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Absrracl:

Some design comcepts for microprocessor appli-
catigns Lo the control and protection of electric
power systems are presenmted. A formal design me-
thodalogy is outlined, Pressnt aicroprocessar ap-
plications to the control and protection of the elec-
tric power gemeration, transmission and distribu-
tion systems are sSwmmariZed, These applicatlions
are general ized to provide a hasis for identifying
a set of “standardized application medules.” A
projection is made of probable Future develcpments
in microprocessor appllcations to the electric
pomer industry, A probable development i3 beliawved
to be the use of hierarchically structured networks
aof microprocessors 1o provide, through distribuged
processing, more cost=effective and reliable con=
tral and protection than s possible throwgh cem-
tralized processing.

. IHTROWUCTION:

The digital computer has been used for solving
a large range of problems in the electric power in=-
dustry since conputers became comnercially avail=
able in the lace fifries, On ke beginning the ap-
plications were lérgely limited to the design amd
analysis of electirical machinery and electric power
netetrks, As minicompurers with the capability of
aperating in real=-tine Acdes became available, this
new technology was applied to a variety of control
and data logging applications, Research began In
the late siuties on the application of digital com=
ruters ak & possible replacement for the relays then
wied to detect and locate Faults on elactric power
SyStEm mEiworks.

The development of low cost, but powerful
microcomputer systems provided am important element
nesded for the cost-effective implamentation of com—
puter contral and protection of electric power sys=
tems. g {5 expecied (hat microcomputer-based sys=
tens for the control of electiric power systens will
improve the reliability, the avalilability, and se=
curity of service while alsp increasing the system
operations' simolicity and providing more Tlexibility
in respomding 10 MW demands, Soneé mEw design
procedures and concepts are of assistance in adapting
this new technology in effective ways to meet the
funcrional reguirements in the decade abwad, The
latest developments in distributed processing com-
puter nerworks, as well as new gechmiques in the
design of decentralized control Systems, are expecied
to strongly influence the control and protection of
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wlectric power systems.

Iy is the purpose of this paper to idengify
and describe sone of the new design concepts. A
mecessary prelininary step is 1o susmarize the
state of the art In the application of microcompu=
ters to the control and procection of electric poer
systems, ‘While some brief reports [1,2] have besm
published on thess microprocessar applications; the
conparisocn and analysis has noty previously been pre-
seatéd in this fashion. The applications described
in the overview are then analyzed to determine the
basic systems and hitectures wsed, This analysis
leads to the identificacion of the need for new im-
plementations of protection and control functlions
which would more fullly and effectively wtilize the
capabilities inherent im microcomputer=based sys=-
tems,. A slsgributed Processing Microprocessor=
Based Himrarchically-Structured (oM} systen has
been proposed [14,15] and is briefly discussed as
an example of some of the new design concepls.

Part two of this paper discusses general conm-
trol system design methodology. Existing and Ut
ture control functions are described. Part three
presents the overview of microcomputer applications
with an emphasis on the relations between system
architectures and the processor fasks to be per-
farmed, Part four generalizes the computler archi=
tectures and the protection and contral Functions,
Part five outlines some possible mow design concepts
and procedures.,

10, DESISH MCTISDDOLOSY:

It is wseful to comsider a formal me-
thodolegy which insures & detailed and ap=
propriate design., An examole of one such process
is illustrated in Fig, 1. The proposed approach is
concerned primarily with decomposing systems and
then reasserdling them, The process of decomposing
is Important because new possibilities for imple-
mentling existing functions as well as possible new
functions may be revealed, Thus we now consider
some characteristic deconposition procedures:

Hierarchical strugtural decomposition Is uses
ful to distinguish between power plants, Lransmis-
sion substations, and distribution systems at level
0. Successiwely higher levels of cantrol are to be
found at levels 1 through & as follows: wtility-
wide cperational contral centers are at level 1;
power pool operations centers at level I; reglonal
and national coordinatinmg centers are located al
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Tovels 3 and b, respectivoly,

Hierarchical functional decomposition is use-
ful in igentifying Functional groupings such as:

= Emergy Contral Center:
fautomatic generation comtrol [AGE)
teconamic dispatch calculations (EDC)
tsupervisory control and data
acguisition [SCADA)
tputomatic volragefvar control (AVC)
tgecurity monitoripg (5M}
sgecurity analysis [BA]

- Power Flanti
*monltaring and control of prime novers
tpgnitoring and control of generators
tother supervisory functions

= Transmission Substations:
sdata logging, recording, acouisition
*power apparatus protection
slocal control functions

- Ceneral Functions at any level:
“egmmanicat lons
timproved man-machine Interfaces

Time dezﬂur_‘fﬁm can be illustrated by the

following examples:
Sprotective relaying
*speed governors

bundreds of ysecands
hundreds of mseconds

“lgad fregquency control seoands
‘economic dispateh ninutes
Wil Ccommitment Peirs
load forecasting days

Decompogition by objectives includes at least

the followimg: regulation, cptimization, and sta-
bilization,.

Modes of operatior decompasition usually de-
fines normal, preventive, emergency, and restorative
modes of operation,

Docompesition of control tasks consists of
direcling control, optimal control and adaptive con-

tral.

From the decomposition procedures performed it
in evident that there could be established several
structure=goal relations for each of the decompesi-
tion precesses. Assenbling procedures can be per-
farmed and the identification process is accomplished.
Algarithms and models can be developed and analysis
perforned to define parancters and functions,

It is important to note that the analysis
process is a eritical methodological step because
new passibl lizies for microcomputer applications
are suggested by careful analysis. A limlitation of
much of the design to date is the one=for=-one func-
tionnal replacement of present devices by micropro=
cessor-based units which perform precisely the same
fungtian, This approach is reasocnable to allow for
the upgrading of existing contral amd protection
systens. However, many new approaches may be fuled
oul by such a conceptual gconstraing on the design,
The nexi secticn swnmarizes the imporiant appllica-
rtions of microprocessor-based devices in the con-
trol and protection of eleciric power systens.
These applications are selected Lo illuSirate some
of 1he trade-offs between the direct implementation
nf existing functions wersws the synthesis of con=
ceptual ly new functions.

111, MICROPROCESSOR AFPLICATIONS:

Sgweral microprocessor-based systems afe dis-
cussed in this sectioa, The scope of the applica-
tigns range from limited, wery specilic control
task subsystems up ©o integrated coatral amd pro=
tectlon systems, Each application in consicered
in the following contexts: fumction perforned,
system architecture, and system Lypé (process con-
troller, 170 controller, communications contraller,
signal protessor].

11=1, Power Plant Applications

liydropower Generation Control:

A hydro=electric power generation controller
[3] wtilizes microcomputers to perform the follow-
ing control functioms:
toperation of solencids and contactars
#adjustment of voltage sot point for
voliage regulator
#automatic synchronization of gemarator
units
fadjustment of governor sel peint

The overall task of this systen Iz to contral
the water turbine-generater wnit from start wo,
through all operating regimes, to the shut dewn of
the system when the wunit is not needed on line.

The microprocessor used For this application is a
12-bit word size, model TLLS=12 manufactured by
Toshiua (Japan), The speed of operation is in=
creased and the convenlence of programming enhanced
by microprogramming featurss included in the de=
sign of the microprocessor. Twd processars are
wsed In this system with provision for self=initial-
ization and self=diagnosis of failures. It is de-
signed 8% & distributed system with the several
modules Interconnected using & daisy-chained bus.

Gas Turbine Generator Contral:

A micraprocessor-based control system has Been
inplenented for gas turbine=driven generator units
[4]. Tnis system has been designed Lo interface
to the generating station load control center. The
control unit is modular in design for ease of main-
tenance and also For Fleaibilicy in adapling Lo
Future reguiremenis, The modules are microcompuler,
mempry, and six basic functlon boards, These six
bosrds handle the analog inputfoutput, the digigal
inputfoutput, communications, and display Functions.
The microprocessor used Is a Motorgla BB0O. The
contral progran (s stored in @ Programmable Read
Only Memory, PROM, Hicroprocessors are used in two
basie syptem configurations., In one configuration,
a microprocesser is used to handle data comeunica-
Ligns beiween the GEADIO at the Energy Control
Center and an Ingerdata 7716 minicomputer at ihe
aperator office. The other configuration utilizes
a microprocessor to interface sensars and comirols
on a gas turbine wnit to the Interdata minicomuler
and an operator display board.

Hicroprocessor= Based Synchron lzlng:

A microprocessor = assisted synchronizing sys=
Lem has been deweloped to aid operators in placing
s generator on the bus [5]. The machine voltage
and freguency are compared with those of the sta-
tiom bus and prompts provided to the cperator 1o



alter either the exitation or speed as nesded o at=
raln synchronization. The microcomputer provides
the signal to the circuit breaker which connects the
generator to the bus when the amplitude and phase
are appropriate, The microprocessor used inm ghis
application is a National S5C/WP chip which has an B=
wit word lengeth, The operating program is again
stored in Read Daly Memary, ROM. & fully sulomatic
controller is contemplated a= an extension of the
aresent system, Such logical extension would re-
guwire that the prime mover governor and the exiter
for the generator be placed under control of the

Wi Croprocessor,

Tramsmission Substation and
I}iutribul‘.iaﬂ Sysbem AHI'Ii-caI!im!

Alarm Logging:

Alarm logging is a wery appropriate application
for microcomputers in electric substations. A sys=
tem designed to directly substitute for enisting an-
nunciator systems is available [6]. This system
#lsg provides an event recording featwre. The mod-
ularity of the system provides the applicavions
engineer with a great amount of flemibility in eai=
loring & system to the particular needs of the in-
stallation. Ancther product [1] is a Sequence of
Ewenis Recorder, SER, which can be tailored to a
wide variety of event recerding requirements for
electric substation monitoring. This system pro=
wides for control of both the data acquisition func-
tions and for the storage of the data for later re-
trieval and processing. The operating software for
the microprocessor 1% spored in FROA.

Trans former Tap-changing:

vontral of tap-changing for substation trans-
formers is described in two references (7.8l The
tap=changing i% conirolled o regulate rhe wwol Lace
on the outgoing lines from the substation. A micro=
comuter Syslem monitors the culgding bus wolrages
and conpares the wvalues to the present "'set wvalues.
Whgn the diffearence is above a speclfled threshald,
the computer issues contlrgl commands [0 change [he
taps approprlately, The microprocessors used are
d-bit machines with program stored In PROM.  One
of the systems uses the Intel B0l processor [7].

Revenue Melering:

There has been pnly ome microprocessor=based
algorithm proposed [9] for revenus meteFing. The
necessary woltages and currents are digitized and
correlations betwsesn voliage and current calcu-
lated by orthogonal fumctions Lo yield the real
power, P, and the reactlve power, §. This al=
gorithm is particularly well=-suited for micro=-
processor Implementation becauvie only very dimple
arithmetic operations are lnvolved. The use of f=
biy microprocessors is proposed for this signal
processing task.

Research on the development of digital relay=
ing began in the late sixties. The term relaying
in the contear of eleciric power systerms refers to
the measuyrement of voltages and currents in elec-
trical equipment or power lines with the abjective
of derermining when and where a fault occurs. Much

work has been carried out and reported in the inter=
wining decade [10]. Hewswer, relagively fow papers
or reports document the application of microproces=
sors in this application. Digital relaying Is pred-
icated upon digital processing of the digitized cur-
rent and voltages. A& fault on the power line or in
The egquipment causes distorcion in ke current and
voltage waveforms which enables the detection of

the occurrence of a fault, & wide variety of al=
garithas have been implemented for this signal pro-
cessing. The basis for these algorithms ranges
across: Fourier analysis, digital filtering, rumer-
ical solution of differential eguations, and tran=
sient analysis. The results of the signal proces-
%ing can be applied to the protection of: trans-
formers, transmission limes, distribution lines,
and generators, Microprocessers utilized to date
have generally had B-bit words. The recent dewel=
opment and productios of lé<bir size machines pro=
wides an opportunity to investigate the possible
advantages of longer word length in this signal
processing.

Integrated Tramsmission Substation Sysfems:

The ldea of developing an integrated control
and protection system for applications to eleciric
transmission substations is relatively new and is
the subject of on-going research: The seweral sys=
tems deweloped in the past sxcluded the profection
functions and were desigred ound Ainiconputers.
The reguirements for swch an integrated control and
protection system are well described in the RFP
£289 §ssued by the Electric Power Research Insti-
tute, EPRI. A research project, BF 1153, has been
megotiated with several ressarch institutions and
manufacturers, This system is to integrate the
fallowing: automatic contrel of egquipment, protec=
tiwe relaying, revenuve metering, dats logging, and
faulg recording, Imterfaces will be provided to
both conventional signal transducers and [0 fee
transducers being developed concurrently. The sys-
ten can be connected to other existing eguipment in
the substation such as Supervisory Coatral and Data
Boquisition, SCADA, systems, A well=designed man/
machine interface is to be provided for the ocpera-
tors. ihe architecture being considered is & mul-
tiprocessar syslem using mlcrocomputers. Teo basic
approaches are being considered: centralized and
disgribured, Several distributed systems are wn-
der consideration. Microprogrammable microproces=
sors will probably be used to provide greater flan=
ibiliey im the system design while using "standard=
ized" hardware for ease of mainterance. It is also
enpected that the /0 controllers and the communica-
tions interfaces will be microprogrammable for the
sare reason. The requirements for real-time cpera=
tion, decisions made in milliseconds, and the im-
perative Tor reliable operation can be adequately
met by the microprocessor-based, distribuled pro-
cEssing sysLem,

Integrated Control and Protecticn far
Dastribugion Substations amd Systems;

Thie automaric comtrol and protection of Jis-
tribution substations has sieadily advan. -~ EF
time to a present level of complexity and sophis-
tication which appsars 1o explait to the maminum
possible extent the technolegy of electromechanical
and analoa devices., The development of digital
techralogy for the comtrol and protection of the



diskribution swbstation has just begun. The sys-
teims thus Far developed perform only & limiped nome
ber of functions, i represeatative sample of desired
functions is given in the recent EPRI BFP Shisl
titled, “integrated Lontrol and Frotection of Dis-
tribution Substatlons ard Systems,” Functions des-
eribed Include: data acquisition and logging, con-
trol of equipment, protection of equipment, status
manitoring, and interfaces to related systems, “he
system s Lo be microprocessor=based and modular in
design. Future research projects will explore pos-
sibilivies for overall disgribution avtomation,
Also being studled at the present time are the Lech-
nalogies for commumication requirements for distri=
bution autemation. The types of commenications
technclogy considered are: power line carrcier,
telephang 1ines, and point-to-paint microwave radic
systens. The expanded need for communications Lo
support greater levels of automation and imoroved
contral may dictate different cholces of communicas
tigns over large geagraphic areas., It is expected
that microprecessors will be applied in the commmuni =
cations area to not only provide adeguate monitoring
of the operation of the data communicatiens, but
also to inereate the reliabilicy and security of the
data communicBbions Systems.

111=3, Supervisory Control and Dats
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There are & variety of different data acquisi-
tion and congrol systems avallable today. HMost of
these systems arg classified as SCADA sysiems, but
there is no existing standard which defines the
functional performance or the struecture of these
systems, Thus SCADL systems may range from very
simple data acguisition systems at one exireme to
wery sophisticated control and monl toring 6 LEMS
at the other extreme. These sysiens also vary
widely in size from systems with several hundred
RTU's. Some systems are stand-alone, |ndependent
units while athers are commecied to emergy control
sysiens. SCADA systems are appllcable in all parts
of the electric power system: generatlon, trans-
mission, and distribution,

There are two general subsystems for all SCADR
sysrems: remobe terminal wmit, RTU, and masier ter-
minal unit, WTU. The communications interface and
the mandmachine interface are discussed in he rext
section,

Ramote Terminal Unit, RTU:

The standard functions available in conven=
tional, hardwired logic ATU are: data acquisiiion,
eperation of controls, management of data collected,
and communications protocels for Haster/Remote in-
terchange of information. Hicroprocessor-hased
ETU devices will provide |n addition Lo these slan-
dard functions, some of the following new functions:
seguence of event recording, closed-loop contral,
local data collection and logging, equipment main-
temance records, load mananement, digital metering,
and digital relaying, & variety of design goals
and approsches have besn Laken into account in the
design of presently available RTU dare | CEn .

bne class of BTU's is based on standard micro=
processors swch as the Intel BI0E and B0BD, or Lhe
Hotorols 6300, Examples of these units are the

following: Leeds & dorthrup model C20L0, Westing-
house Redac 800, Guindar QUICS-1, Camco CAM/DAL
series, and the Darcom 01100 series, A second
class of RTU devices is based upon special purpose
microconpuiers built in=house by the RTU manufac-
turer. Gxamples of this class are the faollowing:
TRW 0040, Hitachi HIDIC=0B, Control Systems lndus-
tries [518200, and Quindar Juindette V. Host of
these systems are based upon bipolar techaclogy
and have microprogrammable architecture. In almost
all of these applications 1/0 functions and the
data communications functions are handled by micro=
processor-based controllers rather than hardwi rad
digital logic. This approach achieves greater
flaxibility than the hardwired tontrollers. Each
of these systems have some unigue features relative
to data handling, communication protocols, message
formats, ete., and thersfore are not compatible
with each other. The design of prograomable RTU
dewices will provide some opportunity (0 overcoms
the problems caused by the lack of industry stan=
dards.

Master Terminal Unit, MTU:

master Terminal Units are of two types: stand=
alome or inlegrated with centralized energy con=
trol ceniers. ECxamples of free=standing wnits are:
Uestinghouse BEOAC 800 and Quindar QS5-h systems,
Hicroprocessor applications in stand-alone systeds
relate to communicaticns interfages to the RTU de-
vices and to improved man/machine interface to the
operators. |F the AT is integrated with anenergy
contral center, a microprocessor may be wsed o
realize the communlcations protocal refuired by
the central host computer system, and to enulate
the specific 1/0 requirements of the host compuler.
Thus the MTU systems may in Che simplest case have
a single mlcroprocessor, and in Lhe more complex
designs comsist of a network of micreprocessors
operating in a msitiprocessor mode.

J11=4, HanfMachine and Sommunications
ntert ubstations

These two subsystens are Tound in almest all
of the warious contrel and protection systems dis=
cussed previousiy, In esch application, therewill
be unigue requirements and charscieristics. Hows
#ver, there are some common characteristics that
are required in any application. These common
characteristics relative to manfmachine and com-
munications interfaces are next considered in the
context of the application of microprocessars.

Han/rachine interface:

One of the most important aspects of the de=
sign of power system control equipment is the pro-
vision of an effective Interface Between the equip=
ment and the personnel who operate the system. It
i gessential thet the operator acquire and maintain
confidence thai the system is performing rellably
and the responses to hisfher comnands are performed
in & vimely fashion. The Tuncilional requirements
for such a manfmaching Interface are [11]:

taystem pperater funciions
non=line didgnostics
rprogram deve lopment
Sywsien nalntenance
“gn=]ine' aperator training



Host of Lhess Fequirements can be met wusing
"intelligent" terminals, The typical "intelligeng"
terminal i§ microprocessor-based and can be pro-
grammed by the uvser. HAlthough there are today a
large nunber of “intelligent' rerminals on the nar-
ket, there are wery few terminals which have been
designed with the contral and proteciion of power
systemi in mind, Examples of the latter terminals
are: Aydin Controls model 5217 ano Intelligenmt
Systoms Corporation Intercalor BDON. The use of
"intelligent™ terminals, a CAT display and keyboard
incegrated with a microcomputor, can signilicantly
improve the interaction between the operator and
the system for which hefshe is responsible, Some
of the parameters of this interface are:

toperatorSsysten dialogus

tgursor contrgl

“format design

*manipulation of the display Tormats

Tayitem responie

tdevice contral

*alarm phi losophy

*human factors engineering parameters
The rele of the microprocesser in these applicanions
includes communications, 1/0 processing, and gencral
device control logic implementation,

Communication Interface:

The complexity of the communications interface
depends upon the data interchange requirements of
the particular protection and control sysiem, The
most comples communications regulrements accur in
SCADA pystems betwesn the RTU and ATU wnits, and
in connection with Energy Control Centers between
Daga Acquisition Systems and fhe host COmMpulers.
Typical reguirements for & complex data cosmunica=
tioms interface are [12] as faollows:

interface to maltiple host compulers
“buffer data to and from channel
adaprers

“gransfer data between host computers
‘manage swWilching of redundany communica-
tions 1ines

“detect data transmlssion errors

tgpnira]l and moni (orfing aof modems and
other communications equipment

Wigroprecessors can be applied 1o satisfy all
of these reguiremenis. The applications typically
are gither a communications controller or a monl tor
for data communications devices., Typical comtral
applications are in message swiitching and program=
mablle modems, Microprocessors are uied Lo FAoniLor
the operation of UART's, USART's, sultipleaers,
and communications protocol chips, The Flesxibilioy
of microprocessors pravides & wide variety ol poas-
sible applications to these communications problems.

IV, GEBERALIZATI0UOF nICROPROCLSS0N APPLICATIQUS

AdD ARCHITECTURES

The exanples of microprocessor agplications
discussed in the previous sections illusirate the
wide range of system configurations which have been
considered, The design of such systems |5 greatly
simplified by the availability of & wide ranpe of
L%l chips performing supporting fumctions. This
seckion deals with generalization and classifica-
tion of microprocessor configurations and archi=
IrClures appropriate (o (he problems of comtrollimg
and protecting electric power syslems. The

ol lgwing Four Tunctlions are thus ldemtpifled:
#1408 hand1ing
idata communicaticns
t“diglral signal processing
tgigital controller

170 handling Is performed using a number of
special Tunction L5 chips such &8: interrupt £on-
trollers, serial and parallel |70 ports, DMA con=
trollers, memory controllers, CRT controllers, ete.
Hicroprocessors are generally used to monitor and
epnprel the operation of these special LS chips,
In more sophisticated applications, microprocessors
are also used to emulate the data, address, and can-
trol busses of some computer systems to provlde for
more efficient and (lexible handling of 1/0 between
dissimilar main processors, In these ¢ircumstances,
microprogranmab le archirectures are used,

Data Communications are heavily supported by
microprocensors and speclal purpose LS1 chips,
Today a wide variety of supporting chips are avail-
able, such as: USART's, UART's, synchronous com=
munications interfaces, modems, multiplexes, line
protocol wunits. In eleckric poser sysitem applica-
tions, mostg of (he needed communications processing
it accomplished using wither sofiware ar firmeare,
Thus there are a number of different standards and
tharacterisites, A wide variety of different com=
munications media are alse wsed. Voice grade tele-
phone lines, microwase radio and power lime carrier
channels are the most commonly found media, Opri-
cal Fibers and satellite communications are also
being considered, Although a nunber of di fferent
dats communications standards are employed, the RS
232C is the mos) widely used, The data rates wsed
typically range from 1200 Bawd 1o 9600 Baud. Thare
are a nunber of di fferent standards used for mes=
sage formars, Sophisticated mlcroprocesser applica=
tions For modem controls and multiplexing have been
used onlly a ligtle 1o date,

fBigital Signal Processing is becoming an in=
teresting and important area For applications af
microprocessors in elecoric power systeem. Oigital
protection and digital metering reguire the use af
digital signal processing systems, GClearly, migro=
processors can be readily applied to these tasks,
ipecial purpose digital signal processing chips
avallable are: Fourier transformi chipi, %ignal
correlators, fast multipliers, hardware floating
poinl packapes. These chips were developed in
response o well=ariiculated needs, primarily in
the communications area, However, the needs for
specialized processing Tunctions in the area of
power sysiem congrel and proiection have not yet
been adequately identified and promoted,

I:Ilg:-ral Contrallers are frequently more easily
designed and implemenied using microprocessors tham

with hardeired digital lagic. Such software and
firmeare-based desions of fer greatr flemibility for
such applications, Study of the literature reveals
that many diffgrent microprocessors have been used
for digital contrallers for power system applica=
tions. Howewer, very little is found in the pub-
lished literature felaling Lo procedures fFor devel=
oping specifications For the microprocessors for
these applications, The reasons: for the choice al
a partigular mjcroprocesser for a specific applica=
tion are not generally given in the literagure, The
characterisiics commoniy fownd im microprocessors



used for these control applications are:
A< to 1E-bit word length
mi ¢ roprogrammab | e
“hit slice configurations
#gingle bus architectures
#limized local memory
Architectural characteristics that have been rarely
considered to date are:
*distributed processing
#distributed data bases [physicaliy)
Gpul glbus struciures
*mized memory speeds and technologlies

The applications and architectural classifFica=
tion described in this section can be used for ad-
ditional improvemz=nes In the Flasibiliy and weility
of microprocessor applications to the control and
protection of electric power systems, . Such am ap-
proach is described in the next section.

V. HEW DESIGH COWCEPTS

The previous discussion has shown that for the
most part to date, migroprocessors have been ap-
plied 1o implement pne=for=one replacements for the
prior generation of analog or digital eguipment.
Standards have mot been developed in these applica=
tions, nor have general speciflcations for suitable
microprocessor systems and architectures evolved.
The warious decompositions of the power system pro-
tection ard contrel problem have suggested Lhal
some néw design approaches might be developed. An
approach to the standardization of mlcroprocessor
applications to this problen tegether wilh some new
design approaches for microcomputer applications is
the subject of this section,

Standardization of rnIl:rnErnr_-tuur AEE“LI-

tions is needed and required ih any area which an-
ticipates & broad range of applications of large
guantities of microprocessors, Such standardiza=
tion will enable system designers Lo produce solu-
tions which will offer the desired Flexibility,
reliability, availabilicy, maintainability, and
security. The development of such standards will
identify & set of problems to be solved. These
problens can be wusefully divided into pwo classes:
Ong, which can be reasonably 3olved with eai sting
technology; two, those which require or could beme=
fit from ghe develogment and application of new
technalogy. It is believed that the areas of com=
munications and process control canm be readily
standardized, The areas of /0 controllers and
fignal processors will probakly reguire some new
developments in bath mi¢roprocessor and supporling
funcrlon chips., 1t is the suthors! strang pErcepT
tign that the proposed standardlzailon of micro=-
processor applications to the electric power con-
trol and protection systems would encourage more
active involvement of the semicondugtor industry im
producing products tailored to the particular nesds
of the glectric weility industry. The active Im=
terest of and participation by the electric power
industiry with the semiconductior manufacturers in
addressing these problems would have a wery bene-
ficial effect., 0t is believed that research and
developmen] activities related to the snalysis and
generalization of microprocessor applications are
necessary first stess toward the desired standardi-
Fation.

Rew Design approaches are implicitly suggested

in the initial discussion of this paper. It is evi-
dent from (e suggested decomposition structures
that new strategies can be developed for orgamizing
the controal and profectronm functions, These new
strategies would evolwe based upon an appreciation
of the capabilities of microprocessors relative to
the basic functional requirements for control and
protection: In particular, the microprogcessor makes
it possible (o consider distributed and decentralized
approaches to this problem that were Aot passible
with minicomputers, Most work to date has been
oriented (o a centralized rather than distributed
system design. It is the suthors® gpinion that che
potential of the decemtralized approach merits fur-
ther ressarch, Thare are at least four reasons for
such an opinion. First, it is very |likely that méw
theoretical developments |n decentralized control
theary, a5 well as theoretical conslderations of
new Functional realtlions within the eleciric posmr
sysrem will favor & decentralized approach. [Dewel-
opments in microprocessors, as well as developments
in distributed processing architectures =ill be able
Le mest the needs for a decentralized approach to
this problem, Finally, since so little has been
done o date in this area, investigation of the
decentralized approach is & promising and chal leng=
ing endeavor,

The suthors have been involved for several
years im investigating & distributed processing
mi croprocessor-based, hierarchical ly-structured
approach to the problem of control and protecticn
of @lecirie power systems. Results of the initial
investigation have been reported in seweral papers
[Ij,lh.lﬂ. & block diagram of such & system is
shawn in Fig, 2. This system was conceived for use
in transmission subscation automation, bul Che
general approsch can be used in other applications
#s well, The reasons for distributed processing
have been discussed earller in this paper. The
higrarchical struclure was chosen because the powsr
system ta be controlled and protected is ivself
hierarchical In mature. This is evident from bath
the control and decision-making point of view.

Wi, CONCLUS QNS

Lonclusions following from the above discus<
si0n are:

tmi croprocessar applications to electric
power system contraol and protection are
8 promising area of development;
“a better wnderstandimg of electric power
system functions and strectiures are
necassary o fully wtilize the micro-
processor technologyi
*the generallzation of microprocessar
applications as replacements for the
classical analog and digital systems
it an impartant step toward needed
standardization In this area;
‘new design concepls are needed te fully
explait the potential of microproces—
sors For use im the control and pro-
gection of electric power Systlent,
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