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ABSTRACT

This paper gives a survey of the atate of the
art research and development issues related to
the concept of -Integrated Data Acquisition,Con=
troal and Protection (IDCP) Systems to be appli-
ed 1In Electric Power Subastationms.

Hajor aystem aspects are considered first. Isa-
ues discussed are:; Methodology for Iﬂlljail.nr—
nthesls and evaluatlien of IDCP Systems, Applica-=
tion area characteristices, Cost/performance cr=
iteria.

Integrated Syatee desalgn conaiderations are al-
8o presented. Functional requirements ,Numeri-
cal algorithme and Computer aystem architectu-
res are the subjects of the discusaien.

IDCP Syatem leplementation characteristles are
outlined next. Frocesaing hardware, Application
and syatem software and Communication subaystem
eolutions are indicated with a comment regard-
ing the future trends.

Finally, a survey of the proposed designs for
IDCP Sysatemma im given. Major developmenta in

the area of Integrated Data Acquisitien and Cao-
ntrol as well as IDCP Systema for both High Vo-
ltage ad Distributlien Substatlona are discusaed,
Future trendsa and cpem R&D issueas are fndicated
a3 a coneluslon te the discussions given in th-
is paper.



INTRODUCTION

This paper is concerned with Integrated Data Aequisition, Contrel and
Protection (IDCP) Systems for Elecirlc Power Substatlon Applications.
Unse of mlcroprocessor technology enabled introduction of this new con-
cept In the late TO-tiea. IDCF Systema conaist of a number of micro-
processor-based subsystems linked among themselves by a communication
medium to form a distributed processing multipreceasor gystem. There-
fore, bath "Integrated" and "Distributed" terma are appropriate to use
te describe these systems.

It ia important to note that these aystema introduce levels of coordli-
nation among it's subsyatems which wers not available in the classical
deaigns. More detailed analysis shows that the means of subsystem co-
ordination within am IDCP System are gquite complex and introduce a wh=-
ale new development area which la promising regarding future coat/pe-
rformance conaiderationa (1).

3 paper repreaents a survey of the major system and design aspects
w. the IDCP Systems (2,3). Also, discussion of a number of developmen-
ts through-out the world related to the Integrated concept s given
{8). Finally, some gueations related to the future developments are
delined.

SYSTEM ASPECTS

Methodology for aystem dealgn

The IDCP ayetem design methodology ila quite complex comparing to the
design methodology needed for bhe clasaleal equipment. It 1s sssenti-
8l to define a methodology which would enable identification of & ve-
ry wide area of possible soclutions. This methodology would be useful
for designera during system design analyais and synthesls and for Lhe
users during system dealgn ewvaluation. -

However, deslgn methodology issues are very little discussed in the
literature. In one of Lhe previous papers we suggeated concepta of
the Theory of Hierarchical, Multilevel Syatems as a base for develop-
ment of the deaign methodology (1).This theory was widely applled Ro
the problem of Energy Management System Design for Electric Power Co-
ntrol Centers and it is belived that it can be applied to the IDCP ay-
stem design as well.

Application area characteristica

Some major improvements were done aver the yeara related to the data
acquisitlon, contrel and protection practices and corresponding equi-
poent, but it -ie also a fact that most of the practices and equipaent
at are waed today hawe been developed 5-10 years ago. Therefore any
W@ developments have to take into account history of the previous de-
velopments in order to propome some conalstent design criteria.

The IDCF Systema do represent in many respecta Heparture Mrom the
previoua design practices. The major departure 1s in the systes desi-
gn view. On the contrary, classical equipment is designed to performe
slngle functions and subatation equipment is & set of the devicea



performing those individual functlons.

Having in mind the system aspects, special attentlen should bs given
Lo the following application characteristics: Substatlon type, Organ-
ization of the aubatation powar and auxillary equipmant, Substatlion
oparaticnal practicea.

Cost/Performance criteria

It is widely claimed that IDCF concept provides many advantages regar-
ding the Cost/Performance ocriterlia. Since classical equipment was jud-
ged on the individual basis regarding coat/performance criteria, addi-
tional eriteria should be eatablished when IDCP Systea cost/performan-
ce requirements are delined.

Hajor benefits of the IDCP Systems are improved clasaical functiona,
introduction of new functiona and improved lifecycle characteristica
aof the system. Classlieal functions are lmproved by providing better
supervision and operatlon of the substatlon equipment which enablea
overall operation closer to the cperational limita. Wew functions are
ralated to the IDCP computer system and subatation equipment supervi-
slon as well as to the new local andfor remote control capabilities.
Finally, improvements regarding systesm installation, commismsioning,ma-
intenance, modification, expansicn and operator training are alsc ach-
feved.

IDCP SYSTEM DESIGH COMSIDERATIONS
Functlonal requiresents

Tasuea atill open for research are approaches te classification of the
functional requiresents and apecification of the new functions.

It ia felt that basic appromch which classifies functions by the eri-
teria of time response and operational states is gquite useful (1).Ano-
ther important criterion for clasaification is the hierarchical orga-
nization of the functions. Host common approach 1s bto elassify functi-
ona into local and centralized level. However, closer investigation
showa that there are some additlonal hierarchical levels (1). An exam-
pla ie the bay coordimation level.

Hew functiona can be found im the area of protective relaylhng regardi-
ng the adaptive feature which can be provided. In the area of control
Tunctlons, new possibilities arise in terma of distributing scme of
the Energy Control Center functlions te the loeal level of a subatation.
Man-machine interface (MMI) functiona are pignificantly improwed.

Muaerical algorithes

Major problema in the are of algorithme are mathematical methods for
algoritha definition and implementation.

There are number of digital algorithes proposed to caloulate required
quantities {5). Critical issue ia development of criteria for algori-
tha evaluation and selection of the best algorithm. This analysis wo-
uld give anawera to the queationa such as: Reguired saepling rate, Type
of saEpling synchronization, Lenght of data window, Accuracy ve. bime
reaponae, Analog andfor digital filtering requiresents.



Computer ayatem architectures

This lssus relates to the computer syatem configurations, functional
allocation, data flow and system {nterfaces (1). In should be noted
that several approaches Lo the computer system architecture ars possl-
ble (3.

Basic decision is to be made regarding data asguisition subsystem whi-
eh 18 interfaced to the substatlon switchyard sguipment. A declslon is
to be made regarding the data sharing concept. It is pessible te route
input data from the suwitchyard in a conventlonal way providing ssparate
links tetween sach signal source and deatimatlon. On the sther hand, it
is possible to collect switchyard data only ak distinct locations and
to multiplex data on a data linmk. The data is desultiplexed at some le-
vel within the arehitecturs and distributed to the required proceasing
unlks.

The next decismion is related to the locatlon af the processing units.
One approach is to locate procesaing units in the switchyard and yet
another approach 1s the control house. Further more it is important to
define what level of date exchange 1s needed among proceasing unita
and between processing units and the owerall coordlnatlion unit.

IMPLEMENTATION CHARACTERISTICS

Procesaing hardware

The moat atringent hardware requiresents come [rom the protective rel=
aying functicns where minimum procesaing poWer required are 16-bit ®l-
groprocessora having the clpok freguency above 5 MHz with HOS technol-
ogy implementations (2). It is belived that the design choice for Inte=
grated aystem should be universal use of 16=bit processors bLhrough-cut
the aystes. Exceptiona should be allowed for in data acquisition and
gperator interface unita.

Finally, future trends are Loward 32-bit processing requrementa n;-m
clock rates above 10 HHz with CHOS technology implementations.

Application and syates software

Programming languages used ac far are assenbly language for the time
eritical fumctiona and high level languages for less critical functio-
na. Further trends in this are should be the use of high level langua-
ges for overall software implementatation (2). Particularly intereat-
ing ia development of a specially designed control language for the
subatation applicationa. g

Systea software used so far was moatly custom designed (2). Future tr=-
ands are toward use of the commercially available system scftware,pri-
marily the operating systema. Developmenta are expected in the Tuture
regarding the data base management aoftware suitable for the subatati-
on aystem applications as well as the testing and diagnostic soltware.

Communication subayatem

This issue includes discussion of the first 4wo communication protecel
levela definsd by the IS0 0SI Reference Model. The links used in the
Integrated system are point-to-point serial links, parallel sultipro=
cespor links and serial multidrop links (2).

Regarding point-to point serial links, critical cholces are speed of



tranamisaion, encoding, modulation, data link control protocola and

comeunicatlon medium. Farallel multiprocessor linka are Multibus-type.
Accsss arbliration techniques are the probles which nesda further Lnv=
eatigation. Local Area Metwork protocels such as the CSMASCD and Token
pasa are satisfactory for serial multidrop links. Coaxial cable or i-
ber-optlic communication medlum are desirable. Problem of llne access

protocol for dats exchange on a multidrop line requires further atudy.

SURVEY OF THE PROPOSED DESIGNS
Integrated Control Systems

i
Large number of the Integrated system proposals are related to lmplem-
entation of the data acquisition and contrel functions while protect-
ive relaying functiona are left for some futures isplesmentation phases.
Examples of such developments in Burope are given in Table 1. It shou-
14 be noted that propossd sclutions may seem quite aimilar, but more
detalisd analyais reveals significant differences regarding computer ay=-
mtem architecture and function allocation strategy (6).

IDCF Eystema for H.V. Substaticona

A development undertaken in France 1s quite similar in concept te the
clasaleal equipment (6). Single devices performing functions such as
distance relaylng, translent recording, substation control and breaker
monitering are already developed and they will be interconnected in
the future to fore an Integrated Syatem.

Another development performed in the U.5.A. is also similar in concept
to the clasafcal equipment but new provisions are made for use af the

data sharing concept for purpose of back-up redundancu (6). Kew appro-
achea are undertaken regarding the way applicatien functicna are grou-
ped and allocated to the processing units. Finally, yet another devel-
opment in the U.5.A. represents significant departure from conventlon-
a8l deaign practices including number of aspecta such as computer ays=-

tes configuration, functional allecatien, data flow and interfaces (7).

IDCP System for Distributien Substatlons

One of the First developments, which was lsplementsd in two phases pr-
oviding two different systema, was introduced imn Japan in 1977 and 1981
respectively. Basic architecturs is quite aimilar to the conventional
nyaten except thal measurement and contrel functions are grouped and
allocated to separate dedlicated units (&),

Another development undertaken in the U.S5.A. is also quite aimmilar in
concept to the conventional equipment. Extensive number of functions
are implemented and lfunctlions are grouped an allocated to the apeci:‘ic
processore for execution (B).

CONCLUSTONS

The IDCP Systems are beelng developed today using quite different app-
roaches Iin almost all of the proposed cases. It 1a expected that theas
trenda will continue with moat of the approaches atarting with Integr=
ated Contral Systema and exploring later to the full scale IDCP System.
It is also evident that the system concept propoded by the IDCP System
requires new considerations regarding classical equipment cperational
characteriatica and performance reguirementsa.
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There are number of BAD issues whizh nesd future lAvestigations. Almost
a1l of the issuea related to the aystes design consideratlons should be
toples of the future ressarch. Fartircular attentlon should be given to
the new developments regarding unconventicnal instrument tranaloraers
and fiber optic technology. Relation between IDCF Systes and Energy Co-
ntrol Systems should be also investigated. Finally, classical design
approaches related to the substatlon powsr agquipment should be reexam-
ined.
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Table 1. Integrated Control Systens

Country Hierarchy Location HMI Commun . Year

Belgium two-level Contral CRT Farallal 1581
House Op.panel

Swedsn  two-level Control CRT,Print., Parallel 1582
House F.Keybrd. and serial

Italy two=level Data acq.: CRT Parallel
Switchyard Frint&r and serinl 1985
Data Frocess.:
Cont .Houne

Spain  two-level Data acq.: CRT,Print., Loocal 1985
Switchyard Keyboard, Network
Data Process.: HMimic Brd.

_ Cont.Houae

fustria two-level Data Bog., Op.panel Parallel 1584
prEprocean ., Printer and serial
Switchyard Mimic Brd.

Maim Procesa.:
Cont . Houne




