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This paper describes a decision support system Imode
ABSTRACT (DSS) to aid designers in the task of elaboratisigidution
network projects, using optimization and artificial
intelligence techniques involved in a unique ambirative
approach. The following section defines the project
automation problem and the architecture of the lipesl
DSS will be presented next, including a descriptibmll
involved modules. Elaborated case study will beduced
to illustrate the proposed methodology. Finallymso
considerations will be presented.

This paper outlines a methodology to automate the
elaboration of constructive distribution networlojects. It
helps the network designer in the execution oftésks
related to the project elaboration process by givénset of
computational tools. These tools were arranged as a
Decision Support System (DSS). Through the use of
combinatorial optimization techniques, knowledgsdzh
systems (expert systems), load flow calculationetscahd
mecham(_: stgbmty calc_ulatlon, notable |mproven$emthe PROJECT AUTOMATION

standardization of projects are expected by redyciosts

and the time associated with those elaboration dask Distribution network projects are elaborated actwydo

Finally a case study illustrates the applicability the technical norms and standards, defining basicraitnd

method. technicalprocedures to guarantee the operational conditions
and the quality of power supply, defined by regutat

INTRODUCTION agencies. However, the accomplishment of such

requirements does not guarantee good technicdiswiwor
even low cost solutions. There will be a set ofieagring
practices that can be considered as directionave food
projects. Hence, the project elaboration demands fr
designers proper criteria to identify appropriateject
engineering solutions. This conclusion makes slétain

Designing distribution networks is a hard task, akhi
demands the meeting of diverse abilities and kndgée It
makes useof technical norms, empirical procedures,
judgment, common sense, calculations and a corditber
mass of data to result in an executive project. tha

fl_eashoq, ‘? complexdand gelgyed tﬁsk IIS char:;:l:f}rlzed automation model, due to the inherenmplexity of this
echnical norms and standards, technical procedunds oo oo oration task.

basic criteria must be assumed to ensure minimal T, wel-defined phases arise when elaboratingjiigton

operational condi_tions of distribution systems aed network projects: Project Classification and Prbjec
adequate the quality of power supply enforced gylegory Specification. Whichever project, these same phasesr

agenue_;.l I\/_Icr)]rehover, thEy estgbhs? sepurltymhlevels even if we are facing with a new consumer simple
compatible with the network operational requirerseihe connection or a more sophisticated network expan3ioe

set gf tecdhmdcal gqrms adds dgbreart] agnom_mt of inftioma Project Classification distinguishes some typgsrofects,
_llj_";']e ,I stu||e an _mtelrpr((ajte ythe_ esllgnerZ: ot considering the basic project characteristics, ltesof
e local or region load growth involves distriiouti projects previously elaborated, designer experiesagell

network prOje(l;ts SO thé"t egtheyﬁ, eco]I:f)gmaL "’.m(lj'; as company norms and standards. Frequently, thgneées
aspects mulst Ti con]:5| ere ’V.V'ft] out aftect t .e|tg uses his common sense in cases where commitment
power supply. These factors, with greater or miaegree, solutions are necessary.

compete between themselves, demanding a complex job The following phase, Project Specification, inclsdbe

from designers to achieve reasonable solutions. - :
. . o execution of adequate procedures to each typeopégir
When looking for approaches to provide project itteénd All the procedures are summarized to the chaininifhe

technical .reqwrements related to thg ?]etworlr p'@ﬂ".‘d ‘ activities in such a way that project specificasianaterials
construction, we come across with total scarcity of . manpower needed have been defined.

?o:'gr]but;ons_, tk&gs §gggestmg a nEW and potereigarch The main objective is the creation of alternativgieeering
ield In electric distribution networks area. solutions for, later, selects the solution thatiatj better to
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the project requirements.

This work considers the automation of the Project
Specification phase, leaving to the designer the
responsibility to carry out the Project Classificatphase.

A brief description of each project type is presents
follows:

» Customers connectioare extensions of network to
connect new loads in low (residential consumer) lsigd
voltage levels (commercial and industrial consumer)

* New residential areazomprise the definition of the
number and location of the transformers to be llestas
well as electric network routing.

e Improvementin the distribution network consists of
modifying significantly the existing network, incling its
actualphysical and/or electric configuration in ordenteet
the load growth scenario. The main purposes anmgrelie
technical deficiencies to maintain quality levalsnstruct
structural reinforcements to support additiona$fdue to
the occupation of cable TV and telephone compafoes,
instance.

DSSARCHITECTURE

Considering the practical issues, requirements and
circumstances involved in the design of electritriiution
networks, a Decision Support System (DSS) model [3]
becomes suitable and appropriated to the problem
approached in this paper.

Conceptually, the general architecture of the D& lwe
represented by the relationship between the usterface,
Database, and Models Base. The Interiegtablishes the
interaction protocol between the user and the Di3fe.
Database is the data repository needed for thelgrob
solution, including literal, numerical and graphidata. In

the Models Base are stored the procedures, tectsand
algorithms that can be used in interactive andredceiway,

to find adequate solutions to the problem.

This general architecture can be applied to thk tds
automate the energy distribution network projeds,
showed in Figure 1.
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Figure 1. DSS Architecture.

The Interface provides interaction between the asdrthe
DSS by graphical visualization and editing funcéipboth
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pertaining to the Visual module. The Functional nied
includes basic functions used in the preparatiosysfem
input data - pole allocation, transformers, prinsagments,
secondary segmentmd consumer loads.

The Databasstores information about the projects that will
be specified, while the Access module is respoaddyithe
data transactions. The Planner, Builder, Elect@edtulus,
Mechanical Calculus, and Implementer compose thadiso
Base. Each module has its specific function indiagect
development task, and can interact between themn&kt
subsections will describe all modules.

Planner Module

The Planner module aims to elaborate alternatiogepts
for the network with the minimum possible cost,idiefy
the position and capacity for the distribution stre
transformers and the route of the primary segnm@stgV)
and secondary distribution circuits (127/220V). Phienary
segments define the path between the transfornubthen
main distribution feeder. The model adopted folRlzner
considers the electrical limits of the conductorsd a
transformers, as well as the voltage levels thtiébmatch
standards determined for the Brazilian regulatgsray.
The complexity of this problem leads to a hieracahi
approach of three sub-problems: localization anthgiof
distribution transformers, primary segments routargl
secondary distribution circuit routing. The allaoat of
distribution transformers corresponds to solve an
uncapacitated p-median problem, characterizing a
combinatorial optimization problem to find the bpktces
for installing p transformers, connecting each load unit to
the nearest transformer that minimizes the sumhef t
electric moments (distance x demand). Each tram&fiolhas
its capacity defined by the sum of demands reguftiom
the consumers allocated to the transformer unit.

The design of secondary distribution circuits igaiied
using a matrix of shortest paths between all thetpof the
network, and is obtained using the Dijkstra aldomit[1].
The choice of which cable type will be proposethimarc
depends on the cable costs and its current lirfite
Planner module activates the Electric Calculus Medo
compute the power flow in the secondary distributio
circuit.

To find the route of primary segments is necesseatigcide
the arcs that will be used to create a path betveash
street transformer and the nearest point in maitnidution
feeder. This problem is formulated as a Steindrlpro [2],
which corresponds to connect a set of graph nodles a
minimum cost.

Builder Module

The objective of this module is to detail each edahof the
network proposal in its physical components (primar
structure, secondary structure, settiraggl poles, among
others). For accomplishing that, engineering rbkesed on
technical standards as well as practical knowledfe
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designers are used. These rules have been forahdate
production rules and stored in a knowledge basth®f
expert system.

During the definition process of the network eletsefree
interactions between designer and system will lssipte,
giving the chance of using the designer choicesnvthe
expert system is not able to make its own decision
(exceptions of rules).

Implementer Module

The final solution for a giving project is a listitiv the
materials and manpower defined by operations ofiadg
removal and substitution of networks elements. The
Implementer makes the association between the nletwo
elements, materials and manpower for the correspgnd
construction.

Electrical Calculus M odule

This module is used to validate the electrical petars of
giving project. It checks voltage limits and linerents
through the execution of a power flow algorithm.

The input data for this module are: the referenaden
(street transformer), the set of nodes with loaudkthe arcs
with respective cables.

M echanical Calculus Module

This module checks the mechanical conditions di pate,
ensuring its integrity and stability through propetutions
or indicating to the user some situations that ireqis
intervention.

CASE STUDIES

In this section, two case studies are presentstidw the
efficiency and the applicability of the developagtem.
Considering the similarities between the three sypé
projects presented in Section 2, it was opted fan®les
that evidence some important aspects in networjegto

Customer s connection

Figure 2 illustrates a situation where three lowage
customers with relatively low demand request atiecd
(points A, B and C in the figure).

'

Figure 2. Customer connection.
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In this simple project the system'’s user often pems the
conductors without aid of the Planner module. Aligiothis
example illustrates this situation, nothing presehe user

to use the Planner module to make the sizing of the
conductors.

In this case, the designer decides that will natdmessary
any alteration in the primary network segments or
transformers insertion to supply the new loads. Uiber
himselftraces the new secondary distribution circuit (blue
lines in Figure 2), selecting the conductors taubed and
the points where poles will be placed (for instanodhe
points A, B and C in Figure 2).

At present, the Builder module is used to makentterork
constructive project. The Constructor activates the
Mechanical Calculus module to make the sizing dégo
The constructive elements selected by the BuildetHis
situation are, among others, poles, secondarytates;
setting of the secondary structures, knottings. ddmgner
can modify the Builder output, adding or removingf |
elements.

The Implementer module is trigged to detail thalfiresult

of the project. It uses the Builder output and iinfation
about the early state of the network. In this ¢heee are no
changes in the existing network; all projected eets will

be added and any removal or substitution will net b
necessary.

Networ k Expansion

Figure 3 illustrates a network expansion arearibatls to

be powered. Segments in red (primary) and black
(secondary) are representing the existing netilarangles
represent transformers; in this case, we have &tiegi
transformers.

Figure 3. Network expansion.
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The system user needs to inform to DSS the podsitdéés

to install poles and paths for cables (in blueiguFe 3).
Figure 4 shows the solution suggested by the Ptanne
module It shows primary segments and secondary circuits
proposed by the DSS, considering the expansicrdnted

in Figure 3. The main goal is to expand the netveaitksing

the minimum intervention in the existing network,
considering operational conditions. As observedew n
secondary circuit was created to supply energheantw
loads, not necessarily implying changes on thetiagis
circuits. In Figure 4a the added transformer (ieside
rectangle) is connected to the main distributioadfs
through a small extension.

a) b)
Figure 4. Primary segments and secondary circuits.

Note in Figure 4b that the resulting expansion dddeew
secondary circuit, bringing a new transformer te th
network. However, this new circuit was not able to
incorporate all load points; some of them werecaited to
adjacent existing secondary circuits.

Next, the Builder module is trigged to determineickih
constructive elements must be placed in the projeut
output of this module is a list of constructiveratmts for
each pole. Among these elements, we can cite poles,
primary and secondary structures, knotting of the
conductors in the structures and settings of thetires.

To illustrate this procedure, we take as exampdeptble
where the new transformer is installed, highlightétth a
circle in Figure 4b. Firstly, the pole type is cansthrough
the determination of its height and the tractioforef
necessary to support it. After that primary andoséary
structures to support the conductors in the paeelected.

At this stage the type of conductors and angleatede
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between them are also considered. Other elements ar
selected in similar ways, where normally a choiepahds
on early selections

CONCLUSIONS

A Decision Support System was described in thispsp
aid the elaboration of electric distribution netkgprojects.
Through a simple architecture, several techniqued a
algorithms are used in interrelated specific mosluéach
one performing a different function in the system.

As illustrated in case studies, the proposed sys$tean
efficient tool for projecting over-head electristtibution
networks. The following benefits can be achievadgithe
DSS:

» Dispersion reduction in project solutionthe use of the
tool set for optimizing and conducting the differehoices
among a large number of alternatives limits thgestitvity
inherent to the project design tasks, improving the
standardization of procedures and criteria in power
distribution companies.

* Reduction in design errorshe project automation causes
a considerable reduction of possible mistakes,esthe
consistency checking during the application of eagring
rules is among the system functionalities.

* Lower cost solutions- the use of computational
intelligence algorithms leads to solutions with &w
execution cost and better customer satisfaction.

» Lower time in project executioh automating the main
tasks of project elaboration, including the usgrafphical
interface, databases interconnection, fast optiioiza
algorithms, mechanical and electric computing, reiult in
important reduction of the project execution time.
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