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ABSTRACT Some of the most recent developments in the ficlds of pro-

This paper discusses some implementation issues related
to o systemewide reloving schane introduced earlicr in an
IEEE puper. A specific way of implementing this seheme
is considercd where an Integrated Control and Protection
5_;_-'“4.1:1. 15 uscd as a substitute for o Memeole Termina Unit
r Supervisory Control and Data Acquisition System.

pperoadds brings prodective relaying function inte the
Encrgy Manogement System design, Imipliestions of this
integration aspect are analyzed and specific issucs of in-
tcrfm:in;_ differemt contrel lunctions Lo the relnying schieme
are outhned.

heywords: Proteetive Relaying, Encrgy Management, Dis-
tributed Processing, Integrated Control and Protection.

L INTRODUCTION

The ficlds of protective relaying and cnergy management
control were always scparated in the power system in-
dustry. This iu:ﬁc:los by different implementation ap-
proaches and equipment designs used for relaying and con-
trol. Furthermore, the aperating proctices such as lesting,
maintenance, and enginecring desipn are quite independent
in the two ficlds so IJ%M tlee persenncl organization snd re-
sponsibilitics are alse separated. Tlse main renson for the
mentioned nlion comes from the two different con-
cepls used to implement protection and control functions.

Protective relaying of electric power system is eonvention-
ally implemented a2 & decentralized function. The equip-
ment used are protection reluys Jocated in the power sys-
tem substations and switching stations, and their opera-
tion is prirmarily based on the local measurements. Each re-
lay operates ns an independent on-off sutomaten. The only
teatdination among different relays is performed through
the relay setling coordination whieli is earried out at t

planning stage. On the other hand, the cnergy manage-
mr=! control functions are implemented i o centralized
i + using a control center. In this case the power sys-
LN casurements are obtained at substotions using Ile-
mede Terminal Units (RTU) and then this data is brouglht
to the comtrol eenler cquipment using the exicnsive com-
miunication system. It should he poted that the protection
relays and the RTU cquipment in the substation are wiral
separately and they use different instrument transformicrs

tective relaying and encrgy management control indicate o
paossibility for inlegration of Lthe r\cl.u}'inj and eontral func-
tions. The first step in this dircction is alrendy achieved by
development of Integrated Control and Protection Systems
{ICP5} for substations [1). This new approach enables not
only the coordination of the local control and protection
functions but ulso an integration of the ICPS equipment
into the EMS design by using the ICPS in place of au RTU
|2]. Yet pnother important development in this direction
15 o new uj:tm-ﬂimdﬂing concepl which is based on
the overall power system measuremcnts [3], An analysis
of the communication and processing requirements for the
system-wide relaying points out that the scheme can be
implemented using distributed processing in substations
supporicd by o star communication network among sub-
stations [4]. The two mentioned developments suggest that
the system-wide relaying ean be implemented using ICPS
equipment for logic processing and EMS commumnication
system for the required dots cxchiange.

This poper discusses a specific approadh to relaying and
control were both EMS Iumm and software nfc arcd
by the contfol and protection functions. Furthermore, dota
bascs and related processing are alse shared and coordi-
nated. This is achieved by implementing the system-wide
relaying using the ICPS equipment, Since this cquipment
15 proposed to be a part of the EMS design, it is possable to
use the EMS communication system Lo perform required
system-wide data exchange needed for the mentioned re-
laying scheme. On the other band, the existanee of the
ICPS equipment also provides for some new possibilities
for the EMS dats base and processing organization. Some
further analysis indicates that in this case control and pro-
teetive relaying funcbions can be coordinated to provide
some unique distributed processing EMS design features,

The first past of the paper gives a bricef description of the
system-wide relaying Trwad': Some characteristics of
the ICP'S concept are discussed next. Then, the integra-
thon of the systcm-wide relaying scheme in a distribuled
processing EMS design is analyzed. Special stiention is
given to the inplancntation of the primary and back-up
protection. Coordination nmong protective reloving, local
control and remole conirol functions is alse eutlined. Fi-
nally, same indication of the advantages and Lthe further
rescarch activities is given in the conclusions.
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2. HEW APPROACH TO PROTECTIVE RELAVING

Discussion in this section is largely based on the previously
published idens about ndaptive [3,6) and system-wide re-
laying [34]. However, the simplementation issucs discussed
lerre Fepresent new considerntions.

2.1 Conventional Relaving Concept

As it iz well known, the conventional relaying concept as-
sumes decentralized protection of different power sysiem
:}:pﬂtﬂm and components. The system-wide eoordination

the schieme is done through the relay sciting coordina-
tion. This is performed based on short-circuit study far
a given system and & given set of faull conditions. The
overall fault analysis study is performed at the plonning
stage and no real-time adjustments are made on the set-
tings during the power sysiem operation.

The performance characteristics of the conventional relay-
g arc guite well understood and the El:l:l.irl.;_ relayin
systems arc foirly reliable However, the inherent disnd-
vantage of the existing schemes is the lack of adaptiviey
to the change of power sysiem operating conditions. In-
troduction of the microprocessor-based relays and relaying
systems has prowided an epportunity for some adaptive
fentures and techiniques to be implemented [5.6,7).
techniques could only improve selectivity and for depond-
ability of the existing sclemes, but they could not clii-
aate the inherent hinitation of the existing scheanes which
is related Lo their decentralized measurement and decision-
making concept. Typical example is the distance relaving
scheme for transmission line relaying which lns limited ne-
curacy for several operating conditions such as scries com-
pensation and beavy faalt current infecd froan the other
sido(s) of the fecder|s).

Seme of the adaptive m|z_'ri:1‘; proposals have indicated
prossibility for a systeni-wide adaptive relaying [8,9]. How-
over, bhe illi‘.p'ﬂ:mlntim issucs 10 this case may be quile
complex and limiting in achicving the performanee jn-
provemcnts.  The syslom-wide adaptivity s achicwed by
adapsting individual relaying sclhiemes in the entire system.
Since the schiemes are desipued as decentralized automata,
the sied fur syslan-wade coordination of the schemes re-
naains as an inherent requirement wlich can mot be elim-
inated. Other adaptive relaying proposals, related to on-
line setling coordination, arc pessibly more appropriate
lmliqu the implementation problems are hard to resalve
at this time.

As n conclusion, it is obvious that the new concepls of
protective relaying is needed to lake into account unex-
pecied changes in the overall power system configuration
and operating conditions.

2.2 Systemn-wide Relaving

Another approach to protective reloying is to assume that
the relaying seheme to be used takes into account the eus-
rent eenditions of the entire power system. ‘This means
that the eriterien for relaying inclucles system-wide dala
which should be updated to reflect system conditions st
the moment of the fault. In this case the scheme s in-
herently adaplive since it is desived bosed en the carrent
syslem-wide measurcments,

t scheme Gh.i:h is buul[ on the system-wide criterion has
ot recently proposed [3,4]. This scheme uses the neated
protection unit principle. 'l]‘lu'- principhe assumes that, at
the moment of the fault, it is possible Lo determine at
each circuil breaker whether the fsult is located “inhoard”
or “outboard™ with reference to the bus scction to which
specific breaker is connected, The next step assumes that
& minimum cutset of circuit breakers which surrounds the
fault and the smallest ameunt of sound cquipment can be
#‘i:‘;"l'-““"u T_lm? E'ﬁh'ﬁb is -lc.ﬁducl-,d as the Corrent Minimal

ratection Unit and the tripping setion should
trip all the breakers on :J;:iu culsct, »

Obwioualy, the above scheme satisfies inhesent ads ivity
since the CMPU criterion is determined based en LIE: cur-
rent status of the “inboard™ and “eulboard” comditions
for each breaker. Desides being based on the syslem-wide
data, this scicme 6 also quite powerful when the criteria
"I?!l; “inboudh " and “crulbﬂn-rd“:md:cmElLT i:]::-nuidmd_
e b csis Lesting app is taken for this pu

and :l{ﬁucd on the comparison of the m-:uumdm
calealated values of the fault currents. It bas been shiown
that furly simple fault cireuit modeling can be wused to
enleulnte the faull currenl [4]. The mwn advaninges of
this approach arc the simplicity invelved in determinin
the equivalent fault circuit “secn” from the breaker an
the relaxation of the accuracy requircment for tle faylt
current messurcnient.

2.3 Implementation Requirements

All of the new relaying approaches mentioned, namely the
adaptive reloying and the systemewide reloying, do re-
quire computer-based equipment for their implementation
as well as extensive communication facilities for data ex-
change among different equipment.

As it will be explained later, the ndaplive relaying is con-
sidered here as an improvement o the conventional re-
Inying scheme. However, il s believed that the adaptive
relaying can only be cffective if it is implenented at the
substation lewel. Any other system-wide adaptive relaying
approach is considered to be too complex and difficult Lo
implement. Therefore, computational areds and commu-
nieation requirements are in this case limited to e substa.
tion equipment. Table | provides specification of the major
requirements for the adoplive relaying inplementation.

The systemi-wide reloying implementation requires process-
ing of data available at different parts of the power sysiem.
Tgn:rcforr:. specific location should be designated for the
procesamg equipment, and an extensive eomnmmication
sysiem is needed Lo share the ired data among different
locntions. The original for the system-wide relay-
ing scheme had included scveral communication pattcrns
for url:t;jru-:m-wmc exchange of data [1]. The approach
suggested lere is a combination of the proposed commu-
nication patterns. 1t is assumed that Lthe major processing
#teps are perfonined in the substation equipment. Com-
munication with other parts of the power system could be
performed using the EMS communication system. Present
configuration of tlee EMS communication svstem is & slar
network. In this case the control conter will oaly sorwe ps a
communication node and no processing would be done at
that level. Some future trends in cnt of the util-
ity communication sysiemn may introduce some new Lypes
Jcnnﬁguuim [11]. This will not change the decentral-
ized implementation concept but moy affect the processing
level at each of the substation systcms. Table 1 ives &
summary of the requirements for the system-wide relaying
implementation.

Table I: Implementation Requircmnents

"Requirements Adnptive Sysiem-Wide
Relaying Tielaving
Sampling Syne. | Substalion-Wade | Not Hegeired
Communicat. Substation-Wide | Sysicm-Wide
Instrum. Transl | Convenlional Uncounventionnd

“Fecded Data Substation-Dased | Sysiem-Doasod
“Timc-Response | Fast Elow
Interaction with [ Diireel Bo Tulernelion

Primnry M'rolect.




3. INTECRATED SUDSTATION CONCEPT

The Integrated Substation Concept was proposed in the
late T0's through s design of an intcgrated control and
protection system IlZl TE: main characteristie of the new
concept was the use of a distributed multiprocessor system
architecture based around & Local Area Network (LAN).
In the mean time, the coneept was further studied and
a number of different [CPS designs were developed. The
following sections provide analysis af some ICPS d.mg-n
e :ilch are essential when the distributed processing
EMS application is to be consider,

3.1 ICPS Architeciure and Functions

Typical ICPS architecture ks given in Figure 1. As it may
b:l;:hmd it is hierarch II'_D?'H'I.I ne'rE-r:] levels of data
hase and processing resources [13]. One of the main des:
questions is how to allocate the substation functions Lo the
distributed architecture of an ICPS |14].

L I ]m'—"-sﬁu

Lewet 11 -~ O Y [“';:;‘ i
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Lewsd 1 Fwstkoraed Tnierlem

Figure 1.  ICTS Architecture

The most common dﬂ[f} direction so fnr was to try to pre-
serve, as masch as e, the classical approach to func-
tion l"uﬂ.l.i.l‘? translates into a rm'lrmt that
ng functions are allocated bo the processors at
.l}qlhm in Figure 1. Also, it was assumed that
l.h: relaying functions have to have their dedicated field
wiring for signal acquisition and tripping commands. The
local substation control and monitoring functions are usu-
ally allocated at Level 111 shown in Figure 1. The reasan
for this allocation :‘I.rat:p- was the need to p{w’jde (AT
%:ncl.éum wil.hp:;ﬂc::am mlfeﬂh-llt subsiation dut:dbuc.
& dde=y in the past have incorporated wery
little dﬂﬁ::ms from the above m‘l.lmniﬂfpmm:h snd
& strong contraversy sbill remains unresaol as to what
level of coardination among data bases, digital algorithms
and functions should b¢ EM|M [18]). The H'.lo-r:ng BoC-
tions point out the possibilities and requiremments for this
eoordination in the case that the [CPS design 15 used Lo
implement some new relaying and conirol concepts,

3.2 ICPS Algorithms and Communications

In the case of the substation funclion qmp\]mm,
the first siep is related to the field signal processing al-

rithims, is step produces the required quantities for

rther processing. Therefore, the selection of algorithms
for digital signal processing determines further use of the
caleulated quantities. In other words, cach type of sub-
station functions has a unique requirement regarding feld
signal Processing.

This situation lead to the most common 1CPS implemen-
tation appeoach described earlier. This approach assumes
that all aFl}n! algorithm steps for o particular function are
exccuted in one processor cluster and local dala bases are
used primarily for that funclion. As a conscquence, the
communication requircment different clusters are
wery limited sinee only limited datn sharing among local
datn bases is necded. The only cxception may be commu-
mication betwoen the substation compuler and the rest of
the processing clusters. Howewer, the LAN communication
link may be quite active if some other approach w function
allecation and algorithm utilization was underiaken.

3.3 ICPS Interfacing Requirements

Thn- issue is related Lo eoordination nmong protective re-

, local control and remote contred functions. Physieal
1||.l aces for the subslation protective re]mn; and contral
funclions are located on the LAN communication system,
For the remote control and the system-wide relaving func-
tions an inlerface between the ICPS and the F.‘J.?S COMTAL-
nication system should also be available. The mentioned
interfaces do require careful consideration of & pumber of
different issues such as signal sampling, synchronization,
ldﬁll-u. base managernent and data transfer tine respanse
2.

Signal sam u:g is B funetion of mumber of consideration,

but it can be concluded that any shanog of the ficld data
samples through the ICPS data bases requires some kind
of sample synchronization. This can be reflected by a re-

quirment that the same number of samples in a power cycle
is taken for different functions, or by a requirement that
time synchronization of all sampling in & substation is per-
formed. Since the samphing ratc i= directly related to the
digital ll,puirmm; algorithins used, it is im l.a.nl.
tl:u. & mothodology for algorithm synthesis is d

thai the same sampling rate can be used for llgontluu
that are uilized for different applicalions.

As far as the sampling synchronization s concerned, 16 is
relatively vasy to provide Lhe synchronization for the entire
substation system. However, the issue of the system-wide
sampling synchronization still remains open since th-e n:;
gested methods [0,16] may still require more

d:ng complexity, muntr and the eost involved. T]:.m:-

,llmbem uded that only the substation-wide
chronization should be considered as a requiremsnent which
is relatively easy to implement.

Data base management is also an important issus since it
i tx._pﬂ.‘.tad. that several different md:m:hnmlll‘u LIS
the same data base(s). Furthermore,

18 distribuled to the processing clusters (functional units
The data base updating and accessing has to be carel:
coordinated so L the relevant dala is provided within
the required time-window of an algorithm. Particular at-
tention should be given Lo Lhe mtu{unng of the SCADA
system data base to the ICPS data basc.

Data transfer time response is related to the communica-
tion delays invelved in translerring samples and calewlsted
values from one dats base o another. The mosl strin-
gent time-response requirement are associated with Lhe
Pn}tﬁ:um mll.y}n; functions. Sr:lﬂn wide data ex
15 dependent on the t distances and the large-
communication network involved. This s the main obsta-
cle for the system-wids relaying implementation.  There-
lc-u & new sleategy has to be defined where the system-
ml,u'm;“ used as a back-up relaying. As far as
l.‘rn substation-wide communication delays are
il could be safely concluded that the existing LAN stan
dards with 10Mb/s data rate can salisfy almosl any Lime
TCSPONSE Iquirements. This includes the worst case com-
munication requiremend where the Glstrll-'l samples hove to
be shared among different proces nL usters within s time
frame of several milliscconds {llme tween samples).
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4. INTECRATION OF THE SYSTEM-WIDE
COOTECTIVE RELAYING INT

Aa indicated carlier, it is assumed that an [CPS is savailsble
in oll substations and it is used as & substitute for RTUs.
The lollowing discussion outlines how the protective rolay-
ing, local control and remote control could be implemented
in the EMS distributed processing environment ereated by
the use of the ICPS.

4.1 Protective Relaying

The main idea is to provide classical relaying schemes as
the primary protection and the aﬁum-vrid: relaying as
a back-up protection. Adaptive relaying is also proposed
ns an improvement of the classical relaying characteris-
tics. However, the system-wide relaying does nol appear
as & conventional b up protection but rather &s & time-
delayed primary probection, Obviously, a careful coerds-
nation between the cdassical and the system-wide relayin
is needed in order Lo provide for an cfficient and uuprovus
overall relaying strategy.

All of the relaying schemes do require measurements of
the analog and the breaker status information. Therefore,
algorithms peeded for signal and stolus sample process-
ing are eommon to all of the relaying functions. How-
ever, different calculated walues are necded for different
relaying schemes. For example, distance relaying used for
imary protection may require calculation of parameters
and L or ealeulation of the phasor quantities. Ou the
ather hand, adaplive relaying may require additional sam-
ple processing to improve accuracy of the initial values. Fi-
nally, system-wide relaying requires current measuremenls
at cach breaker. :

In order to provide consistent data bases to be shared by
all of the rri'lt_lnng L:hcmﬂ.,i:.‘dh mq.tz.imd:iill!hﬂ of the
& sampling 15 Lhe same synchroni thr t
uﬂthF It 'll]:';l‘.}m\:;"mI u.imdbiut all the dnm
in the system arc upda [ new sample g
In that ense, different relaying algorithms :mliln.- m
nt different hicraschical levels of the ICPS. For example,
the primary [|'m:l.ﬂ:l.inn rithms could be located st the
processing cluster lﬁtll{l 11}, given in Figure 1. In
that case, all of the required data is available in the local
data bases of the processing cluster. This level could alse
accommodate adaplive relaying featurcs such as correc-
tion of the calculated line parameters dq:cdl.u tht':yrmn
frequency change [17]. Other adaptive relayi atures

as the wlugclru]ulim transformer pq'nkr::-l;ruﬂ [7) can
also be accommadated at this lewel. However, in this case
voltage samples from the line protection unit have to be
transmitted, over the LAN communicalion syatem, to the
transformer prolection unit. Figure 2 and Table I give an
example of Lrbe conditions which indicate feasibility of this
approach sinee the minimum sccess time for
cach processing unil is less than the time betweon succes-
sive samples.

Trip Duwcinion st TFU
Trasl < &y Trmel < kalnar
1P > by

Sabutation AN Camaun
{|ﬂli!““ =
v v

Syatem

Trasaformer Protection Unit (TPU)

Mewrarementy: Ty, Ty Measurements: ¥, Ty

e e — o
Tar =T =Ty Ao
Figure 2. Adaptive Relaying Requirements

Line Protection Usst [LFU)

Table [1:  LAN Tumne-Nesponse Requirements
= Lransmissenn protocol o tokes-pasning
- transmusncn speed © 10 Mbja
- numiber of P [ ]
= ume allolment budget
per slalion i ¢ = iransmissson fiene loe Loken  10us
- comirolles processng AT
- slormalees (Fansmnn 13us
Totel Tows

- minsmue gearanlerd aceess

tume for esch PU : TOus % 16 = 1.12ma

The system-wide relaying algorithms should be located at
Level 10, i.e. at the substation computer. All of the mea-
surcments are performed st Lovel 1T but the required caleu.
lations of the currents u:in; the theoretical model should
be done al the substation compuler sinee its data base
contains overall information aboul the substation. In par-
ticular, switching status of the substation can be main-
tained at the substation computer data base. This data
base should alse contain information about the “inboard”
and "cutboard" parameters for each circuit breaker in the
system, It means that this dato base should have an im-
w of Lhe swilching status for the enlire power system.

e additional information not available locally is brought
from other substations thi the EMS eommunicaton
system. Connection of the 5 communication system Lo
the ICPS LAN is shown in Figure 3.

Finally, it is possible to discuss & scenario for protective
relaying implementation using EMS distributed design, In
order to clossifly diffcrent actions, it is appropriate Lo con-
sider different operational states of the power system namely
normal, slert, cmer and restorative. In the normal
state, all the samples are taken ot each substation and dats
bases are upd.a.l.cd .l.nnm'dina]r. Proteciive :n:'la;'mg dlaia
validation |18] and eonfirmation of the substation switch-
ing ly_pul.}r 19] may also be performed at s time. An
ileration tlee algorithms related to SCADA and other
EMS funciions is executed at Lhis moment. Further discus-
sion related to the normal operational state will be Fiven
in the following sections when local and remote function
implementations are further analyzed.

As soon as the sampling algorithms detect a disturbance,
system goos inte the a.fcu state, In this cose all of the
normal communications are sus and the protective
relaying lJEorilhms are initiated. The primary protection
and the ~up system-wide protection algorithms are ini-
tiated at the same time. In this case pu"lmu';r pﬂ:rl.l:cl.:'nﬂ
caleulates Lhe values of the fault parameters in order to
verify the existence of the fanlt. Adaptive relaying fea-
tures are also incorporated in this state. The systen-wide
relaying algorithms are exccuted at the substation level
Their exccution includes directional measurement and cal-
culation of the current for each of the breakers. The hy-
pothesis testing for “inboard” and “oulboard” decisions is
also made at this time, !

EMS

Subs.
oy put.
| | ]
Protect,
e rc PC
(PC) ’ #2 #N

Figure 3. Interface between ICPS and EMS



In the case that the primary protection schemes dedermines
existence al the fault, the :muE_nc}- state is invoked, The
primary protection tripping is then executed with all of the
pelated switching sequences such as automstic reclosing.
The system-wide protection a:l.fn(ithm is also executed to
determine the Current Minimal Proteetion Unit (CMPU).
In acder to determine the CMPU breakers, each substation
has to receive “inboasd™ and “outboard” information for
all of the breakers qutside. that substation. For this pur-

| extensive communications are performed through the

M5 communication nelwork,

As soon as the primary protection has betn executed all
of the new breaker status information is collected and ver-
ified in each of the substations. At that time stalus of
the CMPU brenkers is compased in each substation with
the corresponding pest-fault :-il.:hin.i breaker status in-
formation. If a &i.utl‘tpnnqr occurs, the restoralive siate
ix imitiated. Aetions in this state are aimed bo correction
of the switching state needed to isclate the fault. Actions
in Lhia state would probably be initiated by the dispatcher
and limited automatic action should teke place.

4.2 Leal Contral

Once the ICPS becomes a part of the EMS design, & ques-
tion needs to be naked as E; the local control funclsons,
available in the ICPS design, can be interfaced to the EM3
remote control [20]. The most elabosate local control func-
tion is the automatic switching sequences, but the local
control functions alse include LT'C control on power trans-
formers, synchro-check and automatic synchronization af
circuit brenkers, and load shedding.

It is ohvious that most of the local controd functions ase
executed in the normal ational state and they are ini-
tiated by an operator. ore, the local control can
oaly be considered as an extension of the remote control,
i.e. an extension of the SCADA funclions. However, avail-
ability of the ICPS system would require a change in the
EMS SCADA funclion design since the relnted data bases,
soerssing and communications would have to be quike
Herent "The new design of the SCADA data base would
assume that an extensive local datn base is available in the
substation and hence not all of the related messurements
and status information would have Lo be sent to the control
center. This approach would intensify procesming st the
ICPS lewel and would reduee communicalion requirements
#d the processing related to the contral center SCADA
nclions,

The main adwntage of the extensive local control functions
may come from the reduced time- se nnd ine
security. These functions ase initia by an operator but
executed nutomatieslly. It is expected that their execu-
tion is faster and more secure since the operator is not in-
volved in the execution steps. This feature is particularly
important in the restorative state when ::3;‘ and secure
execution of the switching sequences is o in order o
restore the healthy parts of the power system.

As fur as the required dats bases, communiestion and pro-
eessing are eoncerned, the local control functions are pri-
marily located st the substation computer level, It should
be noted that these functions are mostly blocked during
l‘helll-eﬂ. and the emergency states and their main use is
during the pormal and the restorative sintes. One of the
mm_m‘lpl:m.mhﬁcm: problems i how to interface thess
funections to the relaying and remote control functions. The
interface with the functions is mostly muintnined
through the use of the same data base where overall sub-
station switching status is maintained, Interface with the
SCADA requests, issued by an operator in the control cen-
ter, huve Lo be mcfuu;iu i to eliminate conflicts that
may be genersted by the simultaneous control requests is-
sue by the local substation eperator.

4.3 Remade Control

The remole controd, in this ease, is related to the classical
EME Conirel Center functions, Availability of the ICPS
equipment ensbles a number of different strategies to EMS
funetion implementation,

One roach is to increase the level of data preprocess-
ing at 1CPS. A very extensive dala base and process-
ing capabilities of an ICPS could provide for & distributed
g&hﬁ# data base, In that case operator at the control
I:n;{;r will uql_-rhrbe informed Lbuul. mnjde.gpturbmm
and /or aclions A VEry mmple Message. 15 mEssAgeE
eould be generated by sa IC%S based on the full Jocal
knowledge about events. In the same way, the conlrol cen-
ter operator can jsaue short commands that could Be inter-
preted and executed in the ICPS without direct interaction
of the operator dusing different stages of the command ex-
ecution. A major benefit in this case can be obtained from
utilization of the local control functions,

Ancthes approach is to distribute some of the control cen-
ter ‘,Eﬁ ms o the substation level. This can be done
by either defining distributed processing schemes for cen-
tralized algorithms or by substituling the centralized al-

ithms by decentralized algorithms. Typical example of
the new approach for distributed processing of the central-
ized algorithms is the stale estimation function and the
transient stability control is an example of the decentral-
ized alporithms.

Finally, yet another approach is to introduce some new
menitoring functions at the substation level. One typi-
cal example is the fault diagnosis function. Presently, it
is implemented at the control center and requires some
quite elaborate expert system techniques [21]. Hewever,
the sysiem-wide relaying provides quite accurate indica-
tion of the post-faul circuit breaker posilions. Thesefore,
the [ault disgnosis function can be implemented ab the sub-
station level by verifying the substation wpulog{' knowing
what the CMPU breaker cutset should be. Another exam-
ple is pew maintenance function which could be introduced
to take advantage of the hierarchica] data base available in
the ICPS. This concept can be applied to the entive sub-
station or to the specific apparatus. An example of Lhe
Intter is the power Lransformer monitoring function which
can track transformer loading hot-spol temperature, gen-
eation of gases, gas content and other parameters. Based
on these prrameters, new madntennnce strategies for powes
transformer eould be implemented taking into sccount boss
of life monitoring.

5. Conclusions
As a conclusion, the fi ing advantages of the given
proach and the future research activities can be ﬂutlinu?:-

s« System-wide relaying is inherently adaptive and there-
{nz\g it s superior when compared w:ie classical re-
aying.

# Use of the ICPS design to implement system: wide
relaying provides foc distributed EMS environment
which in turn ecables implementation of the new
EMS algorithm processing stralegies.

& The main topic for further study of the protective
ing should be more detailed analysis of the e

ordination problems among primory, adaptive and

syslem-wide relaying.

New communication systems for distributed EMS de-

sign and system-wide relaying implementation should

alsa be a topic of the future research.

N_zhw“ T:hh? and processing agpm?ghﬁ for dis-
tril implementation usi designe
are other important topics for Iun;lfc‘r nnalysis,
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RESUME

Ce rapport aborde quelques problimes de
réalisation, & l'échelle d'un réseau, d'un
relayage présentd auparavant dans un
cappoct IEEE. On examing une facon
spdcifique de réaliser ce relayage 14 od
1l'on emploie un Syatdme Intégré de Conduite
et de Frotection pour remplacer une Unité
Terminale Eloignée (UTE) [RTU] d'un Systime
de Supervision, de Conduite et de Saisie de
Données (S5CSD) [SCADA). Cette approche
fait entrer la fonction de relayage de
protection dans la conception d'un Systime
de Gestion de 1'Energie (SGE) ([EM5). On
analyse les implications de cert aspect
d'intégration et on expose les probliémes
spécifiques lida A la fagon de réaliser les
interfaces de fonctions de conduite
différentes avec ce relayage.

La premidre partie de ce rapport déecrit une
nouvelle approche du relayage de protection
basée aur ce relayage & 1'échelle d'un
réseau. On traite les différences entre le
relayage classique et cette mnouvelle
apprache &n faisant particulidrement
référence aux caractériastiques adaptatives
de ce relayage, L'attention est attirée sur
le fait gue cette nouvelle approche fournit
un relayage fondamentalement adaptatif aveec
uneg sélectivitd et/ou une Fiabilicé
améliordes.

La partie suivante du rapport contlient une
annlyse des caractéristigques du Systime
Intégré de Conduite et de Protection (SICP)
[1cP8]. Cette partie traite, pour le SICP,
de divecs sujeta tels que  1'architecture,
les fonctions, les algorithmes ainsi que
les exigences relatives aux communications
et aux interfaces.
Le reste du rapport traite de la
réalisation de ce relayage A 1"échelle du
réseau 4 travers la conception d'un Systéame
de Gestion de 1'Energie & traitement
réparti, La majeure part du traitement 1ié
gu relayage de protection est réalisde dans
les équipements du SICP. La stratégle

globale de la protection conaiste A
employer des relais classiques pour la
protection primsire et le relayage @

l'échelle du réseau comme protection de
réserve, On emploie un relayage adaptatif,

au mniveaun du poste, pour améliorer les
performances de la protection primaire.
Quelques considérations apdcifigues

concernent le probléme de la coordination
de relayages différents. Le reste de la
discussion eat consacré A& des problémes de
réalisation liés aux fonctions de conduite
en lozal et & distance. Il y & @&
considérer de nouvelles stratégies du fair
que le SICP peut @#tre utilisé pour
effectuer un traitement local exteansif. Om
propose ce AOUVEAU  CORCEepR our la
conception de SGE & traitement réparti 1b
ofi le relaysge ot les fonctions de conduite
en local et & distance sont totalement
interconnectéan et &n sime temps
coordonnéens en un #eul systime.



