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ibstract. This paper gives a discusalon of the state af the art and future
trends related to microprocesssr applicationa In Electric Power Subsatations
and Powsr Plants. Pressnt microprocessor-based develepmenta are classifisd
into twe major categories: ailngle device and system implementationa. Discusa-
jon of futurs trends {8 related to performance lmprovenents and intreduction
of new concepta and funstions. Finally an sverview of the thecretical, conce-
ptual, technical, cperational and economlc issues is glven.
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INTRODUCTION

Application of microprocesscrs to Subatatlon
Autematicn and Fower Plant Comtrol atarted im
the mid TO=tiea. Introduction of the third
generation of techmology, the LSI technology,
was aimed toward achieving several benefita.
Major bemefit expected was the cost/performa-
noe improvensnt.

A nueber of developments of microprocesscr-
~based data acquisitlen, control and protec-
tion devises and systems did take place since
the mid TO-ties. Major developments took pla-
e first in the U.5.4. and Japan to be later
on spread aver the Europe, Australia, Far Ea=
st and elsewhere. Mentloned developments were
undertaken by almost all of the gonpanies in
the business of date acqulesition, control and
protective relaying equipment sapulfacturing
as well as by univeraities, research ssctlons
of the Utility Companies and other research
organizations. This effort resulted in devel-
spment of ssveral dozens of different micro-
processor - based devices and aystems [or d&-
ta acquisition, control and protection. Host
of those were tested In various enviromenta
including Ressarch Labs, High Fower Labs and
Electric Pewer Systems. There are alsc over
500 references published at various confere-
neces through cut the world related to the
mentioned subjest.

however, it is Intereating to note that there
are not very nany types of sloroprocessor-ba-
sed data acquisitionm, control and protection
devices and systems avallable cn the world ma-
rket teday. It is belived that the maln reas-
on for thias situation ia complexity of theo-
retical, conceptual, technical, cperational
and ecomomle 1asues which are to be resolved
before the microprocesssr applicatlions become
a wide spread practice in the Power Industry.
Tt is also belived that major problems rela-

ted te the mentloned issuss are already res-
olved and it is expected that microprocessor-
=based devices and systems will appear in ou-
ch larger numbers and varletles of typea on
the world market in the second part of the
AO=ties.

STATE OF THE ART

Hicroproceasor applications in Electrle Pow-
&r Substations and Flanta can be classifled
in twe major categories: aingle device Impl-
ementationa and aystee solutions.

] 19‘1! oavice IEE lamentaticns

Those implementations are almilar in concept
to the conventional devizes since the major
functional and performance characteristiecs
are preserved. Table 1 glves a llst of typl-
ezl developments for the major application
areas: protective relaying, conteal ard data
acquisition.

However, it should be noted that use of mic-
roprocesscra did bring some signifizant im-
provements comparing to the inmplementatlons
that are based on the previous generatlons
of technology. Majer lmprovemsnts are regar-
ding the performance, [lexibility of design
and improved testing and maintenance.

It haz been shown, by several reported deve=
leopment#, that microprocesscr-based deslgns
can provide better accuracy in determining
the required parameters to be used for deci-
sion making in protective relaying, contrel
and data asquisition. It was alse sheown that
programmability of microprocessor=based dev-
ices provides possibility of wery flexible
changes of settings, Internal parameters and
algoerithm designa. Further more, application
af microprocessors enabled implementation of
quite elaborate test procedurea Including
self-checking features, extenalve CAT teat



Table 1 3ingle-Device Microprocesscr-Based Implementaticns
FUNCTION REFERENCE FUKNCTION REFERENCE
Protective Mlatlu Cantral

- Distance {Kezunowic, 1984a)

= Owercurrent [(Redfern, 1983)

= Freguency (Sullivan, 1880)

- Differential Tra- (Therp,et.al,1981)
naformer

(Spoonar, 1980)
(Ghai et .al., 1979)
[Aucland &t . &l L1580)
{Penman ekt.al. LAGRZ )

Breaker Failure
= Zunchro-check

= Woltage

Motar protection

= Leoad Tap Changer

= hutomatlie Switch-
ing Sequences

= Automatic reclos=-
ing

= Generator start/
latop

= Load Shedding

- SCADA RATUs

- Clrgult breaker
gantrol

(Grendin, 1981]
(Weatherall et.al.1980]

(Fedfern, 1983)
(Grirrin, 1982)
[Chai et .al.,1980)

[L:.u,et.l.l.‘:‘?ﬂéj
(Barret, ek.al., 1582,

Data Requisition
= S0E Recording
= Allarm Logger
= Fevenue Hetering

(IEEE, 1977)
(Hulder,ot.al., 1978)
(Sehweltzer, 1978)

Data Acqulisition (continued)

= Fault Lesatlon (Takagi,et.al.1361)
= Transient recordingiBornard  et.al.,1583)

displays and poasibility of elaborate hiate-
rical data collection and analysis For the
maintenancs purposes.

System Solutions

Application of microprocesscrs snabled a va=
riety of system solutlon approaches to be ta-
ken. Major characteristlcs of Che ayatem sc-
lutions are introduction of mew functiocnsand
concepts which were not feasible by using Che
previous technologies. The followlng dlscusa-
Lon gives Lllustration of some of the typle-
al system solution approaches.

SCADA System. Application of microprocessors
to Supervisery Control and Data dcquisltion
(SCADA) Systems is historically one of the
firat system applications of microprocessors
in Electric Power Syastema. There are quite a
faw SCADA Syateams awvallable on the market to=
day. Some new designs are particularly inte-
resting regarding design Flexibility intred-
uced and adition of some advanced lodal data
proceasing functions (Lau, et.al., 1582).

Unesnventional Momitoring System. Use of mi=
Sreprocessors ena new approach of apeci=-
al purpose system designes., An example is a

monltering syatem designed for power tranafo-
rmera. Such & system epables owerall monito=
ring of thes power transformer parametera su=
ch as: Saturation curves, Loss of life, Ove-
rexcitation; Gaa content, Partial diachargea,
Insulation demages (Poyser, 1982; Bose,1981).
Microprocesscr application provides not only
menitoring and display of the menticned para-
metars, but also extensive analysls of the

operational state of the power tranaforoer.

Universal Data Acquisition and Control System.
This solutien conalsts of a univeraal micro-
processor aystem architecturs which can be
progranmed and configurated for a specific

function implementation. One such a solutlen
provides possibility of implementation of

any ons of the following functions: Yoltage
contrel , Automatic switching sequences, Auto-
matic recleaing, Generator sequence control,
Generator afficlency monitoring, Revenue =e-
tering collection, Allarm logging, Fault le-
wel monitoring (Cheetham, 19280],

Dimtributed Power Plant Control Sysatem. The-
re are a nusher of miaoroprocessor-based dis-
tributed procesas caontrol ayatems that are
available for Thermal Power Plant contrel and
monitoring. There are also nuaber of similar
ayatems which are used for automaticn of the
Hydro Fower Flants. Major characteristic of
thoss aystem is their physical distributien
within the Flant with sxtensive cocmmunication
subsysten ussed for exchange of the required
data.

Integrated Subatation Control System. Thosa
asystens are gmultiprocesacor-based and provide
full control and data acquisition in a High
¥oltage Subatation. There are several of tho=
se systems that are already ioplemented and
installed in a subatation (Kezunovie, 19B8b].
Typlcal functions performed by thoas syatems
are: Aequisition and data base up-dating, Ou-
tput axecution, Remots/Local control, Automa-
tig control, Processing of analogs, Autcmatic
execution of selected ssguances.

Integrated Control and Protection System.
Application of microprocessors enabled new
system concept to be impl=ment which combines
in one system both comtrol and protective re-
laying functiona. There are several develop-
ments in the world related to the Integratec
Syatems but It can be noted that design app-
roaches undertaken are quite different (Kez-
unevle, 198%b). Hajor differences are related
to computer system and communication archite=
cture as well as to functional allocation
atrategy.




FUTURE TRENDS

It im expected that future trends will be &
sontinuation of the two major trends pressnt
today: single device implementations and ay-
atem scluticna. However, there are several
new developments that are sxpected to be un-
dertaken within the twe major trends.

Single Device Inplementaticns

New developments are expected In the area of
new functional lsplementations and In the
area of coat/performance ilmprovenments.

Protestive relaying. It is expected that fu-
ture developmenta will introduce new Blorop-

rocessor-bassd protective relays to cover
the functions that were not implemented so
far uaing the new techrnology. Example are bua-
~har, generator and machine protective rela-
ya.

Coat ilssus will reguire further IAvestlgatl-
on of the optimal hardware/softwars solutlons.
Performance isaus will ask for more elabora=-
te analyais of teat, maintenance and operas=
ter laterface reguiresents and appropriate
izplemsntation strategy.

Control. Mew developments are sxpected in
the area of the switching equipment contreol.
It ia Belived that a trend will be to deve-
lop microprocessor=based cipeult Breaker oo-
ntrol devicea which will snable Improved op-
eration and maintenance of the circull brea=
kers. Sage new developmenta of the local Su=
bstatlon and Power Flant automation devices
for control of switching sequences are alaso
anticipated.

Cost/performance improvements in thia area
are related more to the cost/performance ef -
#cts that new microprocessor=-based devices
can previde regarding the operation of the
switching squipment and the generation mach=
1IfEFY .

Dats Aequisition. Major trends are expected
in the area of more elaborate operator inker=
faces and optimization of the processing ha-
rdware. The new developmenta are expected to
introduce quite sxtenaive cperator capabili-
ties In data displaying, logging, time-tage-
ing and analyzing. Tt 1a also belived that
there will be more device designea which ena-
ble precesaing of several functlona using the
sanes hardwars. Exanple are operator metering
devices which can provide measurements of the
pajor power aystem parameters auch as volta=
g=, current, frequency, power and energy us-
ing only woltage and current samples and em=
pleying the same progessing hardware,

Another example are Translent Recorders which
can be used, In the normal atatea of power my-
stems, as data acquisition and measursment
devicea,

Ceatsperforsance improvements are based on
the above opsrator interface and hardware ut=
1lization Iimprovements. I

System Solutions

Future trends If this area ssem to be related

to further development of the various strate-

gles for functional integratien. This further

leads to new developments 1in the area af sul-

timicroprocessor aystes architesturss and Lo-

cal Area Networks for distributed processing.
'

Integration of aimilar functiona. Thia appro-

ach assumes integration within the following
groupa of almilar functiona: protective rela-
ying, control and data acquisition. Thersfore,
it is expected that new Integrated Systems for
overall protectlon, contrel or data acquislit-
fon will be developad for Subatatlion and Pow-
er Plant applicationa.

Mpjor benefits axpected from those systems are
again in the area of cost/performance Laproves=
mants, However, this conaideration needs new
assesenent since now the improvementa are ex-
pected on the overall level of protection,co=
ntrol or data acquisition for a complete Sub-
station or Power Flant.

Integration of diverse functicns. This trend

masumes Iintegratilon of diveras groupa of Mu-
netions such as control and protective relay-
ing, data acquisition and contral, data acgqul-
sition and protective relaying and integrati-
en of all of the three groups. This integrat-
lon could be imsplesented on a limited bases
regarding particular pover apparatus such as
power transaformer, clrcult breaker, gensrator,
Another trend 1s to perfore intagration onthe
level of Subataticn oF Pover Flamt. Thersfors,
it is expected that various mlcroprocesscr-
=bamed system and cosunication architectures
will be developed to support the mentioned tr=
ends of functional integration.

Evaluation of the coat/performance benefita
achieved by thoss aystema will definitely re-
quire a new approach. It 18 needed to develo-
pe new criteria for perforgance evaluation amd
new methodeology For cost evaluation assessent
for an obyious reason that the Integrated Sy-
stema of this type do not have an eguivalent
in the classical designs.

Improved local /remote automation. Integration

of furctiona of either type, as was discussad
in the previous asetions, brings new possibi-
lities regarding the local/remcte autcmation
of Substations and Fower Flants. It is beliv=
ed that there will be new systss developments
Introduces with improved local and/or remote
automatlion functions. Ome trend could be to
develope multimicroprocessor aystems for ex-
tensive local monltoring, control and protea=
tion. ¥et another trend is to develope integ-
rated Substation and Power Plant systems whi=-
ch will be a part of the remote Energy Mana=
gement Systes.

Hajor benefita of improved autaomation are re-
lated to better performance in operation of
Substation and Power Flants in the most crit-
feal sltuatfon of emergency cperation. Furt-
her more, bepefits are expected In the area
of extensive data scquisition and analysis
for the maictenance purpoass,



ISSUES TO BE RESOLVED

There are number of Lssuea to be resolved 1n
arder for microprocessors to become wide acc-
epbed technology in the arsa of Substation
Automation and Power Plant Comtrol.

Theoratical Issuss

Digital algorithms. A numbar of algorithms
for digital relaying, control and data acqu=-
isition were propossd s¢ far. Hewsver, there
are vary few studies that are related to co=
spariscn and evaluatlon &f the propossd algo-
rithea,. It is belived that analysls, aynthe=
sis and evaluation of digital algoerithma are
the key problams to be resolved ln order for
digital techniques te become superrler to pr-
evious technigquea regarding the performance
izprovements.

Te illustrate the digital algorithm problem,
it ia appropriate to indicate the major dil=-
emma that exists regarding selection and eva=-
luation of digital algorithms fer protective
relaying of transmission lines. As it 1a wall
known, there are nusber of algorithms prope-
sed which can be classified into two major
categories: fundamental frequency and trave-
ling wave algorithms. A queation that is at-
111 open ls related te development of orite-
ria for selection of the cptimal algorithm
for a particular Power System enviroment. An-
ather pretlem of equal importance ia related
to definition of a Generallzed Algorithm Fora
whish ean be redoced, under certain conditl=
ons, to an optimal speciric form (Kreso,15B4).

Automation and Control Strategy. It ia beli-
ved that uas of microprocessors, and digital
computer teshnlquea in general, enable intro-
duction of new automation and control strate-
giea, An example are possibilities For adap-
tive relaying as well as posaibilities for
distribution of scme Energy Hanagement Func-
tions to the local level of Jubstations and
Powar Flants.

CUI‘IQHET.“]. Issues
Classical vs, unconventicnal design. It i

evldent that microprocesser applications en-
able device and system implementations which
do not resemble characterlstlecs and philosc-
phy of the elassical deaigns. An obvicus #xa-
mple are Integrated Control and Protection
Syatems which enable unconventlonal impleme-
ntation of both control amnd protectlon fune-
tions in one system. Further more, functlonal
aliocation can be such that one procesalng
unit contains algoritha porticna of several
different control and/or protectien funckio=
ns {Kezunovie, 1983).

On the other hand, it is well kpown that de=
algn practice in almoat all Utility Compand-
#s 1s wery well defined and strict regarding
separation of control and protection devices
even to the polnt of separate wiring as well
as separate testing and malntensnce procedu-
res, Thersfore, it is expected that such

eloser collaboration batwesn Utility Companes
and the manufactures will take place in the
future in order to form a mutual understand-
ing and acceptance of the new dealgns.

fata sharing. Thia concept 1s further axtan-
alon of the unconventicnal design fssus. It
ia posaible to use serlal high apeed linka,
such as fiber—optie links, to multiplex data
sollected in the switehyard for purposes of
data acquisition, control and protectlion.
This data is then brought te the mleroproce-
asor=based systes, damultiplexed and dimtri-
buted over a communication system to the app-
ropriate processing unit. This is, therefore,
a departure from the conventlonal wireing pr-
actice. it is an open question what technical
issues need to be resclved in order for Utl-
11ty Companies to conslder this approach coat
attractive but at the same time reallable and
conceptualy feasible.

Another example 18 use of unconventicnal tra=
naducers whoas output signal L& generated In

a digital form, This will enable a direct uas
of tranaducer digital ocutput data by a mlere-
processor. It will alse snable design of pro-
cessing algorithms which can be used for se-

varal different protective relaying, control

and data acquisition functions.

Hardware,. It i3 well known that different pr=

ctectlve relaying, control and data asquisi=

tlion functlons require different characteri-
stics of hardware. For example, most of Che
protective relaying functiona require 16=bik
hardware while meat of the control and data
acquisition functiona require S=bit hardware.
On the other hand, some complex control fun-
etions and translent recording functions re=
guire 16-bit hardware. Therefore, it ls nee=
ded to define criteria for optimal hardware
selection for varlous functlonal implesenta=
tiona.

Another problem is selection of the appropri=
ate hardware for the moat complex and time
eritical functions sush & protective relaying
of tranamisaion limesa. An on-going practice
is to use slther bipolar 16-bit processor ar
a multiprocessor HOS implementations For Dis-
tance Relaying, ler example. Some other thou--
ghts are that 32-bit proceascrs are required
for thias functien. Future investigations sho=-
wld anawer this question of maximum hardware
requirementa related te Substation Automation
and Fower Flant Control.

Saftware. Those lssues can be divided im two

major groups: programoing languages and ays-
tem softwars.

At it is well known, the desired level of pr-
ogramming languages 13 the high level langu-
ages. However, the real time executlon requi-
repentes call for use of the assembler langu-
ages. It Ls alac evident that some almple oo-
ntrol and data asquisition algorithms can be
implementated using the high level languages
while some complex comtrol, fast data acqui-
aition and protective relaying algorlithma



require use of assesblers. Future lnvestiga-
tiona are to gilve some anawera to the quest-
iona of ocptimal selection of language levels
for various applications, cptimal mix of hi-
gh level and assembler language modules in
one implementation, meed for dealgn of & ape-
clal purposs language for microprocessor Fo-
wer System appllcationa.

Systes software lssuea are related to the qu=-
eation of posslbility to uss the commercially
available operating systema or specially de-
aigned sxecutives. Further more, the gueati-
on arisss about the need for operating aystem
services in moat of the Subsatablsn and Powver
Flant applicatiocnsa.

Misroprocesscr and Communicatlon Syatem Arc-
hitecturea. This lssue needs Purther Lnveat-
igation to define optimal architecturea faor
various applications. A good example af po=-
asible cholees are various architecturea for
Integrated Control and Fretection Systema
(Kezunovic, 1983; Kezunovie, 1982). It ia be-=
1ived that further studlies should be perfor-
g=d 1f the arsa of architecture svaluations
regardlng coat /perfornmance charactariatica.

Another Lssue is related to use of the propo-
sed communication syatsm architectures for
the Local Area Networks. It is belived that
number of the proposed proteocol standards su-=
ch as CSMA/CD, Token Bus and Token Ring will
e wids accepted standards In the Duture.
Therefere, future atudies shoula be concent-
rated on inveatigation of posaibllitles for
use of bthess atandarda in Subatatleon ard Po-
wer Flant microprocessor=based aystems.

DEE ratlonal Iasues

Operater Interfaces. Improvementa are related
to the Lypea and means of data diasplays. It
is poasible to use digital displays organized
in unconventional waya. It 1a nesadsd to furt=
her inveatigate cperator interface reguirepe-
nts having in maind the new dilsplaying possi-
bilities.

The naw functions provided are related to po-
saibilitiss of displaying Intarnal ssttings
of the devices, Further more, It is posalble
to perform an on=line change of the ssttings.
Yet anothar posaibility is ko provide a remo-
te operator interface for the device and ay-
stema. All of those new functlona have to be
evaluated Ln terma of thelr necesaity and co=-
opliance with the existing cperational proce=
dures.

Tl:t.inﬁ and mainktanance. It Is poasible to
deslgn special purposs testing programs which
snable atraight forward executlon of the te-
ating procedurea. If one adds self=checking
and disgnostic features, then the testing po-
saibilities are quits enhanced, MHowever, an
open gueatlon remains regarding aelection of
the optimal testing procedurea for varlous
devices and systeds.

Maintenance practice can be algnificantly im=
proved and changed uaing the microproceasor
designes. It Is poasible to keep track of hi-

storlcal data for off line analysis of maint=-
grnance requiresenta. It 18 alse posaible to
uas readundancy architectures and repairing at-
rategiss which =nable mare effleélent mainten-
ance, This, further more, provides lmproved
avallability which makes the Lssue of rellab-
118ty less prominent. Finally, the software
maintenability lssus needs further analysis.

D-:%En and documentation. Ae 1t was mentloned
esariier, milcroprocessar application could in-
troducs unconventional device and system lm-
plementationa including the unconventlonal
wireing practice. Therefore, it is needed b0
devalsps new design procedures to reflect Eh-
1s change.

Dooumentaktlon practice is changed by a simple
fact that mlcroprocesscr implementations pro-
vide both hardware and software soluticns.
Therefore, software decumentation 18 & new re=
quirenent . Analysis of appropriate methedolo-
gy for software and hardware documentaticon ia
one of the future problem areas.

Econemlc lasue

Evaluation of new functicns. Applicatien of
misroprocessors did bring, as was discussed
previously, possibility of new functiona im-
plementation. Typloal example are extensive
operator=interface capabilities available for
almost all designs. Therefore, it Ls importa=
mt to note this fact and to develops an ARpra-
priate cost evaluation procedurs which will
Judge the benefits achlieved by lmplementing
the new functiona versus thelr coat.

Evaluation of new designs. Problem of defini-
tion of the appreprlate cost evaluation proc=
edure I8 even more elaborate In the case of
the new designa. Tt 1= quite difficult to asa-
ezss the cost lssue [or new designs aince they
are silgnificantly different from the convens
tional deaigns.Therafors it 1s axtremely Smpor-
tant that further sconcmic lnvestigationa co-=
neantrate on this lasue in order to define me-
thodology for the cost evaluation.

Lifs cycle coat. Microprocesscr bassd lople-
mentationa bring new fiasue of appropriate 1i-
e eycle cost estimates. First, it 1= Lmpor-
tant to determine the direct 1ife cyole cost
that includes the cost of design, installati-
on, commisaicning, malntenance. The procedu-
re to determine the direct life cycle cost
neads to be resxamined slnce microprocessor
applicationa did bring some new aapecta to
the problem.

However, the most difficult Lssus, and yet
probably the most lmportant, 1a the issue of
indirect 1ife cycle cost estimate. This is
related to the cost sevings achisved in the
gvarall Electric Power Sybstatlon and Power
Flant oparation duve to the use of Lsproved mi=-
croprocessor-based device and system deslgna.
Answer to this problem will probably be an
anawer to the following queation asked frequ-
ently: What are the cost/perforBance benefita
that microprocessor techmology brings to the
area of Substation Automatlon and Fowaer Pla-
nt Control?



CONCLUSIORS

It was indicated that there are varlety of
microprocessor-based devices and aystems de-
veloped se far far the protective relaylng;
cantrol and data acquisition purposss far El=
ectric Fower Subatation and Power Plant app=
lications, On the other hand, it 18 noted th-
at much smaller nusber of the mentioned deve-
lopments are available on the world market.
It is expected that the future developments
will bring even mors Lypes of devices and sy-
steam. It 1s also expected that larger number
of those devicea will appear on the world mar=
ket, particularly in the area of Protective
Belaying and Integrated Systema. Howewver, it
is belived that quite a few issues need to
be further investigated and resclved in ord-
ar for microprocessor appliecaticns to be ace-
epted a8 a benellt regarding the cost./perfo=
rmance ariteria.
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