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Abstract - Tne application of dlgitqal conpuiers to
the prot=abtlon of electrizal powsr systeas was Flirst
considered by Morrison [1,67] ;4 Renmncorty (2,570 In
papers pudlishad in  195T. Interest in this ressarch
ares has growa rapidly ond wikth this interast the
voluse of pulications. TH2 purpode of this paper La
tg provile a coaprehensive bibliography of the Conputer
Relaying, CR, literature together with a slassificatisa
to assist thosa intarested in this literatue. Trends
are identifled snd  some probasle futura developnents
prujﬂtnd, The bibliography costains 129 refarenzss
arranged alpnabetizally within the ysar of publication.
Tis paper is intsaded Lo sugnent the positive oon-
tridutions of the Biblisgraphy and Publizity Suboommit-
teg of the IEEE Powsr System FRalaying Comaities, as
wall as th: efforts of sone Individuals w9 hawve
presiously puslished earller bibliograghies in this
area.

DITRODUCTION

The Fleld of Computer B=laying, CR, that s the
applization of digitil computers to  slestriz powser
syst=a protaction, began in the late 1953°s. In  the
interrvening dezale nay ressarch projeats have heen un-
dertacan aad comploted by utilicy companies, slectrizal
amulastursrs, puslls el privats resssrch eromiza-
tions, vniversiti=ss;, and others. var A= hurvirsd
papars, thasas, and reports were published in the firss
ten yea=s and the rate now sxcseds tun dozan par yaar.
Mewarthzless, few of Ehess pilicaktions [3,73;6,7T;
9, T 1,721, 15; 12, T1;5, 01" ware consernsd  about
a systenatle alsssiflzastion and cotagorizatlonm of the
published litzratue in this field. The sthors wish
to swre the reswlts of torle comprabanslve  survay of
the CR litsracise perfoszed in preparatliea for rossarch
in this area. Extansive manual Szarching using
traditional metheds was anploysd together with computar
aided searching of th: nachine resiable indizes,

In asdditien to providiag 8 compreqeasive
biblisgraphy, this papsr provides a slassiflzatisa and
categorization of this literatwre, and some desariotion
af the: basie systen aprroashes tikan by several resent
projects which ares developing prototyp=  Computer
Ralaying, CR, systoma. Part twe of the paper contains
the desoripiion of the clossifizstion of the literas-
ture, and the cabts=gorization of the referenzes glven ia
the biblizgraphy. Part three descrlbas the swveral
diffarent approashes Ltaksn Eo the CR desiqn problow
ranging from the first single compuisr systens to  th:
B Twe potation [3,'."‘]] refers to the third relsragss 4
tha year 1973,
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wini 14 mizre computars usrl today b dlabrilbuned son-
flauwations. Conclusinns arg coatiinzd in pirt fow
and the bibliztraphy of 123 referenzes follows. The
refaronces we arranged alphabetically by year sd mom-
Bera] dagusatially within coch yrar. This notaticn wul
taken to aailitat= posaible lakcr wpdates wmlzh 2oy be
dasired of this biblivgrapghy. Tas rafarsizes oover
the time seriod frea 1957 throwsh the aiddls of 1973,
The authors have obtalnsd coples of 732 of the pooirs
elt=21 using mormal, gm=rally available sogulsition
procaiures,

CLASSIF[CATTON AMD CATEGIRITATION
o T COIPITER AECATDTS CITZRATOTE

Classfication and categorization of the CR litsra-
ture ko daks have besn soasnak aarrod. Yost of the
bivlisgrapiy papers were either siaple listings of the
eitations [3,73;3,7), er warc concerned only about
avallaple CR algorithms a1 their charaztaristics
06, 77:21,715). Seae of the papers were of a sare
Zeneral tyss with 1eed biblisgragaies [12,71;5,7] bt
thasa ware pot strictly relats=d ta the CR fi=ld. Only
cne {1,758] biblizgraphy typz paper has he=n ﬂ..E\II'I:'FEﬂ
apezifically to the 2lassificatlon and categorization
of tha (R Lliterature.

The classification schews used in this paper first
divides refersizes ints the following classes:

1} papars baszd on graduike thasls rassarch ok,
both nasters and doctoral

2) vapers comzernzd wWith the apolisation  of
mizroprocessors to th: R arcblen
1) papers o digital netwds for CR
4) sprzial kopies in CR
Eazh of th2se slasses will be further divided as shown
balow. It should be esphasizad that the division is

mot intended to be wigques, but rather a comwenlmat

scheas  for 332288 to the litsrature. Thuz aa2
refarenza 2ay appear in =more than onz class anifor
aategory.

Azwieniz Theses

Papers bassd on thesis work constitute 1D percent
af e% totil relerences and many times are Imporbtmt in

sttting new directions for work in the CR fleld. The
following refgrenz=s relats %o destorel  werk
Lo, 7724, 75525, 75:5, Th:0,72;:6,7%;2,57 1. Thrsz
refzranzes ralaLe [ 4] aashar lews=l Wt
LUl Trsl, T2 10, 72;0,71;:2,71;2,63]. ey wof thsa

authars  wre aitsd in later referenzes shouWing ped wory
wilch has built ween the thesls wrk. Thz
wiblisgrashiss Tiven in thasz papers are geaerally very
coapreheasive avl infornative relative to the tiae they
ware preparsd.

Hizroprozessr Aoolications o CR

This claszs was arissn Juring the past thre: yaars
wWith tha rapii developn=at of sizropeocessar bech-
malogy. Th: isportaszs of this zlass is svidmt  sinoe
it alse coataina 12 paresat of the total sitabions

e 0 TS T, T, Y59, TR 03, T3 10, 77 18, 773 07, T3 29, T 6.
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75:11,75;2,T5; 28,75 1. Thas papars report om Che
consl leration of the =sizroorocessor hardwere for Ehe
faploneatation  of  digital  filters, Inpot/Mutout
modul=s, sommunication wodulas betusss elemmits of &
distribut=l aysten of compuizrs, and for the aritfmetic
and legic processint required. Mlzsroprozsssor hariuire
em b= tallored in particularly cost =fl=zbtive Ways 33
compared to that Walch was possible with prisr computsr
pechaulogy. It 1a  reassnable  te expect that
microprocessars will becons increasingly leportant in
solving the CR problem, and that this will bz reflectad
in an even larqer fraction of the litsrature in the
years ahral.

Digital Methods for CR

Bacauss a larfe [raction, approxisscaly 75 por-
eent, ol tha refarcnzes fall into this olasa, it is ap=
propriate to further catagorize into subolasszs as fol-

s &

1} Qwerall substabisn saprossh and  general
cepts for computerizad protactioa

2) Digital protesztion of transaission lin#s out-
side the substatlon

3) Protection of apparatus withis the subatation

&on-

There are Fforty-three papers related to the
overall substation protection problen and Eo general
conzepts for digital protestion of #Fectric power
equipnent [7,73:3, 753, 77310, T3 10, 77507, 7752, 755 3, 75

6, T5:10,75; 11,75:2,T5; 1,754, T5:5,T9: 9, 154 15, ﬁ-za,ﬁ.
25.7‘5;-’.’1.?‘5;25.75:1 TH;E,TH;6, T4 7,70 1,782,738, 7% |

72:5,72;7,72;9,72;9,72; 1, Th; 4, 71;2,7::-,3,741-,5,7:::5,-:-1;7,
T0;1,59;2,59;1,57). Most of thesa papers report on

grends in CR developn=at. Thae earlisr popars generally
are concept orisnt=d while mmy of the latsr papers
deal with the siaulation or hardware btesting of ele-
menks for substation prot=ctlion systens.

Thare ara thirty-six papers deallnsy with various
fazets of the protsction of slestriz transnission lines
01, 73:5,73:9,73; 10, 73; 11, 73; 1,772, T7; 5, 77: 13, 773 14,774

VS, TT; V6,705 18,77 21, TJ':?'_-" T 7. 79;%,T3: 18, T35 19, T 21,
'i"i.?i'.ﬁ 5, T8; 5,73 5, T 7, 7352, 725 3,725 19, 73 1, 715 7,715
H?IETI.IOTF'H?135‘32M] The most cowion

ucmiqu: for salving the distance protaztion problan
is some wariation of Fourier analysis of the voltages
and ecurrents of ths faulted line. [apartant considera-
tions ars how amy sanples are reguired, snd tow Cast
e the required calculations be aaie.

There are nlne paperra dealing with the protaction
of apparatus other than th2 transmission lines, l.=.,
transforaers, busszs and generators [5,78;4,77; 19,718,
T5:9,73: 10,73 11,727 13,7150, 70 ).

Spreisl Toples Refsrsnses :
Bef=rences In this elass are categorlzad as fol-

1} Sp=zial fz=1 hardwsre

2) Tsoretical considerations of algoritims
1) Strateglas for switching

) Back-up protzction

5) Simulation and testing

5) Fault losatisn

T) Hiszellanzous topica

Althouth nost of the O Llitsraturs considtera at
least sowu: aspaats of th2 hardwarz inplasentation, the
fal]_uu[n; refzrenzes partisularly enphasize th: hard-

wars aspezts of CR systxas 12,7135,71;6,T1; 0.

The effestiveness of CA systazns 1s wery heawily
depandent woon the algerithms zhossa for laplementa-

tlon. Tis [ollewing roferssces arovide deszripbisas
a3 somp conparison of Jilffa=roat olesrit@ms ygaestad
for uss in CR systoms [9,79512,73;5, 7113, 7735, 75 1, T5;
10,7502, 75;18,T5; 1, ™;8,72],

The switzhing strategie=s asprst of tha CR problen
are  particulerly Inwestizated in the followisg
refarenzes (10,73 13,75i 3.9

RFellanility 13 2 very immortant design  cenaldera-
tlon for power systea proteetion. The mattor of back-
up protastion is sonsidered in d=tall ln the [ollowlng

aleations [3,75:4, 56, 5:7.T51.

Simulation 1s 3 uwseful tool for the evaluation of
propossd CR ayatens. The ulbtizste juwigement must be
made by Fl:ld t=sting. The follewing references deal
with ths simulstion and Eesting of CH ayatems and 2om-
ponents [12,77;20,77; 03, 76; 14, T5; 15, 73]

In order that the optizum protective acktion can be
taken In the event a fault occurs, it 1s necessary that
the location of the fault on the powsr ayatss be debsr-
mined with sufficient precision. The faulk location

l=n, i3 sonsidered 1n the followlng refereces
09,78;15,73;5,73 1. 3

Within the larqer contest of CR, some writers have
dealt with probless sSuch as aore restricted environ-
mentd, the gensral problems of tining required o at-
tain real=ting vperation, ani ths parlornsae of hard-
wara elensnts such as analog-to-digital converters

, DT, T8, T6; 12, T8: 2, T4; 3, T T, T 3,737 B, T3 1,59 2,6T).

Tha above zlassilication and categorization of the
CR literature suggests thae follewing areas in which ai-
dicional effort lovested would Llkely promoke the
developa=t and implementation of CR systeas:

1) Critizal coaparison and evalimtion of alterna=
tlve approsches to tha CA problem,
[nvestization of the: theoretical limitatisas of
alternative algorittms [or the several eompo-
n=nts of the nesessary '.thx:-sal'l; and decLst-:vl
making, .
Analysis of requtrnlnu for the prutu:‘-ion ol"
pow=r system equlpmsb athae thas tha tronsais-
slon lines, 1.2., trmaforaers, bussss, and
generators,

Th: design and developnent of a totally In-
tegrated  substation protection and control
ayatan whlch alss cowmnicatess appropriataly
with Ehe other oomputer bassl systess for
operation of the total power systm,
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Somz work has been done in all of thes: areas, =i
wrk may wsll be ia progrzss shlch has not yat beon
roportsd, bt morz effort s2sai to be Juskified.

Klthowih much work has besn done in the past Chras
years and auch werk s currently uwnderway relative to
the application of micro-cowputars and pebworka of
microconputars to the implementation of CR systens, it
is expactad that the level of effort invested in this
area will substaatlally lnzreass in the future.

- Based upon review and stwdy of the references
eited in the: biblisgraphy, the trends of past work and
projections of proboble future activity are considersd
in the nsxt s:ctlon.

TRENZS [ THE DEVELOP4ENT OF
TCIIPITER BELAYTIS Sfateas

The wirk reaportad In the Late 533 and early T2'a
dealt with qenzral conaideration of the CR problen. It
was astablished that, in principle, faults could bs
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datected and  located by digital asthods, althowh the
dizitil harduire availoble st Lhal tine eould not
provide an inpl=nentation that would be cost coapii-
tive with sxisting relaying hardware, The CR problem
was often sonsidered in the contaxt of the larder ques-
tion of the application of computers to substation con-
wol and protection. In retrodpect it is Interesting
o mote the strony differsaces of opinion mmong 4I0-
ferent authors relative to the poasibility of the uas
of a large, central ized computer systen o solve the
conputer relaying problem.

Since 1970 whan the first resulta of & jolint
project betwsan  Pacific Gas  and  Elestriz amd
Westinghouss, PAODAR, were published, thrre have been a
nuaber of investigations of the application of compuber
relaying to the specific problem of the protection of
electric powsr transaission lines. Jolat projects have
been popular a3 a means of bringing Eogether the
breaxith of expertisa necessary to deal with this
probles. Other examples are 194 and kmerican  Electric
Power and Gensral Electric and Pniladelphia Electric
Company. It is interesting to mote that the considera=
tion of eentralized computer systess was dexlining in
faver of the use of wminicoaputers for the laplementa-
tion of proposed CR asyateas.

N In the perisd 1973-1975 much work was accompl Eshed
ad reportsd on the sty of algorithms applissble to
the CR problem. The availability of microcoapiters
stimulated the first considerations of this byps of
hardware for possible implessatation of CR algorithms
and Tunctions.

In the period 1975-1973 the sensideration of the
use of mlcroconputer hardware increassd Becauss of the
inereasing capability amd decreasing cest of th: in-
tegrated clrcults wsed in the mmulacture of mizrozom=
puter systems. The design of the Flrst protobype
systeas for CR was bequn in this paried. Again many of
thess projests were joint ventures as lllustrated. by
the following 1ist: ‘Westinghousas and Pennsylvania
Powsr and Light, Bonneville Powsr Adwministration  and
the Bosing Coapiay, Teneral Electriz ;i Pullatelphls
Eleztric, American Electric Powsr and most recently the
EPAI Substaktion Automation Projeat.

A major an? important astivity in the next five
years will be the testing and evaluatlon of thase
prototype systens within the operating ewiromat of
selected electric utility systens, It 15 also expected
that initisl imvestigations into kthe gensral problen of
intsgrating CR inte the general solutions of the larger
probles of substation automation will be completsd and
prototype systens propossd to impl=ment thess= conzephs.

It ssems reasonable to expect that in the last
half of the nexk dezade some CR relaying systens will
becons aommerzlally available as systens which can b=
readily applied ta the protection of elestric powsr
aystens, It i3 also expestsd thab protobyps design and
avaluation projests will be carrisd cut in the area of
intagrated substation automation systens. Thess In-

- tegrated systens will inecrporats the [uctions of now
separate systsns such as: stguential event recorders,
renots terminal control wnits, S5CADA systems, and Coa-
put=r Relaylng systems.

Thess projections may be too optimistic, but it is
the authora' [lra opinion that the propossl develop-
menta are technically feasi®le. Furthormore, the
further laprovenents in the prrforamae Lo cost ratios
of digital computzr equipasnt will sursly make Such
systeda very attractive when sompared to alternative
approaches o solving the problems of controlling and
protecting electric  powsr  aystena in the coalng
decades.

CONCLUZTONS

Thz literature

Relaying,

on  kthe sunjest of Computer
CA, has bam surveysd i classifisd to.
provide assistasze ko those  interested in  this
matarial . An owerview has besn providsil of the
developnent In this flald, and projections suzested
for the nsxt decade. The developrent to date, and the
expactad future jJevelopments in the arsa of =lcroooms
pute=rs, has had and will have a very substantial inpact
on Conputer Relaying. It La empected that distributsd
netwsrks of mizrocomputers will dominake Lhe syiteas to
be developsd.
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