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Abstract— This paper proposes a methodology for metering
system planning for state estimation purposes. Theroposed
methodology is based on Evolutionary Algorithms (EA) and on
the analysis of the calleH 4, matrix. By analyzing the structure of
this matrix, which is obtained via a triangular fadorization of the
Jacobian matrix, the proposed methodology can deterine
reliable metering systems (RMS). In this paper a ntering system
is considered as reliable if it is observable andds no critical
measurements; critical sets neither critical RemoteTerminal
Units (RTU). An EA is developed to find the best RNs with
minimal investment cost. The developed EA uses atrfess
function that measures the installation cost of mets and RTUs
from a given RMS. One relevant advantage of the ppmosed
methodology is its strategy to obtain RMS. An indiect
chromosome encoding representing a preferential oat of meters
installation combined with properties of theH 4, matrix guarantees
the proposed EA generates only feasible solutionise. RMS. The
proposed methodology was tested in the IEEE 6, 180 and 118
bus systems, as well as in a real Brazilian systeproviding to be
reliable. The results obtained by the proposed metidology were
compared with those obtained by other two existingnethods for
metering system planning.

Index Terms— Power System, State Estimation, Metering
System, Evolutionary Algorithm, Indirect Encoding.

I. INTRODUCTION

TATE estimator (SE) is an essential software taol

modern power systems.
estimate of the current system state by processsej of real-
time redundant measurements, and network paramstaes
in a data base. Independently of which SE is used,
performance depends on the available meteringraysteat is,
on the topological distribution of the establishadters and
Remote Terminal Units (RTUS) on the system.

Its aim is to obtain the best

RTU fails (during the operation of a power system,
communication failures may happen and lead to ulzbitty

of measurements and/or RTU); (i) Bad data prooessi
requirement: the redundancy level of the available
measurements should be high enough to guarantedseace

of both critical measurements (CMs) and criticats JESs).
This can be stated because it is not possiblerdithdetect the
presence of bad data in critical measurements odentify
those data in measurements pertaining to critieab of
measurements.

Several methods have been proposed for meterirtgnsys
planning in electrical power systems [1]-[5].

The method based on the analysidHgfmatrix [1] (AHM)
determines the locations to install meters and Rifildspower
system. This analysis efficiently returns a rekalohetering
system (RMS), that is, a metering system thatfegisll the
two technical requirements previously mentioned.

Moreover, the method based on the AHM enables the
identification of critical RTUS in a simpler and more direct
way than other methods for metering system planf2i4];
however, it does not take into account financisliés

This paper proposes a methodology that enables the
obtaining of RMS taking into account the confligtin
requirements of investment cost and reliability métering
system. The proposed methodology is based on Eeoary
Algorithms (EAs) and on the method for metering teys
iplanning based on the AHM [1].

The proposed EA investigates the search space @mupo
exclusively of RMSs (feasible solutions) in orderfind the
RMS of minimal investment cost. The feasibilitygisaranteed
by the AHM. AnH, matrix is produced through a triangular
factorization of the Jacobian matrix. Different erdof the
columns of the Jacobian matrix (corresponding tdense
results in distinct H, matrices. The computational

Metering system for SE should satisfy some baskepresentation of each individual (called chromaspis an

requirements, as follows [1]-[2]: (i) Observabilitand
reliability requirements: it should ensure the eyst
observability during normal operating conditions, well as
during the loss of 1 or 2 metering points, or ewdren one
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array with a preferential order of the columns. indss
function measures the installation cost of meterd RTUs
from a given RMS.

EAs are based on the species evolution theory, hwisic
founded on the biological principles of nature stta and
reproduction [6]. In an EA, which imitates natusaistems,
evolution is based on the survival of the fittegtere the best

1 A critical RTU is a unit whose removal from the tering system makes
the power system non-observable.



individuals will in general transfer their genetitaterial for

If this system isP& observable rank(Hrg = n-1), then

the individuals of the next generation. This adaptprocess there exists an interchange of baSim the state space, where

has been largely investigated to solve complexntipétion
problems.

It is important to highlight that methods basediss have
already been proposed for planning RMSs. In theermef
placement method presented in [7], a Genetic Algori(GA)
is employed to achieve a trade-off between investnoest
and the technical requirements of a metering systeder
many different topology scenarios.

theH, matrix is obtained, that is:

Iy | O
Hy = %L
R 0

where: |- identity matrix of dimension(n-1)x(n-1); R-
submatrix of dimensiofm-(n-1)] x(n-1)] .

(1)

However, this method does not ensure metering rsyst&Remark 1: The last column of H, is composed only of zeros

reliability in case of loss of RTUs. The meteringgement
method proposed in [2] uses a steady-state gealgtizithm
for cost optimization subject to guarantee obsalixatand
absence of critical measurements, critical sets eanitital
RTUs.

The first metering placement method based on béth E
and H, matrix is presented in [8]. This method performe th
planning of RMSs taking into account investment tcos

However, as its search process is not constrainddasible
search space it losses efficiency. The reasonhar is the
chromosome encoding used in [8] that is the santeding
used in the methods proposed in [2]-[7].

and corresponds to the bus taken as reference of phase angle.

The measurements corresponding to the rows of suixnha
are called Basic measureméntsaturally obtained during the
factorization process. The measurements correspgridithe
rows of submatriR are called Supplementary measurements.
The linear transformation used to obtain tHg matrix is
made in the state space. Consequently, Hhematrix is
obtained by means of Gauss elimination procedupdieapto
the rows oH matrix.

Analyzing theH, matrix structure, it is possible to identify
the critical p-sets of measurements [10].

The methodology proposed in this paper uses aneicidi Definition 1: A critical p-set of measurements fpr>1, of an

chromosome encoding, a preferential order for tis¢ailation

of meters used for calculation bff, matrices, that constrains

the search process to the feasible search space.
As a consequence, the possibility of finding a RMIS
minimal investment cost is increased. The develagggatoach

is evaluated for IEEE 6-bus, 14-bus, 30-bus, ar®tdis test

systems, as well as with part of a real Braziligstem.

observable power system, is the sep @heasurements which,
when removed from the measurement set, makes #tensy
unobservable; however, the removal of any set kof
measurements of this set, witkx p, does not make the system
unobservable.

The p measurements corresponding to thenonzero
elements of a column dfi, form a criticalp-set containing

The paper is organized as follows: Section Il resighe ONly one Basic measurement. Consequently, through t
theoretical background; Section Il presents theppsed NOnNZzero elements that appear in khematrix, it is possible to
methodology; Section IV presents simulations resaid a identify all the cr|_t|cal p—sets fo_rmed only by one Basic
comparison among the results obtained by the pmposmeasurement_. To identify the cr|_t|ca4§ets formed by more
methodology and other two existing methods for mi than one Basic measurement an iterative procesxhenging

o . . one non-critical Basic measurement with one redonhda
system planning; and Section V shows the conclgsion
Supplementary measurement becomes necessary [1(. |

important to highlight that this process requireslyore-

Il. THEORETICAL BACKGROUND factorization in a very sparse matrix.

This section presents the method for metering syste

planning based on the AHM proposed in [1], as asllbasic
EA concepts relevant to this paper.

Usually, the linearized and decoupled state estime
adopted to perform observability analysis [1]-[2]-[9].
Hereafter, for the sake of simplicity, tH®g model will be
used, and the corresponding Jacobian matrix wilcdledH
matrix (this matrix relates active power measureseto
voltage phase angles).

A. Method for metering system planning based on the analysis
of the H, matrix

Considering thePd model, the following theorem can be

stated:

In a general way one could see a critical p-setaas
measurement redundancy level index, i.e., the meamnt of
a critical 1-set (critical measurement) has a reduagy level
equal to zero, the measurements that belong teast lone
critical 2-set have redundancy level equal to ot
measurements that belong to at least one criticsdt have
redundancy level equal to two, and so on. In a &may the
redundancy level may be defined as:

Definition 2: The redundancy level of a measurement is equal

to the number (p-1) which corresponds to the srsiadigtical
p-set that measurement belongs to.

With respect to the number of meters and RTUs of an

already existent metering system, the method pexbas [1]

Theorem (proved in [10]): LetH be the Jacobian matrix enables enhancing the reliability of a meteringesysin two

associated with a power system rofouses andn available
active power measurements, whare (n-1).

2 |n the sense they are sufficient to assure theisysbservability.



manners: (i) Through the selection and installatioh
candidate meters, which consists in the instaltatdd new
meters in substations which already have RTUs anmdes
meters; (ii) Through the selection and installatidrcandidate
RTUs, which consists in the installation of metansl RTUs in
substations where these equipments do not exist.

In order to obtain RMS the method proposed in [1]

comprises three phases. All these phases are lasdde

structure named thehromosome. Each element (character) in
a chromosome is called a gene.

The success of the optimization process dependsron
appropriate design of fitness function for the problem being
solved. The fitness values of individuals in a giy®pulation
are employed to drive the evolution process.

The processing sequence of an EA involves initiilin
of a population of individuals (a set of solutidagproduced),

analysis of theH, matrix structure, which is obtained via aselection of best individuals (based on a givetedd), genetic

triangular factorization of the Jacobian mattik hatrix). The
selection of candidate measurements and RTUs ferpad
through the triangular factors obtained during feorization
of theH matrix, as presented in [1]. As a consequenceijrgte
step of the method is to construct thk matrix. This is
performed from a list containing all candidate metghei-th
row of matrixH corresponds to thieth candidate meter in the
list). In that list, each candidate meter is ralat® the
corresponding candidate RTU.

The phases of the method presented in [1] are:
Phase 1: Observability analysis and restorationthe first
objective of this phase is to verify if the exigtimetering
system is already observable. If not, the methdddetermine
where meters and RTUs must be installed, in oréurn the
metering system observable. Observability analyaisd
restoration is performed via triangular factoriaatiof theH
matrix.
Phase 2: Redundancy level analysis and restoratiorthe
objective of this phase is to provide a meteringtesy free of
both CMs and CSs. Reference [10] it was demonstrifizt a
CS of an observable-measurement set is composed
measurements which belong to critical 2-sets ofsmeanents.
As a consequence, to obtain a metering systemdfrgeMs
and CSs, it is sufficient to guarantee the abseheay critical
p-set of measurements with<p 2. The first analysis to be
performed in this phase is to verify if there iy &nitical p-set,
with p < 2, in the metering system obtained after the ei@tu
of phase 1. This is performed through the non-eégments of
the H, matrix, obtained from thel matrix partially factored in
phase 1. If there is no critical p-set withe2, this phase is
finished. Otherwise, the method will search for didate
measurements and RTU giving information of the eajent
state corresponding to the column associated toctiteal p-
set.
Phase 3: RTUs criticality analysis and restorationthe first
step in this phase is to verify if there is anyical RTU in the
metering system obtained after the execution osehd and
2. If there is no critical RTU, this phase is §inéd. On the
other hand, the method will determine where meaatsRTUS
must be installed to turn redundant those crifiBUS.

B. Evolutionary Algorithms

Although the optimality of the final solutions cannbe
guaranteed, EAs have presented relevant resultsefeeral
optimization problems with non smooth (or
discontinuous) objective functions as well as fombinatorial
problems.

In an EA, each proposed solution of a problemdatted as
an individual and is computationally represented abylata

even

operators are applied to the best individuals twdpce new
individuals.

The most widely used strategies for individuakstbn are
the Roulette and Elitism. In the Roulette stratdggijviduals
with higher fitness values have more probabilitpéoselected.
In the Elitism strategy individuals with higherrfgss values
will be always selected.

The basic genetic operators are crossover andioutdhe
crossover operator is responsible for the recontibimaof
genetic materials (strings of character) of twoivitihals to
generate new individuals in the next populatiorogSover is
performed in two steps: first two individuals (pat® of the
new generation are selected; at the second stepgsstof
characters are swapped to create two new indisd(sans),
see Fig. 1.

Parent 1 Parent 2
[0[1fofoJoJuJr] [ofoJrfol1lo]1]
Son A Son B

[o[1[ojofufofu] foJofrjofof1[1]

Fig. 1. Crossover example

There are several different ways to generate new
individuals from crossover (a crossover of one potwo
points, multipoint and uniform).

The mutation operator introduces diversity in the
population. It randomly changes one or more genes fa
chromosome. That diversity enables a better exiioraf the
solution space during the search for the globahapn, which
is more difficult to obtain using only the crossowgperator.
Also, it reduces the probability of being stuck anlocal
optimum. Fig. 2 shows a search process that achitve
global optimum.

80
Global Optimum o

60
50
40

Local Optima m
20 /
10

Search Area 5

o1 2 3 4 4 B 7 8 810 11 1213 1415 16 17

Fig. 2. Local optimum, global optimum and searcdea



Note that the mutation operator should allow chaggi
between local search spaces.

Ill. PROPOSEDMETHODOLOGY

The proposed methodology can be used to plan ne8RM

as well as to evaluate an existing metering sysaem, if
necessary, to indicate where meters and RTUs mast
installed in order to obtain a RMS. In this pages proposed
methodology will be used to plan new RMSs.

\ghere cm

* Fitness function: the values returned by this fiemcare used
to drive the search process of the EA. As a coresezp) this
function must be adequately formulated to the pabbeing
solved. In this paper, the fitness function is falated as:

f = cm*Nyeg +Cru* Nruws

()

cost of meters;nyeg number of selected
candidate metersgg, = cost of RTUs;ng, = number of
selected candidate RTUs.

The proposed methodology is based on EA and on t-~ Cos

proposed in [1]. As shown in the previous secttbhat method

enables determining RMSs from the analysis of a lit;======3

containing all candidate meters. That list relatesch
candidate meter to the corresponding candidate Rmtl is
used to construct thél matrix (thei-th row of H matrix
corresponds to thieth candidate meter in the list).

The selection of candidate meters and RTUs to &allad
is performed during the triangular factorizatiorntloed H matrix
that is executed in order to obtain thE matrix. As a
consequence, depending on the order that each dzdedi
meter is placed on the list, the method may sedéétrent
number of meters and RTUs in order to obtain a RMS.

As the cost of a metering system depends on théeuof
installed meters and RTUs, the proposed methodalsgg an
EA to found the list with the order that producke RMS of
minimal investment cost.

The proposed methodology comprises two steps:

Step 1: The EA randomly produces several listsiiddals)

containing all candidate meters. In each one dddHists, the
meters are placed in a different order;

Step 2: The method for metering system planningdas the
AHM proposed in [1] is applied to each one of thetsl
produced in Step 1. As a consequence, a RMS isneltdior

each one of those lists. In other words, to eaah anthose
lists, that method selects the candidate meters RRds

necessary to be installed in order to obtain a RM% cost
(fitness) of each one of the obtained RMSs is d¢aled from
the number of its selected meters and RTUs. Thamapt
solution is the RMS of minimal investment cost.

A. Proposed Evolutionary Algorithm

The fundamental aspects of the proposed EA ar@etkfi
in this section.

» Chromosome: each chromosome (individual) is reptese
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Where:
¥ - Candidate meter ofactive powerinjection
© - Candidate meter of active power flow

Fig. 3. Chromosome representation for a radiali8{iower system

The fitness function of the methods for meteringtems
planning proposed in [2]-[7]-[8] applies penaltytars for the
solutions that do not achieve one of the requirdmef a
RMS. On the other hand, the proposed fitness fanatioes
not apply penalty factors, since the proposed nustlogy
only produces individuals that satisfy those regmients, that
is, all produced individuals are RMSs.

 Selection strategy: in the proposed EA individuale
selected using Elitism [6]. This ensures that thketHitted
individual in a generation will appear in the pagtidn of the
next generation.

» Reproduction operators: it is used one-point crosso

The best simulation results were obtained perfogmin
crossover between the best individual of the pdmriaand all
the others.

IV. SIMULATION RESULTS

In order to validate the proposed methodology,|EEeE
6-bus, 14-bus, 30-bus, and 118-bus system, asawgért of a
real Brazilian system, have been employed to camy
simulation studies.

The proposed methodology has been implemented using
C++ programming language and the results were mdxdai

by an array of pairsc(;,cu), wherecy is a candidate meter using a 2.0 GHz Athlon XP PC with 512 MB of RAM.

and ¢y is the corresponding candidate RTU. The In all the simulations it is assumed that RTUs are
chromosome dimension corresponds to the maximuassociated to the buses of the bus-branch modal gifen
number of candidate metersnig.) that can be installed and network. Hence, an RTU failure leads to the lossewaéry
depends on the system under consideration. Thereliffe measurement connected to the corresponding bus.

among individuals is the order in which the cantidaeters
are placed in the array. Fig. 3 shows two exampfethe

As it was done in references [2]-[7]-[8], the ré@latcost
adopted for meters and RTUs were 4.50 and 100.0&:tary

proposed chromosome representation for a radialus3-bunits (MU), respectively.

power system.
 Population: the size of the population is fixed alwks not
change during the processing of the proposed EA,;

Table | shows the simulation results carried ouhwhe
IEEE 6-bus, 14-bus, 30-bus, and 118-bus systemntsjnell



considering a maximum number of generation equa2(0
with population of 20 individuals.

Via an exhaustive search algorithm, it was denratex
that the result obtained by the proposed methogotogthe

According to Table II, the RMS with minimum cost sva
obtained by the methodology proposed in this papee of
the reasons for this result is that the proposethodelogy
performs metering system reinforcement given psioto

IEEE 6-bus system is the global optimum. The predos selection of candidate meters instead of candigatgs. This

methodology obtained this result in the second igetiwa.

TABLE |
SIMULATION RESULTS FOR THHEEE 6-BUS, 14-BUS, 30-BUS, AND 118-BUS
SYSTEMS
Meters Time Cost
Bus RTUs
! Flow | Injection| (sec) (MU)
6 6 5 5 5 549.50
14 14 9 15 9 1003.50
30 33 20 63 21 2338.50
118 159 47 7590 70 7927.00

represents a good difference in terms of RMS de=stause the
cost of a RTU is greater than the cost of a meter.

It is important to emphasize that the combinatidrthe
new chromosome encoding with the properties of lthe
matrix enables to achieve the expected solutiorh vigw
generations. This because that combination constlaihe
search process only to feasible regions, thataish generated
individual is a RMS.

Table Il shows the number of generations usechbyttiree
methodologies considered in Table II, when theyenagplied
to obtain a RMS with a minimum cost for the IEEE-33s

Fig. 4 shows the result obtained for the IEEE 1¢-bPYStem- A fair and comprehensive comparison amdrwy t

system.
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Fig. 4. RMS obtained for the IEEE 14 bus system

Table Il presents the simulation results obtaingdhbee
different methods for metering system planning eggbto the
IEEE 14-bus system. Lines (1) and (2) show, respalgt the
simulation results of the application of the methilesented
in references [2]-[8]. Line 3 shows the simulatresults of the
application of the proposed methodology.

TABLE Il
COMPARISON BETWEEN ARTICLES
Meter§ - RTUs Costcm)
Flow Injection
(1) 9 7 10 1072.00
(2) 9 7 11 1172.00
3) 14 9 9 1003.50

proposed methodology and the existing ones, baslety ©n
published results, is virtually impossible, becatrsereported
simulations refer to different scenarios and, wisaequally
important, vital information on the input data iamy times
missing.

TABLE I
NUMBERS OF GENERATIONS
Population Generations
(1) 150 8.673
(2) 40 300
(3) 40 200

Table IV presents the simulation results obtaingdthe
methodology presented in [7], line (1), and thob&aimed by
the proposed methodology, line (2), applied to Brezilian
system illustrated in Fig. 5. In both simulatioishas been
assumed that there were no previously installedersesand
RTUs. The results obtained by both methodologiassicier
only one topology scenario. However, the resultsioled by
the methodology presented in [7] may contain @&itieTU,
but the result obtained by the proposed methodottmps not
contain any critical RTU.

TABLE IV
SIMULATION RESULTS FOR PART OF A REABRAZILIAN SYSTEM
Meters Cost
— RTUs
Flow | Injection (MU)
(1) 68 39 49 5381.50
(2) 86 29 42 4717.50

According to Table 1V, the metering system with
minimum cost was obtained by the methodology pregda
this paper.

Fig. 5 illustrates part of a real Brazilian system,
responsible for energy supply in Sdo Paulo areih, &% buses
and 74 branches (from ELETROPAULO). This systens wa
used in [7], in order to evaluate the methodologgspnted



there. As mentioned before, the methodology preskint [7]
employed a GA to achieve a trade-off between imzest cost
and the technical requirements of a RMS under ndéffgrent
topology scenarios. However, this methodology does
ensure metering system reliability in case of leiSRTUSs.
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Fig. 5. ELETROPAULO System

V.CONCLUSIONS

This paper proposes a methodology that allows oipigi
RMS taking into account the conflicting requirenserf
investment cost and reliability of metering systenitie
proposed methodology is based on Evolutionary Allgors
and on the method for metering system planningdasethe
AHM proposed in [1].

In order to illustrate the potentiality of the posed
methodology, simulation results of its applicationthe IEEE
6-bus, 14-bus, 30- bus and 118- bus systems, asisved part
of a real Brazilian System, were presented. Thesuiltis
suggest that the proposed methodology is
computationally efficient, and suitable for apptioa to large-
scale power systems.

VIl. REFERENCES

[1] G.L.R Brito; J. B.A. London Jr. and N. G. Bretadéthod for Meter
and RTU Placement for State Estimation PurposeProc. of the IEEE
Bologna Power Tech Conf., vol. 1, pp. 23-26, 2003.

[2] J. Coser; A. Simdes Costa and J.G. Rolim, “MeteriBgheme
Optimization with Emphasis on Ensuring Bad-Data cBssing
Capability”. IEEE Transactions on Power Systemd, 2&, pp. 1903-
1911, 2006.

[3] M.E. Baran; J. Zhu; H. Zhu and K.E. Garren, “A mepgacement
method for state estimation”. IEEE Trans. PowestSyol. 10, pp.
1704-1710, 1995.

[4] A. Abur, “Optimal meter placement algorithm for wetk
observability”, IEEE Transactions on Power Systevos, 14, pp. 1273-
1278, 1999.

[5] B. Gou and A. Abur, “An improved measurement plaeetralgorithm
for network observability”, IEEE Transactions onweo Systems, vol.
16, pp. 819-824, 2001.

[6] A.E. Eiben and G. Rudolph, “Theory of evolutionaagorithm: A
bird’s eye view”, Theoret. Comput. Sci., vol. 2p§, 3-9, 1999.

[7] J.C.S. Souza; M.B. Do Couto Filho and C. Capdevit@ptimal
Metering Systems for Monitoring Power Network Undeiultiple
Topological Scenarios”, IEEE Transactions on Po8ystems, vol. 20,
pp. 1700-1708, 2005.

[8] M.P. Vigliassi; E.M. Moreira; A.C.B. Delbem; E.V.irf88es; J.B.A.
London Jr. and N.G. Bretas, “Metodologia para Reoofe sistemas de
medicdo para efeito de estimacéo de estado viaiftyss Evolutivos”
(in portuguese), Anais do V Seminario Nacional denttble e
Automagéo, 2007.

[9] A. Monticelli and F.F. Wu, “Network observabilitydentification of

observable islands and measurement placement”. [EBE&saction on

Power Apparatus and Systems, vol. PAS-104, pp.-1033, 1985.

J.B.A. London Jr., L.F.C. Alberto and N.G. Bretd#nalysis of

measurement set qualitative characteristics forte stastimation

purposes”. IET Generation, Transmission & Distribnt vol.1, pp. 39-

45, 2007.

A.G. Phadke; J.S. Thorp and K.J. Karimi, “Stateri&ation with Phasor

Measurements”, IEEE Transactions on Power Systeats]l, pp. 233-

241, 1986.

[10]

[11]

VIIl. BIOGRAPHIES

Marcos Paulo Vigliassireceived the B.S.E.E. degree from USC, Brazil, in
2001. Now he is studying the M.S.E.E. at E.E.S.Onkversity of Sao Paulo,
Brazil, in Electrical Engineering — and he is wardias IT Analyst at the
EMBRAER-SP.

Joao Bosco Augusto London JuniolS’1997-M'02) received the B.S.E.E.
degree from Federal University of Mato Grosso, Bram 1994. The

M.S.E.E. in 1997 from E.E.S.C. - University of SRaulo, Brazil, and the
Ph.D. degree in 2000 from E.P. - University of $awlo, both in Electrical
Engineering. Now he is working as an Assistant &®dr at the E.E.S.C. -
University of Sao Paulo. His main areas of inte@& power system state
estimation, distribution system reconfigurationd aapplication of sparsity

reliablechniques to power system analysis.

Alexandre C. B. Delbemreceived the Ph.D. degree from the University of

Sao Paulo, Sao Paulo, Brazil, in 2002.He becamistass Professor with the

As the proposed methodology is based on the aBaWSi University of Sao Paulo in 2003. His main resednthrests are distribution

linear dependence (or independence) among the nsyst

stem reconfiguration, graph modification problemsph data structures,
nd bioinformatics.

equations K, matrix rows), so it can be applied to any kind of ’ ’ o
equations. As a consequence, it can be extendeﬂastgn Newton ‘G. B_retas(l\/! 1976‘, SM 1989) received in 1981 the Ph.D. degree

S d of conventional measurements ( owdr from University of Missouri, Columbia, USA. He beca Full Professor of
RM compos_e 0 v _p affle University of Sao Paulo, Brazil, in 1989. Hisrw has been primarily
voltage magnitude measurements) and synchronizedoph concerned with power system analysis, transienbilita using direct
measurements (provided by Phasor Measurement L’mﬂlﬁ methods as well as power system state estimatiorBigtas has also interest

in energy restoration using ANN and GA for disttiba systems.
VI. ACKNOWLEDGMENT

The authors would like to acknowledge FAPESP far th
financial support given to this research.



