs in ANN. The input load (P and Q) is contedllthe losses of power and the
voltage profile in any system chosen.

3.6.2 Hidden L ayer

The computing power in ANN can be improved by iasiag the hidden
layers. However, there are no guidelines to finel tlumber of the hidden layers.
Usually used single hidden layer for many applaadi of the ANN to get the
complex relationship between the output and tipeiinin my work, there are two
hidden layers with sixteen neurons (nodes) givegitiod performance to improve the

voltage and getting the minimum losses.

37



3.6.3 Output Layer

For determining the minimum losses and best voltdge output of ANN is
depended on the status of switches to give theubditp best voltages and

minimum losses. The figure (3.5) below is explaitieel ANN input and output.

Output vector
(the status of

Input data switches) to
(variation of give minimum
load at each losses and best
node) voltage with

best

O—> reconfiguration

Input layer Hidden layer output layer

Figure 3.5: The input and the output of the ANN
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System is created with sixteen nodes so that@difmeural network has
implemented with sixteen nodes of input layer aixteen nodes for output layer.
The approximation function that used while condingof this model is selected as

“minmax”. Model parameters can be described as\oll

1) Layers creation: two layers were made, each d@ésixnodes where every
node is connected with each other by neuron. Topgy decision of this
model can be achieved by exact diversion of data finput layer to
output layer through the middle layer of hidden emadThe hidden layer
performs the required approximation to achievediagred output.

2) Approximation function: for successfully resporglito the data on input
layer, approximation was done by using “minmax”dtion. However, the
input matrix is divided in columns fashions andrtla@proximation takes

place using the above function.

3) Inter layer processing (first): data is manipultathin each layer i.e.
input layer and output layer. Hence another tw@s$ypf processing are
applied. During the data residence in first laytegot approximation by
“tansig” function where tangent transfer functienreturned the data in

form of -1 and +1 only as in figure below:

ri —

2 = farsig{rn)

Tan-Sigmod Transfer Function

Figure 3.6: Tansig transfer function.
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4) Inter layer processing (second): on the outpyer, the data was
converted into -1,+1 form and pre-approximated lymax transfer
function so that finally the output layer anothransfer function is
applied to linearate the data in the best possibbeiracy, however

“purelin” transfer function is used.

5) Training: input is trained with the right targetadct so while next
processing “Trainlm” was used for this purpose.

6) Final result: the implemented neural network isdmee ready to give the
expected results. So the command “sim” can be tesedll the input into
network. The process is required a proper definibtbsome parameters

as in table (3.1) like the error rate or learniatgrthat is responsible to

Table 3.1: ANN optimum settings.

Parameters Values
Error rate 5e(-3)
Maximum epochs le(3)
Training iterations 50
Training goal 0

correct the weights in ANN. If we put the large walof error rate then the
algorithm becomes instable but if we put it in sinvallue then we reached the
convergence after long time. The second is maxingpomchs mean the maximum
epochs for training the algorithm. The third isitiag iteration that responsible to
display the training status. The goal is respoesibl stop the training when the
performance of algorithm drops down the goal. Thesemeters are setting and
defined in the algorithm.

3.7 Statistical validation

After implementing the ANN model and getting thghily accurate results, it is
necessary to high light the internal statisticahdfN model. However, the
performance of results is depicted in figure 3.7.
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The performance of algorithm is checked by (MSH) tie value of it must be
low for good training and close to zero at minimgradient reached that means the

output of training set is become very close to eatbler at number of epoch (11).

Best Training Performance is 8.7569e-17 at epoch 11

10"

Train

Mean Squared Error (mse)

11 Epochs

Figure 3.7: The outcomes performance measure.

The training status is given in the below figure:

Gradient: - The gradient is used to stop the trgwhen the magnitude of gradient
drop below €= ) and this is happened at epoch (11) that givehasdesired

outputs.

MU: - It is responsible to control the parameteafgforithm and the magnitude of
(mu) is directly affecting the error of convergence

Validation fail: - It is used to stop the trainimgrly if the network performance on
validation vectors fails to improve number of validn failures. The validation

number when reaches (6) the training is stop.

41



Gradient = 1.5082e-08, at epoch 11

gradient
8
2

Mu = 0.0001, at epoch 11

g 10°
10719
Validation Checks = 0, at epoch 11
1 v . - : v -
=
% o - * L ] L ] L L L L L L »
=
4 s 1 . . \ X ,
e} 1 2 3 4 5 ] 7 8 =1 10 11
11 Epochs

Figure 3.8: The training status of ANN program.

Training: R=1

car

0.6

0.4

D2

&
(3%]

Output ~=1*Target + 5.5e-09
i ]

&
o

e i i i
=1 0.5 6] 05 1

Target

Figure 3.9: The regression of ANN program

Finally the regression process is given in belogurfe: that responsible
about the linear relationship between the targetsthe output. If (R=1)

then the exact linear relationship is happenedbastl results are gotten.
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Initialize the training

Epoch=1

Give the input data as

load in each node and the status of

switches

Give ANN parameters of algorithm
Maximum number of epoch=1000,
Number of iteration show=50, number
of training goal=0, learning rate=0.05

A 4
Present the input pattern and calculate outputegatiepend
on the status of switches for each reconfiguration

Epoch=Epoch+1 .

4 Calculate the voltage (V) in each configuration, @ losses
in each configuration, the best configuration taes
minimum losses and best voltage

!

Gradient<::

Yes

. Y
NO Validation e Y
) Training is stop
fail >
number=6

Figure 3.10: The ANN testing and training algorithm
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3.8 The ANN testing and training

The ANN is trained by back-propagation algorithrack input consists of the

load variation at each node in the distributiorwmek and the switching status that

form the target of output. These combinations at@wves are utilized for ANN

training. Error is monitored during the operatidriraining which usually reduces

when the number of iteration is growing. The vdiioia error is tended to increase

when the overtraining is happened and this sitnasaseful to make training stop

after validation error has increased for a few sgsive number of iterations to

save the time. The network will be tested with neputs which were not utilized

to train the ANN and the results are compared atual simulation results that

determined for these new test input. The operasi@thieved as follow:

1-

2-

Give the input data that containing the load ahe#de that gets from load

flow method.

Present set of parameters for training the ANNvodt such as number of
epochs, learning rate or error rate, number oéiiten show and the number of
goal.

The load (P and Q) at each node and status oflswif are used for input-
target training pair to train the ANN.

The ANN training is finished, ANN is used to esdita the optimal

configuration that will lead to get the best volggrofile with minimum losses.

The ANN is training as shown in the figure (3.10).
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CHAPTER FOUR

SOFT COMPUTING AND OUTCOMES

4.1 Outline

As stated in Chapter (2), radial system with midtipodes is chosen for
power quality analysis so that solutions and methack worked side to side for
improving the reliability. Two factors whickletermine the reliability in
distribution systems which are power losses andagel profile. However, we
complied with this particular system criterion aaoplied the possible tools for
optimizing the reliability. It was clearly detailed Chapter (2) that after selecting
the desired system and preparing of its data fatyars that we must end with the
optimum reliability by changing the system configiions in terms of switching
the bus-bars and forming a new topologies everg.tiRower flow and decision
makers are also explained. In this section we aréopned a continuation of
methodologies and constructing the codes that dagabyield the designated
targets. In coming sections, system data will lszwussed and for sake of
reliability. The designated distribution system Ik examined under several
barriers such as faults and beak loading time.hateénd of this chapter, the results
shall be displayed.

Matlab software is used to group all conditions aades of this project.
This analysis is seem impossible with tradisil solution methods, huge
calculations and parameters are yielded very casityputations so that software
programsand artificial intelligence schemes are used tosttont of two
corners ofsolutions; the data representation and scanningobyputer to create
load flow; and reconfiguration solution corner tmyide the path where load flow
program can work. Ultimately, the best configuratwill be selected and results

will be sketched.
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4.2 System architecture

The radial distribution system is described in wofkS.Civanlar et al with
sixteen bus-barsl00 MVA and 23 KV is selectetb study under various
assumptions and operation criteria [2]. Table hdws the system configuration

in basic form.
Table 4.1: Data of sixteen nodes system [2].
Serial Receiving Sending Line Line Switch
Number Bus-Bar Bus-Bar Resistance  Reactance Number
1 16 7 0.0900 0.12000 16
2 14 10 0.0400 0.04000 15
3 11 5 0.0400 0.04000 14
4 16 15 0.0400 0.04000 13
5 15 13 0.0800 0.11000 12
6 14 13 0.0900 0.12000 11
7 13 3 0.1100 0.11000 10
8 12 9 0.0800 0.11000 09
9 11 9 0.1100 0.11000 08
10 10 8 0.1100 0.11000 07
11 9 8 0.0800 0.11000 06
12 8 2 0.1100 0.11000 05
13 7 6 0.0400 0.04000 04
14 6 4 0.0900 0.18000 03
15 5 4 0.0800 0.11000 02
16 4 1 0.07500 0.10000 01

In this system, radial structure should be asstoedompletion of further process
so that an array of single dimensional implyingwitches status must be

developed in Matlab.
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The system of table 4.1 can be plotted in figure 4.1b; it is important to mention that

switches as in table above can be divides intaetreups [14].

Permanent closed switch: such type is remaitese and do not
participate in reconfiguration program as thosecvas are responsible
to close anabpen of main feeders and since we need such feeders

to be alway®operational to comply radial system criteria.

Normally open switch: such switches are kept eplen ordinary
system and can be participated the reconfiguragtian by changing of

their status from the opening to the closing Satu

Normally closed switch: this group of switches &ept closed during
the design of system (ordinary system) and capelicipated the
reconfiguration plan by changing of their statusrirclosing to opening.
However, looking to the ordinary structure of thedected system i.e.
16 buses radial distribution system, the table kmdva mentioned
switches can be implemented and so it carriesritiali status of each

switch in the system.
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Table 4.2: Switching status in radial groups astperordinary structure

Switch Number

Status

Working switches

01
02
03

04
05

06
07

08
09

10
11

12
13

14
15

16

Permanently closed

Normally closed

Permanently closed

Normally closed
Permanently closed

Permanently closed
Normally closed

Normally closed
Permanently closed

Permanently closed

Normally closed

Permanently closed
Normally closed
Normally open

Normally open

Normally open

-1
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14
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7 12
16

Figure 4.1a: The initial structure of radial sysf2m

The location of each switch that tabulated in tah, figure 4.1b was mentioned
earlier in table 4.1; for example, switch number 5 is located between node 8 and

node 2 and switch number 4 lies between node band
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Figure 4.1b: The initial structure of radial systesith working switches.




Recalling the load flow program, the current ofnmiaes(switches) can be
determined, voltage can be determined as wellsi#stem in figure 4.1, the

following results are obtained.

power losses in each bus bar in
MVA

12

- 10

I T T T T T T T I 0
7 6 5 4 3 2 1

|
o

|
=

13 2 11 1 9 8

Number of busbar

Figure 4.2: Power losses in each node during stdrtanfiguration of the radial
distribution system in MVA.
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Voltage profile in each node

1.005

=595
- 0.99
- 0.985
- 0.98
- 0.975
- 0.57
~ 0.965
- 0.96
~ 0.955
- 0.85
6. 745 14 13 42 11 10 92 8 ¥ & 5 4 3 2 1

Number of busbar

Figure 4.3: Voltage profile in each node duringhsi@d configuration of the

radial distribution system in p.u.

4.3 Reconfiguration method

Redial system is targeted so that all resultedlogpes shall comply this
constrain. In order to generate radial topologves,must recall the conditions in
chapter two and remember the most important coitevvhich each node is feed
by single feeder so that loops are prevented. Bystdigure 4.3 (a) is comprised
from three switches SW1, SW2 and SW3; if all switches is closed as figure
reveals then loop is produced and analysis wiltdresidered incorrect.
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s
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| B

Figure 4.3 (a): Three buses configuration of disition system that considered

inappropriate for the study.

This topology is reconfigured to obey for radiatenon so that system in figure

4.3 (b) is produced. Majority of challenges in nefiguration algorithm lie on
feeder distribution among available load bus-banene each feeder is bursting of
power into the bus-bar of its own area so that dadibar will be allotted to a
unique feeder. Topology of figuke3(b) implements the condition of
interest. However, SWL1 is opened and SW2 and SW3w@pplied with power
from feeder 2; in other word, among three switches, one should be opened to

implement radial distribution form.
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Figure 4.3 (b): Five buses configuration of diaitibn system that considered

=1

appropriate for the study.

4.4 Case study

According to the target of ANN program and stickioig the criteria of section 4.3
of radial system assurance, seven cases are sefecttudy where each is about
new topology derived from figure 4.1 and represena particular event which

may exist within distribution system.
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i.  Case one: the standard system has reconfigyregdying ON and OFF
Techniques using ANN and radial algorithm. Howesgstem of figure
4.4 is implemented by making switches (7, 8 andap@n.

—

TC
E—— *2 E— 3
+

Figure 4.4: First topology of system.

The resulted power losses in each node along wvalfage profile are plotted in
figures 4.6 and 4.7.



Power lossesin each busbar
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12

10

Number of busbar

Figure 4.6: Power losses after first reconfiguraiio MVA.

Voltage profile in each node

6. 35 ¥4 13 312 13 10 S & 7 o H 4 F 2 1

1.01

- 0.99

- 0.98

- 0.97

- 0.96

r 0.95

- 0.94

r 0.93

Number of busbar

Figure 4.7: Voltage profile after the first confrgtion in p.u.
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ii. Case two: system is reconfigured accordingrtbens coded in
algorithm and new radial topology has been yielaeth figure 4.8;
however switches (4, 7 and 14) are kept opened.

‘ -

—

L7
-

15

16

Figure 4.8: Second topology of system.

The resulted voltage profile and losses are platiddjures 4.9 and 4.10.



Power lossesin each busbar
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Figure 4.9: Power losses after second reconfigurati MVA.

Voltage profile in each node
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- 0.99

- 0.98
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Figure 4.10: Voltage profile after second reconfégion in p.u.
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lii.  Case three: another attempt of reconfiguratias taken place by opening
the switches (8, 11 and 16).

Figure 4.11: Third topology of system.
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Power lossesin each bushar
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Figure 4.12: Power losses after third reconfigoratn MVA.

Voltage profile in each node
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- 0.99

- 0.98

- 0.97

- 0.96

- 0.95
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Number of busbar

Figure 4.13: Voltage profile after third reconfigtion in p.u.

60




iv.  Case four: another attempt to reconfigure tdal system is done by
opening the switches (2, 4 and 15) and closingtakrs.

*1

4 8
+ H ——
10
9

> —
h 6
11
e ‘ 12 e

Figure 4.14: Forth topology of system.
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Power lossesin each busbar

I L1
T T T T _0

13 12 11 10 9 8 7 B 5 4 3 2 1

Number of busbar

Figure 4.15: Power losses after fourth reconfigarain MVA.

Voltage profile in each node

1.005

- 0995
- 0.99

- 0.985
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- 0.975
- QX7
- 0.965
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6 15 14 13 12 11 10 & 8 7 & 5 4 3 2 1

Number of busbar

Figure 4.16: Voltage profile after forth reconfigtion p.u.
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v. Case five: in this case the switches (4, 14 Es)dare opened and all other
are closed so the network in figure below is predlic

-

4
10
_— ——
S 15
6

7 12

N o
w

N
j

=
=

?

Figure 4.17: Fifth topology of system.
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Power lossesin each busbar

Number of busbar
Figure4.18: Power losses after fifth reconfigunatio MVA.

Voltage profile in each node
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Figure 4.19: voltage profile after fifth reconfiguion in p.u.
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vi. Case six: switches of (2, 4 and 11) are kgy@n@d and all others are
closed to form the following topology.

[ 8 3
10
9 *

15

——
14
Tll

_| 7

12 *6

Figure 4.20: Sixth topology of system.
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Power lossesin each busbar

13 232 341 30 9 8 7 6 5 4 3 2 1

Number of busbar

Figure 4.21: Power losses after sixth reconfigorain MVA.

Voltage profile in each node

15 15 14 13 12 1 1 % 8 7 B 5 4 3 2 %

Number of busbar

Figure 4.22: Voltage profile after sixth reconfigtion in p.u.
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vii.  Case seven: switches of (11, 13 and 14) aemeg in this case and all rest
Is closed to form the below topology.

Figure 4.23: Seventh topology of system.
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Power lossesin each busbar

12

10

Number of busbar

Figure 4.24: Power losses after seventh reconfiguran MVA.

Voltage profile in each node

16 15 14 13 12 11 1 9 8 7 & 5 4 3 2 1

Number of busbar

Figure 4.25: Voltage profile after sixth reconfigtion in p.u.
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4.5 Technical observations

Reasons behind this reconfiguration can be eitheranted occurrence such
as fault at any bus-bar or it can be done to thiste the network load from loaded
bus to light loaded bus. Network criteria shoulddieyed and that can be seen in
all topologies resulted from reconfiguration pragraradial system is assured for

each case.

Losses mitigation is achieved by conductindfecent reconfigurations and
optimum results are noticed at case number “fid the standard configuration is
considered as first iteration otherwise, the samseds holding number “four” of

previous section).

However, losses of each node were calculated b@aséue subtraction of line
losses (switches losses) from the total provideslgvamf this node. As power
burst from generation node to the coming node cotedewith it by particular

line, losses is developed in that line and the rtade of these losses are depended
on transmission line length and other physical emmental parameters such as
weather conditions and material used to fabrichéline. However, another
issues such as load is also considered as reabormdbesses development in
transmission line. Load connected to any nodegsired power in sufficient value

to prevent losses. The system reconfiguration wase dandomly using ANN
program to provide the possibilities that complg tonditions of predefined

database and above cases have generated.

Mathematical summation of losses in each node withiery case is yielded
single value called total power losses. Figure 4s2@epicting these values for
total eight cases. It is clearly seen that casebaurfive is represented the minimum
losses, in this iteration the switches (2, 4 angviére opened and all other switches
were closed.
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Power lossesin each configuration
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Figure 4.26: Total power losses in all iterations.

The maximum losses are laid on case one when s&{th8 and 16 were opened and
all others were closed.

4.6 results discussion

Considering the first case of reconfiguration aakplwsses and fourth
case asninimum in losses; the loads and line status masstbdied. At
standardconfiguration, all nodes are supplied from feedérs2 and 3) with
power in MVA with standard configuration the feed&) provides nodes undis
control with (5.1 MW and 8.5 MVAR) as in table 4.3.
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Table 4.3: Power supplied by the feeders duringdsted, peak and minimum
losses in MW, MVAR

| Feeder | Feeder | Feeder | Feeder/iteratic |
| Iteration 1 | 5.1+85 | 8.7+15.1i | 3.5+511 |
[ 4.3+ 6.7 [ 5.7+9 [ 5.1+ 8.4 | Iteration : |
[iteration 5 16+ [8.7+15i | 3.6+57 |

From the above table it seems that system (gengratequired to produce the
active power with 17.3 MW and reactive power ofZ2BIVAR at standard
system configuration. These values are kept asamte for validation with system
capacity (required power to run the load) ilration two (first case of
reconfiguration) and iteration five (fourth casaedst). However, system generator
shall provide the load with 15.1 MW and 24.2 MVARdpology in second
iteration is deployed and 13.9 MW and 22.7 MVARhE topology of fourth case

is deployed. It is quite interested to make theegation capacity in minimum
possible limit for running the same load. Ultimgtedll nodes are supplied and
every consumer is getting his requirement of podemand during all topologies
(iterations) so, it is seen that iteration numbee thelps to reduce the load by
reducing the losses to feasible break. Economic#tly losses are reduced and so
power generation is minimized as proved in previposits. The fuel required to
generate the demand of case five is obviously |laWvan the same in rest cases so
that economical gain is yielded by network reconfagion. Table 4.4 is detailing

the demanded and generation power in all nodessiynaing the node one

through three as generation nodes.
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Table4.4 Demand levels of power for entire nodes in (MW, AR)

8 7 6 5 4 3 2 1 Config
uration
\
node
1 5.1+8.5i | 5.1+8.5 | 3.9 +7i 5.1+8.5i 1.6+2i 3.9+7 | 1.6+2i 5.1+8.5i
i
8.7+15.1i 8.7+15.1i 57+9 | 8.7+15.1i 6.6+10i 5.7+9i 5.7+9i | 8.7+15. )
i 1i
35+5.1i | 4.3+6.7 | 3.5+5.1i 0.9+1i 3.6+5.7i 3.5+5.1 | 0.9+1i 0.9+1i
3 i i
1.6+2i 1.6+2i 1.6+2i 1.6+2i 1.6+2i 1.6+2i 1.6+2i 1.6+2i 4
5 1.5+3i 1.5+3i 1.5+3i 1.5+3i 1.5+3i 1.5+3i 1.5+3i 1.5+3i
0.8+2i 0.8+2i 0.8+2i 0.8+2i 0.8+2i 0.8+2i 0.8+2i 0.8+2i 6
7 1.2+1.5i 12+15 1.2+1.5i 1.2+1.5i 1.2+1.5i 12+15 1.2+1.5i 1.2+1.5i
i i
2.7+4i 2.7+4i 2.7+4i 2.7+4i 2.7+4i 2.7+4i 2.7+4i 2.7+4i 8
9 3+5i 3+5i 3+5i 3+5i 3+5i 3+5i 3+5i 3+5i
0.9+1i 0.9+1i 0.9+1i 0.9+1i 0.9+1i 0.9+1i 0.9+1i 0.9+1i 10
11 0.1+06i |0.1+0.6 | 0.1+0.6i 0.1+0.61 | 0.1+0.6i 0.1+0.6 | 0.1+0.6i | 0.1+0.6i
i i
2+4.5i 2+4.5i 2+4.5i 2+4.5i 2+4.5i 2+4.5i 2+4.5i 2+4.5i 12
13 0.9+1i 0.9+1i 0.9+1i 0.9+1i 0.9+1i 0.9+1i 0.9+1i 0.9+1i
0.7+1i 0.7+1i 0.7+1i | 0.7+1i 0.7+1i 0.7+1i 0.7+1i 0.7+1i 14
| | | | | | |
15 0.9+1i | 0.9+1i | 0.9+1i | 0.9+1i | 0.9+1i | 0.9+1i | 0.9+1i 0.9+1i
1+2.1i 1+2.1i 1+2.1i 1+2.1i 1+2.1i 1+2.1i 1+2.1i 1+2.1i 16
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The losses were found minimum at iteration fiveu(tb case study) table 4.5 is
depicted the losses occurrence in each reconfigaraind the average voltage in each

reconfiguration.

Table 4.5 the losses and voltages in each reconfiguration

Number of The total losses ineach| The voltage in each
reconfiguration| reconfiguration(MVA) reconfiguration(p.u.)
1
27.528 0.987
2
0.9866 39.88
3
19.804 0.9874
4
0.9871 37.6
= , .
17.89 0.9921
6
0.9899 20.196
= . .
20.3 0.9911
8
0.9847 22.32

voltage profile recorded and represent the per woitage of node. However, in
order to simplify the statistical presentation, #neerage value is calculated in

each iteration as depicted in figure 4.27 and aléet4.5.
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Voltagein each configuration
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Figure 4.27: Average voltage versus configuratiomber.
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CHAPTER FIVE

CONCLUSION
5.1 Conclusion

Project was included detailed study that aimingrtprove the reliability of
distribution system. It was also cleared that polsses in distributors are
considered as fundamental even that may threaysdtem reliably. In order to
treat the problem, a reconfiguration protocol i o feasible solutions, it simply
implied, searching the lesser losses path fromrgéine end to consumer end.
System analysis was carried out on sixtees tadial distribution system.
Procedure is started by examining the standarddggmf system without
applying any change hence, power supplied to eacle s identified and base of
current summation load flow method (backward fovswveeps). Power losses are
determined in each branch of network. The branbtlaes been defined by two or
more nodes coordination so that each couple of \egléorming one branch, this
can be considered as distribution line where pdogges are developed. After the
test of losses, voltage profile in every node enthalculated and by this

reliability assessment study for standard topoloigyystem is yielded.

Following procedure is devoted to implement a npldtiopologies from the
mother system, this idea is implemented to recoinéighe system in efforts to
minimize the path losses and maximize it bus velt#gtificial Neural Network

is deployed to predict the possible paths whichdoeying to this system
constrains. Reliability assessment is also initiafter every possible topology
and results were recorded. System is implementesbftware using Matlab and
results arfound much consistence. Among of eight differergologies that
called byprogram.

It was seen that iteration two yielded therse result of performanead

attempt of fifth iteration yielded the best resufitperformance.
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System is examined under various topologies #@n@#vas found that in

optimum reconfiguration the power required to baeayated from the plant end is

reduced. This topology can be considered as mavaoseaical worth that others

including the standard system prior to apply anyficuration.

The table (5.1) shows some comparisons with twepépat using the same

network. However, the number of changing switcteedifferent and the load flow

method is different. The optimization method idetént.

Table 5.1 comparison results with other 16- bus system

the

gai

notes The reduction| Best Voltage References of
of losses % of| profile paper
best
reconfiguration
This work This work study the losses
0.9921 p.u 24.8 of the system and voltage
profile to check
reliability of system and g
the economic
They none mentioned the Sathish Kumar,
best voltage and they none 6.432 | @ - K.Rajalakshim and
worked for reliability and S. Preabhakar
economic gain Karthikeyan [21]
A.V Suhakara and They mentioned the
M. Damodar Reddy 0.9716 p.u 8.86 minimum voltage and they

[24]

none worked for reliability

and economic gain
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5.2 Futurework

as:

There are several future visions on this subjetivoek reconfiguration such

Try the same idea but apply a new way of optinmratnd load flow analysis
algorithms for same network or another one.

Use the same algorithm of (ANN) with developedgpmaeter for same network
because the (ANN) implements the work quickly &adde the best decision for
optimization method.

Use the combination of feeder reconfiguration wdittribution generation or
with placement of capacitor to reduce losses byguhe artificial neural

network for same network.
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APPENDIX

Working program

1. Part one(testupF)

%%%programisapplyiedtothenetworkandexpected toshapethematrix

and

% prepare of intial load caluclations in

each node%%%

function  [impup,loadup,SS] = testupF(SW, conf, conload)

%copy the configuration matrix into temp matrix
impup=conf;
loadup= conload;
% number of nodes
Nnn=impup (:,1);
Nn=max(Nnn);
% Branch impedence
R=impup(:,4);
X=impup(:,5);
Z=complex (R,X);
% switch status in the system
% in this wherever the switch is opened then remove
the
% matrix
SW;
96**************************************************
*******input
for k=1l:length (impup(:,1))

if SW(k)==

impup (k, :)=0;

end
end

impup;

% removing all zeros arms in the matrix

% identify the branches after reconfigureation like
are 1
% 2 and 3 so all nodes connected to those feeders a
evaluared
indl=[];
ind2=[];
ind3=[];
Fl=1;
F2=2;
F3=3;
% Now finding the location of main feedersinthe m
ji=1:16
if impup(ji,2)==1
ki=impup (3i,7);
end
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if impup(ji,2)==2
ke=impup (ji, 7);
end

if impup(ji,2)==3
kz=impup (ji, 7);
end
end
ki;
while (impup(ki,2)>=F1 && impup(ki,2)~=F2 && impup(ki,2)
indl (ki) =impup (ki, 3) ;
ki=ki+1;
end

ke;

while (impup(ke,2)>=F2 && impup(ke,2)~=F1 && impup(ke,2)
ind2 (ke)=impup (ke, 3) ;
ke=ke+1;

end

kz;

while (impup(kz,2)>=F3 && impup(kz,2)~=F1 && impup(kz,2)
ind3 (kz)=impup (kz, 3) ;
kz=kz+1;

end

indl (indl1l==0)=[];

indl; % nodes connected to the feeder F1

ind2 (ind2==0)=[1];

ind2; % nodes connected to the feeder F2

ind3 (ind3==0)=[];

ind3; % nodes connected to the feeder F3

% Now, load of F1 , F2 and F3 will be evaluated

indl;

ind2;

ind3;

P1=0;

Q1=0;

for kj=1:length (ind1)
Pl= loadup (indl (kj),2) +P1;
Q1= loadup (indl (k7j), 3)+0Q1;

end

loadup (1,2)=P1;

loadup (1, 3)=0Q1;

P2=0;

02=0;

for ks=1:length (ind2)
P2= loadup(ind2(ks),2) +P2;
Q2= loadup (ind2 (ks),3) +Q2;

end

loadup (2,2)=P2;

loadup (2, 3)=02;

P3=0;

03=0;

for ka=1:length (ind3)
P3= loadup(ind3(ka),2) +P3;
Q3= loadup (ind3(ka),3) +Q3;

end
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loadup( 3,2)=P3;
loadup (3, 3)=03;
% now load matrix is ready according the new networ k configuration
loadup(:,2);
loadup(:,3);
SS= loadup(:,2)+(i*loadup(:,3));
% calcultion of load flow using BFA algo.

End

2- Part two (BFAF)

%%% The Back ward-Forward Algo. to calculated the | ossess and
evaluated voltage profile %%%
%%%%%% $$$$
%%%%

function  [v, ppp, LoN, PLOSS ]= BFAF(impup,loadup)

% configuration matrix where zeros are removed
impup;

impup ( ~any (impup,2), : ) = [1;

% load matrix

loadup;

% network pre known information

BMVA=100; % base power

BKV=23; % base potential

% number of nodes in the system

Ms=max (impup(:,2));

Mr=max (impup(:,3))

Mn=max (Mr,Ms);

%%6%%%%%%% %% %% % % %% %% %% %% %% %% %% %% % % %%

% number of branches in the grid
Br=impup(:,1);
MB=length (Br);
%%%%%%% %% %% %% %% %% %% %% %% %% %% %% %% %% %%
sv=ones (Mn, 1) ;
%voltage in bus intailly
for kkv=1:Mn
v (kkv)=1; % in per unit
V=V
end
%currentsineachbranchintailly for
kzz=1:MB
iB(kzz)=0;
iB =iB";
end
%%%% %% %% %% % % %% % % %% % % %% % % %% % % %% % % %% % % %
p=loadup(:,2);
g=loadup(:,3);
s=p+(q*i);
r=impup (:,4);
x=impup(:,5);
Z=r+(x*i);
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% per unit power
S=s/BMVA,

for repeat=1:30

I=conj(s./V);
mbb=length (impup (:,1));
for k=mbb:-1:1
[xfl xf2]= find(impup(:,2:3)==impup (k,3)):;
xf=[xfl x£f2];
xr=length (xf(:,1));
xc=length (x£f(1,:));

rC=XI*XC;
z=[J;
z1=[1;
zI=[];
zI1=[1];
for jg=21:xr
if xf(jg,2)==1
z=xf (jq,1); % branch current indicator
zl=impup(z,1);
end
if xf(jg,2)==2
zI=xf(jg,1); % node current indicator
zIl=impup (zI,3);
end
end
if re<=2
iB (impup (k, 1)) =I (zI1);
else

iB(impup(k,1))=I(zIl)+sum(iB(zl));

end
end
for ss=1: MB
v(impup(ss,3))=(v(impup(ss,2))-
(1B (impup(ss, 1)) * (impup (ss,4) + (i*impup(ss,5)))));
end
end

% claculation on losses per line
for kf=1:length (impup(;,1))
PLOSS (impup (kf, 1) )= (abs (iB (impup(kf,1))))" 2 * (impup (kf,4));
end
% Power losses in each branch in terms of mega VA
PLOSS=PLOSS * BMVA,;
% Power losses in each branch in terms of mega VA
PBL=PLOSS* (10"6) ;

% total losses of network branches branches in mega volt ampper
ppp=sum(PLOSS);
% losses claculation in each node (bus bar)

Snn=loadup (:,2)+ (loadup(:,3)*1i);
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$impup ( ~any (impup,2), : ) = []1;
sdd=max (impup (:,2));
sbb=max (impup (:,3));
sar=max(sbb,sdd);
for h=L1:length (impup(;,1))
det=find (impup (h, 3)==impup(:,2));
if size(det)>=1
LoN(h)= Snn(h)- PLOSS (impup (h, 1)) ;
else
LoN (h)=0;
end

end

% $$$3$ ploting the results $$$$ %
voltage per bus

figure ()

plot(abs(v), 'bo" );

title ( ‘Voltage profile for each node' );
legend( 'V (p.u.)' );

grid on

ylabel ( 'Voltage in per unit' );

xlabel ( 'Bus Bar number' );

hold on

plot(abs(v), ™)

hold off

% power losses in each bus

figure ()

plot(abs(LoN), 'bo' );

title ( 'Power losses in each node' );
legend( ‘zero indicates that node is "OFF"
grid on

ylabel ( 'MVA Losses' );
xlabel ( 'Bus Bar number' );

hold on
plot(abs(LoN), ™),
hold off

end
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2- Part three (final result)

% Applying of topologies on the network in all pred
conditions%

%$SSEEIISSTEEISSSTEEISSSEIISSTEEISSSTEEISSSTE$$SS

%copy switch status from the configuration matrix
str=swstallup;
ktr=swstallup;

%configuration |
SW=str(:,1);

%update the grid

[impup, loadup, SS ]=testupF(SW, conf, conload);
%get the results

[v, ppp, LON , PLOSS]= BFAF(impup,loadup);
vi=v;

pppl=ppp;

LoN1=LoN;

SS1=SS;

PP1=PLOSS;
%configuration 11
SW=str(:,2);

%update the grid
[impup, loadup, SS ]=testupF(SW, conf, conload);
%get the results
[v, ppp, LoN, PLOSS ]= BFAF(impup,loadup);
v2=v;
PPP2=ppp;
LoN2=LoN;
PP2=PLOSS;
SS2=8S;
%configuration Il
SW=str(:,3);

%update the grid
[impup, loadup, SS]=testupF(SW, conf, conload);
%get the results
[v, ppp, LoN, PLOSS ]= BFAF(impup,loadup);
v3=v;
PpPp3=ppp;
LoN3=LoNj;
PP3=PLOSS;
SS3=SS;
%configuration IV
SW=str(:,4);

%update the grid
[impup, loadup, SS ]=testupF(SW, conf, conload);
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%get the results
[v, ppp, LON , PLOSS]= BFAF(impup,loadup);
vi=v;
Pprp4=ppp;
LoN4=LoN;
PP4=PLOSS;
SS4=SS;
%configuration V
SW=str(:,5);

%update the grid
[impup, loadup, SS ]J=testupF(SW, conf, conload);
%get the results
[v, ppp, LoN , PLOSS]= BFAF(impup,loadup);
vh=v;
PPP5=ppp;
LoN5=LoN;
PP5=PLOSS;
SS5=SS;
%configuration VI
SW=str(:,6);

%update the grid
[impup, loadup, SS]=testupF(SW, conf, conload);
%get the results
[v, ppp, LoN , PLOSS]= BFAF(impup,loadup);
vVo=v;
pPPPo6=ppp;
LoN6=LoN;
PP6=PLOSS;
SS6=SS;
%configuration VII
SW=str(:,7);

%update the grid
[impup, loadup, SS]=testupF(SW, conf, conload);
%get the results
[v, ppp, LON, PLOSS ]= BFAF(impup,loadup);
v=v;
PPP7=ppp;
LoN7=LoN;
PP7=PLOSS;
SS7=SS;
%configuration VIII
SW=str(:,8);

%update the grid

[impup, loadup, SS ]=testupF(SW, conf, conload);
%get the results

[v, ppp, LON , PLOSS]= BFAF(impup,loadup);
v8=v;

PPp8=ppp;

LoN8=LoN;

PP8=PLOSS;

SS8=SS;
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% all outcomes concenation

LOON=[sum(LoN1), sum(LoN2), sum(LoN3), sum(LoN4), s
sum (LoN6), sum(LoN7), sum(LoN8)];

LoNL=length (LOON(1,:));
%for kki=1:LoNL

2- Part four (annt)

um(LoN5),

%$$$5$$5$$$$$ End To End %%%6%6%6%6%6%%%%% %% %0 %% %% %% %% %%
% entire results are gaind and displayed

here%%%%
PPT1l=abs (SS1) ;
Tarl=str(:,1);

newl=newff(minmax(PPT1), [16,16 ], {
newl.trainParam.show = 50;
newl.trainParam.lr = 0.005;
newl.trainParam.epochs =1000;
newl.trainParam.goal = 0;

nlw= trainlm (newl , PPT1 ,Tarl);
nlw= trainlm (newl , PPT1 ,Tarl);
nlw= trainlm (newl , PPT1 ,Tarl);

resl=sim(nlw, PPT1);
resl=round (resl);
%

PPT2=[abs (SS2)1];
Tar2=[str(:,2)];

new2=newff(minmax(PPT2), [16,16 ] , {
new2.trainParam.show = 50;
new2.trainParam.lr = 0.005;
new2.trainParam.epochs =1000;
new2.trainParam.goal = 0;

n2w= trainlm (new2 , PPT2 ,Tar2);
n2w= trainlm (new2 , PPT2 ,Tar2);
n2w= trainlm (new2 , PPT2 ,Tar2);

res2=sim(n2w, PPT2);
res2=round (res2);
%

PPT3=[abs (SS3) ];
Tar3=[str(:,3)];

'tansig'

'tansig'

, 'purelin’

, 'purelin’

}, 'trainim’

}, 'trainim’

);

);



new3=newff(minmax(PPT3), [16,16 ] , {

new3.trainParam.show = 50;
new3.trainParam.lr = 0.005;
new3.trainParam.epochs =1000;
new3.trainParam.goal = 0;

n3w= trainlm (new3 , PPT3 ,Tar3);
n3w= trainlm (new3 , PPT3 ,Tar3);
n3w= trainlm (new3 , PPT3 ,Tar3);

res3=sim( n3w, PPT3);
res3=round (res3);
%

PPT4=[abs (SS4) ];
Tard=[str(:,4)];

new4=newff(minmax(PPT4), [16,16 ] , {

newéd.trainParam.show = 50;
newd.trainParam.lr = 0.005;
newd.trainParam.epochs =1000;
newd.trainParam.goal = 0;

ndw= trainlm (newd4 , PPT4 ,Tard);
ndw= trainlm (newd , PPT4 ,Tard);
ndw= trainlm (newd , PPT4 ,Tard);
resd4=sim(ndw, PPT4);

resd4=round (resé);

%
PPT5=[abs (SS5) ];
Tarb5=[str(:,5)];

new5=newff(minmax(PPT5), [16,16 ] , {

newb5.trainParam.show = 50;
newb.trainParam.lr = 0.005;
newb.trainParam.epochs =1000;
newb.trainParam.goal = 0;

n5w= trainim (new5 , PPT5 ,Tar5);
nSw= trainlm (new5 , PPT5 ,Tarb);
nSw= trainlm (new5 , PPT5 ,Tarb);
res5=sim(n5w, PPT5);

resS5=round (resb);

%
PPT6=[abs (SS6) ];
Tar6=[str(:,6)];

89

'tansig’

'tansig’

'tansig’

, 'purelin’

, 'purelin’

, 'purelin’

}, 'trainim’
}, ‘trainim’
}, ‘trainim’

);

);

);



new6=newff(minmax(PPT6), [16,16 ] , {

newb6.trainParam.show = 50;
newb6.trainParam.lr = 0.005;
new6.trainParam.epochs =1000;
new6.trainParam.goal = 0;

now= trainlm (new6 , PPT6 ,Taro6);
néw= trainlm (new6 , PPT6 ,Taro6);
néw= trainlm (new6 , PPT6 ,Taro6);
resé=sim( né6w, PPT6);

res6=round (resé6);

%
PPT7=[abs (SS7)];
Tar7=[str(:,7)]1;

new7=newff(minmax(PPT7), [16,16 ] , {

new?/.trainParam.show = 50;
new?7.trainParam.lr = 0.005;
new?7.trainParam.epochs =1000;
new?7.trainParam.goal = 0;

n7w= trainlm (new?7 , PPT7 ,Tar7);
n7w= trainlm (new?7 , PPT7 ,Tar7);
n7w= trainlm (new?7 , PPT7 ,Tar7);
res/7=sim(n7w, PPT7);

res7=round (res7);

%
PPT8=[abs (5S8) ];
Tar8=[str(:,8)];

new8=newff(minmax(PPT8), [16,16 ] , {

new8.trainParam.show = 50;
new8.trainParam.lr = 0.005;
new8.trainParam.epochs =1000;
new8.trainParam.goal = 0;

n8w= trainlm (new8 , PPT8 ,Tar8);
n8w= trainlm (new8 , PPT8 ,Tar8);
n8w= trainlm (new8 , PPT8 ,Tar8);
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res8=sim (n8w, PPT8) ;

res8=round (res8);

%

%voltage profile

amm=[

mean(vl),mean(v2),mean(v3),mean(v4),mean(v5),mean(v 6),mean(v7),mean(v8
)

%system lossess per lines

PTotla=[  pppl, ppp2, ppp3, ppp4, PPPS, PPP6, pprp7, PPP8l;
%%%

RRV=max(amm);

RRP=min (PTotla);

Vok=find (amm==RRV);

Pok=find (PTotla==RRP);

RSER=[resl, res?2,res3,res4d4,resb5,res6,res7,res8];
RSER(:,Vok);

figure ()

plot (abs(LOON), ‘9" )

title ( 'Power losses monitered for all cases of reconfigur ation' );
legend();

grid on

ylabel ( 'MVA Total Losses' );

xlabel (  ‘lturation number' );

hold on

plot(abs(LOON), 'r* ),

hold off

%

figure ()

plot (abs(amm), v

title ( 'voltage profile' );
legend();

grid on

ylabel ( 'Voltage in p.u. );
xlabel ( 'Bas bar number' );
hold on

plot(Vok,abs(amm(Vok)), ™),
legend( "* the optimum result of voltage' );
hold off

% print the results of command bar %
optim voltage

%optim configuration

% losses in node

fprintf( 'TESEISEISPFSEFTISEI SIS SIS SSSS\n\n’ );
fprintf( '$ESPPSPSS RESE L T S $$$$$$S$$S\n\n’ );
fprintf( 'minimum power losses: %i\n\n’ ,RRP);

fprintf( 'max voltage : %i\n\n’ ,RRV);

fprintf( 'best configuration: %i\n' ,RSER(:,Vok));
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