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1. INTRODUCTION

1.1 General Information

The Stockholm meeting of SC38 held in September, 1985, recognized
the strong needs for active research on expert systems as applied to
power systems. Subsequently, at the Paris meeting of SC38 in
- September, 1986, reports were presented on the present status and the
perspective of expert systems in power system planning, operation and
control in Japan, U.K. and France (see remarks at the end of this
section). The SC38 then approved the organization of a new Task Force

No.7 (Prof. Y.Tamura as convenor) under WG38.02 (Prof. A. Germond as

convenor).

The title and the objective of TF07 are as follows:
Title of TFO07 : Expert Systems for Power System

Analysis and Technigques

Objective of TF07 : To review the present practice and potential
' of Artificial Intelligence (AI) techniques,
especially Expert Systems, for power system

analysis.

The draft of a questionnaire on The Present Status and the Perspective

of Expert Systems on Power System Analysis and Techniques was prepared

by the convenor and his cplleagues; they were sent to the members of

TF07 for their suggestions and comments.

The revised questionnaire was then sent to the task force members and
the regqular members of SC38, who were requested to f£ill in the FORMAT
A and to answer a series of QUESTIONS B, C, D and E. Please refer to

Sec.1.3 InQuiry and Appendix <A> for details of the questionnaire
itself. ' '

Answers to the questionnaire have been received from 15 countries:

Canada, Denmark, Finland, France, F.R.G.{(West Germany), Ireland,



Italy, Japan, Netherlands, Norway, R.S.A., Sweden, Switzerland, U.K.
and U.S.A.. Please refer to Table 1-1.

Remarks:

Papers presented at SC38 meeting in September 1986:

(1) Expert System in the Environment‘of SC38 CIGRE,
by Y.Tamura (Waseda Univ., Japan)

{2) A Proposed System Plaﬁning Application for Expert Systems,
by J. G. P. Scott (CEGB)

(3) R&D iﬁ Expert Systems at EDF - An Overview
by M. -Pavard

(4) A Prototype Expert System for Configuring Technical Systems,
by Michael Vitins (Brown Boveri Research Center),

The document has been distributed without oral presentation.

1.2 Background and the Objectives of the Questionnaire Survey

The growing needs for supplying vast amounts of electric energy with a
high quality have necessitated more sophisticated approaches to power
system planning, ogeration and control.

¥
The above requirements have so far been achieved pa;tly by great
efforts of experienced operators and partly by the introduction of
partially~Mautomated systems which have become possible by the active

application of advanced analysis techniques.

Despite the remarkable progress in the extent and quality of the
automation technology, much still depends on the judgement of human
experts, that is, "experienced operators" capable of making intuitive
and yet efficient decisions on the basis of the comprehensive

knowledge of the prevailing circumstances that they are faced with.

At present, judgements under ill-conditions in power systems are also

left to human experts. Moreover, the anticipated shortage iﬁ the
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supply of sufficient experienced human resources in the near future
makes it imperative to further promote advanced automation in power

systems.

The tangible outcome sought from AI, especially expert system
applications, is the alleviation of the bottlenecks which we are

currently facing in system planning, operation and control.
The objectives of the questionnaire survey are summarized below:

(1) To obtain an overview on expert system applications to power
systems and to make a comparative study by countries on their
concept, application area, function, methodology and the
development environment,

(2) To identify the potential areas to which expert systems are to
be introduced by reviewing the current problems in power
systems,' and to identify the problems and limitations of
existing expert systems,

(3) To formulate future views of expert systems applications for
power systems, and to identify the requirements which expert
systems should fullfill.

(4) To identify relevant methodologies and environments necessary
for the effective development and implementation of expert

systems.

1.3 Inquiry

The questionnaire gathered information on: "The Present Status and the

Perspective of Expert Systems on Power System Analysis and
Techniques".

The questionnaire consisted of five parts, namely, QUESTION A
(FORMAT A), QUESTIONS B, C, D and E.

FORMAT A was arranged in tabular form to gather information on

"The Current Status of Expert Systems Development in Power Systems'".



The format was divided into four subsectiohs:

Project Information

Problem Areas and Solution Methods

Expert System Information

W N =
.

. Perspectives for Development.

In QUESTIONS B to E, the respondents were kindly requested to describe

their views freestyle on individual subjects as follows:
Question Subject

B Recognized Needs for Expert Systems as Applied to the Power
System

C Views on Future Expert Systems
D Approaches to be Used in Future Expert System Development
E Future Environments for Expert System Development.

For the complete questionnaire please refer to Appendix <1>.

1.4 Contributors

Replies to the questionnaire were received from the following 13
countries:

(The names of the correspondents and the organisations represented are
shown in parenthises.)

Canada ( F.D.Galiana, J.A.Findlay)
( McGill Univ., Ontario Hydro )

Denmark ( K.Dyre )
{ ELKRAFT )



Finland ( T.Keranen )

( Imatran Voima Oy, Technical Research Centre of Finland )

France ( M.Pavard )
( EDF, CGEE ALSTHOM )

F.R.G. ( M.Erche )

( Siemens, Energie-Versorgung Schwaben )

Ireland (R. Curtis)
( Electricity Supply Board, Ireland )

Italy ( L.Baggini, G.Manzoni )
( ENEL, CESI, Quinary )

Japan ( M.Hayashi, J.Kawakami, M.Kunugi, M.Moriguchi, H.Sasaki,
T.Sawada, H.Suzuki, Y.Tamura, J.Toyoda, R.Yokoyama, M.Yugi )
( Tokyo E.P.Co., Chubu E.P.Co., Kansai E.P.Co., Kyushu E.P.Co.,
Hitachi, Mitsubishi, Toshiba, Hiroshima Univ;, Kyoto Univ.,

Tohoku Univ., Tokyo Metropolitan Univ., Waseda Univ. )

Netherlands ( H.E.Dijk )
( KEMA )

Norway ( N.Flatabg )

( EFI, Norweigian State Power Board, Computas Expert Systems )

R.S.A. ( Milje )
( ESCOM )

Sweden ( G.Gabricius, K.Wilhelmsson )

( Swedish State Power Board )

Switzerland ( A.J.Ge:mond )

( Swiss Federal Institute of Technology, Lausanne )

U.K. ( U.G.Knight, J.G.P.Scott )



( CEGB, Imperial College, Univ. of Durham, Queen Mary College )

U.S.A. ( I.Dabbaghchi, G.Irisarri, C.C.Liu, D.Lubkeman,
W.Mittelstadt, J.Prince, S.Rahman, D.Tweed )
{ EPRI, BPA, AEP, Union Electric, Wisconsin Electric Power,
Energy Systems Reseach Lab., Energy Systems Computer Applications,
CDC, CDC-EMSD, Univ. of California (Berkeley), Univ. of Washington,

North Carolina State Univ., Virginia Tech. )

1.5 Reporting

The work of preparing the report has been shared among the members of
task force No. 7.

The Task force members are:

Y.Tamura, Japan { Convenor )
L.Baggini, Italy
W.Bergstr¢ém, Denmark
H.E.Dijk, Netherlands
F.D.Galiana, Canada
B.Heilbronn, France

C.C.Liu, U.S.A.

J.G.P. Scott, U.K.

H.Suzuki, Japan

J.A.Findlay, Canada {(Corresponding member).

The questionnaire has been prepared and the draft and final reports
compiled by:

R.Yokoyama, Associate Professor, Tokyo Metropolitan University,
H.Sasaki, Associate Professor, Hiroshima University,

G.Shirai, Professor, Hosei University, Tokyo, JAPAN.






2. CURRENT STATUS OF EXPERT SYSTEM DEVELOPMENT IN POWER SYSTEMS
' (QUESTION A)

2.T/Overview of Expert Systems

Expert system is one of the key components of Artificial Intelligence.

Artificial Inteligence (AI) originated in the 1950's, as found in the
early activities on Mechanical Translation (MT), title of a journal
published regularly by the MIT Press, which had an attractive red and
white cover.

The success achieved by the Logic Theorist in proving the bulk of
theorems in Principia Mathematica wusing heuristic problem-solving
methods made most people at that time believe that higher performance
computer would eventually extend the range of general problem-solvers

to all of the world's challenging mental activities.

After two decades since then, AI was defined by Barr & Feigenbaum in
1981 as follows:

"Artificial intelligence (AI) is the part of computer science
concerned with designing intelligent computer systems, that 1is,
systems that exhibit the characteristics we associate with
intelligence in human behaviour - understanding language, learning,
reasoning, solving problems, and so on."

AT includes as three key components,
- Natural Language Understanding

- Image Recognition (or Computer Vision) and

- Knowledge Engineering (Exéert System).



The definition of AI above made by Barr & Feigenbaum is rather
computer engineering-oriented and somewhat narrow in a sense in the
way of covering a wide variety of fields of engineering, behavioral

and social sciences.

According to the expreséion given by Dr. Frederick Hays-Roth,
Teknowledge, Inc.,. in his article on The Knowledge-Based Expert
Systems: A Tutorial, in the September 1984 issue of IEEE magazine
. COMPUTER,

- Knowledgé—based expert systems, or knowledge systems for short,
employ human knowledge to solve problems that ordinarily require human

intelligence.

- Knowledge Engineering (KE) is the subset of AI concerned with
applying knowledge to solove problems that ordinarily require human

intelligence.

- Most computers today @érform tasks according to the decision-making
logic of conventional programs, but these programs do not readily
accommodate significant amounts of knowledge. Programs consist of two

distinct parts, algorithms and data. Algorithms determine how to solve

specific kinds of problems, and data characterize parameters in the

particular problem at hand. Human knowledge doesn't fit this model,

however. Because much human knowledge consists of elementary fragments

of know-how, applying a significant amount of knowledgé requires new

ways to oréénize decision-making fragments ihto useful entities.

"As experienced in the past 3 to 4 decades in the field of power system
analysis and techniques, problems confronting us have been getting
larger in size and more complex in goal or objective. Fig.2-1 may
indicate, with some subjectivity, the historical transition of our
reasoning in the R & D in power system engineering. Expert System is
located in the 3rd stage in Fig.2-1. ’

10



It may be reasonable to think that expert systems came into existence
in the flowing tide of the history as a natural outcome of struggles
by operators, planners and researchers for better problem-solving
methods in ill-conditioned eﬁvironments requiring more amount of

knowledge-based decision-making.

Intensive efforts are being made in developing expert systems in many
fields including engineering. The present survey aims to outline the
Present Status and the Perspective of Expert Systems on Power System

Analysis and Techniques in the environment of SC-38 CIGRE.

In the 4th stage in Fig.2-1, further promotion is indicated in the

R & D of expert systems towards AI.

ATl is about the simulation of human behaviour: the discovery of

technigques that will allow us to design and program machines which

both emulate and extend our mental capabilities. It 1is thus quite
natural to judge that the discipline should be closely related to  a
wide range of other academic subject areas such as computer science,
.psychology, philosophy, linguistics and engineering. So traditional

interdisciplinary studies are dependable sources of inspiration and

new ideas, although AI and interdisciplinary studies may be taken as

different domains by nature.

It is to be underlined here that a role, a very important one, of the
expert system is to succeed or inherit a treasure of knowledge which
has been 'accumulated "in human expertsr through experiences and
heuristic findings. With the recent enhancement of power system
- reliability, in other words, due to rare occurrence of major faults in
recent years, most operators have very little experience with system
faults which may lead to emergency states. A training simulator may
well provide a dependable means to improve the situation. Expert
systems, on ' the other hand, will be able to give them advice on
various aspects of power system planning, operation and control, the
advice which can be drawn from knowledge/skills inherited from

experienced personnel or experts. However, there could be differences

among opinions.

11



Some of the current Knowledge Engineering (KE) applications other than

power system engineering are listed in Table 2-1.

As seen 1in Table 2-1, KE finds its best application in such domains as

involved with,

- decision-making in diagnosis under ill-conditions like incomplete,

biased or ambiguous information. Monitoring, alarming & avoidance of

MW & MVar instabilities are examples in power system operation and
control.

- tasks which handle a large number of combinations of parameters/
elements to achieve a goal. In this category, search in a very large
space will be needed for problem-solving, that is, to arrive ‘at  the

optimum or near-optimum solution. Substation layout, unit commitment

and restoration strategies are examples in power system planning.

The definition of the expert system in the environment of Power System
engineering can be stated as below by citing from Expert Systems and
Energy Management Systems (Mr. G.B.Sheble') in the IEEE paper
(Vol.PWR-2, No.4 November, 1987) entitled "Artificial Intelligence

Solutions to Power System Operating Problems':

"An Expert System is a set of computer programs that wuse current
inforhation, a knowledge data base, and inference rules to solve
programs ‘that are difficult enough to require siginificanf human
expertise for their solution. The knowledge data base and the
inference rules are the models of the expertise of the best

practitioners able to solve the problem."

Key elements such as knowledge data base, inference engine associated

with the definition above are laid out in Fig.2-2 (Expert System
Building) and Fig.2-3 (Expert System Structure). Fig.2-2 describes the
interaction of toolbuilder, domain expert, knowledge engineer, and
planner/operator with building tool & expert system. Fig.2-3 is ‘an-
enlargement of the Expert System, that is, the goal of expert system

building.

12



Table 2-1

Current KE Applications

Application Area

Expert System

Objective

DENDRAL chemical data interpretation & structural elucidation
Chemistry '

SYNCHEMZ2 synthesis of organic molecules without human assistance

or guidance
XCON computer configuration

Computer ) .

YES/MVS monitoring of the MVS operating system

PALLADIO design & test of new VLSI circuits
Electronics '

ACE diagnosis of faults in telephone network

REACTOR diagnosis & treatment of nuclear reactor accidents

Engineering
DELTA identification & correction of malfunctions in locomotives

DIPMETER interpretation of dipmeter logs

Geology ADVISOR
PROSPECTOR | evaluation of mineral potential of a region
MYCIN diagnosis & treatment of bacterial infections
Medicine '
INTERNIST, |multiple & complex diagnosis in general internal medicine

CADECEUS

Hearsay speech recognition
Others

MACSYMA

algebraic simplification & integration problems

13
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In the folldwing sections in this chapter are described the result of

‘the analysis on the data enumerated from answers responding to

Question A of the Questionnaire. The results of the analysis indicate

the current status of expert systems development in power systems. The
By countries,

number of responses to Question A reached as many as 68.
they came from Canada, Denmark, Finland, France, F.R.G., Ireland,
Italy, Japan, Netherlands, Norway, R.S.A., Sweden, Switzerland, U.K.
and U.S.A., and their distribution by country is shown in Fig.2-4. It
indicates that a substantial number of institutions in major countries

are engaged 1in the development of expert systems for power systems

applications.

%7

26. 525§ BFrance

4. .
222 F.R.C. 1.5%

S [ re Land 1.52

= Italy—
7.3%
Japany
_ p N
Swedenl.5% N A 26.3&
R.S.A.1.5Z1
Norway<:
1.52 2.9%
Netherlands

Fig.2~4 The distribution of number of replies by country.
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As described in Sec.1.3 Inquiry, the contents of Question A have been

divided into the following four topics, namely:

1. Project information

- Information on expert system projects under development

2. Problem area and solution method

- Area of application and theoretical background of expert

systems

3. Expert system information

- Softwarg and hardware environments
4. Prospects for development
- Problem area and

necessary improvements/enhancements

The state of the art on the above four topics is summarized in Sec-

tions 2.2 to 2.5, respectively.

2.2 Project Information on Expert Systems Development

All the information with respect to the collected responses to Ques-
tion A of the Questionnaire is tabulated in Tables <B-1> to <B-40> of

Appendix <B>. It may be seen_that the objectives or intended functions’

of the expert systems developed in the respective countries are
varied, and that development in the power system field is generally in
the initial stage. The objectives of the expert systems are classified
into six categoriés, namely, Planning, Monitoring, Control, System
Analysis, Education/Simulator, and Others and are further broken down
into sub-items or project objectives as shown in Table 2-2 in this
section. It is to be noted here that sévergl expert systems have
plural objectives, such as, Monitoring and Control. In this case, the

project was counted in both categories.

18



Table 2-2 _ Statistics of Project objectives of expert systems dévelopment

61

Category Project objectives Number of projects Total Number( % )
- Operétion planning 10 ,
Planning - Facility design 3 14 ( 14.3 )
' - System planning ' ]
- Fault diagnosis 13
Monitoring - Alarm processing 13 35 ( 35.7 )
- Contingency evaluation 9
: - Normal control 11
Control - Emergency control 4 27 (C 27.6 )
- Restorative control 12
System - Static analysis 12 13 ( 13.3 )
- analysis - Dynamic analysis 1
Education & - C.A L. 1 3 (3.1)
Simulator - Simulator 2

- Load management
Others - Pollution problem ' 6 8 (6.1 )
- Expert system shell,etc.

( Note : Several expert systems have multi objectives )



After

reviewing Table 2-2 and the tables of Appendix <B>, several

findings were obtained as follows:

(1)

(ii)

(iii)

Expert systems for monitoring Among the objectives of the

expert systems, those classified as monitoring occupied 35.7% of
the total response, a major portion of objectives, as shown in
Fig.2-5. The reasons for this may arise from the ease of obtain-
ing the neceséary facts through measurements, the finite number
of conclusions or causes to be determined, the relatively small

size of the search space, and the ability to employ well-defined

rule-based knowledge or operation manuals.

Expert. systems for control Expert systems classified into

the Control category share 27.6% of the total number of objec-
tives cited. One of the major reasons is a greater demand for
such systems by the electric utilities. The ease with which
conventional algorithmic software can be modified and incorpo-
rated into expert system functions also increased the number of

objectives cited.

Expert systems for others A small number of Planning and

other applications is reported. This is probably due to a 1large
work burden 1in acquiring knowledge. The development of deep-
knowledge is mandatory to screen out the proper solution from a
large search space generated by an infinite number of alter-
native .plans with a limited number of well-defined conditions or
specifications in System Planning. However, extensive future
development in this area is expected to .comply . with various
demands from system planners. A small number of System analysis
and Education/Simulator applications indicates that the develop-
ment in these fields is still in the initial stage. Indeed, many
researchers participating in the expert system building in this

area are still more of a theorist than a knowledge engineer. 1In

other words, they are not necessarily familiar wiht circum-
stances where inductive reasoning or even reasoning of abduction
-type plays a more important role than deductive reasoning, and

they are not always talented with harmonizing heuristics and

20



(iv)

(v)

(vi)

interdisciplinary studies. The building of expert systems in a
System analysis and Education/Simulator area may flourish in due

course of time.

Institutions engaged in development. Utilities amounts to

40.0% of the total number of institutions / organizations
engaged in expert systems development, followed by Universities
(20.9%) and Research Institutes (20.0%) as shown in Fig.2-6. It
indicates a very high demand from the utilities; this is likely
to be because they need to develop expert systems to overcome
the future 1lack of experienced operators capable of handling
emergencies. Operator experience of such events 1is becoming
increasingly infrequent due to improved system structures and

facilities (an opinion from Japan).

Co-operative work in development Co-operative work in expert

system projects is frequently observed as shown in Fig.2-7. It
is noticeable that utilities are the major partners in conduct-
ing co—operative work with manufactures, research institutes and
universities. The reason is that they have the expert knowledge
source critical to expert systems development. It is observed
that many types of cooperative work are common in the U.S.A.,
while joint projects between utilities and manufactures are

predominant in Japan.

Stage of expert systems development The stages of expert

sYstems development are shown in Fig.2-8. Stages of development
are defined by Idea,'Prototype; Debugged Program, Field Test,
Practical Use and Release (Commercial system). As the figure
indicates, most of the expert system projects are in the stages
of Prototype (37.0%) and Idea (32.0%). This fact signifies that
expert systems development for power systems is just initiated.
Some systems (8.0%) are already in the Practical Use stage,
indicating a steady transition from fundamehtal_ research into

practice.

21
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2.3 Problem Areas and Solution Methods in Expert Systems Development

In this section, the results of the analysis is given for the area of

application and theoretical background of developing or developed

expert systems.

Table 2-3 classify 6 major application categories, namely, Planning,
Monitoring, Control, System Analysis, Education/ Simulator, and
Others, and sub-categories. Detailed information on +the project
objectives and application area are tabulated in Tables <C-1> to <C-5>

of Appendix . <C>, together with the corresponding ID no. of the reply
for reference. »

Table 2-4 shows a summary of the theoretical background in expert
systems development in each country according to the same classifi-
cation of categories and project objectives used in Table 2-3.

Also, detailed information is shown in Tables <D-1> to <D-4> of
Appendix <D»>.

The identified facts are as follows:

(i) Application to monitoring The monitoring category heads the

development of expert systems in this survey. Fault diagnosis
and alarm processing among others are dominant in the Monitor-
ing categories. To be noted in the fault diagnosis area are
detection and location of faulty section, identification of
system behaviour in an emefgency state, and diagnosis of
equipments. These are being studied in " France, Netherlands,
F.R.G., Japan, U.S.A., Finland, Italy and Canada. Also to be
noted in the alarm processing area are real time monitoring of
sequential events, identification of the cause of alarms, and
the detection of malfunctions in protective system. These are

being studied in Denmark, U.S.A., Japan, U.K., Switzerland,
Ireland and R.S.A.

(ii) Application to control Many replies were recieved for the

Control category. In particular many applications to control in
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(1ii)

(iv)

~oscillation- theory

normal and restorative states are reported. antrol in the
normal state is being intensively studied in the U.S.A. on sﬁch_
important topics as state estimation, load forecasting, system
stability, VQ control, ELD and network topology. The U.S.A. and

Japan are very active in control for the restorative state.

Application to planning Few responseé_ were collected
regarding the Planning category, probably because such deve-
lopment requires deep knowledge to be acquired from human
experts. Operational planning is being studied in Japan,
Finland, the U.K. and Canada for system structure planning,
generation and reactive power scheduling, system stabilization,
network switching and short-term marketing strategy. Regarding
facility.design, pioneering expert system projects on automatic
configuration of electronic equipment for substations (Italy-2,
Italy-3) and design procedures of substation layout (Japan-12)
are to be noted.

Application to system analysis '~ Few answers have been

recieved for this area in this survey. In the field of static
analysis, reports concerned a Load flow engine (Italy-1,
Canada-5), Decision of remedial measures (Japan—10, Canada-3),
MVar instability index (Japan-14), Security assessment (Norway-
1, Switzerland-1), System model validation (U.K.-4) and user
interface of stability program (Canada-7). In the dynamic
analysis field, only "MW stability index based on nonlinear
" (Japan-14) is reported. Dynamic analysis
including nonlinear phenomena and ill-conditioning problems in
general are deemed critical in future power system operation

and show promise in the application area of expert systems.
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(v)

(vi)

(vii)

Application to education/simulator and others Very few

replies in the Education/Simulator category were collected.
Interesting applications are the automatic production of
training scenarios for training simulators (U.S.A.-8), the
evaluation of the actual state and choice of actions (Norway-1)
and Training system (Japan-17). Other projects in this category
include "cycle water pollution diagnosis" (Italy-4), "Harmonic-
related problem" (U.S.A.-1), "LLoad management" (U.S.A.-7,
U.S.A.-18), "Price elasticity" (U.S.A.-9) and "Cause analysis

of application program aborts" (Canada-5).

Stagé’of development by project objectives Fig.2-9 indi-

cates the cross-correlation between stage of development of

expert systems and the project objectives. Though many expert
systems are in the stages of "Idea" and "Prototype'", some of
the Monitoring, Control and System Analysis categories are 1in

the stage of Field Test and Practical Use.

Particularly, examples at the stage of practical use include
detection of fault isolation (Monitoring, .U.S.A.—16), short
term load forecasting (Control, U.S.A.-7), auto-reclosure
without electro-mechanical relays (Control, U.S.A.-13), im-
provement of efficiency of load flow planning (System Analysis,
Japan-9), interactive system for system analysis using con-
ventional software (System Analysis, Japan-11) and on-line

system security monitoring (Monitoring, Canada-2).

Theoretical background in expert systems development

In Table 2-4 and Tables <D-1> to <D-4> of Appendix <D>, the

theoretical backgrounds are analyzed and listed in terms of:

(a) Category

(b) Project Objectives

(c) Approaches related to power system engineering
(d) Concepts and methodologies related to knowledge

engineering.
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(viii)

(ix)

Approaches related to power system engineering By reviewing

the tables of Appendix <D>, approaches related to power system
engineering include power system‘analytical methods, system

modelling, optimization approach and others.

The topics (theoretical background) included in each of the

above approaches are:

Power system analytical

method Power flow analysis, state estimation,

load forecasting, economic dispatch,
voltage and reactive.poher dispatch,
stability analysis, security control
and SCADA.

System modelling graph theory, sensitivity, impedance

network, linearized model, dynamic
differential eguation, state space

representation and qualitative model.
Optimization approach : linear and nonlinear programming,
mixed integer programming, decoupled

technique, dual and primal algorithm.

Other approaches : frequency analysis, "statistical

analysis, filtering and ranking.

Concept and Methodologies Related to knowledge engineering

As shown in Table 2-4,a broad spectrum of the concepts and
methodologies are seen in this category. The knowledge repre-
sentation methods include: production system, frame, blackboard
(U.S.A.-2), semantic network (France-2, Japan-16), script -
{France-2), triplets (France-3), world model (Norway-1),
meta-~knowledge (France-2) and so on. It is noticeable that the
above methods cover most of the knowledge representation
methods proposed so far in the AI wider environment. The use

of such a broad spectrum of representation methods 1is neces-
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»(x)

sitated by the critical importance of expressing equipment

characteristics and structures in power system.

Inference mechanism and other methods Regarding the infer-

ence mechanism, forward chaining is most extensively used

followed by mixed chaining as shown in Table 2-4.

A multitude of search methods are used such as, hill c¢limbing
search (Italy-2), depth first search (U.S.A.-6), logic pro-
gramming (U.K.-1, Finland-2), object oriented programming
(Norwgy—1) and goal creation (U.S.A.-8). The other problem
solving techniques wused include pattern recogniton (F.R.G.-
1, Jagén—15), fuzzy set theory (Netherland-1), first order

logic (France-3) and decision analysis (Netherland-2).
Use of a wide variety of approaches employed in such European

countries as Finland, France, Italy, Netherlands, Norway and

the U.K. are quite noticeable.
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Table 2-3

Project Objectives and Application

Area of Expert Systems

Categary Project Qbjactives Aroa of Application Humber of Project
Opacation Canaration scheduling 10 :
Planning Reactive powar scheduling 1 :
Plaming Systea structure planning 3 : 10
Systes stab{lization Lo
Security assassaant 1
Unit cosaitsent T 14
Povar exchange scheduling 1
Oparation planning (Qverall) S (14.30
Facility Electronic equipsant for substation 13 St
Dosign Equipment far distribution station 1 3
Substation layout 1
Systes planning Distribution automation - all aspects 1o I
Fault Transforoers, sachines, substation & control centers .5
Diagnosis Location of faulty section and fault situation S 13
Konitoring Sysem bahavigur in the ecergency state 3
Alagrm Identification of breaker and relay status 8 35
Processing Identification of salfunction of protective systeo 2 13
ks Alarn filtering and ranking 2 (35.70
Recommendation of corrective action 1
Contingency Contingency amalysis 4
Evaluation Advice of reaedial action 3 9
‘ Reliability / Stability assesssent 2
Normal State State estization 1
Short term load forecasting 2
Control Determination of network topology and operation 2 11
. Economic dispatch 2
Reactive pouer and voltage control 2
Stability evaluation | S 27
Security assessuoent 1 :
: (27.6%)
Esergency Corrective action to voltage collapse 2 4
State Countermeasures to systes security 2
Restorative System restoration of trunk lines 9 : 12
State Switching operation in a substation 3
Static Intelligent load flov / Load flov engine 3 :
Syste= Assessment and analysis of systes security 6 12 : 13
Analysis Voltage instability index 1 :
Validation and building of systes / equipment modal 2 +(13.32)
Dymagic KW stability index based on parametric resonance 1 1
C.A L Automatic production of training scenarios Lo 1
Education for agperator training simulator : : 3
& Simulatar =
Simulator Evaluation of actual state and chaice of actions 1 2 :(3.1D
Training systeam for pover syste= opacation 1o :
On-line wonitoring and diagnosis of cycle vater pallution 1
fn a tharwal pover plant :
Others Idantification and prediction of harmonic-related probleas 1 6 6
Consumer reaction lo pricing alternativas 13 :
Cenaral purpose expart systes shall for enargy =managament L - (61D
systaa applications .
Enorgy winmagesent syste=a applications 13
Analysis of the cause of application program abarts 1

29



Theoretical Background in expert systems development

in power system
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2.4 Analysis of the Expert Systems Reported

This section reviews the relationship between expert system develop-
ment stages, project objectives versus the number of rules and the
information systems used. Information systems here include such topics
as hardware configuration. and a system development environment,

namely, languages, AI tools and so on.

(1) Function of expert systems Though . expert systems develop-

ment  in power systems is still in the initial stage, Fig.2-10
shows that the intended functions of the expert systems 1in
respective countries are diversified. The functions of the
expert systems have been classified into ten items, namely,
Interpretation, Diagnosis, Guidance, Monitoring, Education,
Prediction, Planning, Design, Control, and the Others. Fig.2-9
indicates that Guidance 1is 16.0% of total number of functions,
followed by Diagnosis (15.4%), Planning (14.9%), Monitoring
(12.6%) and Control (9.1%).

(ii) The number of expert system rules Fig.2-11 shows the

distribution of the number of rules of the reported expert
systems. It 1is indicated that the majority of the expert
systems developments employ no more than 300 rules. Samples
withi@ore than 500 rules are very few. A remarkablé_application
is an expert system for on-line system security monitoring

developed by Ontario Hydro, Canada. According to an answer to

the Questionaire, this expert system has more than 100,000
rules written in Fortran and has been implemented on UNIVAC

1180.
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(iii)

(iv)

Cross-correlation between project objectives and the number of

rules Fig.2-12 shows a cross-correlation between the
project objectives and the number of.rules for the expert
systems reported. This figure shows the distribution classifiéd
by project objectives. In either planning or monitoring, the
number of rules is larger than 200. In other project objec-
tives, namely, Control, System Analysis, Education and Simula-

tor, the number of rules is less than 200.

In the Control category the number of rules 1is scattered
indicating the greater extent of problem complexity associated.
A larger number of rules employed in the Planning category 1is

partly due to the necessity of building deep knowledge bases.

Cross-correlation between development stage and the number of

rules Fig.2-13 shows the cross-correlation between de-
velopment stage and the number of rules. It may be noted that
the Prototype systems have 100-5000 rules. The number of rules
in the stage ofipractical use distributes in the ranges of
100300. It may be observed from the figure that the number of -
rules in the expert systems reduced to some extent as the
systems go up to the level of practical use. This observation
may be interpreted as follows: In developing a prototype expert
system, engineers concerned with the projects are 1likely to
collect as many rules as possible to realize the intended
funéﬁions of the expert system. This tendency would be accele-
rated when exploiting knowledge from different experts related
to the target fields of the expert system. In the next stage,
the collected knowledge base must be scrutinized to make it
consistent and transparent for practical wuse. During these
refinement works, duplicated rules may be reduced to one rule
and several rules may be combined into one sophisticated form
of rule. This must be the main reason to explain the reduction
in the number of rules of expert system in practical use. Most
of the expert systems reported here are intended to use inrv
real-time processing, and hence short response time is inevit-

ably required. At present it is not appropriate to assert that
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and the number of rules for the systems reported.
A black dot within each shaded area corresponds
to each system reported.

Note : For the meaning of 0 ,» refer to Appendix (B)
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(v)

(vi)

(vii)

there 1is a common size of knowledge fbr ekpert system in
practical applications. However in consideration of requested.
short reponse time and the limit of current hardware and
software, there may be a certain upper limit in the number of

rules of expert system for real-time use.

Hardware environment used for development Fig.2-14 shows

the types of hardware used for expert systems development. It
may be noted that the super-minicomputers and AI = workstations
are extensively used for development, as they are convenient
due to their stand-alone performance and friendly man-machine
interface. Detailed statistics of hardware used for development

are shown in Table 2-5 and Tables 2-6(1) to 2-6(3).

Languageé used for development Fig.2-15 shows the languages

used for development. It is quite interesting that the major
high-level languagés, LISP, Prolog, Fortran, C and Pascal are
the most used languages. Fortran, C and Pascal are efficiently
used for scientific calculation, while LISP and Prolog are for
the AI part of the system.

Software used for development Fig.2-16 shows the use of AI

tools for development. KEE, OPS83, ART, ALOUETTE, ESHELL and

SAGE are the most extensively used tools for expert systems
development. It is indicated that a simple commercial shell may
not be suitable for repetitive task likely to encounter 1in

system wide problems.

Others
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| 5.92 : / /
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Fig.2-14 Types of hardware used for development.
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Table 2-5 Computer Hardware us ed for
Expert system Development
Name of computer Model name (Number) Total number
-VAX 8600 (D)
-VAX 8800 (1)
Micro VAX (4)
VAX -Hicro VAX I (5) 23
+VAX 11/75¢0 (3) (27.1%)
«VAX 11/780 (3)
-Others (6)
-PC Series - AT/XT/RT (8)
IBM +IBM 370 (1) 13
-IBX 3090 (3 (15.3%)
-IBM 4341 (1)
<3620 (1)
Symboldics - 3640 (1) 9
- 3645 (1) (10.5%)
-Others (6)
-DN Series (1L
APOLLO DN 580 (2) 8
-DN 660 (1) ( 9.42)
DN 30090 (4) ‘
CDC +CDC (1) 5
-CDC CYBER (4) ( 5.9%)
SUN -SUN-2, SUN-3 (2) 4
-SUMN-Workstation (2) ( 4.7%)
-TOSBAC DS 600/80 (2)
-MITSUBISHI EWS MNX (1)
<XEROX 1108 AI-Workstation (1)
-PDP 11/23 (1)
“HITAC H280H (1)
“MELCON 70-¥X/3000 (2
Others ‘HP-Vectra oD
-NEC PC-9801 (2) 23
-FACOM FM16 8 (1) (27.12)
‘RN 80 (1
‘RA 81 (1
<TH 77 (L
VT 100 (1)
“+AYDIN 5217 @D
+EWS E-330 - HITACHI (1
-FACOM N-780 (1)
-ACOS 1600 (1)
-UX-300FII (1)
-NEC 983XA (1)
+UNIVAC 1180 (1

For "Hardware vs Application Area™,
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Table 2-6 (1)

Relation of Computer Hardware and Application Area

Name of Model name Area of application (ID. No.>
Computer
VAX VAX 8600 -Load forecasting (U.K.-2)
VAX 8800 -Different fault tripping : (France-3)
Micro VAX -Decision-making (security assessment) U.K.- 1D
-Distribution automation - all aspects (U.S.A.-2)
-Communication system alarm (U.S.A.-3)
-Sequential events in major intertie substations (U.S.A.-5)
Micro VAX O -Electronic equipment for substations (Italy-2)
-Early detection and diagnosis of machine’s malfunction (1taly-3)
-Advise in real time operation (U.S.A.-1D)
-Decision-making of voltage/Var control (U.S.A.-13)
-Customer restoration procedure . (U.S.A.-16)
VAX 11/750 -Events diagnosis (Finland-2)
-Power plant faults (U.X.-3)
-Energy management system applications (U.S.A.-18)
VAX 11/780 -Breaker and relay status in control center (U.S.A.-6)
-Contingency analysis.and remedial action for security enhancement
. (U.S.A.-12)
-Causes for the alarm and.recommendation of corrective action
- (U.S.A.-19)
Others -Planning checking switching operations (Finland-3)
-Equipment in high voltage substation (France-2)
-Evaluation of system state and determination of remedial measures
(Japan-10)
-Evaluation of state and choice of actions (Norway-1)
-Alarm processor at national control center (iretand-1)
-Restoration from a deenergised power sysiem (Sweden-1)
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Table 2-6 (2) Relation of Computer Hardware and Application Area

Name of Hodel name Area of application (1D. No.:
Computer
1BM PC Series AT/XT/RT | -Analysis of a disturbance information (Finland-1)
-Equipment in high voltage substation (France-2)
-Load flow engine (italy-1)
-Power transformers (Nethertands-1)
-ldentification and predicting of harmonic related problems (U.S.A.-1)
-Short term load forecast (U.S.A.-T)
‘‘‘‘‘‘‘ (U.S.A.-T)
-Restoration of area load following an outage (U.S.A.-1TD
1BM 370 -Advice on errors or sysiem weak poinis (U.X.-4)
{BM 3090 -Computer aided decision on network topology (France-1)
-Equipment in high voltage substation (France-2)
-Different fault tripping (France-3)
{BM 4341 -Restoration of area load following an outage (U.S-A.-1TD)
Symbolics | 3620 -Contingency analysis, Reliability assessment (Norway-1)
3640 -Planning (Japan-3)
3645 -Events diagnosis (Finiand-2)
Others -Svitching pianning after disturbances (Finiand-3)
-System restoration ' (Japan-4)
-ldentification of faulted section (Japan-6)
-Evaluation of system state and determination of remedial measures
3 (Japan-10)
-Automatic production of training scenarios (U.S-A.-8)
-Restoration from a deenergised power system (Sweden-1)
APOLLO DN Series -Improvement in load flow planning (Japan-9)
DN 580 -Faulted equipment detection (Japan-2)
-Location of faulted point (section) (Japan-3)
DN 660 -Load flow engine (Italy-1)
DN 3000 -Network restoration . (Netheriands-2)
-Contingency analysis and emergency conirol (Switzeriand-1)
-Fault identification in a substation (Switzertand-2)
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Table 2-6 (3)

Relation of Computer Hardware and Application Area

Name of Model name Area of application (ID. No.)
Computer '
cnc ¢nc -Relay auto-reclosure in system restoration (U.5.4.-13)
4 CDC CYBER -Automatic production of training scenarios (U.5.4.-8)
-General purpose expert system shell for EMS applications (U.S.A.-9)
-Filtering and ranking of alarms (U.S.4.-10)
-Contingency analysis and remedial action fer security enhancement
(U.S.A.-12)
SUN SUN-2 -Electronic equipment for substations (1taly-2)
SUN-Workstation -Equipment for distribution centers (Italy-3)
-Monitoring and diagnosis of water pollution in thermal power piants
(Italy-4)
SUN-3 -Security assessment and control in alert states (Japan-15)
Others TCSBAC DS 600/80 -Identification of faulted equipment (Japan-7)
-Restoration guidance under emergency status (Japan-8)
HITSUBISHI EWS KN | -Improvement in load flow planning (Japan-9)

EWS E-330 HITACHI

XEROX 1108
AI-Workstation
PDP 11/23

HITAC M280H
MELCOM 70-¥X/3000

HP-Vectra
NEC PC 8801

FACON FY16 8
R¥ 80

JRABL

Ty 77

VT 100

AYDIN 5217

FACOH MN-780
&COS 1000
Ux-300 F1II
NEC 98XA
UNIVAC 1180

-Interactive power system analysis using conventional software

(Japan-11)
-Power plant faults ((G.X.-3)
<Early detection and diagnesis of machine’s malfunctien (Italy-5)
-MVar and MW Stability indices (Japan-14)
-On-line dynawic ELD for power plants (Japan-13)
-MVar and MY Stability indices (Japan-14)
-Alarm processing (Denmark-1)
-On-line dynamic ELD for power plants (Japan-13)
-Security assessment and centrol in alert states (Japan-15)
~-Countermeasures to ensure system security (Japan-16)

-Contingency analysis. and remedial action for security enhancement

(U.5.4.-12)
_ ,-Cont1ngency ana1y51s and remed1a1 action for security enhancement
| (U.5.4.-12)
-Cont1ngency analysis and remedial actlon for security enhancement
(U.S.4.-12)
» -Cont1ngency analysis and remed1al action for security enhancement
(U.5.4.-12)
-Contingency analysis and remedial action for security enhancement
(U.8.4.-12)
-Training system for power system operatiaon (Japan-17)
-Daily planning of unit committment (Japan-18)
-Daily planning of unit committment (Japan-18)
-Daily planning of unit committment (Japan-18)
-Monitoring and control of stability constrained
power system (Canada-2)
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2.5 Perspective for Development

This section describes perspectives for expert systems development,
which include necessary improvements/enhancements of the systems and
promising application areas for the future. As expert systems
development in the power system field is in the initial stage, the
perspectives for development in the respective countries are widely
diversified. Reviewing answers to Question A, the perspectives can be

divided into 6 items as follows:

(1) Refinement of knowledge base

- To increase the number of rules (Japan- 9)
- To develop deep knowledge base {Japan-14)
- Acquigition of deep knowledge from human experts (Japan-15)
- Extend knowledge to power system models (U.S.A.-10)
- To extend the knowledge base to other operational problems
(U.S.A.-15)
- Blackboard approach (U.S.A.- 2)
- Decentralized or structurized knowledge base (Japan-16)
(2) Use of advanced tools and methodologies
- To process unreliable and fuzzy data (Netherland- 1)
- More problem-oriented language (Italy- 3)

-~ To use more advanced tool (KEE,‘ART, Knowledge Craft)
o ' (Netherlands- 2)
- Qualitative model and control scheme (U.K.- 3)
- To use temporal logic for dynamic behavior (Japan-15)
-~ To build up proper index for search space confinement

(Japan-14)

(3) Enhancement of developed expert systems' function

- To test the function and effectiveness (Japan- 1)
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To improve computation time and memory size

To evaluate practicability of the system

Assessment of the feasibility of tools

To handle very rare case of contingency

(4) Improvement of man-machine interface

Man-machine interface for guidance

Visual display for guidance

Advanced man-machine interface

To establish front-end using a mouse

User interface used by technicians

User friendly system to operations personnel

Refinement to man-machine interface

(5) Expansidn of application area

Application to on-line operations

(France-

(Japan-13)
(Japan-16)

- (U.S.A.-16)

(Japan-15)

(Japan- 2)
{Japan- 5)
(Japan-15)

{Norway- 1)
(U.S.A.-
(U.s.a.- 9)
(U.S.A.-12)

1)

1)

To support more complex cases of substation configuration

Automatic interpretation of sensor data

Application
Application
Apblication
Agélication
Application

to
to
to
to
to

To formulate a

(6) Others

practical-scaled system

large and complex system

system including plural generators
many kinds of analysis N
real system with complex structure

general computer approach

Transport to personal computer
Interface to the EMS database

To combine with conventional softwares

Extensive data acquisition systems
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(Japan-15)

(Netherlands- 1)

(Italy- 4)
(U.S.A.-11)
(U.S.A.-12)
(U.S.A.-17).



3. RECOGNIZED NEEDS FOR EXPERT SYSTEMS AS APPLIED TO POWER SYSTEMS
(QUESTION B)

Replies to this question have been received from 20 institutions
(laboratories, universities and utilities) in 10 countries: Canada,
Finland, France, F.R.G., Ireland, Japan, Norway, Sweden, U.K. and
U.S.A.. As the answers cover various aspects in power systems, it is

difficult to classify the opinions into appropriate categories.

The original contents are listed in Table 3-1 without omission accord-

ing to each item of the questionﬁaire.

3.1 Indicated Needs for Introducing Expert Systems

The main reason for the present AI fever in the power industries lies
in that while there are so many tasks which are quite difficult to be
handled by the conventional approaches, expert systems have potential
capabilities of dealing with such prdblems very efficiently and

precisely.

The strong motivation for introducing expert systems into power system
affairs principally comes from the following factors which are likely
to occur in the alert state, during contingencies, whilé load shedd-
ing, and during system restoration: '

mass of data

compléxity of network structures

combinatorial nature of solutions

incomplete information

data conflict

Similar situations can arise in off-line tasks such as system plann-

ing, substation layout, etc.

In Fig.3-1 are shown the relationship between indicated needs and

relevant factors for introducing expert systems.
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The following items are recognised as appropriate application areas of
expert systems to power systems:
- identifying alert or emergency states
- providing emergency procedures
- restoration control
- analysis of very slow state transition
- load shedding
- system planning
- voltage / Var control
- fault isolation
~ distribution automation
- operator training

- advanced man-machine interfaces

3.2 Functions to be Furnished

The original intentions of this question were to ask respondents what
kind of functions need to be provided in expert systems for applying
them to solve the various power system problems cited in the question-
naire. Expected answers would have been, for instance, to describe
inference mechanisms, ideal knowledge base systems, or easy man-
machine interfaces. However, due to lack of clarity in the question-
naire, it has brought about unintended answers and comments, which
have been found very informative as shown in Tables <E-1> to <E-20>
in Appendik <E>. Some respondents mention the realization of more
advanced, that is, easy to use man-machine interface. This particular
requiremengw will be a key to establishing expert systems as truly
practical for utility jobs since the man-machine interfacing 1is the
only function that appears in front of the system operators/dispatch-

ers who are presumably ignorant of either computers or expert systems.

3.3 Future Project Plans

Answers related to this issue are enumerated by countries in Tables
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<E-1> to <E-20>. It is clear that most of the future projects intend
to realize effective decision-support capabilities in expert systems.

Very informative and valuable comments presented from France are
listed in Table 3-1.

3.4 Summary

Tables <E-1> to <E-20> have made clear that there exist strong needs
for introducing expert systems in reponse to the inherent difficulties
that are associated with the daily operation and future planning of
complicated power systems. As power system disturbances which might
lead' to system collapse are relatively fast, the time available to
decide and execute correct countermeasures is very limited. Never-
theless, human beings are incompetent in correctly judging situations
within a very short time, based on a large amount of incomplete
information. It is strongly hoped that expert systems will be able to
fill the gap between human capability and the complications involved

in operating power systems.

Needs ' Relevant factors

Hass of.data < Geographical stretch
Time-varying nature

large-scale system (quantity)

Complexity of network structure Requirement of higher functions (quality)

A multitude of components
Diversity of “components

Combinatorial nature of solutions

A miltitude of continuous and
discrete type of constraints

A number of candidate solutions

Tracking of dynamic behaviour
in the network

Incomplete information

Bad data occurrence
Missing data due to telemeter malfunction
Maldistribution

of information gathering

Data conflict

Hulti-objective (Security, economy, etc.)
A variety of policies and strategies
‘for utilities concerned

Fig.3-1 Indicated Needs and Relevant Factors for Introducing Expert System
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Table 3-1

(Country: France

(1)  Recognized Needs for Expert Systems
Applied to the Power System

I TENS iD.No.of Ansvers

France—b ( EDF & CGEE - ALSTHOM )

Potential
Needs

The main problems in pover system operation that can be tackled with expert system are :

a)

b)

c)

d)

e)

£)

Evolution Anatysis

One wajor obstacle is to define and to detect a potential alert situation. that is
a situation that vill tead. in a relatively by short time, to an operation problem.
Another obstacle is to define safeguard strategies for alert situations.

Alara synthesis

The major obstacle is to correlate various alarms in space (alarms coming from
different points of the network) and in time (taking into account different
transmission delays between substations).

Load shedding

Up to now. lecad shedding is based on static algorithas. The kind of customers to
be interrupted is predefined. The problem is to be able to define dynamically,
according to operation constraints. which customers must be shed.

Restorative strategy

The problem is to find the correct sequences of feeders to restore after a fault.
The major obstacle is the impossibility of determining effective loading of each
feeder.

Operator training

Generally a training sinulator allows an operator to simulate actions on an electri-
cai network, and give the consequences. 1t wouid be important to simulate defaults,
analyze operator actions in this context and then explain the operator default
nature and probiems resulting from his actions. The obstacles are the number and
the nature of functions to implement: all problems relative to a fault itself and

to transmissions should be taken into account.

Man-sachine interface: assistance to image design (off line)

twage design of electrical network is a field vhere expert systems could bring
important assistance.

The problem is to create images, for a given screen resolution. indeed. 2n image
must contain exhaustively, the description of a significant network area. Moreover.
it must be sufficient!y understandable by the operator.

The major ohstacle is to determine a good compromise between:
- giving maximum information Lo minimize operator handlings or requests

and .
- ensuring efficient image resolution to facilitate operator understanding

- continued -
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Table 3-1

(Country: France

(2) Recognized Needs for Expert Systems
Applied to the Power System

(TEMS 1D.No.of Ansvers

France—b ( EDF & CGEE - ALSTHOM )

Functions
to be furnished

a)

b)

c)

d)

c)

Evolution. analysis
Evoiution analysis concerns slovw phenomenon supervision.

The study can be done by assessing variations of indicators giving a large viev of
global process evolution.

The expert system will implement operation rules of the utility and correlation
ruies between indicator variations.

A function which can supply new data to the expert system during inferences and
vhich can verify daia coherence seems important. In other words time varying input
must be taken into account.

Alarm synthesis

The number of alarms that can appear vhen there is a failure on the netvork can

be very important. To establish a diagnosis, a preliminary classification is needed.
A sorting out function, using spatial and temporal criteria wust be furnished.

That must allov the expert system to work with less data. :

Load shedding

To resolve the problem of dynamic load shedding, the function to be implemented
mst be able to evaluate quickly (according to load shedding delay) feeder supply
load in a determined area, and to determine dynamic constraints. Finally, from
these constraints and a set of criteria, the expert system witl define a list of
appropriate feeders to be shed.

Restorative strategy

To restore the pover on unsupplied feeders subsequent to an incident, hypothesis
must be done on feeder potential loading according to load forecasting and
feeder load before the incident.

Some functions Jike storage, load forecasting and load flov and the possibility'
to define dynamic criteria (restorative strategy) must be implemented with

the expert systieam.

After a faull on the netvork, the expert system can help the operatlor by giving hin
the sequence of devices to operate according to:

- the diagnosed fault
- the operation rules of the utility
QOperator training

An incidenl generalor able to sinulate faulls on electric netvork and transmissicen
nelwork. with an explicative module, would bring great assistance in operalor

- continued -
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Table 3-1 (3) Recognized Needs for Expert Systems

‘Country: France

Applied to the Power System

ITENS 10.No.of Ansvers

France—b ( EDF & CGEE - ALSTHOM )

Functions
to be furnished

£)

education. The expert system vill allow fault generation.
Han-machine interface! assistance to image design
The expert systéu vill implement object representation rules and ergonomic rules.

Functions to be furnished with the expert system shall ailow image parameter
acquisition and modification of»final images given by the expert system.

Future
Projectl

1987 - Test of the base of rules

1938 - Response time measurements on the final hardware (VAX 8800)
'1989 - Integration of application software

1990 - Acceptance tests on site

Field test in a regionmal control centre
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4, VIEWS ON FUTURE EXPERT SYSTEMS
(QUESTION C)

Reflecting the very premature state of current Expert Systems (ES),
responses to this question are widely diversified, some are dquite

positive and some rather negative.

However,>”the survey provides, in a sense, a useful guide to hardware
and software developers on the aspects or directions on which they

will have to concentrate to realize truly effective Expert Systems.

4.1 Potential Applications of Expert Systems

Reviewing opinions to question C, the followings can be regarded as
potential applications of ES to power systems:

- power system analysis in an on-line situation

- system operation

- system control

- system restoration

~ system planning/design

- substation automation

- maintenance scheduling

- alarm processing

4.2 Effectiveness/Practicability of Expert Systems

Opinions .on this particular item show. sharp contrasts in evaluating
the future capability of ES; this presumably stems from the fact that
ES have not yet been developed enough to correctly judge their future
practicability. Here, the responses obtained are grouped into positive

and negative sides and by individual respondents:
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Positive side

Canada (Ontario Hydro)
- The expert systems represent an important future tool for the

on-line analysis of power systems.

For expert systems to achieve their potential, the following

must be resolved:

(a) A way to integrate it in an oéerating 'EMS (same
man-machine, data base, ...).

(b) A way to overcome the requirements for large memory and
CPU.

(c) A method of acquiring expertise, loading it into the

knowledge base and keeping it up-to-date.

Finland (IMATRAN VOIMA 0OY)
- Artificial intelligence and Expert Systems are considered
important development targets in the field of transmission

network operation and maintenance.

France (EDF)

- The use of expert systems in power application and in process
control applications will be able to be generalized when the
major problem of real time inference techniques has been
solved, either with the appearance of a new generation
computers or the utilization of more powerful machines that can
process large knowledge bases. o
One . way of solving this problem could be the use of languages

such as C or Pascal (as used in our system).

Japan (Chubu Electric Co. / Toshiba Corp.)

- Effectiveness: Expert systems are very promising; They are

very effective in some areas, whereas they are not necessarily
so 1in other fields. Therefore, it is anticipated that the
expert systems must coexist with systems established by
conventional techniques.

The expert systems will be very effective to:

* Tasks where there are many conditions to be Jjudged in
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drawing a conclusion and yet they are involved with each
other.

* Functions which need frequent software maintenance.

* Jobs in which there is a large technical gap between
veterans iand rookies, and besides the inheritance of

techniques owned by veterans is very important.

- Practicability:
At present - testing and validation by prototype systems
In 3 years - first appearance of practical systems

In 5-6 years - wide application of practical systems

Japan (Kyushu Electric Power Co. / Toshiba Corp.)

- Effectiveness: The application of expert systems makes it

possible to systematize the judgement mechanism of experienced
engineers that is based on their knowledge, and to store the

knowledge in a common format. Thus, the following effects can

be expected:

* inheritance of techniques

* prompt and yet accurate system restoration

* curtailment of the time for planning and design, and

improvement in planning accuracy

* improvement in fault diagnosis accuracy

* effective teaching and training system

* higher reliability in power system operation

- Practicability: Major factors in evaluating expert systems are

-‘the accuracy of solﬁtions obtained, response time, easiness in
man-machine interfaces and maintenance capability of knowledge
base. Especially, both the accuracies and fast reponse time are
very important features in on-line expert systems for real-time
processing. The response time can be reduced by the usage of
advanced hardware equipment and by developing new tools for
inference control. On the contrary, it is rather difficult to
improve rapidly solution accuracies considering the fact that
there are no established techniques of testing the accuracies.

In view of the foregoing, it is wvital to start practical
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applications to relatively easy <cases and then gradually

proceed to complicated situations.

Sweden (Swedish State Power Board)
- Lisp chips and parallel processing may solve both the
effectiveness and practicability problem. Meanwhile, there will
be plenty of work needed to develop applications of practical

use.

United Kingdom (CEGB)
- Potential needed are seen:
(a) in problems involving network topology.
(b) where there is a mass of data, some redundant, some
possibly conflicting.
(c) where, based on (b), there are a considerable range of
actions which <can be taken , there may be no clear

optimal solution and action is needed without delay. -

United Kingdom (Imperial College / CEGB)
- Expert systems can be effective and practicable with present
technology provided the application areas are well chosen.
Their inherently slow execution speed may be alleviated by the
inclusion of efficient numerical algorithms. One important area
in which further theoretical work is necessary 1is in the

representation of dynamic systems.

United States (University of Washington) -

- The user-friendliness of rule-based programming techniques is a
majof attraction to users. The development, maintenance and
expansion tasks can be simplified.

Expert systems are also a knowledge development tool. An
engineer can develop rules for the solution of domain problems.
The effectiveness of expert systems depends on two things: the

quality qf knowledge and the computational efficiency.

>Negative Side
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France

F.R.G.

(EDF)

Several important questions below have to be solved before
expert systems techniques can become more widely used in power
system applications: |

* bridge gap between algorithms and knowledge based systems,

* interface with standard data base management systems,

* use high level representation languages for handling mixed
knowledge representation (frames, production rules, scripts,
objects) well suited for network applications,

* reduce CPU time by using more powerful machines,

* represent time varying processes in a better way,

* use rule-checking methods (detecting. incompleteness,
inconsistency, ...).
(Siemens)

Effectiveness suffers from high effort to update knowledge base
and testing for verification. For power system control, a high
share of procedural evaluation seems more practical than a huge

number of rules and facts.

Japan (Kansai Electric Power Co. / Mitsubishi Electric Corp.)

Norway

Current expert systems are only applicable to prototype
machines. The application of expert systems requires longer CPU
time and large storage capacity, which are not desirable to
on-line systems. Therefore, in realizing on-line expert
systems, it is of primal importance to allot an adequate ratio
between burdens of expert systems and of conventional analysis

tasks.

(EFI)

Today's tools are not powerful enough to handle the total
pfoblem of power system analysis in an on-line situation, but
there are hopes that increased capability for computers and

‘more effective software will help solve this problem.

(ESCOM)

There are many misconceptions about Expert Systems and their
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United

application to engineering applications. Most artificially
intelligent.'systems require a lot of compute power, Dbut many
are capable of wérking with limited resources. Before effective
Expert Systems canibe built, effective knowledge representation
methods are needed as well as proficient knowledge engineers.
Control and monitoring applications need to operate within
real-time and operate with time variant data. Engineering DP
functions have been traditionally performed by die-hard FORTRAN
programmers who often do not see new methods as holding the key

to the solution of problems.

Kingdom (University of Durham / CEGB)
Due to limitations of speed, expert systems are not really

practical for real time control.

(Wisconsin Electric Power Co.)

With regard to the effectiveness of Expert Systems when applied
to power system dispatching, it appears too early to pass
judgement. The areas where we have experience are extremely
simple applications of Expert Systems and indeed may not be
considered as such at all. The probability exists that as the
impementation of Expert Systems become more complex especially
in the areas of alarm processing and restorative control that
the Expert System will not match the event during an actual
disturbances. The knowledge base applied in the implementation
on an Expert System is drawn partially from pasfﬂvexperience.
Analysis of past disturbances to the power system would
indicate that each event is relatively unique. As such, the
knowledge base will probably be inadequate for the actual
occurrence.
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4.3 Interactions between Expert Systems and Human Operators

Responses to this issue were limited; most of them assert that ES

should

supplement human decisions, and never replace the human role.

The followings are opinions by country.

Canada

(Ontario Hydro)

We had problems when we tried to introduce expert system type
programs that perform some decision making (Remedial Action
Analysis). It is also a fact that expert systems will not
produce correct results at all times. We expect to have some
problems when we try to introduce expert systéms to handle
tasks that the operator has handled for a long ﬁime and still
feels that he can handle better than an expert system. The
ability of an expert system to provide the rationale for the

solution will make them more acceptable.

Finland (IMATRAN VOIMA OY)

France

The starting point in the development of expert systems is that
even the best system cannot replace a man. For the time being,
the target is to make systems which help and criticise a man.

The final decision is left to a man.

(EDF)
Expert systems should ensure the greatest assistance to an
operator. )

Expert systems must be able to provide solutions, éxplain them

on the operator's request, and accept and analyze the

operator's interrogations.

‘A decision that will influence network configurations must be

executed by an operatof. It should not be expected that expert

systems will act directly on a power system.

Japan (Tokyo Electric Co. / Toshiba Corp.)

Expert systems will be supporting tools which provide
information necessary for the solution of problems or

alternative coutermeasures by repeating dialogue with the
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operators. The expert systems will never replace the human

role.

Japan (Kansai Electric Power Co. / Mitsubishi Electric Corp.)
- Expert systems should function as a favourable tool which
provides necessary knowledge to the system operators, and hence

are sulitable as a guidance system.

Japan (Chubu Electric Power Co. / Toshiba Corp.)

- There are many tasks in which human experience éiays a key role
but conventional techniques can do little. Conseéuently, it 1is
qﬁite difficult to fully automatize these tasks by means of
computers. These areas must be godd application targets of
expert systems. Another problem lies in that the technique of
test and validation for expert systems has not been established
so far. Thus, the expert systems and the operators will have to
coexist 1in real applications: This implies the expert systems
will_act as supporting tools of the system operators (reduction

in the burden of the operators).

Japan (Kyushu Electric Power Co. / Toshiba Corp.)
- Areas to be processed only by expert systems:
* simple tasks to be processed without human participation
* complex tasks which require conclusions within short time
but the conclusions drawn under the ambiguity of the
o expert systems may not cause serious harm 'ii
- Areas to be processed jointly by expert systéhs and human
beings: |
* tasks for which a conclusion should be drawn by the
judgement of the human beings in an interactive mode
* complex tasks'which immediately needs exact conclﬁsions
based on a high level of judgement of human beings, and
final execution command of which should be dispatched by
the opérators.

Norway (EFI)

- As an assistant to an operator or engineer.
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Sweden

United

United

United

(ESCOM)
There seems to be a large scope for intelligent assistants
rather than expert replacement systems. These systems would

help the operator in his work rather than replace him.

{Swedish State Power Board)

The likely interactions between the Expert System and the human

~operator, and the role and functions shared by ..?

The expert system role will naturally intrude and partly take
over the role of the operator. The important issue is that this
can be done at the same time as the operator's working

environment is made more stimulating.

Kingdom (Imperial College / CEGB)

The expert system applications most likely to succeed are those
implemented in the framework of a decision-support system.

This would allow the user to accept or reject the advice
offered. The complete automation of particular functions is a
long-term goal which'can only be realised after such sYStems
haVe been shown to be robust enough to handle a wide range of

possible events.

Kingdom (CEGB)

To draw inference, with levels of probability if possible, from
available data; conflicting data should be identified.

To suggest alternative courses of actions, including designs,
for consideration by planning and operations ehgineers.

Expert systems should be such that the user could have
access to adding/modifying rules without the need to involve
highly specialised software staff. This closeness of
interaction between end-user and software tool could be very

powerful for adapting the tools to suit the job in hand.

Kingdom (University of Durham / CEGB)

Expert systems will act in an advisory mode to human operators.
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U.S.A. (University of Washington)
- Expert systems should serve as system operators' or planners'
aids. System operators' have a broader view of the system
operating condition and therefore should be the final

decision-makers.

U.S5.A. (Wisconsin Electric Power Co.)

- The gréatest fear with fegard to the interaction between the
expert system and the dispatcher 1lies in his probable
dependence on the ES to function for all situatiohs with the
resq}t that he will be less prepared to analyzé either the
sitﬁéﬁion itself if the ES is unable to produce a solution or

to analyze the correctness of solution proposed by the ES.

4.4 Summary

As stated at the outset, a wide range of answers has been sent back
with respect to this question, from quite positive to rather negative.
This phenomenon looks confusing but is in fact likely to occur when
predicting the future potential of an emerging technology.
Furthermore, any technology has both merits and demerits. Hence, if
one evaluates more of the former than the latter, it may give a

positive answer, and vice versa. This is exactly the case for ES.

It 1is true that present expert systems have mahy shortcomings as is
pointed out by the negative opinions. However, it is clear that _the
mere extension of the approaches we have taken so far will not provide
a solid remedy to the difficulties that we are now facing.
Nevertheless, ES are judged to have the potential capabilities for

solving some or hopefully a large part of thebpresent difficulties.
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5. APPROACHES TO BE USED IN FUTURE EXPERT SYSTEM DEVELOPMENTS
(QUESTION D)

5.1 General Observations

Fifteen institutions in 8 countries responded to this question. As a
result of there being few e#pert systems of practical use for power
system operation and planning, answers received are widely diversi-
fied in approaches to be used in future developments. The answers are
summarized in Table 5-1, from which the following observatipns may Dbe

drawn:

(1) The answers mention a variety of approaches for knowledge process-
ing but few for knowledge acquisition.

(2) There are pros and cons in regard to pattern recognition and fuzzy
set theory (see next section).

(3) A wide spectrum of opinions on this question manifests the fact
that presently available expert systems have much room for refine-
ment in the realization of really practical expert systems.

" (4) Most of the approaches raised in relation to knowledge processing

or inference mechanism necessitate great research effort to make

them applicable to real world matters.

5.2 Opinions by Countries

'This section lists only opinions which may cause some debate.

Canada (Ontario Hydro)

- Pattern recognition was used in one of our Application (on-line
security monitoring). The number of rules 1is quite large
(100,000 +). An off-the-shelf shell would not work in such an
application. We had to take advantage of the nature of the
problem (combine the rules with common test' conditions 1in
tables, and order the processing of tables) to reduce the

computation time. For power system operations, where only
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France

France

R.S.A.

Sweden

correct answers are acceptable, pattern recognition is the most
appropriate technique. To reduce computation time, specialized
software that takes advantage of the nature of the problém must
be used. |

(EDF, Research and Development Division)
A second generation of expert system reasoning with heuristics
and many aspects of reasoning "in depth'": -
* model based reasoning,
* qualitative physics,
* multi level/multi model reasohing,
~*. causal reasoning,
-* reasoning from structure, behaviour, function
should provide more adequate tools to treat the complexity of

power system monitoring and control.

(EDF / CGEE ALSTHOM) ,
The best method seems to be the wuse o0f production rules.
Utilization of pattern recognition or fuzzy set theory can lead

to heavy computation.

(ESCOM)

The key to effective Expert Systems appears to be the selection
of a knwoledge representation method that closely matches
expertise 1in the problem domain. Pattern matching is useful
where knowledge is about entity sets rather than individual
entities (eg. about circuit breakers in general rather than
about each «circuit breaker in the system). During different
stages of decisions, different sets of rules are often the most
powerful. This would indicate that a method of organising rules

using meta-rules would prove a useful and very powerful tool.

(Swedish State Power Board)
Existing tools have not matured to the point where the devel-
oped applications can be of real practical use. In the future,

domain specific tools or semi-complete applicaﬁions will grow

in importance. That would imply a more intense collaboration
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within utility organisations to develop such systems.

United Kingdom (Imperial College / CEGB)

- For deterministic problems in power systems analysis, effective
techniques include generate-and-test, heuristic-guided search
with appropriate performance indices and graph theory{ Pattern
recognition is not recommended‘duelto the need for large

numbers of case studies.

U.S.A. (Wisconsin Electric Company) »
- It would appear that pattern recognition is the most applicable
method to be applied to Expert Systems as they apply to power

system operation.

5.3 Summary

The respondents claim a wide variety of approaches for the purpose of.
developing future expert systems, such systems are seen to be of great
help to resolving the difficulties involved in power systems. Of
course, there exist clear contradictions among the opinions on some
approaches, especially on pattern recognition and fuzzy set theory.
Nevertheless, a wide diversity of opinions may lead to sound develop-
ment of expert systems in the near future by exchanging opinions among
interdisciplinary areas and accumulating experiences in applying

expert systems.
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Table 5-1

Approaghes to be Used in Future Expert System Development

Country

Approach

Area

Canada (Ontarie Hydro)

-Pattera recognition

-0n-line security monitoring

F;anco
(EDF / CGEE ALSTHOK)

-Production rulse

France
(EDF, Research and
Davelopment Division)

-Mode]l based reasoning

-Qualitative physics

-Xulti level/multi model reasoning

-Causal reasoning

-Reasoning from structure, behaviour,
function

-Power system monitoring and contreol

F.R.G. (Siemens)

-Pattern recognition (in combinatien
with logistics, time bshaviour of
protection relay and systea topology)

-Alarn processing

Japan (Mitsubishi and
Kansai E.P.Co.)

~-Hypothesis generate and test
-Temporal logic
-Branch and bound method

-Fault analysis
-Restoration

Japan (Mitsubishi)

-Qualitative reassning technique

-Education ‘and Training

Japan (Chubu E.P.Ce.
and Tashiba)

-Fuzzy set theory
~-Fault tree analysis

-Diagnostic

Norway

~Not mentioned

-0Operators assistant
-Diagnosis of apparatus

R.S.A. (EsCO¥)

-Pattern matching
-Neta-rulas
-Forward chaining

-Alare filtering

-Real-time applications with time variant

data

U.K. (CEGB)

-Al]l methods mentionsd in questionnaire’

D seex to have potential roles
depending on the problen

U.K.
(Imperial College /
CEGB)

-Generate-and test
~Heuristic-guided search with
appropriate perforsance indices
~Graph theory

-For deterministic probleas in powsr
systems analysis

U.X.
(Univ. of Durham/CEGB)

-Pattern recognition

-Load forecasting

U.K.
(CEGB, System Planning
Dept.)

-Rule based knowledge
-Real-patural language coding
-Explanation facilities
-Fuzzy reasoning

U.S.A. (Wisconsin
Electric Co.)

-Pattern recognition

-Pover system operation

U.S.A. (Univ. of
Washington)

-Automatic knowledge acquisition

-Real-time use
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6. FUTURE ENVIRONMENT FOR EXPERT SYSTEM DEVELOPMENT
(QUESTION E)

This question has proved to be quite difficult to answer at present;
in fact there are few clear opinions about desirable hardware/software
environments for future expert system development. Most answers
emphasize the importance of close links between conventional computer

functions and future expert systems.

Opinions by countries in this chapter have been cited as they appear

in their original replies.

6.1 Hardware Environment

- The responses may be classified by the viewpoint of whether special

purpose hardware is required or not.

- Recommendation of special hardware

France (EDF)

- Multiprocessor machines seems to be the best hardware
environment, taking into account a large volume of data and
knowledge to be processed. -

Japan (Kansai Electric Powef Co. / Mitsubishi Electric Co.)
- Engineering workstations with AI tools which may be adjustable

to particular problems.

Norway (EFI)
- LISP machines with full development facilities including an

advanced LISP-based expert system development tool 1like
KEE, Knowledge Craft, etc.

- Integration of a LISP-processor in a conventional control
center, or the porting of a "finished" expert system to the

control center computer.
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United

Others

Canada

F.R.G.

Kingdom (Imperial College / CEGB)

Development can be best carried out in powerful single-user
work-stations. An ideal system would be a suitable combination
of the existing CAD/CAM workstations which possess adequate
numbef-crunching power and the existing artificial ihtelligence

workstations which can execute AI languages efficiently.

(Ontario Hydro)

For on-line analysis of the power systems, the expert system
must be integrated in the EMS (use same data base and-
man-machine, ...). It must be capable of initiating the
execution of, and receiving data from the other EMS programs
(contingency analysis, 1load flow, ...). The hardware used
should be the same as the EMS.

(Siemens)

The expert system should be an integrated part of the control
centre system. No special hardware (e.g. LISP-machine) should
be necessary. The man-machine interface (console in the control
room) should be the same as for network surervision and

control.

Japan (Chubu Electric Power Co. / Toshiba Corp.)

Sweden

systéﬁs, it is not advisable to install special purpose CPU and
peripheral equipment. Nevertheless, the 1installation of a
back-end processor as an inference engine may be justified for

the speedup of inference.

(Swedish State Power Board)

For general development of power applications the tools best
suited seem to bé object oriented hybrid tools with good
graphics. The large Lisp-based hybrid tools such as KEE,
Goldworks and Knowledge Craft will probably be used to
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prototype the next generation of domain-specific tools. The
applications will then be fielded on PCs or mainframes. There

is also a trend to rewrite Lisp-based tools into conventional

- languages. That would make it possible to: implement expert

system software into the EMS hardware. One advantage is that
the execution speed will get higher. That might give a future

solution to efficient real-time expert systems.

6.2 Software /VTools

Strictly speaking, there are responses to this item:

France (EDF)

- An important effort must be made into the research of software

tools allowing easier expert system development and implementa-

tion, similar to classical programs.

Japan (Chubu Electric Power Co. / Toshiba Corp.)

- Language: When developing a prototype expert system, LISP or

R.S.A.

Prolog are used. It is anticipated that languages such as C
may be used in case of practical applications.

Supporting tool for constructing expert systems (shell):

* shell suitable to on-line real time processing
* easiness in linking programs written in procedure-oriented
language (e.g. load flow program, etc.)

* easy to use shell for layman

Other tools:

* graphic support tools

* editor for knowledge base

(ESCOM)

- Although we have had limited exposure to power system Expert

Systems, we have identified useful tools.

. -An environment supporting LISP as well as conventional

languages such as PASCAL and FORTRAN.
-A relational database with a SQL query facility to allow
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implementation of intelligent data retrieval.
-Graphics are proving to be a useful method for building man
‘-machine interfaces, so suitable hareware would include

graphics workstations.

6.3 Desirable Implementation Mode of Expert Systems

Prospective expert systems would never exhibit their true potential
without reference to presently utilized computer hardware and
software, since current computer systems have carried out’an essential
role in ensuring the safe and economic operation of power systems.
Hence, the perspective of how expert systems should correlate with the
conventional computer systems is an important point. None of
respondents insist on an ihdependent usage of expert systems when

applied to power systems.

Finland (IMATRAN VOIMA OY)
- It is important to combine expert systems with
* power system control
* substation automation
* measurements from the network
It 1is also necessary to combine expert systems with graphics,

databases and measurements from the system.

F.R.G. (Siemens)
- The expert system should use existing databases, process images

and existing software environments as far as possible.

Norway (EFI)

- Networking facilities should be provided between the
LISP-machine and traditional number-crunching machines (IBM,

VAX, etc.) in order to make efficient use of established
software written in FORTRAN, C, or Pascal.

United Kingdom (CEGB)
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- Intelligent interfaces require handling of large quantities of
data and interaction with existing datasets by other programs.
Suitable hardware/software therefore depends, to some extent,
on the facilities under which the conventional programs (e.gq.
load flow) are being run. For mainframe conventional programs,
there will be certain advantages in having a mainframe expert

systems.

United Kingdom (University of Durham / CEGB)
- Need <close integration between expert systems, GKS (Graphical
Kernel System), personal databases and number-crunching
languages, e.g. FORTRAN 77.

U.S.A. (Wisconsin Electric Power Co.)

- With regard to the future environment for expert system
development, it is a concern that there will be sufficient
computer resources available to perform expert syétem
analysis, especially during periods of system disturbance or
restoration. These periods of time are when present energy
management systems are already utilized to the limit of their
capability. Expert system development should be prepared to
operate in a computer resource which would not be burdened

during system disturbances.

6.4 Summary

The opinions are divided on future hardware environments, especially

-on the necessity of special hardware for ES.

It is almost unanimous that ES should not be implemented independent-
ly .from the conventional computer hardware and software, which have
been accumulated to become valuable assets in the power system
planning and operation and will be developed for the foreseeable

future.
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7. CONCLUDING REMARKS

Expert systems, a major component of Knowledge Engineering, began to
attract attention of eager engineers in early 1980's. Technology of
expert systems may be considered as a kind of intermediate products
brought about after a vast amount of human endeavour which has been
made to break through difficulties confronting us such as treatment of

a system of immense size and to meet the néeds for human-like

reasoning.

Since the advent of digital computers of Von Neumann type in 1950's,
human labour required for solving extremely large scale systems
numerically has rapidly been replaced with computer technology. 30

years later since then, Computer-assisted reasoning became the central

concern of researchers in various fields. In other words, human-like
judgement wunder incomplete information, fuzzy environments, etc. has
been selected as a key issue to build highly automated yet easy-to-use

facilities to be needed in the future society.

Present Status of Expert System in Power Systems

The expert system application to power system problems is a relatively
new area. In fact, based on the survey, most of the expert system
projects are 1in the stage of idea and prototype; very few expert
systems have arrived at the practically operational stage,

The objectives of the expert systems have been classified in six

categories, namely, planning, monitoring, control, system analysis,

education/simulator and others. Most of the expert systems are

classified as monitoring and control; monitoring is the biggest
category. Reason for this is the .relative easiness with which.
monitoring can be tackled - in essence the task of monitoring fits a
rule-based approach by nature. Further, the strong needs-_for expert

systems 1in other application areas such as planning, education,

simulator and analysis were recognized in this survey.
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Features of environment surrounding expert systems for six categories

are summarized in Table 7-1. It can be seen that ill-conditions below

make difficult the application of expert systems to planning category:
- An infinite number of conclusions (design alternatives)

- Deep knowledge requiréd to screen out proper solution

Needs and Expectations

The needs in many application areas were indicated in the responses of
the survey. One could not help getting the impression, when browsing
in Tables<E-1> to <E-20> of "RECOGNIZED NEEDS FOR EXPERT SYSTEMS AS
APPLIED TO POWER SYSTEMS", that expert system technology will solve
all the wunsolved problems in power systems. Obviously, this cannot
exactly be predicted, since experiences with this new technology are
few and not yet fully evaluated. Nevertheless, Tables<E-1> to <E-20>
are very valuable in that it reveals those problems of which some
engineers feel that +they can hardly be solved with conventional
mathematical methods, or that they have ended in a deadlock.
Consequently, Tables<E-1> to <E-20> can be used for opening the
discussion on how to tackle these problems, going further with the

conventional techniques (e.g., by improving mathematical methods), or

using more advanced expert system technigues (which by nature are more

qualitative).

Future

The assessment of the future approaches ‘to the expert system
development varies greatly among the researchers. This is clearly due
to the fact that the area is still young and more research would be'
necessary before a truly convincing assessment to the future can be
made. Fig.7-1 shows an idea of foreseeable steps towards future expert
system in power system and techniques. It is felt from this survey
that expert systems in power system application are midway between

phase-2 and phase-3.
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Making the best use of all the powefful (numerical) tools that have

been developed so far, and the experiences - good and bad ones -

obtained from implementations, expert system applications in power
systems cannot be successful if further developments in these two are
ignored. This means, a bridge must be built between the 0ld and new
approaches, that is, between quantitative and qualitative approaches,
or in other words, between numerical and symbolic approaches. In the
development of future expert systems more attentionAshould_be paid to

this mixed approach.

. In conclusion, it is felt that the survey was very fruitful. It
offered an opportunity to assemble an extensive 1list of existing
research programs in the expert system application area. The summary

and publication of the responses can facilitate the exchange of

information and ideas, leading to greater communication and

understanding among the researchers and engineers. It is our hope that
the activity of the task force can be continued into the next year in
order to follow wup on the activities of this fast-growing,
high-interest area. The task force can make a contribution to the

power engineering community in the future by evaluating benefits and

difficulties for possible areas of research and development. Report on

the practical experiences of expert system applications in the power

system environment would also be a'meaningful task. This is presently
impossible since few expert systems have reached the practical stage.
The state of the art in expert systems on power system analysis and

techniques may be grasped from Table 7-2, Summary of Expert System
Projects. .
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Table 7-1 Features of Inference Environment for Individual Functions
Category i Project Objectives Features of Environment surrounding Expert System’s
Monitoring | -Fault diagnosis ' -A large number of facts (data,measurements)
_‘-Alarm processing -Incomplete information (bad data, missing data), redundancy, priority
i ~Contingency -A small number of conclusions (cause of faults, malfunctions and inactions)
i evaluation -Relatively small size of search space
-Easy to extract well-defined knowledge (rules)
Control -Normal state -A medium size of facts (data, measuresments)
-Emergency state -Modelling, parameter identification
-Restorative state| -A finite number of conclusions (control and switching operation to be dispatched)
-Use of indices to confine search space
~-Easy to prepare knowledge in off-line calculation
Planning -Operation ~-A manageable number of facts (specifications)
planning ~Unambiguous specifications given
-Facility design -An infinite number of conclusions (design alternatives)
i -System planning -Deep knowledge required to screen out proper solution
Others | -Education -Typical system model, structure and parameter valves need to be prepared ]
~-Simulator -Typical conclusions (cause, control and switching operation, to be prepared to trainee
i ~Construction of restricted search space using indices, etc.
= -Knowledge obtained from off-line calculation and practice
~Friendly interface is mandatory
-fnalysis -Supply basis for routine work (Monitoring, Control, Planning)

-Analysis of infrequently visited events (phenomena)
-Interface with conventional application packages
-large size and complex problem can be treated off-line
-4 number of case studies




Expert System for
Monitoring

Expert System for
Control

\

Expert System for
Education &
Analysis

Expert System for
Planning

i i
t [

v ¥

Future Expert System

Phase-1

Phase-2

Phase-3

Phase—-4

Phase-?

—-Many facts

~Finite no. of conclusions
—Ease of search
—Well—defined knowledge
—~Shallow knowledge

-A few no. of facts
-Infinite no. of conclusions

" —Vast no. of searches

~Ambiguous knowledge
~Deep knowledge

Fig.7-1 Foreseeable steps towards future expert system
in power system analysis and techniques
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Table 7-2 (1)

Summary of Expert System Projects

<Category: Planning (1/1) > (No. 1)
Area of Application (10. No.)| Organisations/ Stage of Theoretical Background Functions inference/ Hardvare Softvare Rule Remarks
Institulions Developaent conventional Al-orientled Contrel/Scheae Environment Environsent Size
<Operalion Planning> i
V] -Bulk power system Util./Hamu. Prototype { ----- -Deep knovledge base | Planning forvard chaini.ng LiSP 150~
-System struclure planning with hierarchical production rules 300
-Generation scheduling strucluren sysics
‘Reactlive pover scheduling
Syslee stabilization
: (Japan-1)
s Y Ut RN SRR T PSPPI FEPROUP PR T
2§ -Decision-making (securily assessment) | Univ Idea -Numerical -Logic programaing Guidance mixed chaining HICRO vAX/ws | -
k.- algori thas and Logic rules Planning generale-and-test
-AC load flow
-Graph Lheory
3§ -Planning checking switching util. Idea . ] e-e-- -Logic programming Guidance Production rules VAX or Symbolics] ----- meene
operations (Finland and Logic rules Education
-Svitching planning in norsal Planning
operation ’ Checking
(Finland-3)
el-rcccccnananrarennrsnsrensnnnne~annassnrsafenconenonrrrnnn B R L L I T I e B T T T T I T I O o e
4] -Daily planning of unit comaitsent Univ. Prototype -Honte Carlo - | ----- Planning Backiracking ACOS 1000 Lise 60
(Japan-18) approach UX-300F 11 micro-PROLOG ¢
NEC 98X FORTRAN
S| -Short-term marketing strategy Guidance undelernined undeternined | undeternined
(Canada-1) Planning -likely PC ~passibly
- VP-Expert
<Facilily Design>
61 -Electronic equipaent for subslations [UtLil. Debugged | ----- -Heuristic rules Design Heuristic rules SUN-2 Common LISP 100
(ltaly-2) Program combined wilh Rill climbing search HICRO VAX (1
Hill climing search
T{ -Equipment for distribution centers util. Testedon | ----- | ----- Design Forvard chaining SUN wvorkstation | Franz LISP 200
(1taty-3) set of Production rules
meaningful
real
exanples _‘
S PR R) R PR RN RN DU SRR FUUSOPPUPPIRPPSN FRFRRPR ERIEP A SRS
8| -Substation layout Hanu. Prototype {----- | ----- Design Production rules | ----- LISP 600
(Japan-12) |
<Systes P'lannlnp
-Equipsent in high voltage substalion |[Univ. Idea ] ----- -Blackboard approach Honitoring Forvard chalning MICRO VAX 0PS83
’ (France-2) Prototype Integrating both Control
knowledge and
algorithnic based
functions




LL

Table 7-2 (2)

Summary of Expert System Projects

<Category: Monitoring (1/3) > (No. 2)
Area of Applicalion (ID. No.) ] Orzanisations/ Stage of Theoritical Background Functions inference/ Hardvare Softvare Rule Remarks
Institutions Deve lopuent conventional Al-orlented Conlrol/Scheme Environment Environment Size
<Fault Diagnosis>
10} -Equipaent in high voltage subs'l.al.ion Util. Protolype | ----- -Seeantic Hetworks Interpretation Production rules 184 3090 ALOUETTE 370
(France-2) -Frames, Scripls, Diagnosis Forvard chaining VAX
Temporal logic Honoloring Hela-knovledge 184 PC-AT
-Heta-knoviedges
1| -Different fault tripping Util Debugged | ----- -First order logic Diagnosis Forvard chaining YAX 8800 PASCAL 300
(France-3) program -Triplets Production rutes I1BM 3090 FORTRAN
<object, relation, Firsl order logic triplets FRENCH
object>
12) -Netvork incidents in control cenler util Prototype | ----- -Patiern Recog. Diagnosis | ----- process computer | process
(F.R.G.-1) computer
s langage
13} -Location of faulled point (section) | ULil./Manu tdea | -eee- 0 feeee- Guidance Production rules Apollic ON-580 0PS83 200
(Japan-5) FORTRAN
D S AN j ISP SPPIPON SRR NPT SPPPPPPPIN SAPIRPRISI NI R S,
14| -1dentification of faulted section Util.Manu fdea |- feeee- Diagnosis Forward chaining SYHBOLICS LISP 200
(Japan-6) Debugged Cuidance Frame KEE
program Control .
15| -tdentification of faulled equipment Util.Manuy field Test | <---  fe-e-- Diagnosis Hixed chaining TOSBAC-0S600/80 | Prolog 200
(Japan-7) . super
minicomputer | special
purpose shel |
16 | -Pover transformers . Hanu. eeves feeees -Fuzzy set theory
(Netherlands-1) -Hembership function
T RIS MUl RPN e R RIS NI IR PPN SO
17} -Pover System Behavior in Emergency Manu. Univ. Some Ildeas | ----- -Decision analysis | ----- Inference of Prolog Apollo DN300O POPLOG 300
states have already and Search method
(Nelherlands-2) been tested.
18| -Trouble shooting of operating Haru. Debugged | ----- -Hixed chaining Interpretation | Hixed chaining CYBER Lisp 300
conditions Prograa Diagnesis PASCAL
U.S.A
19{ -Oetection of fault isolation Univ./lnst. Being -Breaker/Relay -Depth first search | Diagnosis Forvard chaining MICRO VAX 11 0PS83 300
(U.S.A.-16) luplemented | simslation Planning
in PSPL <Voltage & Reactive
pover dispatch
20 | -Events diagnosis Inst. Prototype ~Alarm filtering and | ----- Honi toring Hixed chalining SYMBOLICS 3645 | Common LISP 5000
(Finland-2) ranking Planning VAX 117750 FORTRAN )
-Pover flov analysis Control KEE
] -Load forecasting J

(continued)
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<Category: Moniloring (2/3) > (No. 3)
Area of Application (10. No.) | Organisations/| Stage of Theorilical Background Functions Interence/ Hardwvare Softvare Rule Reaarks |
Institutions Development convenlional At-oriented Control/Schesme Enviromment Environaent Size '
'anrI.y detection and diagnosis of utin. Debugged -Frequency analysis |----- Diagnosls Backward chaining POP 11/23 Sage 200
machine's salfunclion Progran of vibration

HICRO YVAX 11

22| -Hardvare probless in control systea ™ | Util. Developaeat | ----- ~  |..... Diagnosis Rule based TI Explorer ke | e---- i
(Canada-4) was rejected Luidance frame based ‘ i
<Alara Processing>
23} -Alarm Processing Util. Mniv, Idea e feeees Interpretation Not yel decided HP-Vectra Turbo-Prolog |} ----*
(Denmark-1) Prototype Diagnosis Turbo-Pascal,
Cuidance i
Honitoring i
24§ -Alarm Processing utit. Debugged  § -+ | ..... Diagnosis Forvard chaining VAX 8800 PASCAL 300 i
(France-3) | - Progran Production rules 184 3090 FORTRAN !
First order logic Triplets FRENCH
TepTeTresstrrecccccccavrsrsanann Sestenmcses frerccssnorntvan Mrecacmcsurmnanderssnnvironranartonnenlortnnasmnsansrveninsrn fasascasssnrannacnfonras temsmmw Aesenanasrnensendenoscavananncnneny fermeesnorncoannn [eecccertecvonaanncncccncncass
25| -Faul led equipaent detection Util.Manu. Prototype -Alarm filtering | ----- Guidance Production ruies Apollo DH-580 0PS83 200
(Japan-2) and ranking FORTRANT?
~Pover flow amalysis
-NL. Programuing
26| -Malfunctions In protective systies Util.Manu. Fleld Test | =---- Diagnosis Mixed chaining TOSBAC-DS600/80 [ Prolog 200
(Japan-7) ‘ super
nintcoaputer
27 -Pover plant faullts Inst. Prototype -Plant dynamic -Qualitative Interpretation | Dependency-direct VAX 11-750 Prolog 160
U.K.-3) difference equation| modelling Diagnosis tracking XEROX 1108 Al INTERL1ISP AND
techniques Honitoring VORKSTATION LOOPS
~Increaental .
qualitative
analysis
28 | -Communication systea alara HICRO VAX
(U.S.A.-9) ’ hundreds
29| -Sequential events in wmajor intertie |Util. Idea -Sequential events |[----- Monitiring [ ----- MICRO VAX | -=cc |-
substations processing
(U.S.A.-5)
30{ -Breaker and relay status in control inst. Prototype }----- [ e-ees Control Backtracking of Prolog VAX 11/780 Prolog
center ] . Depth first search
(U.5.A.-6)
31| -Filtering and ranking of alares Hanu, Debugged | ~---~ | aeaes interpretation Hixed chaining CYBER LISp 300
(U.S.A.-10) Program Diagnosis PASCAL
32| -Causes for the alarm and util. fdea | -----  {----- Interpretation | ----- YAX 11/780 Lise 200
recomsendation of corrective action Prolotype Diagnosis FORTRAN
(U.S.A.-10) Cuidance
J L Honitoring {

(continued)
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<Category: Moniloring (3/3) > (No. 4)
Area of Application (0. No.) | Organisations/ Stage of Theoritical Background Funclions {nference/ Hardvare Softvare Rule Remarks
Institutions | Developuent conventional Al-oriented Control/Scheae Environaent Environaent Size
33| -Fault identification in a substation | Inst. Prototype -Graph scarch ~ |----- Diagnosis Backtracking Apollo DN300O PROLOG 100
(Switzerland-2) Guidance
Education
Design
34| -Alarm processor at national control util. Idea  f----- 0 fesee- Honitoring
cenler
(lretand-1)
35| -Alars filtering and interpretation Many fldea }e-eee feeeen tnterpretation | Hixed chaining a4 PC Lise
(R.S.A.-1) Monitoring eavironment C
Unix and lex
<Contingency Evaluation>
35| -Contingency analysis : Ullll./Univ.‘ ldea fee-es | eeee- interpretation Not yet decided ' HP-Vectra Turbo-Prolog | -----
(Denmark-1) (Prototype) Diagnosis Turbo-Pascal
Guldance 1 Assembler
Honitoring
N T P WU T BSTRRTTIE RSN SRS H DRI I eceeaecaecmaen L eeeceananannnns S
37| -Contingency analysis Inst. Prototype ~SCADA Systea -Vorid Education Hixed chalning SYMBOLICS 3620 { Common LISP | -----
-Reliabitity assesswent -State Estimation representation Prediction Vorld model VAX KEE
(Norvay-1) -Optimal pover flow |-Object-oriented Planning Object-oriented
-Sensitivity ' Programaing Design representation
malectennacccancensctcnrsunsasntnassnsnanadracnsnsssmmoomna doremeccceccccd cencncicensrasamcsssnlacssrannnseramnmarischacaan R B LR R L I R e B L L T T R Y
38} -ldentification of Univ. |dea ~Alara filtering  [----- Cuidance Hixed chalning HICRO VAX/VMS POPLOG [ e----
weak areas / boundaries and ranking Planning Cenerate-and-test
-Contingency selection -Pover flov amalysis
W.K.-1) -Graph theory
TepTececceciracsvesnarrasstenacsuarecsravadicssnnarenan ssedescccnscenccahaceas tmemavemmsmcesrsalatsnanccarsnccasnreenfranma-seasn-rarendeccr-nstrenansrnaasnnnasnana-desnnoeroaansanrnane-] T R R R
39| ~Advice on errors or systea veak Util./1nst. Prototype -Alarm filtering | ----- Validation Forward chalning 430 peeees
points and ranking
(U.X.-4) -Pover flov anaiysis
40| -Contingency analysis and reiedlal Inst. UtI, Fleld Test -Llhe:r programning {----- Guidance State estimation VAX 11/780 Comaon LISP  {-----
action for security enhancement -Dual and Primal Prediction RHBO,RABL,TUTT, | DCL(Digital
(V.5.A.-12) algoritha Planning V1100 Coaaon
-Decoupled pover Control AYDIN-5217 Language)
flov technique CYBER 830
41| -Contingency analysis and emergency Interpretation Backtiracking Apoilo DN3000 Prolog | -----
control Honitoring
(Switzerland-1)
SRSl FR I i IR SRR DR SRR PRSP NOPPPIRIPUII IEFRINPRIN RPN PP
42| -Henitoring and control of stability Jutil. Practical | ----- -Pattern Recog. Honitoring Forvard chaining URIVAC 1180 Fortran 100000
constrainted pover systeas use Control
(Canada-2) Release
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Table 7-2 (3)

Summary of Expert System Projects

<Category: Control (1/3) > (No. 6)
Area of Application (1D, No.) | Organisations/ Stage of Theoritical Background Functions Inference/ Hardvare Softvare Rule Remarks ]
Institutions | Developaent conveniional Af-orienied Control/Scheme Environeent Envirorment | Size ]
<Norwal Control> i !
43| -Computer aided decision on network Util. Protolype [ ~---- -Heta Knowledge Guidance Production rules 184 3090 ALOUETTE 100 |
topology Forwvard chaining !
(France-1) { Heta-knowledge !
44| -Slate Estimation Inst. Protolype -State estimation -Vorld Education Hixed chaining SYHBOLICS 3620 Comaon LISP '
(Norwvay-1) -Optimal pover flow representation Prediction Vor Id model VAX KEE i

-Sensitivity Planning Object-oriented '

-Reactive Pover Design represenlation :

Control
R R L R R L B L R L L L Gl T T T S e e T Facearearnanromenacoans
45} -Short term load forecasling Univ Idea -Optimal power flow | -Logic programing | Guigance Generate-and-test HICRO YAX/VHMS POPLOG 100

u.K.-1) -Sensitivity and Logic rules Planning Heuristic-guided search :

-Reactive pover : Mixed chaining |

control ;

-Graph theory
5 SOOI, IO DU  ciniilsucs SN RSSO OSSRRISOSSTIN! NOSSORSSSTY SNSRI IO ST SO
46| -Short term load forecasting Inst. Practical Load forecasting | ----- Prediction Forvard chaining 1B1-RT PC Extended 100~

(U.S.A.-T) Use -Statistical 184-PC AT Fortran 150
analysis Langage
(EFL)
47! -Evaluation of pover system stability
(U.5.A.-3)
N S PPN FUITIN ISR ISP SUPPRPURIN SRR S NP U RN S
48| -voltage and VAR dispatch -Back tracking Control 8acktracking of Prolog VAX 11/780 Prolog
(U.S.A.-6) -Prolog Depth first search
-Depth first search |
49| -Advise in real time operation utii Prototype | ----- -Procedural chaining | Guidance Backward chaining HICRO VAX II/VWHS | PASCAL | -----
(U.S.A- 1) Production rules [o
Procedural reasoning
50| -Economic dispatch Inst. Field Test -ELD Cuidance VAX 11/780 FORTRAK | -----
(U.S.A.-23) -Becoup ted pover Prediction RMBO, RABL, TUTT, | OCL(Digital

flov technique Planning vTioo Coanand

-Lp Control AYDIN-521T Language)

’ CYBER 830
eebeeccceccenceacccccamecesacamacsssemcsaderancncenrocnsad-ranniiacenen e S L LR T B LTy B T LY L LT L LT T L LTS SR LR foacesncosnncronancnann
$1| -Decision-making of vollage/Var Univ. Debugged -Voltage and | ----- Control Forvard chalning HICRO VAX | oPse3 15

control ' Progras Reactive pover
(U.S.A.~15) control
-Linearized analysis
-Sensitivity { L

(contlnued)
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<Category: Control (2/3) > (No. 6)
Area of Application (10. Ho.))Organisalions/| Stage of Theoritical Backzround Functlions Inference/ Hardvare Softvare Rule Remarks
inslitulions Deve lopaent conventiona| Al-oricnted Conlrol/Scheme Envirorment Enviroreeal Size
$2{ -On-1ine dynasic ELD for power planls | Univ, ldea +Equal incresental | eeee- Monitoring Production rules HITSUBISHI FORTRAN -
(Japan-13) fuel cost lav Prediclion HX - 3000 Profog-KABA
~Oynasic ELD Control NEC PC-9801 MS-00S
-NLP
~Dual and Prinal
algor| tha
-State space
representation
of control status
S$3| ~Security assesssent and conlrol Univ Prototype -Mixed integer -Pattern Recog. Honi toring Hixed chaining NEC PC-9801 COMEX 15
In alerl states . progranalng -Fealure extraction | Prediction Criteria frame FORTRAN - (For each
(Japan-15) ~Securily index Control node)
<Esergency Control>
§4] "Resedial action . ULil.Univ. Idea evene | eeeee Interpretation Not yet decided HP-Vectra Turbo-Prolog
(Denmark-1}) {Prototype) Dlagnosis Turbo-Pascal
Culdance Asseabler
Honltoring
I AP NP ceenctcencasaanananns R ] L eI LRI (ULECLRLLIRLILAtS RECCRIE LIS SRRl CESICTIIIERTENPIIY
55| -Correctlve action to prevent voltage | ULII Idea L R Prediction | ---e- senee seems [ eeses
collapse '
(U.5.A.-3) J J
[ PN cesecnoen teemncecuonanas ) . cosdicraninesreaniasnnanean Loeuen e cesciecvocencassaduscaronsanasany O e
581 -Selectlon of reactlve pover devices | Unlv. Debugsed *Yoltage and | -e-e- Control Forvard chaining HICRIO VAX 11 0PS8d %
(U.5.4.-15) Progras Reactive pover
control
ST| -Countermeasures to ensure systes ) Untv. Debugged enere -Certainty factors Culdance Hixed chaining [2,01:7] CcC-LIsP 50
security Program -Semantic netvork Semantic netvork ESHELL-P
(Japan-18) by frase sodel
<Restorative Control»
58] -System restoration Utit. nlv, Idea [ eeese | eeees Interpretation [ Not yet declded HP-Yectrs Turbo-Prolog | «+---
 (Denmark-1) (Protolype) Diagnosis Turbo-Pascal
Culdance Asseabler
Honitoring
R DT LT L A E LI Io Tt TTTCITITTRIPRTRTPIVEES TTITTTICTPUTSTIY EEPIIPRPIPPINPPPRANSASRRNIY SRS cevvescanee [ R S s
59| -Restoratlon of trank fines Util./Hanu. Prototype seerd  Jeesee Cuidance Production rules Apallo ON-580 0PS83 200
-Restoration procedure planning and . ! . ’ FORTRANTT
guidance L.
(Japan-2)
60 | -Restoratlve procedure frow overload Uil Many, ldea  feeees ] eeees Guldance Produciion rules Apollo DN-580 0PSBl 200
ard blackout FORTRANTT
Capan-5) J R

(continued)
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<Category: Control (3/3) >
Area of Application (1D. No.) | Organisations/| Stage of Theoritical Background
Institutions Developaent conventional Al-oriented
Gl | -Retoration guldance under emergency util.Manu. Field Test |-----  |-----
slates
(Japan-8)
62| -Netvork restoration Hanu. /Univ. Some ldeas | ----- -Becision analysis
(Netlherlands-2) have already and search melhod
been tested
63| -Relay auto-recloser in systes Util Practical | -+---  |-----
resloration Use
(U.S.A.-13)
O PR B Lok (RCITTTICDICTREE SEPRECPRTLRD PN P N
64| -Customer resloration procedure Univ./inst. Being | ----- -Decision analysis
: (U.S.A.-18) | ioplemented and search method
in PSPL
65| -Restoration of area load folloving Univ. Prototype ~Group and Zone  |-----
an outage restoration
(U.S.A.-17) sequence
-Switching actions .
66 | -Switching planning after disturbances { Util. Idea === ]e----
(Finland-3)
67 | -Svitching operation in a substation last. |dea/ -Graph theory ] -----
(Svitzerland-2) Prototype
T Py [ S e
68 | -Restoration from a deenergised Inst. {dca -combinatorial §-----
pover system Prototype optimization
(Sweden-1) :

(No. 7)
Funclions Inference/ Hardvare Sof tvare Rufe Remarks l
Control/Scheae Envi ronment Enviroment Size
Guidance Forvard chaining TOSBAC-0SG00/80 | Prolog 200
super special
winicomputer purpose
' shel |
POPLOG S0
Moni taring 1787 Hini Asscsbier-1700 | 11
Cunlrol compuler
Diagnosis Forwvard chaining HICRO VAX 11 0PS83 300
Planning
Planning Hixed chaining 184 4341 Prolog/WH 180
184 PC Turbo Prolog

Cuidance
Education
Planning
Checking
Diagnosis
Guidance
Education
Design
Planning
Guidance
Controal

Hixed chaining
Produclion rules

VAX
SYMBOL1CS

VAX(Epi tool)
SYHBOLICS(Kee)

Epitool
Kee

(continued)
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Table 7-2 (4) Summary of Expert System Projects

<Calegory:.: System Analysis (1/2) > (No. 8)
Area of Application (10. No.)| Organisations/ Stage ‘of Theoritical Background Functions Inference/ Hardvare Sof lvare Ruie Remarks
Institutions | ODevelopment convenliona] Al-orfenled Conlrol/Schese Environment Enviroraent | Size
<Static Analysis>
G91{ -Load flov engine . Util. ldea -Load flow analysis |-Load flov engine ) Planning To be selected PC XT/AT .
(ltaly-1) Apollo DGO | [ -ee--
DN3000
T0{ - Improvement in load flov planning Hanu. Practical -Load flov analysis [-Load flov engine Planning Mixed chaining Apollo DN Prolog 100
(Japan-9) Use Series !
HITSUBESHI :
EVA-HN Series B
71 { -Evaluation of system state and Hanu Field Test -load flov analysis [----- Planning Hixed chaining YAX LisP 150
delerninalion of remedial measures Design Frame SYMBOLICS FORTRAN
(Japan-10) KEE
B P U, | R I IR SRR AR SRR A
72| -Interactive power system analysis Hanu Practicat [ -----  ].--e Planning Production rules EvS.(E-33 Prolog 200~
using conventional software ] " Use Frame HITACHI) C (Max
(Japan-11) vorkstation FORTRAN 2000
J Eureka {1}
73} -Mvar and MV stability indices Univ, Idea -V stability index ]----- Honitoring Production rules HITACHY (FORTRAN (10 !
(Japan-14) -MVar stability - HITAC H2BOH (Ha jor
index HITSUBISI rules
HELCOM 70
HX-3000
74| -On-line Operation and control and Inst. Prototype -SCADA system -load flow engine Education Mixed chaining SYHBOLICS 3620 Comaon LISP
security assessmzent -Vorld Prediction Vor Id sodel VAX
(Norvay-1) representatlon Planning Object-oriented
~Object-oriented Design representation
programeing
75] -Validation of systea models util. Prototype -load flov analysis |----- Validation forward chaining 184 370 IBN main frame| -----

(U.K.-9) ! J sheli ESE/WH
Y P [P I T P RPN R P Ry PP RIS P, ) R S S
761 -Analysils of disturbance information | Util, Idea | eeeee 0 feaeee Diagnosis Frame 184 AT/E on clong  -----

(Finland-1) Production rules
meltemsanacscartnsnennsacnncssssunsacnanssfencnsanssasmnnorduosoncernnccsdonans P — esmevecschecnmcsscnsrssncnssnaafloccrscacnncscsensducanscarestarruncncnssseanrafascanacararsnn sseducsracnsncenn seafasanceshecartrrnacantconcansn
77} -Security analysis based on knowledge | Inst. ldea | ----- -Pattern Recog. Interpretation | Backtiracking Apollo DH3000 Prolog meee-

acquired from pasi history of the Moni toring
systes : )
(Switzerland-1)
RS (PRSPPI ISR EEISCRP R ST S Ry PN I,
18| -Decision table generation for util. {dea -Stabillty analysis [----- Interpretation undetermined undetersined - undetersined
securily monitoring -Decision theory -possibly VAI -possibly
(Canada-3) | Prolog and
Fartran
web cenccctasaccnscnactunsevocarencasrana .= aseomscamnenana [ oeee- el eeccetcncnnacacccannn
79| -Intelligent load flow  lutil.  fldea | oew--e Aeeeee 0 | Education | -ee-e ] eeeee 0 L eeeen 5100
(Canada-6) Planning
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<Category: System Analysis (2/2) > . (No. 9)
Area of Application C10. No.)] Organlsations/ Stage of Theocitical Background Functlons Inference/ llardvare Softwvare Rl.lle Remarks
Institutions Developaent conventional Al-oriented Control/Schese Environaenl Enviroment Size
80| -Refay modelling interface Util. Protolype | ----- . fe---. Planning | ----- Prime compuler C 515
; (Canada-7) Design
Control
<Dyramic Amalysis»
<MV slability index based on Univ. Idea  {e---- feee-s Honitoring | ----- HITACIH | FORTRAN 10
parasetric resonance HETAC M2801 (Major
(Japan-14) HITSUBISKI rules
HELCOM 70
HX-3000
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Table 7-2 (5)

Summary of Expert System Projects

82

83

<Calegory:. Educalion & Simulator (1/1) > (No. 10)
Area of Application (1D, No.) | Organisations/ Stage of Theoretical Background Functions inference/ Hardvare Softvare Rule Remarks
Instilutions | Developaent conventional Al-oriented Conlrol/Scheme Environment Environment | Size
<C.A. 1>
-Automatic production of training Hanu. Prototype -operator training -Heuristic search Educalion- Forvard chaining SYMBOLICS LiSP ~100
scenarios simulator -Goal creation Training Heuristic search CYBER
(U.S.A.-8) -Automatic Goal creation
production of
training scenarios
-pover flov analysis
~Transtent stability
analysis
<Sisulator>
-Evaluation of state and cholce of inst. Prototype | -ee-- [ ee--- Education Hixed chaining SYMBOLICS 3620 Common LISP | -----
actions Prediction Vorld model VAX KEE
(Norvay-1) Planning Object-oriented
Design representation -
84| -Training management system Prototype Education forvard chaining FACOM H-T80 LISP 30
Event driven method ESHELL

applications
(Japan-17)




98

Table 7-2 (6)

Summary of Expert System Projects

<Category: Others (1/1) > (No. 11)
Area of Application (10. No.) | Organisatlions/| Stage of Theoretical Background functions Inference/ Hardvare Soltvare Rule Remarks I
’ Institutions | Developaent conventional Al-orieniled Control/Scheme Envi ronsent Enviroraent | Size '
85| -Monitoring and diagnosis of vater util. Field Test | ---°- -Representation of interpretation | Forwvard chaining SUN-2 franz LISP 50 !
pollution in thermal pover planis ) procedural Diagnosis Production rules, vorkstation i
(italy-4) knoviedge Honitaring Event graphs ]
Guidance
86 ] -identification and predicting of Inst. Univ. Prototype -lmpedance network | ----- Diagnosis Mixed chaining 184 PC-AT Micro Data 100 i
harmonic-related problews nodel Prediction Base Syslea’s H
(U.S.A.-1) -Nuserical number GURU i
crunching algoritha i
R R R R PO BRI ST T IR FUIRRI I RPRRN N (RN [P ;
87 -Consumer reaction to pricing Inst. Practical -Load forecasting Prediction Forvard chaining IBH-RT PC Extended 100~ i
alternatives Use -Statistical IBH-PC AT Fortran 150
(U.S.A.-T) analysis Langage
(EFL)
C
BASIC
88| -General purpose expert systea shell Hanu. Debugged -Energy management -Mixed chaining Mixed chalning CYBER SERIES use ] e---
for EMS applications Progran systea PASCAL
89| -Energy management system applications| Inst. fdea | e-e-- -Object-oriented Interpretation Forvard chaining VAX-T50 CH ] e
(U.S.A.-18) model Diagnosis Unix BSD 4.3 Objective C
Guidance
Honitoring
Planning
Design
Control
90| -Analysis of the cause of application |Util. Prototype | ------  |----- Diagnosis Hixed chaining 184 PC YP-Expert 150
prograas aborts Education estimated)

(Canada-$)

l
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Appendix <A> Questionnaire on the Present Status and the Perspective

of Expert Systems on Power System Analysis and Technigques

Questionnaire
on

The Present Status and the Perspective
of

Expert Systems on Power System Analysis and Techniques

TF07 WG02 SC-38

HOW TO FILL IN FORMAT A

(A) Current Status of Expert Systems Development in Power Systems

Please summarize the expert system(s) applied to the power system,
developed or being developed, using the attached Format A. Please use
one sheet for each expert system. A detailed description of the

inquiry items in Format A is given below:

Note : Though nuclear power plant facility diagnosis is out of the
scope of the questionnaire, it may be included if it has
relevancy with planning, operation and control of power
systems.

1.Project Information

(1)Name of Expert System and/or Project:
- The name of an expert system or a project, or
- An appropriate expression which best represents the system

concept where a specific name has not been given.
(2)Intended Functions or Project Objectives

- The subject(s) that the expert system intends to solve, those

targeted from among the power system problems.

Al



(3)Name(s) of the Institution(s)/Organization(s) and the Country

Name: '

- The name(s) of the institutions, laboratories, cqmpanies
and/or universities which are engagéd in the development of
the expert system. Specify up to three such major institutions
if more than four institutions are engaged.

- The country name where the major part of the system is being

developed.

(4)Stage of'Development

- Identify the relevant development stage of the expert system
from among the choices shown.

- Development time (from idea to present stage), or

- The yea} the system development was completed,

- The target year the system development 1is planned to be
completed (practical use or release) if it is beyond the year
1987.

2.Problem Area and Solution Method

(1)Application Area:'
- System application area(s). Refer, for example, to
G.B.Sheble's classification. See the attached paper IEEE 86 SM
335-4, see page Q-7/7. '

(2)Theoretiéal Background:
-. Please  specify concepts, methodologies, models and/or tools
from the viewpoint of the power system, that have been
employed to solve the problem.

(3)Outline:
- Give a description of the system in about 700 words. Please
refer to the system response time if available.

3.Expert System Information

(1)Function Classification:

- Indicate the relevant function(s) designed or targeted from

A2



the multiple choices shown in Format A.
- Please give other function(s) if they do not fall into the

choices given.

(2)YInference Mechanism/Control Scheme:
- The inference mechanism and the control scheme that the expert

system employs.

(3)Languages/Tools/Shells:
- The languages, tools or shells used in the system development.

(4)Computer Hardware: »

- Name(s) .of the computer hardware used fof the system
development. Hardware specification should include model name,
indicative performance, main memory size and the computer
class (mainframe machine, microcomputer, workstation,

superminicomputer, minicomputer).

(5)No. of Rules and Knowledge Base Size:
- The number of rules and the size of knowledge base that the
system has.
- The limits the system can handle.

- Knowledge expression method.

(6)Problems in Development and Solution:
- Problems encountered during system development,
- Improvements/enhancements planned for the future.

- Others (e.g. comments on suitability of software).
4 .Perspective for Development

(1)Perspective for Development:
- To show which problem area the system is planned for and/or
intended to be applied to with the system's growth(expansion),

- Necessary improvements/enhancements.

Documents/References H
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- Please cite the names of the relevant reports, papers, manuals

and the documents available.

Remarks: _
- Please use one format sheet (Format A) per one expert system.
- Please attach copies of available documents cited in the document

section in Format A in your return envelope.

*** Fnd of Format A **%

Notes: Please write down your replies (format free) for questions

(B) to (E) on separate sheets.

QUESTIONS B

(B) The Recognized Needs for Expert Systems as Applied to the Power
System

Please Dbriefly enumerate wunder the appropriate sub-sections the
problems currently identified in all aspects of power system planning,
operation, control, analysis and education (training) vis-a-vis

potential expert system applications and particular attributes.

B-1 Please indicate generally the recognized problems in all aspects

of power system planning, operation, control, analysis and
education (training) vis-a-vis identified obstacles that hinder
solution.

B-2 To resolve the problems raised in item B-1, please indicate the
functions to be furnished with an expert system in the appropriate

areas such as,
- power apparatus & equipment diagnosis & repalr instruction

- power system monitoring & alarming

- restorative control

A4



- emergency control
- substation layout
- operator training

- others

B-3 Please outline your future project plans and indicate relevant

reports, if possible.

QUESTIONS C

(C) Views on Future Expert Systems

Please give views under the appropriate sub-sections on the
effectiveness/practicality of expert systems, per se, and on their
questions and limitations. What do you foresee as the 1likely

interactions and/or relationships between expert systems and the human

operator?
C-1 Views on the effectiveness/practicability of expert systems

C-2 The 1likely interactions between the expert system and the human

operator, and the roles and functions shared by them.

QUESTIONS D

(D) Approaches to be Used in the Future Expert System Development

Please indicate the applicable methods (e.g. Fault Tree Analysis,
logistics, pattern recognition, fuzzy set theory) deemed most
effective in approaching power system problems. Also indicate
recommended approaches and methods applicable to the specific problem"

areas of power systems.

QUESTIONS E.
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(E) Future Environment for Expert System Development

Please indicate your views on suitability of software and hardware
environments for the future expert system development in power system

analysis and techniques.

Also 1indicate a typical combination of the system software with
supporting tools (e.g. graphics, editor, data base management),
running on an appropriate hardware configuration, which is deemed most

desirable for the expert system development environment.

If you have any gquestions on this questionnaire, please contact.

Prof. Yasuo TAMURA

Dept. of Electrical Engineering,
Waseda University,

3-4-1 Ohkubo, Shinjuku-ku

Tokyo 160 Japan.

Phone: 03-209-3211 EXT 3164
FAX : 03-205-2615

Please return your reply to the same address no later than May 15,
"1987.
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Extracted from G.B.Sheble's Paper (IEEE 86 SM 335-4)

Acrtificlal Intelligence may be the next majoc
anhancenment foc the functionc of an Energy Managemeat
System. Some of the potential appllications aend

o Intacchange Evaluatlon - galectlon of
- pousibla schedules to be evaluated, pcicing

axpected lmprovemaents lnclude:

Contlngancy Analysle -— a noce robust
selaction of caseos to be gtudied, an
evaluatlon of the solutlon accuracy of using
a steady ctate algocithm inctead of a dynamlc

of potentlal schedules, and exocutloa of. an
evaluation algocithm (e.g., Economy A oc B).

Dlepatchaer's Optlmal Powec Flow —- selectlon
of control vaclablas to use, sgelectloa of
contrel vaclable ocdocing, and. selactlon of
congtcalats to enfocca.

" maelectlon of

Contingency Analysic -

atability algocithm, and e moce coaclga contingenciez to be evaluated, celactlion of

presaentation of the molution resulta. equipment loadingz to be checked, selectlon
of contlingency cases focr Remedial Action.

Alacm Procaeseing -- a moce concise ctatement

of tha pcoblam and to provide a pclocity to System . Rostoratlion —- sgelectlon of cranking

the impoctance of each alarm. path(=s), selectlaon of load cestocation,

State Estimatlon -- a more coampleta mathod of
bad data and of blasaed dJdata ldentification,
an altermative maethod of tap <stimation, and
to adapt the bus sectlion load wmodels of
conforming and of nonconfocrming loads.

External HModel Estimatlon —-- the buses which
should be roduced, the prseudomaasucemeants
which ace the best indlcation of the state of
othar powec cysteams, and an enalysis of the
present gtate of the total power aystem.

‘Remedial Actloa -- the contcrols which should
be considered, tha control ocdac (genaration
or tap posltion chaenges), and the coatrols
which should be used aftec the next
coatingency.

Automatic Canecatlon Coatrol -- saelectlon of
cagulation pacticipation factocs foc unitc
under coatrol, unit not cesponding logle, and

selaction of genacatlon cestacting schedule.

Contingency Relay Acming -—- calectlon of
relays to be armed oc disacmed, selectlon of
key system parametacs (equlpaent status) to
ba used as tclggecrs, salection of
equipment(s) ta be removed foc each
contiagaency.

Enecgy Cost Reconstructloa — selection of
cogting algocithm, selaction of unit(s) to be
used foc costlng, selactlon of trunsactloen
gchedules to be wusad foc costing, and
gelaection of transmissien loss model for
cogting.

Load Shedding -—- salaction of dlistecibutlon
feedort to open which will most llkely cemedy
gystem ovecload or voltaga violatlon.

Load Hanagaemaat = —- selection of load
curtallmant stratagy based upon expacted load

automatic tuning of unit and systea and weathaec trends.

€ . .
phranorers Trouble Call Analysals - fagtac
Economic Dispatch -- genecatlon of enecygy tdentiflcation of outaged equlpment based
conversion cucves, salectlon of cucves, moce upon equipmant reliablility, woather

complete handlling of forbidden unlt operating
coglons and valve polats.

Unit Commitment -- dacision of whaen to
ce—axacuta the algocithm, selectlon of
algocithm (eo.g-. full, sequeantlal or
truncated dynamic programming), selectlon of
constcalntas to be enforced, and models to be
used (e.g., llneacr, quadcatle, oc plece-wise
linear enecgy convecslion cucrves).

conditions and load demand in addlition to
cugtomec coaplaints. ’

All of the above acre {ntecezting toplcs foc futuce

papacs. The lmpocrtant lssue it why should Actlficlal
Short Teerm load Forecast -- selectlon of base Inteliligence be used. A pcimary reason ls that a wmore
cucva, salection of weathec vaciables, complete undorstanding of why we opecate as we

selaction of modal parcamotecs (e.g., degroe

pcaesently do will cause impcovaments even Lf no Expect

of dlfferancing, aumbec of componentg in a Systems arae bullt. Another ceason 1s that powecr
HMultiple Autocogrescive Hoving Avecage eystems ace bacoming more complex and dlfficult to
process), and estimatlon of the lapact of opecate. Thare is algso tho nood to contlnually search

exogonous vaclables (a.g., Wleleon catingsg).

foc improvad aconomic onncation.
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Appendix

Appendix <B> Current Status of Expert Systems Development in

Power Systems

(Format A)

Table <B-1>Current Status of Expert Systems Development in Power Systeams

{Country: Canada

) : (Format A)

ITEXS ID. Ko. of Ansvers

Canada-1

Canada-2

<1.Project Inforsation>

(1)Name of Expart System
and/or Project

(2)Intended Functions or
Project Objectives

(3)0rganisation / Country

(4)Stage of Development

1CQ Short-Term Study Mode

Develapment of short-term marketing strategy for
interchange transactions.

System Sacurity Monitoring

To help the Control System Supervisors monitor and
control a stability constrained power systea.

Practical Uss, Release

<2.Probles Area and
Solution Kethod>
(1)Area of Application

(2)Theoretical Background

Interchange evaluation
(ICQ - Interconnection Cost Quotation)

Interchange marketing staff correlate anticipated
dosestic and foreign resouces with economic trends to
determine profitable marketing strategies. Assessment
is largely beuristic.

On-Line Control of Power Systeams

Off-line studies are used to produce operating limits
for different power system conditions. Pattern
recognition is used to match the current pover systenm
conditions to one of tha studied conditions and extract
the appropriate limits. '

'<3.Expert System Inforzation>
(1)Function Classification

(2)Inference Machanisa
Control Scheme

(S)Na. of Rules & Knowledge
Base Size

(6)Probless in Development
and Solution

Guidance, Planning(Operaticn Pranning)

Undeterminad - possibly interface between sxpert
systea and conventional softvare.

Xonitoring., Control

Large number of rules

<4{.Perspective
for Davelopment>
(1)Perspective
for Developmant

Undetermined

May revrita it using Lisp or Prolog

<5.Documaats & Rafersnces>

B1
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Table <B-2> Current Status ol Expert Systems Development in Power Systems

[Country: Canada

I

(Format

A)

ITEXS ID. No. of Ansvers

Canada-3

Canada-4

<1.Project Inforsation>

(1)Xame of Expert System
and/or Project

(2)Intended Functions or
Project Objectives

(3)arganisation / Country

(4)Stage of Developm

SYSH Decision Table Generation

Generation of decision tables for use in the Ontario
Hydre System Security Monitoring function

Bruce LCR Diagnostics

Help diagnose hardware problems in the Bruce Load and
Generation Rejection Supervisory Control System and
recoapend alternative actions until the hardware
problems are rasolved.

Other (Rejectad)

<2.Probles Arsa and
Solution Method>
(1)Area of Application

(2)Theoretical Background

Powsr System Security

Outputs from power system stability studies are
analyzed and interprested by engineering staff. Soft-
ware technologists then translate the results into
decision tablés using conventional software(Fortran).

Operational aid

<3.Expart Systes Inforsation>
(1)Function Classificatien

(2)Inference Kechanisa
Contral Schems

(3)Languages / Tools / Shells1

(5)Ne. of Rules & Knowledge
Base Size

..................................

(6)Problems in Development
and Solution

Interpretation

Cooperation of experts not easily forthcoming

Diagnasis, Guidance

- Rule based
- Fraze based

The proposed solutjon could not handle the volume of
data, the Explorer system could not be integrated into
the EMS, and insufficient expartise exists to make a
useful systenm.

<{.Perspective
for Development)
(1)Parspective
for Davelopaent

Undetermined

Development of this expert systes vas rejected.

<S.Documents & References>

B2
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Table <B-3>Current Status of Expert Systems Development in Power Systems

[Country: Canada

J (Format A)

[TENS 10. ¥o. of Ansvers

Canada-5

Canada-6

<1.Project Inforsation>

(1)Name of Expert Systes
and/or Project

(2)Intended Functions or
Project Objectives

(4)Stage of Davelopment

Progras Dusp Analysis Expert System

Analysis of the causa of power systew applications
program aborts.

Prototype

Intelligent Load Flow

Tke objective is to provide both an expert and novice
user with a friendly working environment

Hydro-Quebec,Vice-président Planification des
équipements, Direction Transport, Division Systemes
d'analyse -de réseaux / Canada, Quebsc

<2.Problem Area and
Solution Method>
(1)Arsa of Application

(2)Theoratical Background

Developaent and waintenance of application programs.

Planning & Network analysis

<3.Expart System Information>
(1)Functian Classification

(2)1afersnce Mechanism
Control Scheme

(5)No. of Rules & Knowladge
Base Size

(6)Problems in Davelopment
and Solution

Diagnosis, Education

Education, Planning

<4.Perspactive
for Developmant>
(1)Perspective
for Development

A small prototype was developed in August 1987. Full
analysis of lhe problem space and expansion of the
prototype is planned for late 1987. Production
version and release by Septamber 1388.

<5.Documents & Refersncss>
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Table <B-4>Current Status of Expert Systems Development in Power Systems

[Country: Canada I (Format A)

1TENS ID. Ho. of Answers Canada-7
<1.Project Information’

(1)Name of Expert Systes Expert LIKE Relay Modeling Interface
and/or Project

(2)Intended Functions or Provide easy way for users of stability program to
Project Objectivas build new mwodels of Relay
(0rganisation / Country | Hydro-Quibec,Vice-président Planification des | T

équipements, Dirsction Transport, Division Systimes
d’analyse de réseaux / Canada, Québac

(4)Stags of Davelopment Portotype

<2.Probles Area and
Solution Method>
(1)Area of Application Network Analysis / Planning

.........................................

(2)Theoretical Background

<3.Expert Systems Information>
(1)Function Classification Planning, Design, Control

(2)Inference Mechaniss
Control Scheme

(5)No. of Rules & Knowledgs =100
Base Size

(6)Probless in Development
and Solutica

<4.Perspective
for Development>
(1)Psrspective
for Development

<S.Documents & References>
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Table <B-5>Current Status of Expert Systems Development in Power Systems

Country: Denmark ] (Formal A)
LTENS ID. No. of Answers Denpark-1

(1.Project Information>

v1)Naae of Expert Systes Application of KBS to planning and daily operation of
and/or Project Power Utilities

(2)Intended Functions or | The project will investigate and identify the areas Yo
Project Objectives in which it is possible and desireable to use KBS's.

(Drgantsation 7 Country | | ELKRAFT Pover Company Ltd. and Power Dept. of Tech. § 7T

University of Denzark in cooperation.

{{)Stage of Development Idea / (prototype)

<2.Problem Area and

Solution Method>
(1)irea of Application I Alarm processing. Resmedial Action, Contingency
Analysis and Systea Restoration.

{2)Theoretical Backeround The existing set of written instructions and operator
experience/knowledge.

<3.Expert System Information>
(1)Function Classification Interpretation / Diagnosis / Guidance / Xonitoring

(2)}Inference Mechaniss Not yet decided.
Control Schese

{3)languages / Tools / Shells | Turbo-Prolog: Campiler (BORLAND - Danish developed)
Turbo-Pascal, assesbler

¢5)No. of Rules & Knowledge Systen(s) not implemented yet.
Base Size :

(8)Problems in Developaent Using a PC nakes testing in the control rooa

and Solution difficult because the a.m.i. is limited to the
possibilities of the PC, which is very unlike the
interface norsally used in the control rooa.

<4 .Perspective i
for Development>

(1)Perspective Running prototype within this suzmer.

for Development

<5.Documents & References> i de-1, de-2(1987)
E
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Table

<B-6>Current

iCountry: Finland

Status

i (Format

of Expert Systems Development

in Power Systems

A)

ITENS ID. No. of Answvers

Finland-}

Finland-2

<1.Project Information>

(1)Name of Expert Systea
and/or Project

(2)Intended Functions or
Project Objectives

{4)Stage of Development

Systes for the anmalysis of disturbance information

To get experience of developing an expert systes
vholly in microcomputer environment and also get
experience of "hybridtools” (knowledge can be
represented with frames and rules) for microcomputers

An Expert System to Support operators in pover systee
operations

- Event diagnesis .
- Switching planning in the normal operation and afizr
disturbances

Technical Research Centre of Finland (electrical eng:-
neering laboratory, Helsinki Energy Board Financing
The ministery for trade-and Industery)

Prototype

<2.Problem Area and 1
Solution Method> i

(1)Area of Application Alara processing ﬂ - Network operation
il

(2)Theoretical Background

Rules to represent the knouwledge and heuristics of

=

control-staff and frames to represent the objects
of power netwark.

- Control centre operations

- copputer programs for network operation planning
(pover flow, load forecast) :

C3.Export System Infnr-ation)_
{1)Function Classification

{z)Inference Mechanise
Cantral Schese

Diagnosis

(5)No. of Rules & Knowledge
Base Size

(6)Probleas in Developmen
and Solution

¥anitering / planaing / Contral

Comaon LISP, FORTRAN
KEE

Syabolics J645
VAX 117750

5000 rules
LISP - functions (3000 - 5000 progras lines)

data transmission and interface with external
computers

XKEE (pracessor not efficient enough)

the unreiiable function of LISP - computer
updating of the operating system (LISP environment)

<4.Perspactive
for Developaent)>
{1)Perspective
for Developaent

<S.Docusents & Refsrences>
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Table <B-7>Curren! Status of Experl Systems Development in Power Systems

iCountry: Finland ] (Format A)
" % : -
ITENS ID. Xo. of Answvars i Finland-3
<l.Projsct Information> i
{I)Hase of Expert Systes i An expert systes to support operators in planning
and/or Project 1 and checking of netwark switching operatiens.
N T Ty P T e
(2)Intended Functions or % To get experience about exper! systems, training of ,
Project Objectives y operators specification of support systess for
3 district control rooms, to improve quality of
switching plans.
(Nlrganisation / Country | Imatran Voima Oy / Fialand g
;
]
................................. T e
{4)Stage of Development T 1dea
4 i
<2.Probles Area and
Solution Xethod> §
(1)Area of Application | Operation planning
]
{2)Theoretical Background ] Logic rules to perfora switching sequence 1o T
1 substations (switchings of disconnection and
breakers)

<3.Expert System Information) ]
{1)Function Classification | Guaidance / Education / Planning / Checking

<2)Inference Xechanisa Rules
Control Scheme
{Ylanguages 7 Tools 7 Shells] Hot yet selected 71T Yoo
(4)Cosputer Hardware  § VAX or Symbelics T 1
[l
(3)No. of Rules & Knowledge | Not kmown T e
Base Size
............................ L PP

;8)Probleas in Developamen
and Solution

<4.Perspective _
for Development> |
{1)Perspective | ----

for Development

<5_Docuzents & References> R
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Table <B-8>Current Status of Expert Systems Development in Power Systems

(Country: France ] (Format A)
ITEXS ID. Ro. of Answers France-1 France-2
<1.Project Information>
(1)Name of Expert Systes CASTOR SEPT
and/or Project
(2)Intended Functions or | CASTOR : Concepiion ASsitee de la TOpoiogie du Reseau | SEPT : Surveillance des Equipaents dans un Poste a

Project Objectivas

(4)Stage of Development

Computer aided decision on network topology

Prototype

tres haute Tention
Konitoring of equipments in an Electric High voltage
substation

Electricite de France - DER, Service Etudes de
Reseaux (FRANCE)

Prototype

<2.Problem Area and
Solution Nethod>
(1)Area of Application

(2)Thearetical Background

Short-term planning and real-time operations

Objects and frages

Control equipments and relays monitoring

Entities in the substation as sbjects and semantic
netvorks

Relations between entitiss as fraaes,
temporal lagic.

scripts and

<3.Expert System Information>
(1)Function Classification

(2)Inference Nechanisam
Control Scheme

(3)Languages / Tools / Shells

(4)Computer Hardware

(5)Ne. of Rules & Knouledge
Base Size

(6)Problens in Developsent
and Solution

Guidance

Production rules
Forvard chaining, meta knowledges

Include algolithmwic procedures into a knowledge based
systes

Interpretation, Diagnosis, Honitoring

- Production rules formalisa
- Forward chaining with strategies and meta-knowledges

sainframe IBX 3090 (VAX and IBH PC-AT in a further
stage)

memory size : about 700 kB

Although the system has besn developed in the
production rules formwalism, there is an evident need
for a mixed forsalism. i '

<§.Parspactive
for Developmant)

(1)Perspective
for Development

New tools for short-term planning and on line
eperations

- Nodalisation of a larger variety of equipments and
protection systewms.

- laplementation in all substations.

- Integration in the hierarchical structure of the
sat of substations.

<5.Documents & References>

fr-1(1987), fr-2(1988)
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Table

<B-9>Current Stalus of Expert Syslems Developmeni in Power Systems
“Cauntry:Erancae i tFormatl A)
ITENS ID. No. of Answers France-J

<1.Project Inforsation>

11)Nase of Expert Sysiem
and/or Project

«2)Iantended Functions or
Project Objectives

P

i4)Stage of Developaent

ALOUETTE EXPERT SYSTEM IN FRENCH REGIONAL CONTROL CENTRE

SUPPLY & DIAGHOSIS TX CASE OF ELECTRICAL NETWORK FAULT

ELECTRICITE DE FRANCE - CGEE ALSTHOM / FRANCE
(Service des Xouvemenls denergie)

Debugged program - Rule 1nplenenlal1un

<2.Probles Area and
Solution Kethod>
{1)Area of Application

ALARM PROCESSING

HETHODOLOGY . AHALYSIS OF DIFFERENT FAULT TRIPPINGS, ACCORDING TO THE PROTECTION SCHEEKS

<).Expert Systea Inforsation>
{1)Function Classification

(2)Inference Kechanisa
Contral Scheme

{5)No. of Rules & Knowledge
Bass Size

«6)Problews in Development
and Solution

DIAGHOSIS

The inference engine works in forward chaining with a knowledge representation based on producticn rules in
first order logic and facts written as triplets (object, relatien, abject). According to facts in the base, &
value is affected to each rule. The first rule to be choosen is the less valuad.

Inference language : PASCAL Application language : FORTRAN Production rules : FRENCH
TOOL FAULT : SIKULATOR USING THE EXPERT SYSTEM ITSELF FOR KNOWLEDGE BASE TEST

Application : VAX 8800
Test of rules : IBN 3090

About 300 500 k Bytes

1 - Sharing of functions between the application and the sxpert system
2 - Response time of the expert system (2s expected)

3 - Production of the base of rules R

Inference engine already debugged at the start of the project

<{,Perspective
for Developwent>
(1)Perspective
for Development

<5.0ocuments & References)

fr-3, fr-4, fr-5. fr-§
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Table <B-10>Currentl Status of Expert Systems Developmenl in Power Systems

(Country: F.R.G. i (Forwal A
1TEXS ID. No. of Ansvers F.R.G.-1 i
<1.Project Information> a
(1)Nase of Expert Systes Alara Handling in Control Centre i
and/or Project ] ]
“2)Intended Functions or  § diagnosing network incidents in contrel centred jo
Project Objectives i
d -
i i
i 4
; 1
(1)0rganisation / Country ¥ Enargie-Versorgung Schuaben / F.R.G. 7 P
: |
i i
()Stage of Developsent | prototypes T fro
]
n q
; i
<2.Problew Area and §
Solution Xethod> 3
(1)Area of Application ﬂ diagnosing network incidents® §
i
i

<Z)Theoretical Background

<3.Expert Systea Information>

‘tJFunction Classification Diagnosis*

armrarzng bow R miie s emee ]

v2}Inference Xechanisa ﬁ
Cantrol Scheme b

i

i

process computer languages

process computere

LR W TRl E aE PTRCEY LR T TR TR, 1 i L 2 Sk

:Z)No. of Rules & Knowledge ]
Base Size i

i

L

‘
=
© .
< |
o,
3.
=3
o
[
~-
-
@,
- .
=
o
[N

\
e}

.gyProcbleas in Development % ----
and Solution

CECL PAT R3St LS Einoa

<§{.Perspectivs
for Developsaent>
“i)Ferspectiva
for Davelopment

an evaluation of the extent and the location of an
eventu

<5.Documents & References> g-1(1986), ¢-2(1987)

vivd waf rcus Gt dimie ssrad b mLa
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Table <B-11>Current Status of ExpertL Systems Development in Power Systems

‘Country: Ireland i (Formal A)
TTENS 10. Ho. of AnsueEE} Ireland-1 ¥
<1.Project Inforsation 3 i
{1)Hage of Expert System - Alara Processor al National Control Centre.
and/er Project
i i
(D Intended Functions or ¥ Reduction of ‘nusber of alaras presenied to comtrol | T
Project Objectives | centre operators and isprovement of intelligibility
of those presented, particularly at times of alarm
flooding.
U B et e e ettt
(3)0rganisation / Country Electricity Supply Board / Ireland
P L T
<2.Probles Area and
Solution Hethad>
{1)Area of Application Alarp Processing
{D)Theoretical Background | Nethodology now under study. T TTTyTormmmrmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

<3.Expert Systes Inforsation>
J1i)Function Classification

(2)Inference Xechanisa
Control Scheme

Konitoring

«&)Languages / Tacls / Shells | None yet.

................................. . PP

(4)Computer Hardware ] DEC VAX

(5)No. of Rules & Knouledge | Hot yet known. Tt
Base Size

P T e Rt i ............................................................
and Solution ;

<4.Perspective

for Developsent> | .
{1)Perspective Only first stage considered to date.

for Development !

<5.Documents & Referéncss) ]
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Table <B-12>Current Stalus of Expert Systems Developmenl in Power Syslems
‘Country: Italy } ) (Formal A
17IN8 ID. He. of Ansuers Italy-) [taly-2
<l.Projact Inforsation>

(i)Name of Expert Systes
and/or Project

(2)Intended Functions or
Project Objectives

(4)Stage of Developzent

Coaputer Aided for Ssall {oad-Flov

To perform experiment on load-flow calculation on
spall electrical aodel.

TRIAL (Terminal Resources [ntslligent Allocater)

hutomatic configuration of the reaote peripherals
(RTU) controlling the substations of a paver
distribution netwvork.

CESI, ENEL / ltaly

Debugged Program
(to be accomplished within 1987)

<2.Probles Area and
Solution Metbod>
(1)hrea of Application

(2)Theoretical Background

Load Flow Engine

cumer e rasued o

Conventinal Load Flow caleulation and optiaization
techniques.

Optimal Automatic Configuration (no match with
Sheble's list)

Representation of problem constraints;
representation of heuristics for problem solving.

<3.Expert System Information>
{1)Function Classification

(2)Inference Mechaniss
Control Scheame

Planning

Shell.

Design

{ §
!
............................................................................................ e
{3)Ha. of Rules & Knowledge | To be defined 3 About 300 objects {frames) and 100 rules
3ase Size
' i
(3)Probiess in Development  § ---m T The reduction of tha search space hrough the
and Soelution heuristics
3 L]
4 .Parspective ] 1 The systes will be used to configure electronic
for Davelopment> © i equipment associated to electric power voltage
1 1 reduction and distribution substations (about 100000
(13Parspective j --=- ; in the country). There exist different models of this
for Developaent g ; equipment, and the knowledge base of the system will
P 1 cover all of thes
: v
<5.Documents & References> | ---- poita-1(1985), ita-2(1984), ita-3(1984)
a a1
- 4
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Table <B-13>Current

Status of Expert

Systems Development

in Power Systems

Country: ltaly ]
1TEXS Ko. of Ansvers § Ttaly-$ Italy-4
<l.Project Information> H
i
(1)Nape of Txpert Systes u DESYAC (DEvelopment SYstes for Automated Configuring) § PROP
and/or Froject 1
1
]

{2)Intended Functions or
Project Objectives

Development for the solution of configuration tasks.

, diagnosis, and control of pollution
phenomena in the vatar cycle of a thersal pover
plant

Orzanisation / Country ;"c'E's'f"ﬁhl}{a'r'y"'/"I'{a'i&'""""'""""""""'"'""'" TCESIENEL STty T
]
{)$tage of Development | tested on sef of weaningful Feal examples Y Fieid test (develo ﬁiéi{{ tie: & mansyear)
(coapletion date: end 1987)
i
<2.Problea Area and 3

Solution Method>
{1)Area of Agplication

(2)Theoretical Background 1

Interactive assistant to the configuration of an
electronic equipment for power distribution stations.

Aalare processing, remedial actions

a) Representation of procedural knavledge
b) Use of deep knowledge

<3.Expert Systew [nformation> |

fuaction Classification ;
{2)Inference Mechaniszs 4
Control Schese 1

i

i

b

{5)Ho. of Rules & nowledge &
Base Size

Design

The test results prove so far that allocations
produced by DESYAC are as good as those produced by
a high livel expert work, and in some cases, better.

Interpretation, diagnosis, monitoring, guidance

Forward chaining on production rules controlling
chunks of procedural knowledge (Event-graphs)

Sun-2 vorkstation (68010 based workstation 2 Kbyte
pain semory)

Event-Graph (Petri-net-like-formalism): 70
Production rules: 50

(each Event-Graph corresponds, to, on average 10
production rules).

Procedural representation of events and actions
eccurring over tise.

Representation and use of a model of the cheamical
behaviour of the water cycle.

Systee validation required the development of a plant
sisulator.

(6)Problens in Development
and Solution %
|
i
!
<4.Perspective
for Developaeat) |
(1)Perspective
for Develogment i

Development are planned in order to supply the
language with more probles griented language
statepents and in order to support more complex case.

a) Installation on other fossile fired power plants
considered.
b) Transport on a personal cosmputer.

<5.Documents & References»

i1-4(1983), 11-5(1985),
it-9, it-10(1981),

it-5(1980), it-7 .,

H
it-8(1983)
it-11(1982) . it-12(1984) [

ita-13(1987), ita-14(1885), i1a-15(13986), ita-16(1987)

B13

TF07 WG02 SC-38 CIGRE



Table <B-14>Current Status of Experl Systems Development in Power Systems

Country: Italy [ (Formal A)
¥ T T
ITENS ID. No. of Ansuers!’ Italy-$ i
<1.Praject Inforsation> | H
1 !
(1)Name of Expert System ﬂ TVM (Turbogenerator Yibration Manitor) i
and/or Project i i
a i
! ]
§
................................. i........................-..-.......v-...---...».--............"........----..-.~--------~~------------------<..—--.....--.. .
(2)Intended Functions or 'T Interpretation of vibration, oil pressure and )
Project Objectives teoperature data from the bearings of a turbe
{ generator, farly detection and diagnosis of sachine’s |
; palfunctions.
(Dorgantsation 7 Country  § CESI / Italy T
{
(§)Stage of Development 1 Debugged Progran (development time:l year) ij """""""""""""""""""""""""""""""" '
n !
<2.Problem Area and 3 ;
Solution Method>
(1)Area of Application No match
i
! :
! '
(D)Theoretical Background | Frequence analysis of vibratiom T
i ;
i i
i |
<3.Expert Systea [nformation) § g
{DFunction Classification § Diagnosis |
!
i i
(2VInference Hechznise 4 Backward chaining. Anovledge domain sepiraled in po
Control Scheme i differnt areas. i
!
.................................. T S PR
{3)Languages / Tools / Shellsd SAGE
. i
()Conputer Hardvare YP0P 11723 (aicrocosputer, 256Kt matn semary). [T
{ MicroVax Il ;
Ei 1
M

(5)80. of Rules & Knowledge i Production rules: n. 200
Base Size

(6)Problems in Development i Difficulty of the knowledge dosain separated in
and Solution { different areas.

<4.Perspective
for Development>

(1)Perspective Automatic interpretation of sensors data.
for Developsent

<5.Documents & References> ita-17(1984), ita-18(1887)

RS P

TFO07 ¥G02 SC-38 CIGRE

B1l4



Table <B-15>Current Status of Expert Systems Developmenl in Power Systems

‘Country: Japan i ) (Fogrwmal A)

1TEXS ID. No. of Ansvers i Japan-1 : Japan-2

<l.Project Inforzmation>

(1)Nage of Expert Syster Research and development of a practical expert systepj Systes Restoration Support System of Trunk Lines
and/or Project i for planners of bulk pover system operation

(ZYintended Functions or  { For versatlile study including reliability and economy§ Restroration Guidance
Project Qbjectives § indispensable to systes operation planning, R and D - Faulted equipment detection

has been conducted ‘incorporating Al technology. - Restoration Planning

- Restorative procedurs guidance

(3)0rganisation / Country Tokyo Electric Power Co. ,Mitsubishi Electric Corp. Tokyo Electric Power Co. ,Mitsubishi Electric Corp.
/ Japan / Japan

(1)5tage of Developgent 1 Prototype ’ i Prototype

<2.Probles Area and ;
" Solution Nethod)
{1)Area of Application i Intelligent Support Systewm for operation planning, System restoration of trunk lines
I e.g. system structure planning, genmeration scheduling
reactive power scheduling, sysiem stabilization. ;

(2)Theoretical Background | In the systew cperation planning.because cosprehensive | Analytical tools(NL progracmisg, load-flov, etc.)
evaluations considering system reliability, stability

i and econopy etc. must be performed by using sany com-
1 puter softwares repeatedly, it takes omuch tize for the |
avalyation and judgement of the results. By furnishing :
i guidance functions for judging analysis results, and
1 indicating remedial peasures and control actions,
1 more effective systes planning will be attained.
<3.Expert Systen Inforsation) ]
(1)function Classification | Planning 1 Guidance
(D)Inference Wechaniss | Forvard chaining has been used as inference schess. § Productien systes 70
Control Scheme i (Production type is used for knovledge . ﬁ
i representation.)
(3)languages / Taols / Shells | Language for develapment-..LISE 7TTTE 0P383. FORTRANTT T
j
()Computer Hardvare 1 For developsent----workstation(stand alone) | Apollo DN-3BO T
. (1 KIPS, 60 ¥B)
For practical use---sainframe machine (30 KIPS)
e oF Rales d Rnoviades T Rround T80 00 Fuled o ach shpbart subsysten ] Wdind 200 rles L0 Ry
Base Size ! (Prototype systea)
(6)Prodlens in Development § Construction of deep knowledge base by building up ) Linkage betueen online data base and OPS 83
and Solution 4 groups of heuristic knovledge acquired from husan '
experts as hierarchical structure.
<4.Perspective z
for Developmant> Prototype system for each subsystes in the total
(1)Perspective { plan has been developed, application to the practical 1 Improvewent of man machine interface
for Developaent i -scaled systes is intended after testing the functionq (especially how to guide the restorative procedures)
i and effectiveness of the developed systems. :
*
i
<5.Documents & References> | q
1 3
; !
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Table <B-16>Current Status of LExpert Systems Development in Power Systems
‘Country: Japan i {iFormal A)
ITEHS 10. Na. of Answers Japan-5 i Japan-¢

<1.Project Inforsation>

(1)Naae of Expert Systes
and/or Project

(2)Intended Functions or
Project Objectives

Haintenance Scheduling Support Expert Systes

Kaintenance scheduling considering reliability
and security in case of disconnection of systes
components.

E

Restoration Support Expert System of Trunk lines

Optimal operation planning /
Restoration guidance to restore blackouts of
interconnected system including trunk lines.

N EARSL 4 LU AA M R R TAT At RS

- ]
{{)5taze of Development 1§ Idea T Prototype T
:
<2.Probles Area and
Solution Hethod>
«1)Area of Application Planning Systeo Restoration
R 1
iZ)Iheoreliéal Background 1 Infélligent.man }achini-{ﬁié}?iéé ...................... 1 'ﬁdﬁé}-gfgiéi'ﬂnilisig and Operation
i Power system operation techniques i
1 Iy
4 3
1 1
K 4
<3.Expert System Information>: i
{1)function Classification § Planning i Guidance
(2ilnference Mechanis ] Cosbination of forvard and backvard chaining  § S Rule-base T
Control Schere i - frape-base
E - Object-base
N
()languages / Tools / Shells § KEg TR LISP 7 FORTRAN 7 kEE T
a
.................................. E.................-----------.--..--.-..-....-.---.-.--.......... P L I LR L R L
({)Computer Hardvare | Symbalics 3640, Hain memary 8 Xb Sysbolics
i Disc memory 180 Kb
i
(Y¥a T o Rales T Mnouladge {77 P R R
Base Size
(6)Problems in Develapaent  § TITIIIITImTmmmmmmmmmmmmmmIT Impravement of processing efficiency is indispensable
and Solution for applying to large-scale interconnected systems.
i
a4
4. Perspective i i
for Developsent> :
(1)Perspective A prorotype systes for foundamental studies will be
for Developament E completed before Sept.,1987 and Tests of knowledges
§ and algorithses will be performed next.
1
<5.Documents & References> i ja-1(1987) ja-2(1986)
L]
i
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Table

¢B-17>Currenl Stulus of Expert Syslems Developwent in Power Systems
Country: Japan i (Format A)
ITEKS ID. No. of Ansuersi Japan-5 Japan-6

<1.Project Information>

(1)Kame of Expert Systes
and/or Project

{2)Intended Functions or
Project Objectives

(4)Stage of Development

g

Guidéncs Systea for Restoration in Control Center

-Restoration guidance
-Fault point location
-Operation guidance for systeam restoration
. -Determination of restorative procedure for overload
and blackout

Kansai Electric Power Co., Mitsubishi Electric Corp.
/ Japan :

Restorative Control Support Systes for Power Systes

In case of faults in trunk network, faulted ssction
and fault situation are identified and Guidances for
restaration control are also indicated.

Idea for restaratxon

. Debugged program for fault identification (detection).

<2.Problem Area and 3
Solution Method?
(i)Area of Application

(z)Theoretical Background

Restoration in power systea

Fault identification / restoratien

Protective relay technology in power systea

<3.Expert System Information)
(1)Function Classification

vZrinference Mechanism
Control Schepe

Y ER XL T SR 3L

\J)No of Rules & Knowledge
3ase Size

‘&jFrebleas in Developmant
znd Solution

Guidance

Around 200,
0.3 ¥B (Guidance systes contral, operation guidance) j

Interface between OPS 83 and online data

Diagnosis, Guidance, Control

Forvard chaining /
Infsrence based on Frame structured knowledge base

RV PP PSRRI AP IP SEPRP P FRETEPR TP WL PR S YN

<{.Perspective
for Development> .
(1)Perspective Izprovement of man smachine interface, especially
fer Developzment visual display for Guidance.
i
1 H
<5.Documents & References> 1
:
o "
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Table

¢<B-18>Current Status of Expert Syslems Development in Power Systems
\Country: Japan } (Format A)
ID. No. of ﬂnsuersi Japan-? Japan-8

ITENS

<1.Project Inforsation>

(1)Name of Expert Systes
and/or Project

(2)Intended Functions or
Project Objectives

(4)Stage of Developzent

i
i

Power Systes Fault locating Systes

Identification of faulted equipments, fault
situations, and malfunctions of protective systea
under emergency condition.

Kyushu Electric Power Co.,
Toshiba Corp.Inc. / Japan

Field Test, cooplated in 1986 of for 2 year study.

Power Systeam Restoration Support Systes

Deteraination of the system restoration guidance under
fault (emergency) state

Kyushu Electric Power Co., Toshiba Corp..Inc
/ Japan

Field Test, coopleted in 1986 of for 1 year study.

<2.Probles Area and
Solution Method>
(1)Area of Application

(2)Theoretical Background

Fault Analysis

To identify faulted equipgents, fault situation,
and salfunctions by status of protective relays and
circuit breakers which are equipped on pover system
components.

Systes Restoration

Procedure for Power System restoration

<3.Expert Systes Infarmation>

(1)Function Classification

(2)Inference Nechanisam
Contrel Scheae

(5)Ho. of Rules & Knowledge
Base Size

(6)Problems in Development
and Solutfon

Diagnosis

Combination of forward and backward chaining /
Inference based on the knowledge concerning
inference control and fault detection

TOSBAC-DS600/80, 3.7 HIPS, Main pemory 6 XB

Super minicomputer

(shared with Power System Restoration Support System
see Japan-8)

Knovwledge acquisition method and consistency check

Guidance

Forward chaining / Inference baced on the knowledge
concerning inference control and systew restoration

TOSBAC-0S600/80, 3.7 HIPS, Main wmemory 6 HB,
Super sinicomputer :
(shared with Pover System Fault Locating Systea)

Knowledge acquisition method and cunsxstency check.
It vas inevitable that surface knowledge had high
share for enhancing the practicability.

The knowledge of systes restoration has been grouped
for improving the systew response.

<{.Perspactive
for Developsent>

(1)Perspective
for Development

Only single generator and radial-structured systea
has been studied faor the systea development up to
nov. '

This system is planned to be applied to large scale
systas with plural generators. So it is necessary to
add further knovledges and functions for the purpose.

At present Restoration Support System to determine
switching operation of power system including plural
gensratars is under developement.

<5.Documents & References>

ja-3(1985), ja-4(1985), ja-5(1986), ja-6(1986). ja-7(19856),
ja-12(1987), ja-13(1987), ja-14(1986), ja-15(1987), ja-16(1987)

Ja-8(1986), ja-9(1986), ja-10(1986), ja-11(1986)
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Table <B-19>Current Status of Expertl Systems

[Country: Japan

] (Format

Development in Power Systems

A)

ITENS ID. No. of Answers

Japan-8

Japan-10

<l.Project Information>

(1)Name of Expert System
and/or Project

(2)Intended Functions or
Project Objsctives

(4)Stage of Davelopment

Advanced Analyzer of Power System

To improve afficiency of powser system analysis,
especially for load flow calculation.

Practical Use

Intalligent Support Systes for Systea Analysis

For the task of power systea analysis, guldances are
displayd to svaluate analysis results and to raviss
data for improving systes week points, which leads teo
enhancement of analysis efficiency.

Toshiba corp.,Inc. / Japan

Field Test

<2.Problem Area and
Selution Method>
(1)Area of Application

(2)Theoretical Background

Load Flow Engine

Conventional load flow calculation technique.

Power system analysis

Approaches for power system analysis.

<3.Expert System Information?
(1)Function Classification

(2)Inference KMechanism
Control Scheae

(3)No. ot Rules & Knowledge
Base Size

(6)Probless in Development
and Solution

Planning

Apollo DN Series / Mitsubishi EWS MN Series.
Ninious core size 24B

100 rules(if-then),up-to-date. Thers are no limits.

Because Prolog interpreter was used, it is not
convenient to add or modify the rules. Sone
appropriate tool should be chosen to be applied.

Planning / Design

- Ipprovement of chaining efficiency (for time sav1nz)

- Man-Machine interface

- Data exchange between numerical analysis software.
and knowledge base

<4.Perspective
for Davelopment>
(1)Perspective
for Developaent

The nuaber of rules should be increased, in order to
be practically used in utilities.

Extensive application to many kinds of analyses

<S.Documents & Refarences>

Ja-17(1985), ja-18(1985). ja-19(1986)
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Table <B-20>Current Status of Expert Systems Development in Power Systems

{Country: Japan ] (Format A)
ITENS ID. No. of Answers Japan-11 Japan-12

<1.Project Information>

(1)Nape of Expert System Expert System for Power Systes Analysis (4valo) Application of knnkledze Engineering to Substation
and/or Project Layout Systems

(DTatended Functions or  § Interactive systen combining several softwares for | I Development of expert syslem incorporating the desizz
Project Objectives analysis and guidance functions procedure taken by human expert

(Dlrganisation / Country | Hitachi Research Laboratory.Hitachi Ltd.(Japan) | | Hitachi Ltd. /Japan YT

()Stage of Develaopment | Practical Usa T Prototype oo

<2.Probles Area and
Solution Methad>

(1)Area of Application Power Systsa Analysis, Planning, and Scheduling Substation layout
() Tbeoretical Background | Usual analytical methods, frame inference amd ] | Based on the knowledge of substation layout by tumar
1 rule-based inference expert.

<3.Expert Systes Information>
(1)Function Classification Planning - Design

(2)Inference Kecbanise Frame, If-than rule Kainly forward reasoning
Control Scheme

(3)Llanguages / Tools / Shells | Prolog, C, Fortram, Eurekall Lisp

(Computer Hardvare | EWS.(E-33,Hitachi) workstation, main memory min.2 B, § --c2' T TTTITTITIITommmmmmmmmmmmmmmmmmmmmm

(S)No. of Rules & knowledge 1§ 200 rules, sax 2000 rules(irame,if-then ruls) § | 600 Rules T
Base Size : )

(6)Prablens in Development | 1] -2 The substation layout is perforaed through varisus
and Selution interwidiate design stages. Hovaver, the design

constraints in sach stage is oftan violated. The
design results obtainned in the former stage must be
changed. There are many feasible solution in each

stage.
<4.Porspective
for Development>
(1)Perspactive After further refinesentt (or enhancement), -——
for Development it vill be released.
¢5.Documents & References> ja-20(1987)

TFO7 ¥GOZ SC-38 CIGz:
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Table <B-21>Current Status of Experl Syslems Development in Power Systems

[Country: Japan

i (Format A)

TTENS ID. No. of Answars

Japan-13

Japan-14

<1.Praject Information>

(1)Name of Expert Systea
and/or Project

(2)Intended Functions or
Project Objectives

(3)0rganisation / Country

(4)Stage of Development

On-line ELD for thermal Power Plants

-0n-line sconomic load dispatching including coal
fired plants

-Dynazic generation rescheduling

-Pradictive control of power systes operation

Prototype

Intelligent Hnniturinﬁ & Alarwing of XV & NVar
Stabilities in Power Systemss

A MVar stability index VIPI (Voltage Instability
Proximity Index) indicates a solid angle made by twa
vactors, namely, y, {(node specification vector in LF
calculations) and y(a) (singular vector to be derived
from a pair of multiple LF solutions).

Two kinds of MW Stability indices (olv) indicate
degree of detuning in Parametric Resanace

behavigur of waveforms of envelopes, respectively.

<2.Probles Area and
Solution Method>
(1)Area of Application

(2)Theoretical Background

Real time ELD for thermal Powar plants

-state space representation of control states
{upper level of hierarchical structure)

-equal incremental fuel cost method & Kuhn-Tucker
Theorem (lower level of hisrarchical structure)

Stability Assesment of power system

Nonlinear Oscillation Theory (Parametric Resaonace) &
Theary of Multiple Load Flow Sclutions in
ill-conditioned power systes

<3.Expert Systea Information>
(1)Function Classification

(2)Inference Mechanisa
Control Scheme

(5)Na. of Rules & Knowledge
Basa Size

(8)Probless in Development
and Selution

¥onitoring, Pradiction, Control

Combination of traditional methods (<2>,(2)) of this
format & a set of IF-THEN rules

CRORTRAR T s e 4
Prolog-KABA / ¥S-D0S

NITSUBISHI MX/3000 (Traditional methods)
NEC PC-9801 (Traditional methods, IF-THEN rules)

Link between knowledge base and numerical algorithms

Monitoring

HITACHI HITAC X280H (For development)
MITSUBISHI Super Kinicon MELCOK 70 ¥X/3000
(For practical use)

Index VIPI can efficiently be obtained on-line.
Index(c) is obtained by eigenvalus analysis.
Calculation of Index(v) may be time consuming
depending on the systea size.

<4.Perspactive
for Davelopment>

(1)Perspective
for Development

Improvement of processing afficiency (computation
speed and memory size)

The Expert System daveloped hare has a deep knowledge
basa as part of inference mechanisa.

This type of Expert System seess. promissing in the
future.

<5.Documents & Referencas>

ja-21(1986), ja-22(1887)
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Table <B-22>cur

[Country: Japan

rent Status of Expert Systems Development in Power Sys;ems

1 (Format A)

ITENS ID. No. of Answers

Japan-15

<1.Project Informaticn>

(1)Xame of Expert Systes
and/or Project

(2)Intended Functions or
Project Qbjectives

(3)0rganisation / Country

(4)Stage of Development

ESSE : Expert Systes for Security Evaluation

Intelligent aid for identifying vulnerabllity(weak polnts) and indicating remedial measures in alert state

Prototype

<2.Problem Arsa and
Solution Kethod>
(1)Area of Application

(2)Theorstical Background

Decision making of control actions for eliminating ovarloads and voltage viclations by generation and reactive
pover rescheduling

Pattern recaghition Conventional algerithss Optioization approach
-feature sxtraction, -State estimation, -K.L. Programming,
-security index selection, -load flow computation. -Hixed integer Prograeming
-discrimination function -Sensitivity analysis

<3.Expert Systam Information>
(1)Function Classification

(2)Inference Nechaniss
Control Scheame

(5)No. of Rules & Knowledge
Base Sizs

(6)Problens in Dsvelopment
and Selution

Monitoring, Prediction, Control

Combination of forward and backward chaining
Criteria frame
Certainty coefficients (C.F. values)

Tool +-» COMEX uritten by C, ART for implementation
Conventional ajgorithas have been writtsan by Fortran

Personal computer PC-3801 / NEC for developument
Sun-3 for implementation -

Expertize for real paower system operation

<4 .Perspactive
for Development>
(1)Parspective
for Development

Application to real scale system with complax structrue
Acquisition of deep knowledge from human axpert
Advanced man machine intarface

<5.0ocuments & Refersnces>

TFO7 ¥G02 SC-38 CIGRE
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Table <B-23>Current Status of Experl Systems Development in Power Syst

[Country: Japan

] (Format

ems

A)

ITEMS ID. No. of Answars

Japan-16

Japan-17

<1.Project Inforsation>

{1)Name of Expert Systea
and/cr Project

(2)Intended Functions or
Projact Objectives

(4)Stage of Develupnent

Expert Systems Assisting Power System Security
Control

To assist operators to determine an effective
counterseasure to sensure a proper level of power
security

Hiroshima University, Tokyo Metropolitan University
/ Japan

Debugged Program

Knowladge based training systes for power systex
operation

To develop a training systems which can teach bew
to operate power

Department of Electrical Engineering,
Kyeto University / Japan

Prototype

<2.Problea Area and
Solution Method>
(1)Area of Application

(2)Theoretical Background

In determination of corrective / preventive control
of power systems

Expert knowledge, load flow, contingency analysis,
security analysis, voltage / VAR control

Genaration of restorative process of power sysies,
explanation of the process, and evaluation of ::e
gperationa done by traineas

Expert system, CAl, Power systea simulator

'¢3.Expert System Information>

(1)Function Classification

(Z)Inference Mechanisn
Control Scheze

(5)No. of Rules & Knowledge
Base Size

(6)Problems in Development
and Solution

Guidance

Forward and Backward Chaining with certainty factors,
Semantic network by frame model

Link between Lisp and Fortran
Slaw execution speed

Education

Nothing special

<4.Perspective
for Development>

(1)Perspective
for Developuent

To evaluated the practicability in the near future

The system will be improved so that it can deal
information on protective relays, set more kincs
problems to traineas, carry sore kinds of tasks
traines's request, and have better explaining fim:

[
-y

<5.Documents & Refarsncas>

ja-23(1987)

ja-24(1987)
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Table

<B-24>Current Status of Expert Systems Development in Power Systems
[Country: Japan ] (Format A)
ID. Ho. of Ansvars Japan-18

ITEXS

<l.Project Information>

(1)Name of Expert Systes
and/or Project

(2)Intended Functions or
Project Objectives

(4)Stage of Devalopment

Support system tg aid daily planning of unit
cozaitaent

To make feasible planning to satisfy the operating
restrictions of each unit and some other constraints

Prototype

<2.Problem Area and
Solution Hethod>
(1)Area of Application

(2)Theoretical Background

Sub-optimal planning of daily start-stop aperation of
generation mix under very cosplex restrictions

Approximate optimization of planning by Konte Carlo
Approach using feasible coobination of units to
satisfy operating rules

<3.Expert Systes Inforsation>
(1)Function Classification

(2)Inferencs Hechanise
Control Scheae

(5)No. of Rules & Knowledge
Base Size

..................................

(6)Prablems in Developsment
and Solution

Planning

Constraint satisfaction and dependency-diracted
backtiracking

Joint jeplesentation of PROLOG and FORTRAN is very
slov

<{.Parspactive
for Development)
(1)Perspective
- for Developsment

" ¥hen the number of units {ncreases, this Al type
approxisats optimization technique beccmes amore
practical cospared vith the classical DP approach.

<§.Docusents & Refsrances)

Ja-25(1987)
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Table <B-25>Curr

[Cauntry: Tha Netherlands

ent Status of Expert Systems

] (Format

Development in Power Systems

A)

ITENS IB. No. of Answers

Netherlands-1

Retherlands-2

<i1.Project Information>

(1)Name of Expert System
and/aor Project

tf)fniih&;&“Fﬁhcllhﬂé ot
Project Objectives

(3)0rganisation / Country

(4)Stage of Developaent

Exforser / an Expert System for Transformer Fault
Diagnosis

Pilot project expert systsas in order lo

- introduce the use of sxpert systems within KEMA

- getting acquainted with methods and techniques
used in expert systems

- assist in transformer fault diagnosis.

T

Expert system for Network restoratiod;
intarpretation of faulty states

- Advanced tocl for obtaining more insights in the
behaviour of power system in emergency states

KEMA + Technical University of Delft ,/ 1987 /
The Netherlands

some ideas have already been tested

<2.Prablem Aréa and
Solution Method>
(1)Area of Application

{2)Thecretical Background

Diagnosis of Power Transformers

- Diagnosis
- Fuzzy Set Theory
- Behaviour of Power Transformers

Power System Monitaring and Control

- knowledge of the behaviour of pover systems
- knowledge of protection systenms

- decision analysis, search methods. etc.

<3.Expert System Information>
(1)Function Classification

(2)Inference Mechanisa
Control Scheme

(5)Na. of Rules & Knowledge
Base Size

(6)Prablems in Development
and Solution

Mainly backward chaining.
A feu possibilities for forvard chaining.

Sage (can be considererd as a
PROSPECTOR)

stripped version o

- The performance (response time) is affected badly

- A more versatile tool (KEE, Knowledge Craft, Art,
8tc.) is naeded in order to improve the user-
friendliness.

...............................................................

by the use of the implemented membership fuaction.

50 rules for the first version. However, abave idea
has not yet been fully elabaorated.

~ The performance is influenced for a great deal by
the nuaber of facts in the database and the applied
search algorithas. Blind search methods cause a
prohibitively long search process.

<4.Perspactive
for Devalopment>

(1)Perspective -
for Developsent

Discussion with KEMA's Coordination Commitee of
Damages in order to foramulate a general camputer
approach for diagnosis (of faults in electrical

] devices ) and automated reporting.

In the near future a more advantanced tool (KEE, ART,
Knouledge Craft, etc.) will be used in order to speed
up the conceptual phase.

<§.Documents & References>

n1-1(19835), nl-2(1983), nl-3(1986). nl-4(1987).
al-5(1377), n1-6(1975)

nl-7, ni-8(1986). nl-9(1983)
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Table

<B-26>Current

{Country: Norvay

Status of Expert Systems Development in Power Systems

(Format A)

ITEXS ID. Ho. of Answers

Horway-1

<1.Project Information>

(1)Name of Expert System
and/or Project

(2)Intended Functions or
Project Objectives

(4)Stage of Development

Intelligent Operator Assistant

On-line aid for Operation in Control Center
-Intelligent Frontend for Simulation Prograss.
-Expert advice 'when evaluating Actual State and in choosing actions

The Horvegian Research Institute of Electricity Supply A/S (EFI), MNorway,
in cooperation vith The Horvegian State Pover Board and Computas E£xpert Systeams.

Prototype

<2.Probles Area and
Solution Nethod>
(1Area of Application

(2)Theoretical Background

On-line operation and control. Reliability Assessment Keyvords:
State Estimation / Contingency Analysis / Remendial Actions / Dispatchers Optimal Power Flow

SCADA Systen / State estisation / Optimal Load Flow / Senszl:vnty Signals / Reactive Reserve Assesssent o
Contingency Evaluation.

<3.Expert Systes Information>
(1)Function Classification

(2)Inference Hechanxsu
Control Schese

(5)Na. of Rules & Knowledge
Base Size

1

(3)Problens in Developaent
and Solutiecn

Education, Prediction, Planning. ﬁesign

-Not decided yet, will ‘be chosen depending on HW/SW limitations.

The Knowledge bases sight be too large for one LISP-sachine.
Vill use a LISP machine and a «Vax in a network.
LY for reasoning, Vax for number crunching.

<4 .Perspective
for Development)
(1)Perspective
for Developament

and

The project is in an early stage, the first goal being to establish frontend using a mouse for selecting
setting up prograass for analyzing the actual system state. The prototyp is expected to be runnig by the
end of 87. The task od building the expert sys(en to guide the operator will start in the second half of 27.

<5.Documents & Referances>

no-1(1986), no-2(1985).

no-3(1986), no-4(1386), no-5(1986), no-6(1987)
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Table

[Country: R of S.A.-1

J (Format

<B-27>Current Status of Expert Systems Development in Power Systems

A)

1TEMS ID. Mo. of Answers

R of S.A.-1

<}{.Project Information>

(1)Xase of Expert Systea
and/ar Project

(2)Intended Punctions or
Project Objectives

(4)Staga of Develapment

An Experimental Expert System for Alarm Processing

interpretation and an aid during crisis managesent.
Project objectives include the introduction of Expert
Systes technology to engineering DP.

<2.Probles Area and
Solution Method>
(1)Area of Application

(2)Theoratical Background

Alare Processing: To reduce information overload and
provide more meanigful alarming.

System not yet implemented.

<3.Bxpert System Information>
(1)Function Classification

(2)Inference Xechanise
Control Scheme

(4)Computer Hardware

(5)Ne. of Rules & Knowledgs
Base Size

...................................

(6)Probless in Developament
and Solution

Interpretation, Monitoring

Trigger alarms use forwvard chaining to selact
candidate goals for evaluation. Backward chaining
then proves/disproves goals. Time variant data is
used to update decisions by forvard chaining.

To bs written wainly in LISP and C, possibly
Objective C. The UNIX utilities yacc and lex would
be useful for developing rule coampilers and parsers.

Problen areas identified so far include handling of
time variant data and suyitable knowledge
representation.

<4.Perspective’
for Development)
(1)Perspective
for Development

Human operators often miss isportant evants during
information overload situations(eg. during a crisis).
It is hoped that an Expert System will help to
overcome such probleas by filtsring and
interpretation.

<5.Documents & Raefersnces>

B27
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Table

<B-28>Current

Status of Expert Systems Development in Power Systems

[Country: Sveden } (Format A)
ITENS ID. No. of Answers Svedan-1
<l.Project Inforsation>
(1)Hame of Expert Systes DUBA

and/or Project

(2)Intended functions or
Project Objectives

(4)Stage of Davelopment -

Today the expert systes performss a restoration from a deenergised power systes

Idea / Prototype

<2.Problem Aresa and
Solution Method>
(1)Area of Application

(2)Theoretical Background

Povar system restoration area

¢3.Expert Systeas Inforsation>
(1)Function Classification

(2)Inference Mechanise
Control Scheme

Planning / Cuidance / Control

As inference aschanism, we use A combination uf forwvard and backward chaining to perforez a solution.
As conflict resolution, ve use different rule sets (Epitool), greatest veight on rules (Kee) and different
vorlds (Xee) to perfora a solution.

..................................

(5)No. of Rules & Knovledge
Base Size

(6)Probleas in Developmant 1
and Solution

VAY (Epitool)
Sysbolics (Kee)

In our first prototype the major problem has been to understand how the different tools work. We vork together
vith the experts in this area but they bave not given any comment and bscause of that we do not have any
feedback.

<4.Parspective
for Development>
(1)Perspactive
tor Development

The plans are to design and implement an autosatic system restarating the power systes when there has bean a
disturbancs.

<5.Documents & References)

TFO7 ¥G02 5C-38 CIGRE
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Fable <B-29>Current Status of Expert Systems Development in Power Systems

iCountry: Switzerland ] : ] (Format A)
ITENS ID. No. of Answers Switzerland-1 Svitzerland-2

<1.Project Information>

(1)Nawe of Expert Systea Artificial intelligence techniques as an aid to Expert systee in PROLOG for alars handling in a
and/or Project security analysis substation

()intended Functions or ] | TdeniiFication of unsacurs systes states based on ) Alare handling and switching operations -
Projsct Objectives knovledge acquired froa past history of the system,

E 1 .
(3)0rganisation 7 Country  { Sviss Federal Institure of Technology, Lausanme | Siss Federal Institule of Technology, Lausamne
/ Svitzerland / Svitzerland
(OSiage of Developaont | Tdea 7 Research project staried in Ray 19870 Frateiype T e

<2.Problem Area and
) Solution Mathod>

(1)Area of Application Contingency analysis . Fault identification and restoration
()Theorstical Background | Coubination of pattern recognition and expert system | - switching operaitons in pover systes -
techniques ~ graph search
<3.Expert System Inforsation> Diagnosis / Guidance / Education / Design
© (1)Function Classification Interpratation / Nonitoring

(@DiInference Kechanisa | First test in PROLOG, backtracking / to be | ("PROLOG, backtracking T
Control Scheme deternined furthsr

(MUanguages 7 Tools 7 Sbells | first test in PROLOG 77777 TTTTTTTTTTTYTRRelog TR

'(ii'déiéﬁi'e}‘ Wardvare | Apolla DN 3000, 4 B memory graphic '\36 rkstation -] [“Apollo DN 3000, & B memory eraphic vorkstation

{5)¥o. of Rules & Knowledge | unknown yet T “About 500 PROLOG ines code and 100 rules for the test
Base Size knowledge structure to be developed systes

(6)Problems in Developaent | expected large size of knowiedge base | PROLOG IMPLEMENTAITOR VERY Siow T

and Solutien

<§.Perspective
for Devalopmsnt>
(1)Ferspective security analysis and emergency control Use of computation prograns to define the goals for the
for Development svitching operation

<§.Docusments & References> g o---- . swit-1(1987)

TFOT WG02 SC-38 CIGRE
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[Country: The United Kingdo

a |

(Format

Table <B=30>Current Status of Experl Systems Development in Power Systems

AY-

1TENS ID. Ne. of Ansvars

U.K.-1

!

U.K.-2

<l.Project Inforsation>

(1)Name of Expert Systea
and/or Project

(2)Intended Functions or
Project Objectives

(3)0rganisation / Cauntry

(4)Stage of Development

An Expert System for Security Assessment in
Opprational Planning af Power Systeas

Coabine numerical algorithms and LOGIC PROGRAMMING
to assist in the decision-making precess during the
operational planning stage (SECURITY ASSESSHENT) of
pover systems.

Target Year of Coapletion 1989

0.C.E.P.S(Operational Control of Electric
Power Systess)

Load forecasting

School of Engineering & Applied Science, University
of Durham/C.E.G.B - United Kingdoa

<2.Problem Arsa and
Soluticn Method>
(1)Area of Application

(2)Theoretical Background

Security Assessment
Identifiction of weak areas/boundaries
Contingency selsction

d et icrmemeceeecieseeeesnsimancesameconammnaasmeecceamnnnnonn
P.S. AC contingency analysis

- Load flow
- Graphk theory

Short term load forecast/lcad management

<3.Expert System Information>
(1)Function Classification

(2)Inference Mechaniss
Control Scheme

(5)No. of Rules & Knowledge
Base Size

and Solution

Guidance
- Planning

Generate-and-test; Heuristic-guided search
Forvard and backward chaining

MICRO VAX/VMS,
1 XIPS CPU
2 MBYTE RAM

Predictisn

VAI 8600 Mainframe,
4.7 XIPS,
8 MBYTES

OPS5 Evaluated and rejected

<4.Perspective

for Develapment>
(1)Perspective
for Development

- POSSIBLE EXTENSION TO INCLUDE REMEDIAL ACTIONS
- SEE R.B.I.JOHNSOM AND B.J.CORY (REF 2)

Load forecasting

<5.Documents & References>

uk-1(1984). uk-2(1986)

uk-3(1986), uk-4
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Table <B-~31>Current Status of Experl Systems Development in Power Systems

[Country: The United Kingdos

]

(Format

A)

ITENS

ID. No. of Ansvers E

U.X.-3

U.K.~4

<1.Project Information>

(1)Nase of Expert System
and/or Project

(2)Intended Functions or
Project Objectives

(4)Stage of Developnent

Pover plant diagnosis using a qualitative
sodel (ICA)

To assess feasibility of a real-time diagnostic aid
for nuclear power plant operators using deep
knowiedge qualitative modelling techniques

Central electricity research laboratories of the
CEGB and Queen Hary College,lLondon / UNITED KINGDOM

Prototype

loadflow intelligent interface
(Desonstrator Project)

Minder: a.c.

To examine the output from conventional power systes
analysis loadflow progras to validate the systes model
and advise the engineers on errors or systes weak
peints.

CEBG Systes Planning Department”. UK
‘8 in conjuction with CEGB computing Dept(CISD) and
Research Division(CERL)

Prototype

<2.Problem Area and
Solution Hethod>
(1)Area of Application

(2)Theoretical Background

i dynamic differential equations by formal route.

Diagnosis. of power plant faults including control
systen salfunctions and sensor failuers

Qualitative podel based on de kleer's increwental
qualitative analysis(IQA). Derived from plant

Intelligent Interface to a conventional progras.

(still under development) A generalised approach is be-
ing adopted that does not require CEGB system-specific
knowledge. Rules are being prepared for a 'template’
substation, to which analysis result will be "fitted’.

<3.Expert Systenm Information>
(1)Function Classification

(X Inference Mecbaniss
Control Scheme

...................................

(5)No. of Rules & Knowledge
Base Size

(6)Problems in Development
and Solution

Interpretation / Diagnosis / Honitoring

Constraint satisfaction and suspent1on
dependency-directed backtracking enforced by
component scheduler

Tuo implementations : PROLOG / INTERLISP-D AND LOOPS

About 160 constraints(confluences) in knovledge base

PROLOG implementation very slow, LISP implementation
40 times faster. Recursion limit prablem with
XERDOI 1108,changing to PROLOG on VAX 11-750.

Validation

Under developaent; probably forward chaioing

forvard chaining: the merits of directing the solution
process to particular knowledge areas is being
examined.

The demonstrator system is_being deve loped using the IBM
sainframe shell ESE/VH

Not yet known

The probl encountered (at this early stage) have
been essentially the limitations of ESE/VH for this
particular application. For example, ability to bandle
data objects/records:no generic:not recurrsive.

<4.Perspective
for Davelopment>

(1)Perspective
for Developsant

To be applied to feed and steas éysten. Qualitative
model and control scheme to be enhanced to cope with
systes with time delays and sany possible states.

A production version, rather than delonstratdr. would
not be capable of saking whole systes or zoral
assessaonts, and there might be merit in examining
loadflov study INPUT as well as OUTPUT data.

<5.Documents & Referances>

uk-5, uk-5(1985)
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Table <B-32>Currenl Slatus of Experl Systems Development in Power Systleums
{Country: U.S.A. i (Formal A)
ITENS ID. Ko. of Answers E U.S.4.-1 ir U.5.A.-2
<1.Praject Information> 57 ,
(1)Name of Expert System 5 HARKPRO (Harmonic Probles Adviser) IDHAC (Intelligent Distribution Nonitoring and Control)
and/or Project i '
R Sy Sy P S
(2)Intended Functions or { Intelligent aid for identifying and predicting § Softuware architecture for integrating a »ix of
Project Objectives 5 Harsonic-related probleas Distribution automation functions
i
N
4
i 4
(oreanisation / Country  § Electric Pover Research Center, North Carolina State | Morth Carolina State University, Raleigh. C / U.S.A.
i University, Raleigh, NC / U.S5.4
k
U SN L PP
(4)Stage of Development § Prototype T Tdea 7 Prototype
1 {(Complete by Aug. 1988)
3
i
<2.Problem Area and i
Solution Kethod> i .
Q Distribution Automation - all aspects
(1)hrea of Application ﬁ Trouble Call Analysis 1stridutio iy
' 3
l
] i
{(3)Theoretical Background 3 Metwork modeled by impedance matrix, Three phase with é “Blackhoard approach. which integrates both knowledge-
% ground included i based and algorithmic-based functions
: f
i !
<3.Expert Systes Information> | i
(1)Function Classification ; Diagnosis / Prediction ﬂ Monitering / Control
- 1]
1 E
| |
{Dinference Nechanisa ¥ Backvard and forward chaining ¥ Forwapg T
Control Scheme )
4
!
£ f
................................. S g PP
(3)Languages / Tools / Shellsi Micro Data Base System's GURY 'C' programeing language, OPS83
()Cowputer Hardvare  § I8N Peoay 0 TTTTTTITTrTTTmmmmmmmmmmmmanmmmmmmroen TUDEC Wicro-vay T
"
(S)Wo. of Rules & Knowiedge ~§ 100 How ~ 500 - 800 im future T o
Base Size = ————
............................................................................................... e e
(6)Froblems in Development 1 Interface between knowledge-based representation of f How to set up database for real-time expert system
and Solution » network and model used by numerical nusber crunching access. We are currently vorking on the reconfiguration
ﬁ algorithus task, a distribution sipulator and the blackboard
i ioplementation.
4
4
§
<4 .Perspective i The softvare required for isplementing distribution
for Development> | automsation is too complex to write in the form of a
4 . . . -
i single prograa. A distributed problem solving
(1)Perspective ¢ Want a user interface which will allov for use by environment, using a blackboard approach., will be
for Development % technicians more flexible and capable of integrating a largs number
{ of related tasks.
<5.Docusents & References> a’ usa-1(1987) ﬂ usa-2(1987)
. q
1 i
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iCountry: U.S.A.

] (Format

Table <«B-33»>Current Status of Experlt Systems Development in Power Systems

A)

1TENS ID. No. of Answers

U.5.4.-3

U.S.A.-4

<1.Project Inforsation>

(1)Name of Expert Systes
and/or Project

(2)Intended Functions or
Project Objectives

(0rganisation / Country

(4)Stage of Development

Honitor Power System Stability based on Voltage Phase
Angle' peasurements from important major regional
substations and generation plants.

Pover transfers on regional interties, provide
information to take corrective action to prevent
voltage collapse or further cascading of a power
systes disturbance.

Co&lunicatiuns Alare Processor (CAP) Prototype

<2.Problem Area and
Solution Metbod>
(1)Area of Application

(2)Theoretical Background

Steady State Stability

Alars Processing

Expert Systierm

¢J.Expert System Inforsation>
{1)Function Classification

(2)Inference Mechanism
Contral Scheme

Prediction

Diagnosis

(4)EunpulerHardvare: TWicro vax TTTTTITTITTIITIT e
b
{5)No. of Rules & Knowledge § T ¥ Estimate several hundred T
Base Size ———- ;
§
(&)Frobless in Development § T
and Selutien i i
d
i
1
i U
<4.Perspective H )
fer Developwent) | ! )
(1)Perspective i ---- ]
for Developsment 3
; il
i '
<5.Documents & References> | usa-J, usa-{, usa-5(1987-88), usa-6, usa-7 ,3 JE—
: ;
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Table <B-34>Current Status of Expert Systems Development in Power Systems
{Country: U.5.4. ] (Format A)
TTENS ID. No. of Answers i‘ U.S.4.-5 ! U.S.A.~b
<l.Project.Information> i i
(iape of Expert Systea i Near real-time moniloring of sequential events froz § Development of Knowledge Based Systems for Electric
and/or Project g sajor intertie substations. ] Utility Operation using the PROLOG language
i 1
i {
b u
i i
(2)Intended Functions or | Process sequential events to aid the Dispatchers in [ Operator's assistant / Volt/VAR dispatck
Project Objectives making important operational decisions associated
with power system disturbances.
4
!
(30rzanisation / Country ‘j’ “Bonneville Pover Administration / USA T PRI Union Electric / U.S.h, T
! E
i i
{4)Stage of Development Todea T Bretatype T
e 5 |
i |
<2.Problem Area and a
Solution Hethod> §
(1)Area of Application ; Alarm and event processing. Control Center
j
L]
[
] |
(Z)Thearetical Background | Power systes theory and protective relaying. T Breaker/Relay Simulation or Diagnostician
E Volt/VAR Dispatch
[
i i
<3.Expert Systes-Information) } 1
(1)Function Classificatien ! Konitoring ﬁ Control
i i
! i
(Inference Nechanisa U { PROLOG, backtracking, depth first search
Control Scheee § ---- "
"
!
i

(5)No. of Rules & Knowledge
Base Size

(6)Problems in Developeent
and Salution

Planed to be expended to full seak demonstration as an
operator’s assistant

<{.Perspective
for Developaent>
(1)Perspective
for Development

see 6 abaove

<S.Documents & References>

[OEETTIPRTIRRIS PR

(PP RAECIAPEAE P PPRWESIPAPII YRR PRSP

usa-8(1983) ., usa-9(1985). usa-10(1985), usa-11(19&%)
usa-12(1984). usa-13(1986), usa-14(1934), usa-15(i335)
usa-16(1986)
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Table <B-35>Current Stalus of Experl Systems Development in Power Syslems

Country: U.5.A. i (Format A)
17T ID. Mo. of Ansvers g U.5.A.-7 U.S.A.-8
<1.Project Inforsation> 5 .
E(I)Hane of Expert Systes é Application of Expert Systems for Short Term Load EPRIlOTS HEURISTIC SCENARIO BUILDER
and/or Project ﬁ Forscasting

(2)Intended Functions or
Project Objectives

(4)Stage of Development |

Develop an accurate short term load forecasting
technique that is sensitive tp desand side
vanageaent, other operational practices, and consumer
reaction to pricing alterpatives.

Energy Systems Research Laboratory
Virginia Tech / U.S.A.

Practical Use

Automatic production of training scenarios to be useé
within the 0TS ( Operator Training Simulator )
environzent

Prototype

<2.Problem Area and
Solution Method>
(1)Area of Application

Short Tern Load Forecast

(2)Theoretical Background

Statistical analysis to develep relationships between
load and the forcing functions.

Operator training using an Operator Training Sigulatcr
(01%)

Scenario building is usually done manually by tke
instructor. Scenarios are validated using the
sipulator, the dispatcher’s pover flow + a trans::at
stability program

<1.Expert System Information>

(1)Function Classification § Prediction
i
1]
4
(2)Inference Kechanisa ] Forvarding chaining o
Control Scheme i

- {5)Ho. of Rules % Knowledge ] 100-150 rules. Offline database-2 years’ of hourly
Base Size 1 load and veather data. On-line data base-2 weeks’ i
1 of hourly load and weather data.
(¢)7roblems in Development | The historical relationship betveen electrical load |
and Solution i and weather variables ourselves for one year to
i docupent certain idiosyncracies and benefit from the |
] system operator’s experience and intuition.
B

Extended Fortran Language (EFL), C.and BASIC.
No shells

Education - Training

node.

Hajor probles is coupling LISP based eavironments viti
FORTRAN based environments.

<4.Perspective
for Developaent>

(1)Perspective
for Developaent

1 To develop a one-to-twenty four hour load forecast

that would be sensitive to direct load control
actions taken by large consumers of an electric
utility. The information on the load forecast would
be used by the wholesale consumer to stay away from
the utility’s system peak and therefore reduce the
denmand charges.

-

To be used within 0TS. First stage applies to DC rade:
Second stage to DC/AC and third to dynamic models 23
well.

<5.Documents & References>

PREFRIEEPIEY R i TS

usa-17(1987), usa-18(1986)

EPRI documents: not_avajlable yet.
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Table <B-36>Current Status of Experl! Syslems Development in Power Systems
Country. U.S.4. 1 (Format A)
ITENS ID. No. of Ansvers § U.5.4.-9 i U.S.4.-10

<1.Project Information>

(I)Haue.uf Expert Syster
and/or Project

E

(2)Intended Functions or
Project Objectives

{4)Stage of Development

General purpose expert systes shell for EMS
applications

To be used within COC's EMS systes io develop experi
sysies applications

Debugged Program

1AP - Intelligent Alara Processor

Debugged Program

<2.Problem Area and
Solution Method>
(1)hrea of Application

(2)Theoretical Background

This is a shell and thus can be used to support
expert system development in many areas

Coupled to MHI + DB as well as other software of
CDC’s EMS product.

Alare processing

I other are noise. Alarm filtering and ranking is vers

important to operator actions.

<3.Expert Systes Inforsation>
(1)Function Classification

(2)Inference Mechanism
Control Scheme

EYWe. oF Hules & Knovisaee 7§
Base Size

(6)Problems in Developeent
and Selution

As a shell it applies to all of above

Supports:’
- forward chaining
- backvard chaining
- mixed

Prototype in LISP
Iwplementation in PASCAL

Must be very user friendly since it is intended for
use by operations personnel of electric utilites.

Interpretation / Biagnosis

Uses expert systeas shell with forvard chaining.
backward chaining and wmixed chaining.

Prototype in LISP. Implementation in PASCAL. Uses
special purpose shell developed at CDC.

Requires the combination of rule-based knowledge 2ni
procedural knovledge

<4, Perspective
for Development>

(1)Perspective
for Developaent

First prototype is available wvithin CDC. First
implesentations within ENS systems scheduled for~
1885 « 1988. More developments and enhancements
expected.

A full isplementation in a utility's control center .
under vay. Nore enhancements planned. Final systlez «.
extend knowledge to power systes wodel.

<5.Documents & References>

remacsn o asn

rom ewnas o
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Table

(4)5tage of Development

Semrie e

Prototype

<B-37>Current Status of Experl Systems Development in Power Systems

Country: U.S.A. ) (Format A)
1T2Hs ID. No. of Ansvers | U.S.h.-11 i U.S.4.-12
<1.Project Information> ! i
(1)Name of Expert Systes SWAD EéRI Project RP-1712

and/or Project

H

(2 Intended Functions or T To provide advice 1E.§i31}bn'&iib;féﬂéii-}H'uﬁé}iY{iﬁ1 'TK'HéGéibF'éﬁiihléf{ﬁiii}ide Digital computer programs

Project Objectives of their facilities, in a real-time environazent superior to currently implenented techniques for real-

tive equivalents, contingency analysis, and security
enhancesent.

Electric Power Research Institute, Wisconsin Electric
Pover Co., Energy Systems Coaputer Applications
/ U.5.4.

Field Test

<2.Problem Area and
Solution Method>
(1)hrea of Application

{2)Theoretical Buckzrnund

LT I

srmmer srm e

Real-time operation of stations / planning

See (2) below.

Contingency Analysis. Remedial Action,

Economic Dispatch

Decoupled Power Flow Techniques, Linsar Programming,
Dual and Primal Algorithes for feasibility and
optimality.

<3.Expert Systes [nforsation>
(1)Function Classification

(2)Inference Hechanisa
Control Scheme

(5)Na. of Rules & Knowledge
dase Size

{6)Problems in Development
and Solution

0 WELT LA LS LT EAa-E

Guidance l

" Backward chaining production systems coupled with i
procedural reasoning. |

Prisarily, knowledge acquisition and knowledge

Guidance / Prediction / Planning / Control

Digital Equipment Corp - VAX 11/780, RN80, RX81, TU77
and V1100

AYDIN - 5217 CDC - CYBER 830 (6000 series)

Developzent of sensitivity vs. cost models to provide

representation bottlenecks. logical and correct recommendations for known
i selutions to probleas.
<§.Perspective
for Development>
(lsPerspective Once the stand-alone prototype is completed. it will Refinement of techniques / man-sachine / copbine these

for Development

be interfaced to the EXS database.

applications vith the Optiral Power Flow to account for
system losses. :

<5.Documants & References>

castae Larsm e ama s inal crema e el

usa-18
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Table <B-38>Currenl Status of Expert Systems Developmentl. in Power Systems

iCountry: U.S.A.

(Format

A)

ITENS ID. No. of Answers

U.5.4.-13

U.S.A.-14

<1.Project Inforsation>

(1)Kame of Expert Systee
and/or Project

(2)Intended Functions or
Project Objectives

(4)Stage of Development

Transmission Auto-Reclosure

To provide greater systenm reljability and flexibility
without the problems assaciated with electro-
mechanical type reclesing relay schemes.

Practical Use

Intelligent Alarm Processor

For a single substation, analyze all incoming alares
and user input to conclude a cause for the alarm and
present such cause to the operater. Corrective action
may also be recowsended.

Idea / Prototype

<2.Problem Area and
Selution Nethod>
(1)Area of Application

(2)Theoretical Background

Remedial Action / Systes Restoration

Principles and practice of system protection schemes
along with operational constraints and procedures.

Alarm Processing

...............................................................

<3.Expart System Informatisn>
(1)Function Classification

(2)Inference Mechanisa
Control Scheme

4

(5)No. of Rules & Knowledge
Base Size

(6)Problems in Development
and Solution

Monitoring / Control

System control and data acquisition (SCADA) system
and alarming functions.

11 Rules - 2 Terwinal Line (Non-Radial)
Sisultaneous action of 16 circuit breaker pairs.

Idantifying the appropriate rules and the
ramifications of those rules.

Interpretation / Diagnosis / Guidance / Monitoring

<{.Perspective
for Developament>
(1)Perspective
for Development

1) Expansion of systee to other divisions.
2) Distribution reclosing.

Initial knowledge base is in very early stages of
development. Therefore, it is too early to judge
possibilities of success or failure.

<S.Documents & Rafersnces>
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[Country: U.S.A.

Table <B-39> Current Status of Expert Systems Development in Power Systems

] (Format A)

ITENS ID. Ho. of Answvers

U.S.A.-1S

U.5.4.-16

<1.Project Information>

(1)Hame of Expert Systea
and/or Project

(2)Intended Functions or
Project Objectives

(4)Stage of Development

VCES(Voltage Control Expert systea)

Dabugged Progras

CRAFT (Custoser Restoration And fault Testing)

To assist dispatchars in control ceaters in fault
isolation and customer restoration

University of Washington, Electric Power Research
Institute, Puget Sound Power & Light / U.S.A.

Being :izplemented in PSPL

<2.Probles Arsa and
Solution Kethod>

(1)Area of Application

(2)Theoretical Background

Selection of reactive power devices to resslve
violations of voltage limits.

1. Power systems are modeled by the steady-state
pover flow-model.

2. The selection of conmtrol devices is based on
empirical rules.

J. The empirical rules can be justified by linearized
analysis (sensitivity concepts).

Fault Isolation and Planning Switching Actions: Betwe::-
power circuit breakers at the ends of a transmission
line, automatic switches have been installed in util::s
systems to sectionalize the line in case of a fault.
Often the auto-switches are not able to isolate the
fault exactly.

This expert system incorporates logic rules for the
isolation of the faulted section in a transmission liz:z.
rules that dispatchers use to test the line, and the
problen solving procedures that dispatchers use.

<3.Expert System Inforzatisn>
(1)Function Classification

(2)Inference Mechanism
Control Scheme

(5)Ke. of Rules & Knowledge
Base Size

(6)Problens in Developeent
and Solution

Control

¥e started with the OPS5 language and found that the
interface with Fortran programs was nontrivial. By
using OPS83. the computational speed was increased
and the OPSBI/FORTRAN interface was simplified.

Diagnosis / Planning

The project team is implementing CRAFT in the Puget
Sound Power & Light Control Center. The interface
software programs are being developed. The customized
nature of control center computaers makes the developmez:
more involved. We axpect the experimental
ipplementation to be completed in about cone year.

<4.Perspective
for Develcpaent>

(1)Perspective
for Development

The VCES is integrated vith a load flov and a linear
programeing packages. All programs reside in the
MicroVAX 11. The system provides an excellent test
bed for our investigations on expert systems.

The implementation of expert systems in the control
center environment is vieved as a critical step for
the assessment of the feasibility of such tools. Once
the experimental implementation is complete, we plan
to perfora-a thorough evaluvation of the perforsance
and extend the expert systes knovledge base to other
operation problems.

<$.Documents & Refsrences>

usa-20(1986), usa-21(1987)

usa-22(1986), usa-23(in preparation)
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Table <B-40>Current Status of Expert Systems Development in Power Systems

[Country: U.S.A.

(Format

A)

ITENS ID. No. of Answers

U.5.4.-17

U.5.A.-18

<1.Project Information>

(1)Name of Expert Systes
and/er Project

(2)Intended Functions or
Project Objectives

(4)Stage of Development

DFSR (Distribution Feeder System Restoration)

To detersine the necessary switching actions which
will restore as many load zones as possible. -

Prototype .

An Object Oriented Expert Systea fnf EXS Applications

- integration of ES and standard EMS functioms into a
single system
- high level programming tool for EMS applications

Electronics Research Laboratory,
University of California, Berkeley / U.S.4A.

<2.Probles Arsa and
Solution Method>
(1)Area of Applicatien

(2)Thearstical Background

To restore load zones through neighboring primary
feeders following an outage.

The restoration follows the sequence of group
restoration, zone restoration, load transfer and
determination of the switching actions.

The system is an implementation tool for all high level
pover systes applications and therefors applicable to
most applications listed on pages A8.

A common object oriented data model is defined; objects
correspond to the elements of the power systes,
“messages” correspond to the local processing steps.
structured rule based systes.

<3.Expart Systes Inforsation>
(1)Function Classification

(2)Inference Mechaniss
Contrel Scheme

(5)Ne. of Rules & Knowledge
Base Size

(6)Problems in Development
and Solution

Planning

The IBM PC version does not handle the approximate
load flow that is incorparated in the systes. The
1BK 4341 version perforss satisfactorily.

Interpretation / Diagnosis / Guidance / ¥onitoring /
Planning / Design / Caontrol

+ object oriented message passing
- data directed (forvard) chaining exploiting the objes:
structure

<4.Perspective
for Develppsent>

(I)Pérspective
for Development

The distribution system restoration problem is quite
involved. The systesm is usually unbalanced.

Different loads may have different priorities in the
restoration. Normally, distribution systeas do nat
bave extensive data acquisition systems. All the
above issues will be investigated in the extension of
this work.

<5.Documents & Referances>

usa-24(1987)

1]

usa-25(1987)
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Appendix <C>

Project Objectives
and

Application Area of Expert Systems

Table <C-1> =~ <C-5>



0

Appendix <C> Project Objectives and Application Area of Expert Systems

Table <C-1> Project Objective and Application Area of Expert Systems

Category Project Objectives Area of Application (ID. No. of Reply)
)
Bulk power system operation planning ~ . {Japan-1)
System structure planning , (Japan-1)
Generation scheduling : (Japan-1)
Reactive power scheduling ‘ (Japan-1)
Operation System stabilization (Japan-1)
Planning Decision-making during the operational planning (security assessment) W.K.-1)
Planning and checking of network switching operations (Finland-3)
Switching planning in normal operation _ (Finland-3)
Daily planning of unit commitpent (Japan-18)
Short-term marketing strategy for interchange transactions (Canada-1)
Optimal automatic configuration of electronic equipment for substation (Italy-2)
Configuration of an equipment for power distribution station (Italy-3)
Design procedure of substation layout’ (Japan-12)
Planning Facility
Design
Distribution automation - all aspects (U.S.4A.-2)
Systenm -
Planning ¥




46

Table <C-2> Project Objective and Application Area of Expert Systems

1 .
Category i Project Objectives Area of Application (ID. No. of Reply)
T
I Equipment in high voltage substation (France-2)
1 Different fault tripping according to the protection scheaes (France-3)
X Network incidents in, control center (F.R.G.-1)
; Locatian of faulted point (sectionalization) (Japan-5)
1 Fault Identification of faulted section under fault situation (Japan-6)
l Diagnosis Identification of faulted equipment and fault situation (Japan-17)
i Power transformers (Ketherlands-1)
i Behaviour of power system in emergency states (Netherlands-2)
! Trouble shooting of power system operating conditions (U.S.A.-10)
{ Detection of fault isalation (U.S.A.-16)
[ | Events diagnosis (Finland-2)
: ! Early detection and diagnosis of machine's malfunction (Italy-5)
| !Diagnosis and recommendation for hardware problems in supervisary control system (Canada-4)
Frm e g e e e e e e e aeeeteeeeemeeae e
1 iAlars processing (Denmark-1)
: gnifferant fault tripping.according to the protection scheaes (France-3)
t , Faulted equipment.-detection (Japan-2)
Nonitoring © Alarm i ldentification of malfunctions in protective system (Japan-17)
. Processing i Power plant faults including control systes malfunctions and sensor failures (L.K.-3)
? : " :Communication system alarm : U.s.4.-9)
f {Real-tiwme monitoring of sdquential events from major intertie substations (U.S5.4.-5)
: v Breaker and relay status in control center (U.S.A.-6)
g éFiltering and ranking of power system alarss (U.S5.4.-10)
: ;Identification of a cause for the alars and recomsendation of corrective action (U.S.A.-14)

.........................................................................................................................................

Contingency
Evaluation

"Fault identification in a substation
.hlarm processor at national contral center
+Alarm filtering and limited alarm interpretation

i Contingency analysis

iContingency analysis

Reliability assessment

; Identification of weak areas /boundaries

i Contingency selection

i Advice for the engineers on errors or system weak points

i Contingency analysis and remedial action for security enhancesent
.Contingency analysis and emergency control i
i Supervisors monitaring and control a stability constrained power ;ys?en

(Svwitzerland-2)
(Ireland-1)
(R.5.4.-1)

(Denmark-1)
(Norway-1)
(Norvay-1)
W.xK.-D
.x.-1)
(U.K.-4D
(U.S.4.-12)
(Switerland-1)
(Canada-2)
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Table <C-3> Project Objective and Application Area of Expert Systems

Category Project Objectives Area of Application (ID. No. of Reply)
Computer aided decision on network topology (France-1)
State estimation o (Horvay-1)
Short term load forecasting L4 (U.K.-1,U.5.4.-7)
Evaluation of power system stability (U.S.A.-3)
Voltage and VAR dispatch (U.S.A.-6)

Normal Advise to station dispatchers in real time operation of their facilities (U.S.A.-11)

Economic dispatch (U.S.4.-12)
Decision-making of reactive power and voltage control (U.S.4A.-13)
On-line dynamic ELD for power plants (Japan-13)
Security assessment and control in alert state (Japan-195)
Remedial action (Denmark-1)
Corrective action to prevent voltage collapse (U.5.4.-3)
Seleclion of reactive power devices to resolve violations of voltage limits (U.S.A.-13)
Determination of countermeasure to ensure a proper level of system security (Japan-16)

Control Emergency

Restorative

System restoration _

Systém restoration of trunk lines

Restdrative procedure planning and guidance

Restorative procedure for over load and blackout

Restoration guidance under emergency state

Network restoration

Auto-reclosure of electro-mechanical relay in system restoration
Customer restoration procedure

Switching planning after disturbances
Switching operation in a substation
Restoration from a deenergised power systes

(Denmark-1)
(Japan-2)
(Japan-2)
(Japan-5)
(Japan-8)
(Netherlands-2)
(U.S.A.-13)
(U.5.A.-18)

Restoration of load zones through neighboring primary feeders following an outage(U.S.A.-17)

(Finland-23)
(Switzerland-2)
(Sweden-1)
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Table <C-4> Project Objectivévand Application Area of Expert Systems

Category Project Objectives. Area of Application ) (ID. No. of Reply)

'Load flow engine (Italy-1)
Improvement in efficiency of load flow planning (Japan-9)
Evaluation of system state and determination of remedial wmeasures (Japan-10)
Interactive system for power systes analysis using conventional software (Japan-11)
HVar stability index VIPI(Voltage Instability Proximity Index) for voltage

Static stability assessment (Japan-14)
On-line operation and control and security assessment (Norway-1)
Validation of system models (U.k.-4)
Disturbance information analysis in microcomputer environsent (Finland-1)
Security analysis based on knowledge acquired frow past history of the systenm (Switzerland-1)
Generation of decision tables for security monitoring function (Canada-3)
Intelligent load flow for planning and network analysis (Canada-6)
User interface of stability program to build new models of relay (Canada-7)

A
KW stability index based on parametric resonance (Japan-14)
Systen Dynamic

Analysis




1510

Table <C-5> Project Objective and Application Area of Expert Systems

Category Project Objectives Area of Application (ID. No. of Reply)

Automatic production of training scenarios
to be used within the operator training simulator (U.S.A.-8)
C.A.I.
Education
& Simulator  f-ee--iieeeeeeieieeoees R R L R e R AR i i
Evaluation of actual state and choice of actions (Norvay-1)
Training system for power system operation (Japan-17)
Simulator

On-line monitoring and diagnosis of cycle water pollution
in a thermal power plant (Italy-4)
Identification and predicting of harmonic-related problels (U.S.A.-1)
Consumer reaction to pricing alternatives (U.S.A.-D)
General purpose expert system shell for energy management system applications (U.5.4.-9)

Others Energy management system applications (U.5.4.-18)

Analysis of the cause of application program aborts

(Canada-5)
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Appendix <D> Theoretical Background in Expert System Development
in power system

Table <D-1> Theoretical Background 1in expert systems development in power system

Category Project objective Approaches related to power Concepts and methodologies related to
: ' system engineering knowledge engineering
Planning - Operation planning - = Numerical algorithms (U.K.-1) - Forward and backward chaining
- Production system and Frame system
- Facility design - AC load flow (U.K.-1) - Deep knowledge base with hierarchical
structure (Japan-1)
- System planning - Graph theory (U.K.-1) - Logic programming and logic rules
, (U.K.-1, Finland)
- Monte Carlo approach (Japan-18) - Heuristic rules combined with hill ‘
. climing search- (ltaly-2)

- Blackboard -approach integrating both
knowledge and algorithmic based
functions . (U.S.A.-2)
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Table <D-2>

Category

Project abjective

- ‘Approaches related to power

system engineering

Monitoring

- Fault diagnostis
- Alarm processing

- Contingency
evaluation

Alarm filtering and ranking
Power flow analysis
(Finland-2,Japan-2, U.K.-1, U.K.-4)
Load forecasting (Finland-2)
Frequency analysis of vibration
(Italy-5)
NL programming (Japan-2)
Plant dynamic differential equation

(U.K.-3)
Sequential events processing
(U.S.A.-5)
Breaker/Relay simulation
(U.S.A.-6)
Voltage and Reactive power dispatch
(U.S.A.-6)
SCADA System (Norway-1)
State estimation (Norway-1)
Optimal power flow (Norway-1)
Sensitivity (Norway-1)
Graph theory (U.K.~-1)
Linear programming (U.S.A.-12)
Dual and Primal algorithm
(U.S.A.-12)
Decoupled P.F. technique
(U.S.A.-12)
Economic dispatch (U.S.A.-12)

Graph search (Switzerland-2)

‘Theoretical Background in expert systems development in power system

" Concepts and methodologies related to

knowledge engineering

Forward and backward chaining
Production system and frame system
Semantic networks (France-2)
Frames, scripts, temporal logic

(France-2)
Meta-knowledges (France-2)
First order logic {France-3)

Triplets <object.relation.object>

(France-3)

Pattern recognition
' (F.R.G.~1, Switzerland-1)
Fuzzy set theory (Netherlands-1i)

Membership function (Netherlands-1)
Decision analysis and search method

: (Netherlands-2)
Mixed chalning (G.S.A.-10)
Qualitative modelling techniques

(U.K.-3)

Incremental qualitative analysis
. (U.K.-3)
Depth first search (U.S.A.-6)
World representation (Norway-1)

Object-oriented representation
(Norway-1)
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Table <D-3> Theoretical Background in:expert systems development in power system

Category Project objective Approaches related to power Concepts and methodologles related to
system engineering nowleddge engineering
Control - Normal control - - State estimation (Norway-1) - Forward and backward chaining
) - Optimal power flow - Production system and frame system
- Emergency control (Norway-1, U.K.-1) - Meta knowledge (France-1)
- Sensitivity (Norway-1, U.K.-1) - World representation (Norway-1)
- Restorative - - Reactive power control - Object-oriented representation
control (Norway-1, U.K.~1) (Norway-1)
- Graph theory . - Loglc programming and logic rules
(Switzerland-2, U.K.-1) (U.K.-1)
- Voltage Instability Index
(U.S.A.-3) - Back tracking - Prolog (U.S.A.-6)
- Voltage and Reactive power control - Depth first search U.S.A.-6)
(U.S.A.-15) - Procedural chaining (Uu.S.a.-11)
- Load forecasting (U.S5.A.-7) - Pattern recognition (Japan-15)
- Statistical analysis (U.S5.A.-7) - Feature extraction (Japan-15)
- Dynamic ELD (Japan-13) - Decision analysis and search method
- Economic dispatch (U.S.A.-12) (Netherlands-2. U.S.A.-16)
- Equal incremental fuel cost law - Certainty factors (Japan-1G)
(Japan-13) - Semantic network by frame model
- Decoupled P.F. technique (Japan-16)
(U.S.A.-12)
- Linear programming (U.5.A.-12)
- Nonlinear programming (Japan-13)
- Dual and primal algorithm
: (Japan-13)
- Mixed integer programming
(Japan-15)
- Linearized analysis - sensitivity
‘ (U.S5.A.~-15)
. - State space representation of
control states (Japan-13)
- Security index . (Japan-15)
‘ -~ Group and zone restoration sequence
(U.S.A.-17)
- Switching actions (U.S.A.-17)

- Combinatorial optimization
(Sweden-1)
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Table <D-4> Theoretical Background in expert systems development in power system

Category Project obljective Approaches related to power Concepts and methodologies related to
system engineering . Knowledge engineering
System‘ - Static analyslis - Load flow analysis . - Forward and backward chaining
analysis (Italy-1, Japan-9, U.K.-4, Japan-10) - Production system and frame system
- Dynamic ~ SCADA system (Norway-1) - Load flow engine (Italy-1. dJapan-9)
analysis - MW stability index (Japan-14) - World representation {Norway-1)
- MVar stability index (Japan-14) - Object-oriented representation
(Norway-1)
- Pattern recognition (Switzerland-1)
- C.A.1. - operator training simulator - Forward and backward chaining
Education (U.5.A4.-8) - Production system and frame system
and - Simulator - Automatic production of training - Heuristic search (U.S5.A.-8)
Simulator : scenarios . (U.S.A.-8) - Goal creation (U.S5.A.-8)
- Power flow analysis (U.5.A.-8)
- Transient stability analysis
(U.5.A.-8)
Others - Load management - Impedance network model (U.S.A.-1) - Forward and backward chaintng
- Water pollution -~ Numerical number crunching - Production system and frame system
- Harmonic contents algorithm (U.5.A.-1) - Representation of procedural knowledge
- Expert system - Load forecasting (U.S.A.-7) (Italy-4)
shell . - Mixed chaining - (U.S.A.-9)
- Price elasticity - Statistical analysis (U.S.A.-7)
S.A.-9) - Object oriented model (U.S.A.-18)

- Energy management system (U.
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Table <E-1> Recognized Needs for Expert systems
ApPlied to the power system
(Country: Canada ) (No. 1)

ITENS ID.No.of Answers Canada (Ontario gydru)

To assess the security of the power system, a large number of contingencies must be
sinulated. In practice, only a few of these contingencies are critical and thus worth
Potential " studying. The set of critical contingencies are dependent on the operating system

Needs conditions. An expert system that identifies the critical contingencies will result in a
considerable reduction in computation time.

One task related to the application of the ensrgy method for on-liné'transient stability
is the identification of the unstable machines for each contingency. Mathematical
techniques used to identify these machines are-time consuming. An expert system to identify

these unstable machines for each contingency for the current system conditions will reduce
the computation effort.

These sxpert systems must be integrated in the Ontario Hydro ENS. There are problems

related to the integration process, and amount of CPU and memory required.
Functions

to be furnished

A joint project with EPRI is currently in the fesasibility stags.
Future

Project

El



Table <E-2> Recognized Needs for Experl systems

Applied to the power system
(Country: Finland ' h) (No. 2)

[ TENS ID.No.of Answers Finland ( INATRAN, VOIHA QY )

i Expert Systews are useful tools in the network operation planning, the analysis of
[ disturbances and equipment diagnosis.

Potential
Needs The problems are the great amount of handled information and complex systens.
Individuals have different abilities to handle information and ths Expert Systesms
are used to guarantee the quality of functions in all circumstances.
Functions

to be furnished

Futurse
Project

E2



Table <E-3» Recognized Needs for Expert systems

Applied to the power system

(Country: France . ) (No. 3)

11808 ID.No.of Answers : I“roneo -a  ( EDF RESEARCH & DEVELOPHENT DIV. )

a) Identifying alert emergency states

The problem is to determine reliable indicators taking into account the dynamics
of the system. This problem is. connected with alarm:-handling and needs an ability
to interpret,in terms of security,the state changes.

b) Providing emergency procedures

Potential
Needs Poergency procedures are slaborated off line and ars not always well suited for
a given situation. By storing specialized knowledge,it could become possible to
have proopt and more reliable decision-making.
c) Restorative control
¥hen loads are being supplied and after the system has reached a steady state,
an expert system would be helpful to take action to restore supply.
{l
|
Functions

to be furnished

Prototypes are being developed on the following subjects

Events synthesis in EHV substations.

- Main grid topology design.

Restorative control after a lecal disturbance.
False data elimination(state estimation).

Future
Project The objectives are to define knowledge representation and tools well suited to work
with efficiency on large scale problems. First on-line applications are planned for
1994,

E3



Table <E-4> -Recognized Needs for Expert systems

i . Applied to the power system
Country:  France ) (No. 4)

1rexs [D.Ho.of Answers Fpance-b  (EDF & CGEE - ALSTHON )

The pmain problems: in power system operation that can be tackled with expert system are :

a) Evolution Analysis

One major obstacle is to define and to detect a potential alert situation, that is
a situation that will lead, in a relative short time, to an operation problem.
Another obstacle is to define safeguard strategies for alert situations.

b) Alarm synthesis

The major obstacle is to correlate various alarms in space (alaros coming from
different points of the network) and in time (taking inte account different
I transmission delays between substations). -

¢) Load shedding

Up to now, load shedding is based on static algorithms. The kind of customers to
be interrupted is predefined. The problem is to be able to define dynamically,
[ according to operation constraints, which customers must be shed.

d) Restorative strategy

The praoblem is to find the correct sequenceé of feeders to restore after a fault.
The major obstacle is the impossibility to determine effective load solicitation
Potential of each feeder.

Needs
e) Dperator training

Generally a training simulator allows an operator to simulate actions on an electri-
cal network, and give the consequences. It would be important to simulate defaults,
analyze operator actions in this context and then explain the operator default
nature and problems lifted up by his actions. The obstacles are the number and

the nature of functions to implement: all problems relative to a fault itself and

to transmissions should be taken into account.

f) Man-machine interface: assistance to image design (off line)

Image design of electrical network is a field where expert systems could bring
important assistance.

The problem is to create images, for a given screen resolution. Indeed, an image
pust contain exhaustively, the description of a significant network area. Moreover,
it must be sufficiently understandable by operator.

The major ebstacle is that is very difficult to determine a good compromise between '
the fact of:

- giving maximum information to minimize operator handlings or requests
and ) )

- ensuring efficient image resolution to facilitate operator understanding

- continued -
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‘ountry: France

(No. 5)

| TEMS iD.No.of Answers

France—b ( EDF & CGEE - ALSTHOM )

Functions
to be furnished

a)

)

c)

d

e)

Evolution analysis

Evolution analysis concerns siow phenomenon supervision.

The study can be done by assessing variations of indicators giving 2 large view of
global process evolution.

The expert system wvill implement operation rules of the utility and correlation
rules between indicator variations.

A function which can supply new data to the expert system during inferences and
vhich can verify data coherence seems important. In other words time varying input
must be taken into account. :

Alarm synthesis

The number of alarms that can appear vhen there is a failure on the network can

be very important. To establish a diagnosis, a preliminary classification is needed.
A sorting out function, using spatial and temporal criteria must be furnished.

That must allow the expert system to work with less data.

Load shedding

To resolve the problem of dynamic load shedding, the function to be implemented
must be able to evaluate quickly (according to load shedding detay) feeder supply
load in a determined area, and to determine dynamic constraints. Finally, from
these constraints and a set of criteria, the expert system will define a list of
appropriate feeders to be shed.

Restorative strategy

To restore the power on unsupplied feeders subseguent to an incident, hypothesis

‘must be done on feeder potential loading according to load forecasting and

feeder load before the incident.

Some functions !ike storage, load forecasting and load flow and the possibility
to define dynamic criteria (restorative strategy) must be impiemented vith
the expert system.

After a fauit on the network, the expert system can help the operalor by giving h[m
the sequence of devices to operate according to:

- the diagnosed fault
~ the operation rules of Lthe utilily
Operator training

An incident generator able to simulate faults on eleciric neivorh and Lransmission
network. with an explicative module, would bring great assistance in operator

- continued -
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(Country: France ) {No. 6)
iTeng 10-No.of Ansuers France—-b ( EDF & CGEE - ALSTHOM )
education. The expert system will allow fault generation.
f) Man-machine interface: assistance to image design
functions The expert system will implement object representation rules and ergonomic rulé;:.

to be furnished

Functions to be furnished vith the expert system shall allow image parameter
acquisition and modification of final images given by the expert system.

Future
Project

1987

.1938

1989

1930

Test of the base of rules

Response Lime measurements on the final hardware (VAX 8800)
Integration of application sof tware

Acceptance -tests on site

Field test in a regional control centre

E6



Table <E-5»> Recognized Needs for Expert systems

Applied to the power system
(Country: F.R.G. ) (No. 7))

ITEHS'ID.No,uf Answers F. R. G. ( Siemens )

In power system oparation (SCADA, State Estimation , Contingsncy Analysis, Energy
Management, Short Circuit Computation and Simulation) in general the following probless
are observed:

- In case of a severe trouble in the network showers of detailed .alarms arise and
it is difficult and time consuming for the operator to detect the important alarns,
identify the event and find out the real cause of the trouble.

~ bad data identification in staleo uvstlimalion

- definition of critical equipment outages for contingency analysis
Potential (contingency selection)
Needs

- updating neighbouring network equivalents

- indicating level of vulnerability or trend to risky system states (voltages collapse,
stability)

- emergency and restorative control

- fault locating in pedium voltage distribution networks

An expert system application seems to be useful for

- alarn reduction (intelligent filter, pattern recognition)

Functions - post mortem analysis of events e.g. to detect correct and faulty relay function
to be furnished

- restorative control

- fault location in medium voltage systems

Future
Project
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Table <E-6> Recognized Needs for Expert systems
Applied to the power system
(Country: Ireland ) (No. 8)

1TEMs 1D-No.of Ansvers Ireland-a ( Electricity Supply Board )

Alare handling in modern computer based control systew is recognised as a probles where

conventional software solutions are seen to be inflexible and difficult to ieplement.

Potential
Needs

Power system monitoring and alarming expert system are ta be flexible in regard to
addition to rules and presentation of output and preferably portable. In the longer

Functions terp additional output by way of guidance and suggestions for operators ray be added.
to be furnished

No future project plans.
Future
Project
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Table <E-7> Recognized Needs for Expert systems

Applied o the power system
(Country: Japan ) ‘ » . {No. 9)

I TEMS ID.No.of Answvers J

N

‘pan—a ( Kansai E. P. Co., Mitsubishi )

Planning ; + Too many judgement factors
« Ambiguous evaluation criteria
- Design of data base for planning

Qperation , » Switching operation unable to be standardized
Potential V :
Needs Control * Yar control
Analysis ; - Design of data base for analysis
Education ; « Automatic curriculum (text) generation
(Training)
+ Alarm process[ng
- Guidance for system restoration (normal and restorative)
< Substation design
Functions - Automatic curriculum generation system for operator training

to be furnished
- System operation planning system

+ System planning

Future
Project
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Table <E-8> Recognized Needs for Expert systems
Applied Lo the power system
(Country: Japan ) (No.10)
ID.No.of Ansvers Japan-b ( Chubu E. P. Co., Toshiba )
[TEXS
(( Probles )) (( Background ))
(1) Mot smooth inheritance of empirical (a) Meed for advanced system operation

know-how accuaulated

strategies due to power systea's

Potential complexity
Heeds (2) Inadequate man-machine interface
: (b) Necessity for large scale SCADA
(3) Lack of flexibility for system systems
paintenance
(c) Two-tier composition of operations
(4) Limitation of auiunatization/improvement staff into younger and older
based on continued technology generatien
(1) System aperation planning
(2) Unit commitment ( Maintenance scheduling )
(3) Load forecasting
(4) Outflow-forecasting
(5) Power systep analysis support
(6) MNormal- / emergency-state switching operation
Functions
to be furnished (7) Reservoir system gperation
(8) Alarm processing

(3) Reliability supervision
(10) Fault detection and lecation
(11) Faulted equipment diagnosis

(12) 0Operater training

Future
Project

E1i0



Table <E-9>

(Country: Japan

Recognized Needs for Expert systems

Applied to the ower system
N o ° (No.11)

ID.¥o.of Answers

Japa n- e (Kyushu E.P.Co.. Toshiba)

ITEXS
(1) System planning
In power system planning, various kinds of constraints such as economy efficiency,
reliability, and future trend (promising) pmust be taken into account. This type
of study usually takes much time and labour.
(2) Systen operation
a. Demand-supply scheduling
Befors optimal operation can be achieved economic examinaticn of Hydro,
Thermal ( e.g. coal, o0il, nuclear, LNG, LPG, etc. ) and pumped-storage hydro power
plants is required. Comprehensive studiss are needed lo consider many factors such as
weather, temperature, and fuel supply conditions. This task takes much time and
labour to make up long-term, short-term, and daily operation plans.
b. Switching operation
If the system structure is changed for s;heduled pmaintenance and some system
fault is foreseen owing to bad weather, operators check the system state to
identify problems of stability, overload, systew isolation, and lack of running
Patential reserve capacity stc. and determine the remedial measures

Needs

such as a change in system structure and generation rescheduling to resolve the
problems. However because operational constraints vary depending on the system state,
only experienced operators can make decisions quickly and accurately.

(3) Maintenance scheduling

Appropriate planning for maintenance scheduling ( time schedule and smooth

flow of work ) is necessary including evaluation of system reliability, economy
efficiency and ease. Much time and labour is needed for.the planning, as many
constraints have to be checked in the maintenance scheduling.

(4) Analysis

For preventing system faults, it is necessary to diagnose failurs of equipment

and cause of the failure using various data obtained from off-line analysis.

In evaluating these data, many factors must be taken into account concerning
established criteria for judgement, experience for failure and contingencies occcured
in the past, characteristics of system equipments, weather and seasonal condition

and so on, then it takes much time and labour if it is done by human operator’s
judgement only.

(5) Education

In the field of system planning, operation and analysis stc., experienced enginears

( human experts ) who have besn playing a central role are getting close to the age

of retirement and operators in the next ( younger ) generation must inherit the tasks.
However by the reinforcement of power systems and the improvement of facilities,
opportunities to encounter real faults have decreased, which leads to less chance to

- continued -
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(Country: Japan ) (No.12)

ID.No.of Answers Japan-c
TTENS
Potential obtain sufficient experience for the operators. As a means for education of young. -
Needs operators and inheritance of technical knowledge,introduction of expsrt systems is
indispensable.
Design of substation layout
- Operation planning of demand and supply
Functions - Monitoring and preventive control in power system
to be furnishad - Restorative control
Maintenance scheduling
Diagnosis of equipments and facilities
Education and training for system planning.operation and diagnosis
In Kyushu Electric Co., expert system aid for monitoring in normal state, fault
restoration and system configuration planning are planned to be used in dispatching
centers.
Functions of each system are as follows but detail plans are now under study.
(1) Monitoring in normal state
Future By simulating contingencies for the present system state, emergencies and content

Project of epergencies are displayed and guidance for suitable remedial measure is also
produced by the expert system.

(2) Fault restoration

Proper restorative procedures are indicated for faults in the real
system.

S (3) System configuration is decided when the system configuration is changed under heavy
load in supmer period and during system maintenance.

E12



Table <E-10>

(Country: Japan

Recognized Needs for Expert systems
Applied to the power systenm
) (No.13)

ID.No.of Answers
ITEXS

Japan-d ( Mitsubishi )

Potential
Needs

Power system planning, operation and control are out side the scope of this project.

The recognized problems in power systew analysis are described separately in the reply

to question A. The training on skill based schemes are realized by using a training
simulator which has similar functions and mimetic performance as the real control center.
Education and training on rule based schemes could not be realized by training simulator
but could be carried out by using expert system technolaogy.

functions
to be furnished

To resolve the above problem, the functions such as operator training and simulation
pust be furnished.

Future
project

Advanced simulator is now under study.
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Table <E-11> Recognized Needs for Expert systems
Applied to the power system
(Country: Japan )y (No.,14)

" ID.Mo.ef Answers o Japan—-e (Tokyo E.P.Co., Toshiba)
ITENS '

Expert systems will never take the place of human operators, but are expectsd to be a
Potential tool to assist operators by presenting informatien for probles solving and remedial
Needs peasures by iterative dialogus. ‘

Application areas- of expert systems expected in power systems are as follows
- System analysis
Functions - Restorative control in faulted systenm
to be furnished
- Maintenance scheduling
However expert systems are still in the stage of fundamental research and developament,

the next step is to produce more practical systems after evaluating functions and
effectiveness of the developed prototypes.

Improvement of man-machine interfaces supporting inferences process such as graphical

representation of results, explanation of inference process, applied rules and

Future representation and retrieval of knowledges ars an important issue to be solved in the
Project near future. Construction of well-structured knowledge base comprised of deep

knovledga acquired frow human sxperts is also indispensable in the next development.

E14



Table <E-12> Recognized Needs for Expert systems

‘(Country: MNorwvay

: A i d t th r system
) perplie le] e powe (No.15)

ITEXS ID.No.of Answvers

Norway-a (EFl)

The main problems both in the planning and the control stage in puiting advanced
programs to use are

- copplicated setup of program

Potential - cryptic and non-filtered presentation of results
Needs
This means analysis using programs nesds expertiss both in the fisld of study and
in setting up of programs/ interpreting their results. This peans that it takes tims
to produce skilled users and that they often are rare. In other words a threshold
that is too high for the tools to be widely used.
Three keys to lower the threshold :
Functions

to be furnished

- include»coded expert knowledge to guide an inexperienced user
- provide a simple "intelligent " interface

- integrate expert systems, databasss and numerical programs

Future
-Project

Qur ‘project plans are to further develop and test the concept of the Operators
Assistant, and to run a pilot project on diagnosis of foreign particles in a
SFs-insulated substation using acoustic measuring techniques.
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Table <E-13>»

(Country: Sweden

Recognized Needs for Expert systems
Applied to the power system
) (No.16)

ITENS ID.No.of Answvers

Sweden-a ( Swedish State Power Board )

Potecial
Needs

Functions
to be furnished

Indication of recognized problems

Power system planning ; Prediction of load -and expecially production are based on .-
simplified models of complex and poorly understood procasses. A combination of the
current technique with heuristics and pattern recognition should becowe mors powerful.
Possibly induction system could be of use find hidden relationships.

computer programs used in planning, operation and control often have unfriendly user
interfaces. The procedure of setting up input data, running the prograz and analyzing
the output is complex and time consuming. Explain facilities and graphical, object
oriented knowledge base editor connected to, or integrated in programs would be better.

During normal system operation, operators in dispatch centers ars not enough stigsulated
which leads to stress. Furthermore he has not been supported from good enough tools to
optimize the operation of the system. During emergency and restorative states, he will
on the other hand get much and irrelevant information, at the same time as fast and
correct decisions must be made. Mr. Shelbe’s paper (see page A8) gives a good summary
of potential applications in this field.

Recognized obstacles that hinder an expert system solution

Execution times of large expert system are high.

Expert system does not handle rsal time problems.

There is no extra capacity left in the currently used hardware in dispatch centers.
Expert system hardware has poor data input and output interfaces.

The portability problem for developed applications have so far not been solved.
Knowledge aquisition is difficult and takes long time.

Verification and test of developed applications are complicated.

Future
Project

Projects plans

At The Swedish State Power Board a number of potential slectric power applications have
been examined. Out of the applications a minor number is recommended as protetype and
demonstration projects. The strategy is to work with small and "fast” prototypes in the
beginning to get to know the technique and the problsms. With swall and different projects
it is possible to make a broader evaluation of differnt expert system tools and hardwars.
Currently a small prototyps for power system restoration is developed. Other recozmmended
projects wtll Include :

Alarm handling

- Planning of short term hydro power production
- reactive power control '
- Diagnosis of control equipment hardware

- continued -
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(Country: Sweden

) {No.17)

ITEXS ID.No.of Answers

Sweden—-a ( Ssedish State Power Board )

Future
Project

A project tb investigate the real time problems when expert syslems are used in the powar
system area is to be started probably in the beginning of 1988.

The intention for the projects in the EMS area is that they together should lead to an
integration of conventional and expert system programs into a complete user intarface.
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Table <E-14>

{Country: U.K.

Recognized Needs for Expert systems

Applied to Lhe power system
) (No.18)

{TEXS I1D.No.of Answars

U. K. —a (Imperial.Collega)

(a) In problems involving network topology.

Po tential (b) ¥Where there is a mass of data, some redundant and some possibly conflicting.
Needs '
(c) ¥Whbere, based on (b), there is a considerable range of actions which can be
taken, there may be no clear optimal solution and action is needed without delay.
(1) Alare analysis
(2) Restorative control
Functions

to be furnished

(3) Emergency control

(4) Operator training

Future
Project

It is hoped to continue work on (1) & (2) and in due course to start work
on (a) & (b). o
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Table <E-15> Recognized Needs for Expertl systems

Applied to the power .system
(Country: U.K. ) (No.19)

IteNs [D-No.of Answers » U, K. = b -(Imperial Collegg (SRCE))

We have focussed on problems in power systems analysis for which deterministic
solutions are possible but for which existing algorithms require excessive computing
tipe and/or storage. .Two types of algorithms which fall under this class are;

(i) problems which cannot be solved efficiently due to their combinatorial naturs
(e.g. alarm analysis and evaluation of second contigencies).
Potential

Needs (i) problems which require a lot of number crunching (e.g. numerical optimisation).

The first may be tackled by heuristic-directed search whereas the second zay be solved
by approximate methods and/or models.In the case of approximate solutions, an expert

i system should be able to determine whether the results are good encugh, or whether

a more accurate method is required.

Functions which will be implemented via expert system technology would be in the area
of operational planning. Some such functions include:

Functions Type 1 : Contingency selection: second contingencies: weak boundary and weak area
te be furnished identification: corrective network switching;

Type I1:. Unit comittment:
economic and secure rescheduling;

Future Future projects will concentrate on the areas ogutlined above. The objective is
Project the development of an expert decision-support package for operational planning (Ref. 2).
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Table <E-16>

Recognized Needs for Expert systems
Applied to the power system

(Country: U. K. ) (No.20)
17ens ID.No.of Answers u. K. -c (University of Durham/CEGB)
(a) Generation, Operation, Protection and Control
Modelling and simulation, load forecasting. Data acquisition and display,
State estimation, Optimal load flow, Marginal costs/Aveided cests, Economic »
dispatch, Load frequency control, Interchange scheduling, Reactive power control,
Generator exicitation control, Adaptive and distributed control, New energy
technologies and their control, Energy control center developments and experiences,
Kicroprocessor-based protection, Training simulators.
(b) Generation and Transmission Planning :
Long-term energy forecasting, Impact of qualifying facilities, Generation and
. network planning, Reliability, Electric fields
Biological effects and electromagnetic interferencs.
(c¢) Distribution Planning and Operation :
Potential Data acquisition and bases, Subtransmission planning, Distribution planning,
Needs Load management, Distribution system SCADA, Distribution automation, Distribution
capacitor placement, Distribution network optimization.
(d) Transmission and Substations
Switching and lightning overvoltages, Insulation coordination, Electrical
grounding system analysis, HVAC and DC linas, Reactive compensation, Gas insulated
equipment.
(e) Comsunication :
Carrier systeams, Digital microwaves, Satellite communication, Fibre-optics.
(f) Power Electronics
Power thyristor technology, Phase-controlled rectifiers, Choppers. Inverters,
Control of electrical machinery, Converters/cycloconverters.
Expert systems
Functions

to be furnished

Network reconfiguration, Alarm processing, Rotating equipment diagnosis, Robotics,
Relay coordination and operation, Control.

Future
Project

On-line operator advice using expert systeas.
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Table <E-17>

(Country: U.X.

Recognized Needs for Expert systems

Applied Lo the power systemn
) (No.21)

ITENS ID.No.of Answers

U. K. -d ( CEGB)

Potential
Needs

In pover systems analysis, one probler that exists with conventional prograss is their
lack of adaptability. This is partly due to the nature of large organisations with
data processing / software departments separate from power engineering departments.
Problews and new program requirements continually arise. The perfect specification has
never been written at the first atteept and there is always a need for progras
development.

Functions
to be furnished

One solution foar the above aight lie in the structure of the expart systems approach,
whereby the users could have access to adding / wodifying rules without need to involve
highly specialised software staff. There are two ES attributes that are attractiva for
this

(a) Rules written in near natural language,

(b) Changing or adding rules should not have a high risk of introducing progras bugs and
need for major re-validation of the software.
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Table <E-18>

(Country: U.S.A.

Recognized Needs for Exper!l systems
Applied to the power system

) (No.22)

ITENS ID.No.of Answers

U. $. A. —a ( Wisconsin Electric Power Company )

The following areas are identified as appropriate for Expert System application to the
power system. No details are furnished concerning these areas.

. Contingency Analysis Preprocessing.

Based on the results of the previous Contingency Analysis executions and on the
current "movement” of the power system, use an Expert System to select which
contingencies need to be examined in the current Contingency Analysis exacution.

. Voltage or VAR Control Post-Processing.

Current Voltage/VAR optimization algorithms tend to recommend the movement of large
numbers of controllers in each execution. Use an Expert System to determine a subset

Potential of the recommended movements as a cost effective set which is of practical size.
Needs
. Alarm Processing.
Use an Expert System to reduce the number of alarms generated during a disterbance
to those indicating the problem instead of the results (information versus data).
Fault Isolation
¥With information such as relay targets, alarms, etc., use an expert system to
isolate the fault condition.
. Distribution Automation Disturbance Analysis.
¥With inforwation such as voltage monitoring and distribution switch status,
use an Expert System to make decisions regarding system restoration and Voltage/ART
Analysis.
Functions

to be furnished

Future
‘Project
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Table <E-19> Recognized Needs for Expert syslems

Applied t o the power system
(Country: U.S.\. ) (No.23)

| TEHS ID.No.of Answers U. S. a. =b ( University of Washington )

I. Many pover system plunning and operation tashs are logic-reasoning in nature.
These tashs do not fall into conventional mathematical programming approaches.
The expert system techniques provide natural tools for the automation.

2. In control centers. a lot of measurements and data are gathered. It appears that

Potential } expert systems can serve to acquire hnowledge automatically to some extent.
Needs f An expert system to "learn” Ffrom past experiences would meaningful. The areas
J of emergency control and system restoration have significant “empirical™ componznts.
il They would Le good application areas. '
i
f ) o )
Ii 3. A vell-designed expert sytem would improve the efficiency of the restoration
5 functions. :
i
i
I
il
1|
|
Ll
i
i
Functions

to he furnished

Future
Project
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Table <E-20> Recoynized Needs for Exper!l svstlewms

{Counley: U.S.A.

Applied t o Lhe power system
)] _ (No.24)

- ITEHS 10.No.of Answers

T

U. S. A. —c¢ ( Bounneville Pover Administration )

The Experl System development will reguire a number of iterations. initially. the analysis
will focus on the most critical stability controls, identify the type of fault

(10 30, etc.), breaker operating sequence. consider critical equipment alarms, and apply
the appropriate Standing Orders.

Potential I
Needs |
I
!
il
i
!l
|
[
!
; . -
Power system monitoring. restorative control, emergency control, and operator training,
are important functions to be included with an expert system.
Functions

to be furnished

Future
Project

A\ small prototype effort or a co-operative EPRl/university project is being considered
for the 1987-88 period.
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Appendix <F> Qutline of Expert System Projects
Format A {supplement to Format A)

Outline of Expert System Projects
(Denmark-1)

Outline Application of KBS to planning and daily operation of Power Utilities

KNOWLEDGE BASED APPLICATIONS

At ELKRAFT Power Company Ltd., an industrial research project in cocrporation with the
Power Department of the Technical University of Denmark is in progress. The project
will investigate the possibilities of using AI-techniques. in the power system planning,

control and crisis management.

ANALYSIS )
The planning, control and crists management as Lt is performed at the ELKRAFT energy

control centre today have been analysed in general.

This analysis is based on discussions with planners and operators and by studying the
existing written instructions. ~The .result of this analysis 1s an identification of
the domains in ;}ch it is desirable to have computerised assistants to enhance the
performance compared to applications based on conventional dp-techniques.

S
The analysis shows that it is not desirable to use knowledge-based applications in the

povwer plant and grid maintenance scheduling, because there are only few rules, if any,

that are valid from one planning session to the next. An application which could check

these two plans, for contradictions could be very usefull to the planners.

power plants ‘makes an extended and autometed use of rules-of —-thumb and common Zence
possible. . Further, a knowledge-based application can be useful in guiding and speeding
up the analytical algorithm by limiting the space in which the algorithms have to search
for solutions. Perhaps, the optimal concept is an embedded application consisting of a

“conventional™ analytical dispatch algorithm and a knowledge-based application.

The last domain detected in the analysis to which knowledge-based application Fould be
applied profitably is in the area of survefllance. If the knowledge and expetﬁhce of
the operators and the designers are combined in a knowledge-base it .is possible to make
an application which can identify critical power system states earlier than it is possi-
ble today and perhaps even give guidelines for the operator on what actions to take.

With such a system it would be possible to reduce the number of emergencles.

The analysis showed that the existing set of written instructions are not a “reference
guide*” to instruct the operator on what to do in a normal situations and what to do {n
a selection of abnormal situations. The number of written instructions Ls limited, and
they deal only with a very few normal situations. The emergency situations that are
d;}t with are either common situations or very specific singular situations which are

unlikely to happen again.

The reason is that the human mind is limitde and as (t is any operators duty to be fa-

miliac with any instruction; coasequently, the number of {nstructions must be limited.

TOOLS

Turbo-Prolog with a “tool box™ on an IBM AT-2 size PC has been chosen for the develop-

ment of the prototype.

At a lated date it is expected that the concepts. the architecture and the imple-

mented prototype will be presented.
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Format A

Outline of Expert System Projects
(Finland-1)

outline System for the analysis of disturbance informationt

The

system will help controll-staff to analyse-network disturbances: in

dstrict control centres. :

Data will be collected from disturbance recorders and asked from the
user.
The system will tell the user:

It

-beginning time of the fault
-nominal voltage
-object (line, busbar, ...)
~type of fault (line-to-line, line-to-ground, -...) and phases
-tripping specifications: '
+voltage
+relay indications
+rapid auto-reclosing
-s+delayed auto-reclosing
-fault currents
-fault voltages
-fault duration
-rough estimation of the fault place
-misfunctions of relays and circuit breakers
will also compare the fault with previous faults and find out if

there has been similar faults.
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Format A

Outline of Expert System Projects
: ({Finland-3)

Outline Ap expert system to support operators in planning and

checking of network switching operations

The primary goal is to develop an expert system which can be used to
support power system operators in district control centers to plan and
check switching sequences in order to change connections in 110 kV
network. v

Such a system will be used for those substations where it is not local
substation automation system.

The idea is to build model of the substation (disconnectors, circuit
breakers, etc.) and add rules to this model. ) -
The events are for example; open the disconnectors close the breaker,
give warning to worker, ask permission from the national control
center and so on. a ’ '
The idea 1is that the operator plans the switching sequence and the
expert system checks the validity of the suggested operations. .
If the suggested operations will cause troubles, the system tells it
to the operator. )

However the final checking and acceptance of the switching .operations
is done by other person. It is expected that the expert system  will
not improve the capabilities of best operators. But we wish that it
could support the most unexperienced operators and to improve the
quality of their plans.

The expert system will be used in district control centers as a part
of operators support system.
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Format A

Outline of Expert System Projects
(France-1)

Outline CASTOR

For contingency analysis and "corrective switching", different switch positions in various substations must be
studied. In practice, the combinatorial variety of states of a busbar-switching station is restricted by
operational constraints presenting situations such as load shedding or tieline overload. Thus, with respect to

applications, feasible states are of interest.
The system being developed includes two main parts.

I - A KNOWLEDGE BASED EXPERT SYSTEM

[t fills up the next functions :

- operator interface,

- determination of feasible switching states taking into account local constraints : unavailability of

busbar or circuit breakers, obligatory or prohibited configurations on specific sets of tie-lines,

- monitoring models.

2 - ANALYTICAL TECHNIQUES

~Standard application programs are used (DC, AC, OPF models), interfaced with the knowledge based

system.
" They allow to analyse each topology given by the expert system.

The objective is not to optimize a precise aspect but to compare the robustness of each feasible state,
dealing with several criteria. These criteria are defined by the operator and can be, for example, the
operating cost, loads on lines in normal state, overload or load shedding consequences upon single line

outages or common mode faults.
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Format A

Outline of Expert System Projects
(France-2)

Qutline SEPT

When a fault occurs, many signals from protective relays and high voltage components (circuit breakers) are
recorded in EHV substations, such as start-up, direction, zone for a relay or changes -of state for circuit

breakers.

The expert system has a dual aim. Firstly, it must provide a synthesis of the events which have occured
during a session by a single message indicating possible misoperations of equipments and the location of the
fault. Secondly, it must be able to explain its reasoning ‘on a request. The topology of the substation with its

differerit sections, and the different equipments of each section are taken into account.

The prototype which has'been realized operates in the following way ; it first checks:

(1) the consistency of the information coming form :each equipment': a finite number of frames have been
defined to represent the acceptable states and the unacceptable ones. The. temporal characteristics of
the information (synchronism, duration, phase shift between two'signals,...) are checked within the
frame ;

(2) the coherence of the information coming from several equipments, located on the same feeder ;

(3) a higher level of coherence, for all the feeders connected to the same bus-bar.

Then it performs :

(4) a fault localization, using a vote technique from all the localization elements given by the different

relays ;
(5) monitoring of equipments : the equipments having worked in an abnormal way are listed ;

(6) explanation of the expert-system reasoning: on a request, it is possible to know the reason why an
equipment has been found out of order. At this level, the prototype knows where is the fault, and what

should be the correct answer of each equipment.
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Format A

Outline of Expert System Projects
(France-3)

Outline ALOUTTE EXPERT SYSTEM IN FRENCH REGIONAL CONTROL CENTRE

ALARM HANOLING

In many computerized control centres, the probilem of presentation of the alarms to the operators
is one of the most critical one. So in the project of the neuw Regional Control Centres, EDF made
a particular effort on the problem of alarm handling.

Our aims are the following :

- Limit the number of alarms presented to the operator, first to avoid on overflouv of information
especially during a fault on the electrical network, and secondly to keep all the sense of the
alarm. In other words, one alarm is effective only if it alerts usefully the operator which 1s
not the case if the alarm are too numerous or if they are linked together and presented similtaneously.

- Integrate in the displays (substations displays, area displays ...) the representation of the
events (elementary alarms) that caused the alarm presented to the operator.

- Give to the operator (automatically if possible) the only useful information to solve the proble=x

caused by the occurence of the alarm.

THE PRINCIPLES

To reach these targets, the followin3 principles have beea adopted :

- No alarm on operators*® actions (for example a change of status of a breaker due to an operator's
telecontrol does not give an alarm)

- No alarm on changes of status due to maintenance actions in th2 substations

-~ N> alarm on fugitive faults. In other words, if an automatic reclosure has been successful, no
alarm vwill be presented to the operator

- One single atara (if possible) for a fault on the netuwor« causing many changes of status

~ Dynamic alarm categorization according to the circumstan:zes undecr which appears the alarm. €ach
elementary alarm is assigned a level of severity to which cortesponds a way-of presenting the alarm,
and this tevel can be changed automatically according to the circumstances.

Each specific software elaborates elementary atarms and makes a first Leve. of filtering, these
“filtess” berng specific to the type of informition treated. (For example, a chang: of status of 3
davice due to an operator's telecontrol will bs filtered by the telecontrol softuare, and no elementa:y
atarm will be transmitted to the next treatment). :

Each elementary alarm is then assigied with a3 leval of severity out of four possible.

They are then transaitted zo a switching saftware which suitches the alarms towards the automatic
analysis software or the delay software according to the typ2 of the atarams.

The autoastic ana'ysis software wvhich is detailed further in the documant, gives a diagnosis a3d an ideal
List of ala-ms ascording to the typs of diagnosis.

The comwparison softuare compares the List of the received alarms and the ideal list, avd gives the
difference to the nex: treatmesnt.

The final alarm constitution sofiuace, treats the diaghosis, the differenze meationn2d above and
tie alaras stored during the automatic analysis and conatitutes on? {inal alarm with on? level of sz2serity
that «ill be oreszated to the onrrator.
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Format A

Outline of Expert System Projects
(France-3)

Outline

3 - THE_AUTOMATIC ANALYSIS TREATMENTS

The aim of these treatments is :

- to give a diagnosis wvhen there is a fault on the network (bus bar fault, for example),

- to give the elements to eliminate from the tist of the received alarms those that are a direct
consequence of this fault.

When a fault occurs on the electrical network, this causes many changes of status (essentially
breakers and orders given by the protection devices!, rhat are as many elementary alarms. It is
not possible to analyse these alarms progressively.

To make a diagnosis when a fault occurs, it is not necessary to take into account the whote
network. So as soon as the storage begins, the topology software extracts a part of the network
and gives the topology of this part before the first change of status.

At the end of the storage (30 s), the base of facts is constituted with :

- the topology of the network before the fault,

- the changes of status stored during 30 s.

This base of facts is given to an expert system that works with this dynamic base of facts and a
base of rules that may be edited during the whole tife of the system.

I1f the expert systems manages to make a diagnosis, it gives this diagnosis, and an ideat list
constituted with the changes of status that should have been occured if the fault had been correctly

eliminated accord:ng to the diagnosis made and the protection schema of the substations involved.

If the expert system does not manage to give a diagnosis, it gives the reason why it does not, and
-an ideal list without any change of status. Consequently, the alarms presented to the operator will be

- the reasons why the expert system has not managed to give a diagnosis,

- the elementary alarms, each one assigned with its static level of severity.

4 ~ THE EXPERT _SYSTEM

4.1 - The_information used by the expert system

The expert system will be in a first stage used to give-a diagnosis when a fault occurs on the .
network. So the informations used are the following : :

- The changes of status of the breakers

- The orders given by the protectioas

- Some maintenance alarms that may explain a misoperation
The voltage indications of the bus bars (out/under)

The topology of the part of the network before the fault.

The base of rules will work on this base of facts and the reasoning is made on :

- the status of the network before the fault

- the status of the network after the fault
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Format A

Outline of Expert System Projects
(France-3)

Outline

‘The expert system does not try to explain hou the fault has been eliminated nor to examine

the correct or bad operations of the protections. Its targets is to give the localization of the
initial fault. :

The diagnosis are of these types :
1) Fault on the line A8

2) Fault on the line €O
Non opening of breaker € causing a false bus bar fault in substation C

' .So the expert system does not use the date and time (with a resolution of 10 ms) given by the RTU

4.2 -

4.3 -

within the change of status message.

The _characteristics of the_expert system

The expert system used has been devqlopped by EDf's Research Department.

It is an inference engine working in forward chaining with a knowledge representation based on
production rules in-first order logic and facts written as triplets <object, refation, object>.

The expert system has been written in Pascal, because LISP and PROLOG are both programming language
that ‘may be used :

- to represent the knowledge
- to urite the inference engine that will use this knowledge.
So they are a compromise to reach these two objectives and they are not optimal on each of them.

This is vhy many manufacturers of Expert Systems are now translating their oun programs in classical
programming languages such as Pascal and C language.

The_response_time_expected

When EDF eanvisaged to use an expert system for alarm handling, one of the main concern was the response
time of the system. How much time would it take to give a diagnosis ?

A mock-up has been made on a IBM 30.90 (28 MIPS) with a base of rules and a base of facts considered
as representative of the future system, and the response time was 100 ms to give a diagnosis.

According to the available pouer on the computers that will be used in the new control centres, we may
say that the response time of the expert system will never exceed two seconds.
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Format A

Outline of Expert System Projects
(Ireland-1)

Outline Alarm Processor at National Control Centre

The newly commissioned National Control Centre has a greatly increased number of alarm
possibilities over its predecessor. A particular problem exists with voltage

alarms which are of individual interest under normal conditions but at time of system
disturbance are widespread but of little immediate interest to operators. The problem
arises because of the isolation of the Irish power system and the relatively low
density of load in the predominantly rural environment.

The priority of other alarm and event indications should also vary depending on system
conditions.

No decisions have yet'been made as to how these problems will be dealt with, but an
expert system is seen as a likely system.

Similar problems have been encountered in our modern power stations and development
of a system which is portable is being considered.
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Format A

Outline of Expert System Projects
(Italy-1)

Outline Computer Aided for Small Load-Flow

The purpose of the project is to analyze the possibility to develope an Expert System

to be used by planning engineers to manage load-flow calculations.

The first step will consist in the selection of a convenient Expert System Shell to be
choosen among those available respecting the costraints of portability on PC XT/AT,

Apollo and connection with Fortran routines.

The Expert System Selected will firstly be applied at a very small network model consisting
of only two busses; a sending end with a generation transmission and arrecei?ing end with
load connected with a line.

Ve expectséﬁat this very simple network model will be very useful to develop an experimental
expeft sygigﬁ and we think to obtain useful responses about benefits and costs.

On the otl‘;erside this simple model it's sufficient in cur opinion, to generate a complex logic
tree with all the constraints and rules, generally applied in planning studies to reach an
optimal solution. In case of positive results in this first step we plan to expand the

model to a bigger and more realistic one.
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Format A

Outline of Expert System Projects'
(Italy-2)

Outline TRIAL (Terminal Resources Intelligent Allocator)

The electricity distribution network of Italy is currently being equipped with a distributed tele-
control system allowing full control over the net operation by a small number of district centers.

In the frame of a multiannual development plan, many thousands of primary substations, performing

~high ( 130 XV) to mean ( 15 KV} voltage transformation and routing, have to be equipped with a

Remote Terminal Unit (RTU), in charge of sampling signals relevant to substation state, transmit-

ting the state to a Central Control Unit (CCU), located in the district centre, and actuating the
commands transmitted by the CCU.

Prior to installation, ‘the RTU is configured according to the substation composition, using a defi

nite set of electronic printed boards, each one fea.tuzinq a different number of input and output
connectors. The substation’'is composed of a variable number of elementary components {e.g. voltage
transforming, bus-bars, translation lines, etc.), each one featuring a fixed number of state on-off
signals, measurements, and ocontrol signals, to be connected to the RTU. All the signals coming from

a given substation component have to be connected to a single RIU input or output connector.

The RTU configuration problem consists in determining ‘the minimum set of boards able to interface

all the signals provided by a given substation configuration. Configuration of an RTU is quite a
_long and cumbersome task, when performed by a human operator. It involves a combination of natural
problem solving skill, heuristics, and a great deal of compiled knowledge derived from experience.
Invention of  an automated solution to the problem at hand clearly brings about many benefits,

ranging from a sensible saving of human resources to s.ta_.ndnrdization of the solutions.

Configuration problems, as well as many other problems investigated by Artificial:Intelligence (AI),
typically generate very large search spaces. AI has provided many different approaches for effective

ly performing search in a large state space, like problem decomposition, pruning, backtracking,
heuristic search, etc. .

In particulax, heuristic search methods of AI (Pearl, 1984) are a formal approach to search problems,
which guarantee, under certain conditions, an optimal search for an optimal solution.

Operational Research branch-and-bound methods provide, from a different perspective, basically the

same properties. Both methods were considered.in a first attempt to solve the RTU configuration prob-
lem; the Ak heuristic search algori{thm resulted however, under the admissibility condition, inadequate
to solving the problem-at hand due to the very high computational rescurces required (Antonlottd, 1986).
Ak heuristic search algorithms require to embody the problem solving heuristics into a function that
provides an estimate of the overall cost of every alternative path; the approach chosen in TRIAL
(Terminal Resources Intelligent Allocatdr), differs from the ones mentioned above in that heuristics is
expressed by a set of rules instead of being more formally identified.by means of a numeric function. ..
TRIAL approach does not grant neither the optimality of the.search nor.the optimality of the solution;
on the other hand, {t provides some well known benefits of expert systems. In fact, as heuristic knowl-
edge is expressed in a symbolic, declarative language, it {s easy ‘to understand, to maintain and modify,
and may provide explanations to the.solutions found.

The resulting search strategy adopted by TRIAL can be assimilated to hierarchical constraint directed
search (Fox and Smith, 1984): the overall configuration problem is partitioned into two levels;
heuzistics, once applied, provide a partial high level solution which bounds the search space of the
bottom level, where a hill-climbing search strategy is adopted.

In addition to the problem solver above summarized, TRIAL features a user interface structuring the dia-
logue for describing the substation to be controlled. The substaticn is represented as a set of intercon
nected components. Every component Ls an instance of . an abstract data type, which describes any relevant
attribute of a component class, like voltage transformers, bus-bars, etc. The user interface checks the
user provided system description, basing on a set of consistency.rules that are expressed with the same
formalism used for providing the heuristics that partition the search space. In fact, components of givVen
types, and of given attribute values,constrain other. component types.and attributes.

Suomarizing, both the substation structure, which is described using a taxonoay of component types, and
the problem solving strategy, which is based on a partitioning of the problem into hierarchical levels,
were posing similar requirements on' the representation.language. This should allow to represent the
hierarchical dependency between subproblem levels (hence the relevant problem solving heuristics), as
well as to describe.the substation components as instances of predefined classes of objects, and each
class as.an instance of a parent class, with specific attributes possibly overriding the parent class
attributes.

The solution adopted in TRIAL is a smele frame-based language similar to XRL proposed by Chuzniak
Riesbeck and Mc Dermott (1980).

TRIAL has been developed in Kyoto Common Lisp on a Sun-2 workstation. Its knowledge base, containing
a taxonomy of about 300 objects and 100 consistency and confiqguration heuristic rules, has been fully
validated by experts on a meaningful set of test cases for one RTU type, the TIC-1000/2.

Full development of TRIAL, prior.to introduction of the system to its intended end users, lnvolves
construction and validation of version for .the other four RTU types which are operated ‘by ENEL, and
transportation on the target hardware, a DEC MicroVax-II.

This development is currently in progress, and is provided to be accomplished withia 1987.
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Outline PROP

The cycle water of a power plant must comply to strict chemical specificatlions, in order to preserve
the materials constituting some critical subsystem (e.g., the tubes of the boiler, the rotating parts
of the turbine, etc.). The chemical specifications of the cycle water may be affected by different
“kinds of polluntants that can enter into the cycle:

-~ salts, carried by the cooling water (marine or river water) entering froo leaks in the condensef;

- oxygen and carbonic dioxide, contained in the air infiltrating in the low pressure parts of the
cycle:

- the prefilter and the powdex, containing cellulose and pulverized resins, coming from the filters
included in the chemical treatment subsystem:

Pollution phenomena are controlled by continuous measurements of several chemical parameters (total
conductivity, cation conductivity, oxygen concentration, etc.) at several points of the cycle.

To clean the cycle water whenever it is affected by pollutants, a chemical treatment system {s
included in the plant. It is constituted by three kind of filters; the mixed bed, containing ion
exchanging resin, the prefilter, using cellulose, and to the powdex, using pulverized resin. The
filters must be. inserted when a pollution phenomena affects cycle Qater‘ The detection of pollution
addition to thehpompeCency of the plant operator, the availability of specific chemical expert
knowledge. f;

This is led CISE to develop PROP, an expert system that, exploiting the competencies of a chemical
expert, gives advice to the operator of a power plant in the early detection and-proper managing of
cycle water pollution phenomena. PROP provides the following functions:

~ monitoring of the cycle water chemical characteristics, acquiring the chemical parameters values
directly from the sensors:

-~ detection of abnormal situations and diagnosis of the malfunction(s) causing the ancmaly. If the
information available do not allow to insulate a single cause, PROP presents to the operator a
set of hypotheses that can explain the malfunction;

- suggestion on the proper interventions - té_be undertaken when an abnormal situation is present.
The interventions are suggested taking into account the overall plan status, the chemical
treatment system status, and the pollution diagnosed by PROP.

PROP is a real-time, on-line expert system, and its dlagnostic. activity is largely based upon
observation of the temporal evolution of the system. PROP knowledge base refers to a 320 MW produc-
tion group, with fossile drum steam system.

PROP has been implemented in Franz Lisp (a Lisp dialect) on a SUN-2 workstation. Its archxtecture
integrates three different representation formalisms:

a) a language centered around the concept of component, for describing the model of the physical
system (the water cycle) under consideration;

b) a procedural language based on event-graphs, a Petri-net-like formalism speqiqliy suited for
dealing with:time varying situations where sequences of events must be represented;

¢} a production® \le language, for representing declarative and fragmentary knowledge.

After an extended:ievaluation in a simulated environment, the system reached the field test phase
that {s performed on the group n. 4 of Fusina power station, where a PROP prototype has been
working since January 1987.

There are currently over 10 ‘plant malfunction classes that can be diagnosed by PROP. PROP is also
able to deal with a number of sensor malfunctions (e.g. exhausted resin of the cation conductivity
sensors, sensor decalibration, etc.).
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Outline TVM (Turbogenerator Vivration Monitor)

The turbogenerator Lis one of the most complex and critical subsystems of a thermal production plant;
it is composed of 3-5 coaxial stages (low, medium, and high pressure turbines, and generator), each
one supported by a couple of oil film bearings. Almost all knéwn turbogenerator malfunctions result

in an alteration of the vibrational state of the machine during operation. Since mid-sixties techni-
ques for an early dlagnosis of turtwogenerator have become availabie. They are based on vibration
analysis and require monitoring a large number (over fifty) of variables. Some of them concern the
overall state of the machine (rotational speed, power produced, bearing alignment); other are relevant
to the single bearing and provide detailed information about the shaft vibration (amplitude of the
overall vibration; amplitude and phase of the first and second harmonics), as well as about the oil
film state (temperature and pressure of the oll f£ilm). Once the sensors are installed, the machine

is periodically inspected during measurement campaigns performed by means of a data logging and
processing system; this system performs, on-line, a spectral analysis of the vibration; sampled and
computed data remain available on a mass storage:for the dlagnostic analysis, usually performed by
comparison of plots (against time or rotational speed) of many different variables.

At present, the task of analysing these data is carried out by a diagnostic technician, «ho, however
can be present on the plant only for short periods,: normally during periodic plant inspections.
Diagnostic technicians require a long and expensive: training, mainly based on first*hand, in-field
experience. Scarce availability and long training required by human experts alsoc provides a motivation
for a knowledge-based approach to the design of turbogenerator diagnostic equipment.

This lead CISE to develop TVM (Turbogenerator Vibration Monitor), an expert system for the early
diagnosis of turbogenerator's malfunctions. TVM, that has reached the stage of a complete prototype,
has been developed under commitment of ENEA, the Italian National Committee for Nuclear and Alternati
ve Energies. The system is based upon a commercial expert system shell, SAGE, developed by Systems
Designers (UK}.

TVM has been designed as an intelligent aid for the apprentice diagnostic technician; it drives the
apprentice through the process of analyzing the data base acquired during a measurement campaign,
selecting the didgrams to be consulted, and the symptoms to be evaluated on each plot, in order to
ascertain a given malfunction hypothesis, like mass unbalance of the rotor, shaft bending; cracks,
rubbing due to bearing displacement or misalignment.

TVM {s a pure consultation system..The data interpretation process, i.e. the extraction of siqnxfxcant
qualitative features from numerical data is left to the user. Thils clarifies the main .limitatfion of our
prototype system: {t does not embody-one of the most significant expert's capabilities, that {s singling
out and evaluating symptoms. TVM performance can be summarized as such:

1) it can be consulted either about baseline drafting or diagnosis,

2) In the latter case, data relevant either to a transient condition, or to the stationary operating
condition, can be analyzed. Generally speaking, the former are used to confirm and refine a diagnosis
referred to a stationary condition.

3

—

The diagnosis process always. starts asking the user to single out the main malfunction symptoms
(i.e., whose vibrations, temperatures, or oil pressures are out.of the.limits of the standard
operating condition). This allows TVM to focus on -a set of .malfunction hypotheses. On this set, a
backward chaining search process is performed: further facts (e.g.; analysis of the lst and 2nd
harmonics amplitude and phase trends, presence of subharmonics, machine stage malnly affected by the
anomaly, bearings alignment, etc.) are asked to the user, until either a single hypothesis is given
a credibility value beyond a prefixed threshold or the set of remaining facts to ascertain is empty.

‘Current TVM version contains a body of diagnostic knowledge which refers to about twenty different
malfunction causes. This knwoledge can be considered as completely settled and unambiguous, in the sense
that it {s agreed upon by all the expertise sources known to the authors; a number of known pathologies,
with a poor experiential support, has been purposely excluded from the TVM knowledge base. TVM knowledqe
base consists of about 200 rules; the system runs on DEC Vax and PDP-11 machines.
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Outline R & D of a praétical expert system for planners of bulk power system operation

Power system operation planning is decided by executing many computa-
tions repeatedly using various types of analytical application soft-
ware for short circuit analysis, power flow computation, stability
analysis, etc. and by overall evaluation of the system reliability and
economy on the basis of experience from studies in the past.
Then, the objective of this project is to improve the efficiency and
accuracy of the power system operation planning by applying the
knowledge engineering to the following tasks: tasks which need many
complicated steps for evaluating the planning alternatives by using a
set of software, and tasks which need empirical and heuristic knowl-
edge of human experts accumulated in the past.
The prototype system shown in the figure consists of several sub-
systems as follows:
- System structure planning
- Reduction of short circuit capacity and heavy overloads in the
emergency state.
- Active power scheduling
-.Countermeasures against single circuit fault.
- Reactive power scheduling
- Proper voltage control in the normal and emergency states
- System stabilizing planning
- Stability check and its improvement.

The knowledge-based system stores the empirical knowledge of human
experts in the form of production rules and the inference engine calls
up application software depending on the contents of the rules in the
knowledge base. After executing several computations and checkinc
problems revealed by the result, the system infers an operation
planning alternative to offer a conclusion to the expert planner. The
system planner evaluates the alternative in the light of his 1lonc
experience and makes his decision on the final operation plan.
Presently, the prototype system has been constructed and 1is beinc
tested for 1its function and effectiveness. Based on the result, a
practical system will be developed in the near future.
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Outline Maintenance Scheduling Support Expert System

1. Introduction

With the enlargement of power system size and the enhancement required
of system funstions, system operation personnel 1is concentrating his
effort on the maintenance of system reliability and the improvement of
system operational efficiency by utilizing knowledge about the system
and heuristic knowledge obtained from the system operation. Above all,
operation planning tasks have been bothering system operation person-
nel because of their difficulty in uniquely making decisions of a
system plan, which 1is related to a variety of tasks in relevant
departments. In this project, an expert system has been proposed for
assisting the system planner in checking the feasibility of the
maintenance scheduling as a decision support tool. :

2. System configuration
The system configuration is shown in Fig.1. Emphasis has been put on
the improvement of interface with system planner in an interaction

mode, because an intelligent & friendly interface encourages the
planner to use the system. To equip the workstation with an intel-
ligent interface, interactive communication function (i.e., special
feature of a workstation), image representation function and editing
function enabling the operator to write memorandam are scheduled to be
assembled into the interface module. Through the interface, the

following three functions will be at the disposal of the user:

(1) Scheduling support function for maintenance scheduling

(2) System data base function

(3) Simulator function.
System data base and simulator are usually called up by the scheduling
funciton, but can be used directly by the user. The system has been
developed on a Symbolics 3600.

3. Inference mechanism for maintenance scheduling

The inferencr for maintenance scheduling is triggered by the input of
a maintenance scheduling plan and the inference engine offers coarce
scheduling plans for the unit commitment as output. Next, by checking
the system reliability, and identifying bottlenecks, plural possible
maintenance scheduling plans are presented by the proposed system.
These plural plans are filtered out to select a candidate plan to be
-evaluated by the system planner for the final decision. If the result
is not feasible, return to the first step (Fig.2).

Information exchange in the inference cycle 1is made through the
blackboard. 1In Fig.3 is shown the unit commitment scheduling. System
structure is expressed in the form of the frame representation in the
system data base as in Fig.4.

4. Remarks

Presently, analysis of the maintenance scheduling tasks, listing-up of
necessary functions and conceptual design of the system are underway.
The next step is to implement the system on the Symbolics 3600. The
intelligent interface should be friendly to the user rather than
convenient to the system developer.
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Outline Guidance System for Restoration in Control Center

Features of Restoration Guidance System
1. Restoration guidance system which can be applied to all kinds of
outages (from local outage and overload to a large scale blackout)

2. Exert system which is capable of wusing many analytical tools
(nonlinear programming, advanced load flow calculation, etc.) on
request depending on the power system situation.

3. High speed proéessing capability

Procedure for Restoration Planning
Step 1. Selection of buses to switch off

Step 2. Selection of a generator with maximum capacity available for
restoration

Step 3. If the capacity of the generator is sufficient, restore the
bus which had been switched off. Go to step 1.

Step 4. If the capacity of the generator is not sufficient, several
loads connected to the bus which had been switched off are
shed to avoid generator overloading, and then the bus 1is
switched on for restoration. Go to step 1.

Procedure for Restorative Operation Guidance

Step 1. Identify set of CB's which need the restorative operation
based on comparison between a restoration plan and an actual
system situation.

Step 2. Select those CB's which are allowed to be operated in the
light of system situation out of the selected CB's.

Step 3. Determine a set of CB's to be used for actual restorative
operations according to the priority of individual CB's.

Step 4. Display the restorative operation guidance by presenting
information on reactive power requirement and load capacity
which can be restored.
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Outline Restorative Control Support System for Power System

System Outage Location Module

A decision support system for the restorative control has been
constructed to be incorporated into an automated dispatching system in
the central dispatching offece. '

The system comprises two algorithms: one algorithm for discriminating
the - faulted section and fault situation on the basis of the
information on a  set of CB's and protective relays following the
system fault occurrence, and the other algorithm for determining
optimal restorative strategy suitable for the system fault under
consideration. Presently, a prototype system based on the former
algorithm for the fault location has been completed.

Conceptual flow of the system's processing is depicted in the figure
below and features of the system can be summarized as follows:

(1)The. proposed system is inteded to be applied to S00KV/27SKV-level
trunk systems, and the system has been designed to use the
information including the protective relay (main protection,
back-up protection) scheme which is responsible for bus-, line-
and bank levels, status of reclosing, etc..

{2)The algorithm is also capable of treating CB failure, malfunction
and inaction of protective relays.

(3)Very rare failure such as a failure between CB ané CT and a short
circuit by flash-over between CB poles can also bs discriminated

in the system.
' ( start )

Drawing up of Equipment
energize / deenergize plan

Determination of responsible
recion for all B-Ry

Extraction of candidate
for faulted equipment

Y

? location of single géult ]
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Outline Power System Restoration Support System

1.0utline of the System

Power system fault location system described here and power system
restoration support system are combined on a TOSBAC-DS 600 so as to
work an integrated system (which is referred to as power system fault
location and restoration support system hereafter) capable of locating
the system fault and presenting a system restoration procedure conti-
nuously to the operator.

The integrated system assists the judgment of operators in the resto-
rative state by identifying the fault situation and presenting a 1list
of the restoration procedures by using on-line information on the

fault . and empirical knowledge of veteran operators accumulated in a
computer.

The on-line information comprises the status of those circuit breakers
and protective relays which have been operated, and the telemetry on
voltages and line flows. Expertise and empirical knowledge on system
equipments, protective units and system operations have already been
collected and stored in the computer.

The inference mechanism infers using both the information and the
knowledge, and presents a list of the restoration procedures based on
the information on faulty equipment and fault situation, followed by
the conclusion of the inference.

2.System configuration

2-1 Hardware configuration
Bardware configquration of the system is shown in Fig.1. The on-line
information is taken in through a Tele-Control {(TC) unit.

2-2 Software configuration

As shown in Fig.2, I/0 module which processes the on-line data obtain-
ed from a power system and extracts the facility's data to be used in
the inference cycle, has been written in Fortran in order to attain
fast response in processing. And the inference module which infers
using a set of knowledge stored in the knowledge base, has been
written in Prolog. By selecting suitable software configuration for
bringing each software's function into full play, the proposed system
has .attained fast processing and flexibility in case of change in
opreration rules and system components.

The inference module consists of two parts: fault location system and
restoration support system. Each part has been written in different
types of language suitable for the inference, and the functions in
respective parts are independent of each other.

Inference time is 20-50 seconds for the fault location system and 3
minutes for the restoration guidance system even for a single fault

case (single circuit fault in a double-circuit line).
3.Processing of Power System Fault Location System

The fault location system consists of a knowledge base for fault
location and an inference mechanism. Input data are information on
operated circuit breakers and protective relays. The system is trig-
gered by intaking both of two data, and the system outputs the status
of faulty components and fault situation following the inference. 1In
the inference cycle, the possibility of malfunction and inaction of
relays is also identified.

4.Processing of Power System Restoration Supgort System

The restoration support system consists of a knowledge base for system
restoration and an associated inference rmechanism. Knowledge for
restoration is expressed in the form of procduction rules written in
Prolog because IF-THEN form is convenient for the knowledge represen-
tation. Input data at the system initialization include conclusion of
the inference on the fault location and status of circuit breakers and
protective relays. Based on the initial data, the restoration support
system infers by identifying the system state changing with the lapse
of time, and presents a list of the restoration procedures.
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Qutline Support System to Aid Daily Planning of Unit Commitment

Schematic Diagram of System Structure
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Outline Advanced Analyzer of Power System

Advanced Analyzer of Power System

No. 1053 (IEEJ National Convention Records 1987)

Intelligent, Man-Machine Interaction Rased Software Package
For

Power System Analysis

Py T.Fukui and J.Kawakami
(Hitachi Research Institute, Hitachi Works, Japan)

1. Introduction

With the recent development of engineering work stations equipped with
flexible icons and mouse, interactive-type analysis systems have been
developed intensively. This paper is reporting an intelligent,
man-machine interaction based power system analysis system with
knowledge base, which have been implemented on an UNIX-EWS (Hitachi
ES-330) equiped with multi-window and multi-task functions.

2. Outline of System

Power system analyses often put a heavy burden on the back of
inexperienced analysts and in some cases on experienced analysts,
since an extensive knowledge of electric circuits and know-hows as
well as experiences on power systems to be studied and required. This
analysis system 1is aimed at guidance to be needed for power system
analysis and advice on the asessment of analysis results.

3. System Structure

The analysis system comprises two parts, namely, Analysis and
Inference Engine as shown in Fig.1. These parts ususally work
independently of each other and they communicate with each other when
required. The analysis part serves in a highly efficient interactive
environment wusing (i) the pop-up menue & icons, (ii) output tables,
(iii) windows for message output, (iv) mouse/keyboards, etc.

The editing of power system structure is based on the object-oriented
concept -ras shown in Fig.2. The editing proceeds by generating bus or
generator as .an instance of the object, and by operating on them.
Fig.3 is an example of system structure editing under way.

The numerical analysis part supports engineers in such calculations as
short-circuit capacity, load-flow of dc & ac types, frequency
response, and dynamic stability. Analysis programs can easily be added
to extend functions.

4. Inference Engine

Inference engine has been written in Prolog and it is executed as a
UNIX process. The inference engine exchanges information with the
analysis part wusing such communication links as pipes and signals,
thus enabling us to monitor how far the analysis has progressed.
Further, the inference engine can control the flow of analysis by
asking the analysis part to execute specific functions, as if the user
is controlling the flow of analysis by selecting specific icons.
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Outline

The features mentioned above may be summarized as follows:

(1) Capable of guiding the user in selecting analysis methods,
(2) Assesment of calculation results and guidance in obtaining
improved results,

(3) Automated execution of a pre-fixed sequence of analyses.

S. Conclusion

Upgrading of the 1I/0 interface is undér way to make wuse of the
function of the EMTP program. A Knowledge base is also being developed
which can support plural kinds of analyses. A scheme of knowledge
acquisition is planned which is capable of automatic learning of
analytical techniques involving a lot of know-hows.

6:'§eference

[1) Kono et al: "Development of expert system which supports power
system analysis"(in Japanese), IEEJ paper B-105, p.705, August
1985.
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Outline Expert System for Power System Analysis (Avalo)

Newly developped load flow engine is an expert system that {s embedded in
the personal workstation and intended to be used for consultation of load
flow planning. The objective is to provide both an expert and novice user
with a friendly planning environment,aiming at enhancing a user's creativity.
We believe that cognitive science and artificial intelligence play a central
role to realize such an environment.

Cognitive science tells us what in the planning process should be assisted
and artificial intelligence provides us with the better tools to implement.

Task Analysis of Planning Work

Fodor explains human cognitive process with the concept of input modules
and central system. Hearing,sight,touch,taste,smell and langquage modules
act as an input to the central system. Based on the abstract data from
input module,the central system solves a problem. Many previous works on
interactive software and hardware have contributed mainly to the input
modules. . What is needed,however,is to assist the problem solving process
of the human central system.

'Ekpert System for Intelligent Load Flow Engine

The knowledge which an expert uses in the reasoning process is represented
as a set of rule and fact. An expert system makes inference reasoning just
like an expert does using the rules and facts in its knowledge base.

The intelligent load flow engine has been developped to assist the load
flow planning. The functions of the engine are to edit data,run the load
flow program,graphically draw output of the load flow and give a consultation
to a user.

Load flow planning is usually divided into two phases of locad allocation
and var compensation. Two problems arise here that are over-loading and
voltage violation. Basic idea to get around an over-loading is to increase
generation at the outflow side of the line and decrease generation at the in-
flow side. For over-voltage is a countermeasure to increase nearby shunt
reactor. These ideas are stored in the knowledge base in the form of rule
together with many other heuristic rules and facts.

An example of consultation to relieve the over-loading is to be explained.
A line that is over-loaded is enclosed with the.dotted line, and bus whose
voltage goes beyond the voltage limit is indicated with a large reversed bus
symbol. A recommendation is shown on the map with up/down arrows and the
amount of bus injection. Arrows are used to show that the generation should
be increased/decreased by the specified amount to prevent the over-load.

If a user wishes to know how to get the recommendation,he can touch a menu of
'How'. .Then the engine will tell a user all rules step by step. that were used
along the. reasoning process. ’

Conclusions

Cognitive science and artificial intelligence provide the power system
engineers with a new engineering methodology.: The intelligent load flow engine
is a good example to demonstrate.the possibility of an expert system.

It contributes to increasing the productivity and creativity of power system
planners. - )

Time Consumption

It takes about five minutes to get final paﬁtern of load flow for 300-bus
system. -
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Outline oOn-line ELD for thermal Power Plants
Abstracet: Nowadays, owing to the increase of the share of nuclear

povwer plants in power systems, thermal units are asked to play a more
important role in load following capabilities satisfying various
operating conditions. A new ELD :scheme with a 2-level structure is
proposed.

A: The on-line ELD for thermal units, especially coal-fired  units,
have to satisfy operating constraints such as:
(1) Upper & Lower bounds of output zones (P,P) in a unit,
(2) Maximum change-rate of output (dP/dc),
(3) Preparation time required for changing the no. of coal-mills and
burners corresponding to the output level,

(4) The time required for switching of output zones,

(5) Minimum time required for a unit to stay within a specific output
-zone due to the constraints of ‘operational conditions and auxilia-
ries.

B: Further, in order to implement a (semi-)automated ELD for thermal

units, the following functions are required from the viewpoint of
man-machine interface:
(1) Improvement of man-machine interface (CRT display) which gives
operators a bird‘'s-eye-view type information,
(2) Coansiderations for acquirirng the confidence -of operators 1in
automated ELD.

This paper presents a new algoritham of the ELD which can deal with all
the functions mentioned above, by adopting a 2-level structure, the
upper level and the lower level.

Upper level The wupper level gives operators a bird's-eye-view type
information concerning- the ELD by adopting the phase plane (P,dP/dt).
See B.(1l) above. ’

Lower level On the lower level, based on the commands coming from the
" upper level, the ELD solutions '‘including the optimization along the
time scale, are calculated in detail. :
The lower level can deal with the following functions: * —
(1) The mismatch between prediction of total system demand P and total
output of thermal units, is made as small as possible,
(2) Overlapping or gap between output zones of a thermal unit can be
dealt with, ,
(3) Knowledge engineering based on the experience of operators can
. ~also be incorporated into the switching of output zones of "a
generating unit.

The proposed 2-level structure ELD method requires a small amount of
calculation time, and is suited for on-line use. This proposed method
s under study as a key function of R & D aiming at the advanced
automated operation im a utility. oo
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Outline Intelligent Monitoring & Alarming of MW & MVar Stabilities in Power
Systems

Abstract: This paper presents the following two types of intelligent
monitoring & alarming (intelligent M & A) schemes.

Scheme 1: M & A of MW instability Power systems have originally many
kinds of nonlinearities. It is very useful for judging power system
stability to monitor the real parts @ of a set of eigenvalues(2 +jw )
at each time ©point along the daily load curve. Nevertheless, the
transmission characteristic P=V_V_Y. sin(6.-6.) can not be ignored,
which 1s wunique to the functiofisJo a.c. netgorks-.When a specific
relation between the imaginary parts (w , <) holds, auto-parametric
resonance can occur after a transien% Eault which is a . kind of
nonlinear renonance, which causes energy exchange among some dominant
modes, leading to unstable phenomena. Based on the confirmation of the
auto-parametric resonace in theory, simulation & laboratory experi-
ment, it is proposed to use the following criterion for montoring MW
stability:

If |0|>0£;1t, then the system is in the normal state;
If |°|Sccrit' then the system is in the alert state,
where wk=wl+w +0: resonance condition, 0 . : critical value of O,

. . cri :
wk'wl’mm: dominant natural frequencies, b detuning parameter.

Scheme 2: M & A of MVar instability (voltapge 1instability) Voltage
instability is a dynamic phenomenon by nature. It has been confirmed
by simulations that this type of instability is triggered by ill-
conditioned 1load flows (static problem) which usually appear during
heavy 1load period. Ill-conditioned load flow patterns are closely
related to'multiple load flow solutions from the analytical viewpoint.
During a heavy load period, only a ‘pair of multiple solution vectors
exist. A solid angle 6.made by these two vectors, singular’ vector

and specification vector y , are defined Voltage Insta-
blil%y Prox1m1ty Index as a quantltaggve measure of the proximity of
voltage lnstabllxty. Based on the above, it is proposed to wuse the
following criterion for monitoring MVar stability:

If e>ecrit' then the system is in the normal states;

If esecrit, then ﬁhe system is in the alert state,
. "» T °
)

(y ) (y
where VIPL 4 6 = cos~l spec singular
- "yspec“'"ysingular“
y : specification vector in load flow calculation,

spe - - -
pec : singular vector in load flow calculation.
singular o

. =critical value of ©
crit _

These two types of M & A of MW and MVar instabilities to be carried
out at cach time point along the daily load curve are proposed as
intelligent M & A.
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Outline ESSE : Expert System for Security Evaluation

When a power system is adjusted likclyrxo shift an emergency state on account of some out-
age arising in it, it is necessary (o carry out some countermcassures of before the outage takes
place in order to improve the existing system state to a safer condition. Such system security
cvaluations should be undertaken by contingency evaiuation in which power flow computations.
are repeated many times and by computer simulations of transicnt system stability computations.
By such means control must be performed so that sccure system opcration will be possible re-
gardiess of the outage that might arise. However, dealing with massive quantity of data makes
overall grasp of the results difficuit. and this requircs high—level knowledge of experts and their
accurate appraisal of the situation. But at such a time. much depends on the knowledge and
judgment of an individual, and since there is a limit to personnct accommodation under the
emergency state, accurate appraisal becomes difficult.  In this study sccurity index for indicating
the state and action of the system will be taken into account, and looking into the method of
achieving overall discernment of security on the basis thereof. its applicability to the expert sys-
tem will be discussed. '

The system proposcd herein will be a system of sccurity evaluation feasible to parallel use
of a lzfgc'numbcr of evaluation techniques, including pattern recognition approach |

These evaluation function patterns will be combined with the expert sysiem in order to ~
make possible high—speed security evaluation and optimal on—line control. This knowledge en-
ginnering approach is a new technology aimed at automating the inference of experts hav-
ing domain—specific knowledge. and it is attracting aticntion in recent years. { it should be-
come possible 1o process expert knowledge with a computer, outstanding cfficiency and speed
upgrading will be achieved. and while making possible power supply service of high cconomic
fcasibility and reliability, it will also give rise to hopes (or high—order system operation.

l discriminacion functioo

aultl dimension secwrity evaluaction
based on security discrimination function

glf insecure

[H.nd securicy section snd on line date l

I choose security coatrol l

Fig. A flow chart of forward reasoning

In present study, basic inquiry for processing security evaluation procedures by logical prog-
ramming has been undertaken.  The classification functions identify instability factors and fur-
nish information uscful to security improvement. lncorporation of multipie security indices into
the system leads to accurate grasp of the system state. and adoption of the classification func-
tions under pattern recognition make possible high—speed and optimat security control by back-
ward rcasoning. In the present study, system security evaluation based on the classification
functions havc been shown to be computations of various kinds arc 10 be further promotcd. in-
troduction of pattern classification function is 10 be undertaken and case study simulations of. this
system and the how and why functions are 1o be replaced. Incidentally, the software SOOTFW
developed at the University of Hirosima has been used for power flow computations.

The proposed system is capable of performing the detection of voltage problems and the. ap-
plication of empirical knowledge 10 come up with appropriate control actions. ‘The pattern rec-
ognition of techniques have been applied to be system sccurity analysis.  Artificial Intelligence
(Al) has been an active arca of rescarch in recent years.  Significant progress has been made in
the development of the expert or knowicdge—based systems.
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Outline Knowledge based training system for power system operation

This system has three modes as follows;
(l)Simulation mode
(2)Tutorial mode
{3)Inquiry mode

In the simulation mode, the system carries out any command in the
same way as the actual 1:N centralized supervisory controller
does. Namely, if a command given by a trainee is feasible, then
the system carries out it, and reports the result of the command

to the trainee. In this mode, the trainee operates the network by
himself without any guidance.

The tutorial mode is the central part of the system, and is: the
closest to the actual training process. The system asks a trainee
to restore the network for one of faults prepared in advance. If
the -trainee could complete the restoration, the system evaluates
the operations done by him. If not, the system generates a model
restrative process, and show it to the trainee, By the trainee's
request, the system explein the reason why each operation is nec-
essary. Thus the trainee can train in the same environment as the
simulator practice under the guidance of a skilled operator.

In the inquiry mode, the trainee requests the system to do some
task, then the system generates a series of operations to do it,
and presents them to the trainee. The system explains each opera-
tion by the trainee's request, again. The trainee can learn many
processes for shifting the network from one state to any other
one, and he can get much knowledge on ordinary switch operations
as well as restorative ones
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Outline Intelligent Support System for System Analysis
(1) A trial of expert system application to operation planning of
generation :
The objective of (Daily) Operation planning is to assign an

appropriate no. of generating units to a daily load curve predicted
one day ahead. Guidance system for a feasible operation planing should
be so designed as to improve the economy of system operation while
satisfying various constraints. Major constraints, which are centered
around the start & stop of generators, may include:

(1) Min duration time of unit operation after paraleling with the
network, -
(ii) Min duration time of unit being out of service

(iii) Max load pick-up rate, etc.

In some cases, special constraints such as indicated below have to be
taken into account:

(iv) Limits to the water flow to be used at hydro plants,

(v) Availability of operating personnel, ,

(vi) Constraints on the amount of fuel to be fired, etc.

Concérning inprovement of the “economy, following items need be
considered: :

(1) Order of priority of unit to be put in service.

(ii) economic load sharing amoung units participating

(1ii) start-up and shut-down costs, etc.

Furter, Maintenance of security level is required such as balance

between supply and demand, supply of reliable electric energy to the
customer. .

To the type of problems mentioned above, the Dynamic Programming and
other traditional numerical methods have been applied. Successful and
practicable algorithms are not available yet due to the difficulty of
handling the constraints. Our research group is developing a system
which finds out feasible solutions using LISP and PROLOG. In an
approach based on LISP, items are being studied such as setting of
generator data, representation of operation rules, tree structure
representation of unit combination, time-wise backtrack search.

A program written in PROLOG has been developed for the same type of
problem as above, and it was applied to a small sample power system
having one nuclear, three thermal and two hydro units. Example of
feasible solutions is listed below. The research group is investigat-
ing an algorithm which determines operation planning policy with the
combined use of knowledge engineering based processing and the
traditional procedural processing. .
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load 1800

parallel(thermal2 nucleari)

standing-by ()

start(termal3)

stop(hydrol hydro2 thermall)

state(nuclearl parallel -110)(thermall stop2)(thermal2 parallel -1)
(thermal3 start -3)(hydrol stop 0)(hydro2 stop o)

RULE 21 SELECTED

RULE 42 SELECTED

RULE 51 SELECTED

RULE 61 SELECTED

load 1800

parallel(hydro2 hydrol thermal2 nuclearl)

standing-by(thermall)

start{(thermal3)

stop()

state(nuclear!l parallel -110)(thermall stop 2)(thermal2 parallel -1)
(thermal3 start -3)(hydrol parallel 2)(hydro2 parallel 2)

CHECKX 1 OK

CHECK 2 OK

NN NNN

NN NN

(2) Application to Optimal Unit Commitment
of a Group of Generatiors

Unit commitment of a generator comprises 4 actions, namely,
(i) synchronuzation,

(ii) stop,

(iii) start &

(iv) stand-by.

Following each action, the generator has to stay in that particular

state for a minimum amount of time to be specified in advance. An
additional cost will be incurred in case of the start & stop operation
of a2 unit, Each unit after synchronization is asked to supply such an

amount of-electric energy that results in the most economical dispatch
of the total system operation. »

Procedural & numerical selection of the optimization problem mentioned
above requires a prohibitive no. of descriptions of constraints on the
unit commitment, thus leading to a lower efficiency of the - software.
An alternative way of solution may be the design of a program called
“"generator" of unit combinations to be put in service. The program
will be written with a declarative language such as PROLOG. A proposed
set of combinations will be tested against a coarse check of economy,
thus producing only a Llimited no. of candidates, followed by
optimization to be carried out by the procedural processing using
FORTRAN. A research work is going on along this line.
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Outline Exformer / an Expert System for Transformer Fault Diagnosis

In a recent report of the Electrotechnical Research Department of the N.V. KEMA {1] the need to get
acquatnted with developments in Artificial Intelligence (AI), was expressed. Particularly. it was mentioned
that expert systems, being one of the most promising products of AI. will play a significant role in the filel:
of electrical engineering. Actually. some.papers on this subject have proven the applicability of expert
systems in the field of analysis of power systems [2. 3]. As a result. a pilot project has been started;

one of its main objects is to gain insight into the methods and techniques used in expert systems. In
particular. the strategy of rapid system development has been chosen for a specific domain, namely dlagnosis
of transformer faults or malfunctions from observables. It was thought that this problem is relatively simple
or, at least, can be narrowly defined.

In electrical power systems. power transformers belong to a class of very expensive and vital components.
Recognize for example, that the outage of a large power transformer may cost a company 100 millions of
dollars. Therefore, it 1s’ of great importance to minimize these outages by as many means as possible. In
practice. this is realized for instance. by the well-known transformer protection on which much effort has
been expended in reaching a high degree of rellability. Oil-filled transformers in service are also monitore?
by applying oildissolved gas analysis for the detection of incipient faults. Based on this analysis. the
transformer can be suspected enough to suggest a close inspection. Close inspection may:also be inferred froz
other data such as strange transformer noises and other irregular transformer- behaviour; in the worst cases.
inspection of an exploded transformer is required. In general., all possible steps for improving the
availability of power transformers are worth being considered, even in the worst case of the transformer bein.
irrepairably damaged. In this case the cause of the damage can be important as far as ‘the serviceability of
other transformers 1s concerned. Obvlsiously. a system containing knowledge of this domain would be of great
importance to an electrical engineer.

This paper presents an expert system, called Bxformer., to assist the engineer in judging faulty transformer
conditions. Exformer infers deficiencies in large power transformers and their underlying Gauses based on
specific transformer knowledge and data which is potentially noisy. For this purpose the specific knowledge
domain is sub-divided into the following main areas:

- gases dissolved in oil

- external investigation

- internal investigation.

The knowledge of these three areas has been mainly elicited from the transformer experts within N.V. KEMA. Th
analysis of gases dissolved in transformer oil is generally accepted and experienced as a sufficlently
reliable method for the detection of incipieéent faults in transformers. In Exformer, three methods of
interpretation of the ratios of gas contents have been implemented [4-6}. Special attention is paid to the
processing of the uncertainty in these ratios. Specifically., ideas adopted from the fuzzy set theory are usec
in the reasoning algorithm. In so doing. a margin of uncertainty can be built in the answers given by Exforze:

Like the gases-dissolved-in-oil-area, the two remaining areas allow for the inclusion of vaque statements.
These are concerned with the detection of the most likely fault and its underlying cause. In most cases. the
track set by outcomes of the gases—dissolved-in-oil-area is followed in the fault-finding process.

Evaluation

The prototype of Exformer has shown that expert systems can be of 'great help in transformer diagnosis. in
particular, when the electrical engineer wants to consult the chemical engineer for the gas analysis (and vic
versa). Moreover it is realized that expert systems provides the means of improving the quality of dlagnosi=
(of standard cases), since the line of reasoning can be made visible.

Fine tuning of dlagnosis rules will be more aesier with an expert system approach if in this approach a data
base 1is used in which records of transformers are being kept. These records must contain all data needed for
transformer diagnosis and must continuously be updated whenever a transformer is being investigated. Having
access to these records, diagnosis rules can relatively be easily improved, or even new rules can be
generated - for instance. by using existing methods for classification.

Finally. it is realized that in practice the success of these kinds of consulting systems depends on their
userfriendliness and in this case also on the ability of automated reporting. In discusions with the experts
(and users) all these aspects will be worked out.
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Expert system for Network restoration:

interpretation of faulty states

An expert system is developed which task is to assist operators in the interpretation of power systems
in faulty states. especlally when the system has entered the emergency state due to great
disturbances. Under these circumstances the answer to the most simple and obvious question “what has
happened?” is not straightforward. Great disturbances are often initlated by simple faults; when for
some reasons these simple faults cause directly or indirectly the outages of a considerable number of
system components -~ mostly this has to do with failure of the primary protection —, one may speak of a
serious disturbance. One of the first things' an operator will do in these cases is trying to get an
understanding of what has happened by trying to give satisfactory. il.e.. consistent. explanations of
the available information. In particular, he will try to reconstruct and explain the sequence of
Component outages, reasoning about a very broad range of subjects such as for instance alarms. data of
the protection system. Status of circuitbreakers. the topology of the network. etc. It is obvious that
an expert system assisting the operator in his inferrings about the system would be a valuable
support. An expert system 1s being developed which gives interpretations of power system in faulty
states using information of the protection system. The expert system will also propose suitable
actions to restore the black out area.

Outline

outline

The promising developments in the fleld of artificial intelligence (AI), especially expert systems,
have also been recognized by electrical engineers. One of the main characteristics of expert systems
is thelr ability to reason about a process or a system. To do so. an expert system uses

knowledge - mpstly elicitated from experts - which is stored in what 1is called a knowledge base. This
outstanding characteristic. its inference mechanism, makes expert systems very powerful tools to study
the behaviour.of complex systems (or systems in complex situations), especlially when this means
reasoning about the system.

As expert systems and other AI-offsprings are now coming to maturity. there has been a renewed and
growing interest in problems which did not or hardly lent theirselves to a conventional computer
approach. On of these problems in the electrical world is the comoputerization of a restoration plan.

It is the wish of every operator to have in emergency and restorative states of the power system
computer assistant which is as reliable as computer monitoring and control are in the normal state.
Knowing that cmergency control is hard to deal with - to prevent further outages, islanding and load
shedding are used as last resort -, the problem of network restoration will be attacked. It should be
noted however, that due to the abundance and varlety of the data on the basis of which decisions have
to be made. computerization of network restoration plans still is an immense but challenging problem.

It was not until the emerging of new methods and techniques from the AI-field that engineers really
feel that the restoration problem. or generally speaking, problems for which no general or
satisfactory algortihms exist., can adequately be attacked by the computer. Briefly stated., the
AI-products (expert systems) are sufficiently flexible to cope with several tasks such as dlagnosis.
interpretation, prediction. planning. design. monitoring and control [1]. Notice. that when
restoring a power system somehow and somewhere in this proces these tasks must be fulfilled.

When a system disturbance is serious enough to cause a considerable blackout area, one of the first
things an operator does is trying not to feel inconvenience with this unusual and undesired state of
the system by looking for a suitable and consistent explanation of what has happened. If he can deduct
the cause of .the outages of the system components he 1is confronted with, he can decide which

restoration scenario should be operative. He will also know how to adapt the actlions of this scenario
to the actual«situation. :

. As already mentioned. actions during the restoration process are based on information of diverse
nature. Generally speaking, the operator bases his -conclusions and actions on information from an EMS
system and human observations. Notice at this point. that carrying out a restoration plan basically
implies, taking components into service without violating any (system) constraints due to this action.
It is not unconceivable that under the stress imposed by the circumstances operators sometimes make
wrong decisions. Expert systems for power system restoration can make the work of operators under
these circumstances easier.

Two main tasks of an expert system for power system restoration will be focussed on. One task of the
expert system is trying to understand the state of the power system at any time in the restoration
process. Like the operator the expert system uses information of the power system to interprete a
Certain state. In the expert system being developed information of the protections system and circult
breakers is mainly used for the interpretation. Actually. the work that is being done, ls an extension
of Fukul and Kawakami {2] in that more type of relays are being considered. while the knowledge

base will be richer. The other task naturally follows from the essence of restoration. This task of
the expert system consists of proposing a sequence of system components (being members of a blackout
area) to be re-energlized. or a sequence of control actions (power and voltage control) to be taken.

The actions rclated to these proposals will be checked by the expert system: none of them will cause a
violaton of constraints. The first knowledge based approach of this task has been given by Sakaguchi
and Matsumoto [3}. This concept will be further worked out using PROLOG. since PROLOG offers a

more convenient way of handling system descriptions. while the well~-known concept of the IF-THEN rules
can also easily be applied.
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Outline Intelligent Operator Assistant

... i

AN INTELLIGENT OPERATORS ASSISTANT
The Intelligent Operators Assistand (OPA) is schematically shown in fiqure 2.

In general the “Assistant” is continuallg available for the operator at his desk in the control
centre, in the form of a graphic screen with mouse and windowing facilities. “He® acts as an
assistant supflyan his master with informatin and performs computational work in order to
analyse and solve a specific problem.

The °Assistant® is activated on request from the operator, or performs system surveillance funct-
ions in default mode, asking for the operators attention if a problem is discovered.

Typical tasks for the “"Assistant” are to:

SYSTEM - provide the operator with information about
OPERATOR . ghe current state of the power system
T - provide an easy. access to avallable tools
. or analysing the situation
OPERATORS - give advice on how to focus on problems and
ASSISTANT® INTERFACE problems areas, perform an ana1151s and pro-
pose remedial actions to a problem encounte-
red. .
CONTROL" STRATEGY .
T The application of expert system techniwues
can be grouped 1into the hree following
KNOWLEDGE SIMULATION DATA BASE areas. :
BASE PROCEDURES - Inventory . .
- Statistical A flexible and user friendly interface.
- On-line
— The interface has the shape of an
Intelligent Front-End (IFE). It covers all
INTERFACE ] STATE the interaction between the “body® of the
ESTIMATION “Assistant® and the user. Implementation of
l such a concept offers several advantages.
I - Simple automated startup of programs.
- No need for extensive knowledge of input
ANALYTICAL MEASUREMENTS . .formats and program  command sequence
ENGINEER AND setup.
(EXPERT) OBSERVATIONS - Inpug data checked for correctness and
consxs;encg. . L
. . . - Extensive help and explanation facilities.
Figqure 2: Intelligent Operators Assistant (OPA) - Compact presentation of relevant results.

Using Expert Knowledge and Operator Experience.

A sgec;al feature of expert system techniques 1is coding of knowledge in symbolic form. With
“symbolic knowledge® is meant experts experience and knowledge expressed i1n formal statements that
can be read and manipulated by a coamputer.

One type of knowledge is that gained by an operator after years of experience{

- qengral1 knowledge about bulk power system performance characteristics both.at the component and
system leve .
- knowledge about performance specifically applicable for the system in question.

Another type is the knowledge the analytic engineer uses when he faces with a problem sets up a
sequence of analysis that produces results needed to derive a solution. He uses knowledge about:

- modelling on system and component level
- Eroblem solving strategies . .
how to decompose a complex problem into subparts i . : .
* hgu tto interpret the results in order to identify a solution or adjust the problem solving
strategy
- eroblem solving procedures
which problems they can solve
* which 1nput is needed | .
* restrictions and simplifications
- * which results are produced
knowledge about what he knows (meta-knowledge)

A Control Strateqy for Efficient Use of Available Analytical Techniques.

To set up a sequence of activities that will produce results needed to solve a stated probles is a
typical expert task. )

Techniques for organising sequences of activities for solving a problem, or in other words, reach-
ln? a goal, has long been an area of research within the expert system field. Backward chalining
rulebased systems and blackboard techniques secms for the moment to be the most promising,
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ABSTRACT.

The aim of the project is to give support for operators in
power system restoration. The power system has two main
characteristics, it is complex and dynamic system. The power

system must be controlled, operated, planned and analysed.

Operator’'s control are usually separated in three main parts:
" Normal operating, interrupted operating and system

restoration after a outage.

The operation and control are based on human decision. The
decisions is usually a combination of human knowledge and

maqhematical programs such-as loadflow, optimisation etc..

For the system restoration there are special operator
instructions which guide operators when they make their
decisions. An interesting issue is that these instructions
are based on simple and general rules for different kinds of

disturbances.

This project aim’s at making an automatic system which is
able to generate the operator‘s instruction for a-specific
power éénfigucation. The rules should be general and

portable. We are now working on the first prototype.
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PROPOSED EXPERT SYSTEM APPROACH.

An expert system operational aid can be to get a quick view
over the situation and then to provide a suggestion to

operators so that the interrupt time is short. This is very
important when larger part of the system are interrupted and

a lacrge number of customer is disconnected.

In general the expert system approach is beneficial for
problems that involve nontrivial reasoning and human
knowledge. The power system restoration problem possesses the

following features which suggest an expert system approach.

1. The restoration problem deals with the selection of the
most suitable way between two nodes which should be
energised, which object (lines, loads etc.) should be
connected. The problem involves more logic reasoning and
only minor numerical computation.

2. The power restoration requires the operator’s judgement on
systeﬁ capacities and specific system or customers
information.

3. It is difficult to formulate the configuration restoration
as a mathematical programming problem because oﬁ'its

. combinatorial nature.
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POWER RESTORATION.

The first prototype contains some assumptions which are

presented here:

* A simplified power system configuration is used.
* The system starts deenergised.
* When loads are going to be connected the user consult a

loadflow program outside the expert system.

To energise the system with considerations to the

assumptions, the following rules are developed.
General rules for strategy.

Nuclear power: , _
IF nuclear power plants which are not energised exist, THEN
nuclear power should have the highest priority (safety

reason) .

Hydro power:
IF hydro power plants which are not energised exist AND
all nuclear power is energised, THEN hydro power should

have the highest priority.

Thermal power:
IF thermal power plants which are not energised exist AND
nuclear and hydro power are energised, THEN thermal power

should have the highest priority.

Loads:

IF there is enough power for frequency control, THEN

connect load up. to S50% of the total energised power.
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Rules for nuclear power:

IF nuclear power has the highest priority AND there are more
then one plant, THEN choose the most suitable station (in our

case the most northern station).

IF a nuclear power station has been found, THEN select the

closest energised or self-starting hydro station.

IF a nuclear power station AND a nearest station has been.
chosen, THEN select a suitable way to energise the nuclear
power station. This suitable way 1is then selected by another

rule set.

This were some of the general rules that are implemented.
There are more rules about power stations, how to choose the
most suitable way, how to connect loads and lines, what to do

when lines can not be connected for some reason etc.
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IMPLEMENTATION.

The implementation of an expert system involves a number of
issues, e.g computer langquage, knowledge representation,
validation of accuracy and performance evaluation. In this
study, we have chosen two languages KEE (IntelliCorp) and
Epitool (a Swedish system made by Epitec). The languéges
selection is appropriate because in planning a restoration
you need to use both forward and backward chaining. These two
methods are embedded in the tools and they are used in the

same ruleset.

Besides rules, we use frames to represent the knowledge about
a power system. The frame based representation is very
suitable because of the structure of a power system. Today

our system includes the thirty most important rules.
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CONCLUSION.

This first prototype has not been completed yet but it shows
that expect system techniques are suitable for power system
restoration. We have constructed a knowledge base which
contains rules that implement a solution approach that the
operator can use to restore the power system. The developed
rules are general and portable in the sense that they do not
depend on any particular system. The accuracy of the
knowledge base and reasoning process has not been validated

yet but it will be soon. In this first prototype we have not

considered the speed of the system.

In the future, with a system like this it should be possible
to replace the operators instruction pages with an expert
system. The expert system should collect information about
the disturbance and decide the severity of it and then |

perform a suitable power system restoration with respect to
the situation.
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Outline Artificial intelligence techniques as an aid to security analysis

Project objectivés

To determine the power system secturity state, load-flow
computations are usually performed. Security analysis requires a
systematic evaluation of contingencies, therefore a very large

number of computations, for interconnccted systems.

To obtain cfficient computation tools, research in the last twenty
years has concentrated on the development of fast numerical
methods for solving the load-flow problem. In sccurity analysis,
by numerical methods, the knowledge acquired from past
situations is oot taken into account. Nevertheless, the experience
of the control center operator or the cngineer is used to help
solving difficulties, such as non-convergence, overloads, voltage
problems. His knowledge of the likely most severe contingencies

helps in reducing the number of outages to examine.

The objective of the project is to take advantage of the experience
of the operator in security analysis, and to store and use

knowledge of past situations, using AI techniques.
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Outline Expert system in PROLOG for alarm handling in a substation

- Substation monitoring and decision making in normal
operating state are reclatively casy tasks for a human
operator. On the coatrary, in the case of major disturbances,
the operator is no longer able to anhlyze correctly the large
flow of information issued from vamious alarm devices, and
consequently to determine the sequénce of interventions in
order to bring back the system into normal state.

Recent artificial intelligence techniquds can help solving such
a problem, using an expert system for improving . decision
making. The expert system is based 6a a functional modeling
of the elements of the substation. Thus the topology of the
substation, the causality relationships of failures, the alarms
issued, and the sequences of actions required to manipulate
an element are defined. The modeling and a program in
PROLOG to generate the information are discussed.

The expert system is composed of foar different parts :

- Acquisition of the susbstation topology and of the alarms
activated.

- Alarm reduction, determination of the causes of the alarms,
and of the elements unavailable due to failure.

- Search for new configurations. to satisfy the functions of the
substation.

- Determination of the sequence of switching operations to
return to the normal state.
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Outline An Expert System for Security Assessment in
Operational Planning of Power Systems

This research project aims at the development of an -expert decision-
support system, which integrates numerical algorithms and logic
programming to assist in the decision-making process during the
operational planning stage of electric power systems.

The main areas of research, which fall under the steady state security
assessment function are: _

-Determination of weak boundaries due to active power. Weak
boundaries (which depend on current operating .conditions} are
normally found in interconnected power systems. Simple rules can
be used to identify such weak boundaries in order to carry out a
more detailed analysis of critical cases. (1]

-Identification of strong/weak areas due to active power . In a
power system, there are areas which are stronger/weaker than
average. Identification of <c¢ritical areas in terms of their
export/inport flows and the balance between load, generation and
reserves would give the planner a general description of the
performance of the power system under the planned operating
conditions.

-Rule guided heuristic search to handle the evaluation of second
contingencices. The selection of potential candidates from the
large number of outage events that may violate the security of
the power system is a crucial step in security analysis due to
the combinatorial explosion of the problem.

Consideration of reactive power/voltage effects is an area worthy of
study for further development of the system.

In emulating the way in which an engineer analyses the power systenm,
the expert system chooses the most appropriate algorithm (model) for a
particular task, examines the results and determines 1if a more
accurate algorithm (deeper model) is requlred to produce more reliable
results.

The expert system will be developed in POPLOG, a programming
environment which offers several artificial intelligence languages and
allows routines written in conventional languages to be linked. Pascal
has been chosen for the implementation of numerical algorithms and
interactive facilities, and Prolog will be used to develop an expert
system based on rules and frames.
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Outline (_C.E.P.S (Operational Control of Electrical Power Systems)

The system is currently only in the setting-up and language evaluation stage. Already OPSS has

been rejected, PROLOG appears to suit our needs better. Ve are at the moment waiting for the

arrival of POPLOG so PROLOG may be evaluated in this environment.
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The knowledge represented is the correct behaviour of each component
in the’' plant area concerned. This is expressed in incremental
qualitative analysis as sign-value equations, 'CONFLUEMNCES'. :
Fault detection involves determining if the observations are
consistent with correct bhehaviour (constraint satisfaction). If they
are not, a fault is present.

Fault diagnosis suspends constraints (confluences) representing the
correct behaviour of components until consistency is achieved. The
diagnosis is then the components suspended.

Structural knowledge about the interrelationships between components
is used to schedule a search order for diagnosis.

The expert system has been applied to a PWR pressuriser sub-system.
The time for detection and diagnosis of single failures is only a few
(2-10) seconds for the XEROX implementation.
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Outline Monitoring PowerSystem Stability  based on Voltage Phase Angle
measurement from important major regional substations and generation
plants

An Expert System provides an opportunity to develop real-time Power System
Stability Index (SI) based on real-time Voltage Phase Angle measurements. This
SI will be useful during normal and emergency operating conditions by indicating
the state of the power system.

An Expert System will use this information and gquidelines from off~line stability
and load flow studies to make recommendations for increased load transfers and
control actions to limit the extent of a power system disturbance.
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Outline Near real-time monitoring of sequential events from major intertie
substations

The monitoring of sequential events with 1 ms. resolution provides a powerful
analysis tool for -monitoring stability controls, complex protective relaying,
critical alarms, breaker operations, and standing orders. The use of expert
system technology can facilitate the automatic analysis capability to assist
the Dispatcher in making decisions to restore regional interties, to improve
power system reliability, to restore generation and loads; and to call out
appropriate operational and maintenance personnel.

Accurate data should be available to the Dispatcher within. 60.seconds from the
time the disturbance occurred. A minor disturbance can involve the processing
of 900 sequential events from 2 substations.

Significant economic benefits can be achievea by the timely and“adéﬁrate
Dispatch decisions to restore regional interties. This information can be used
to minimize equipment damage and reduce overtime call-out expenses.
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Outline Development of Knowledge Based Systems for Electric Utility Operation
using the PROLOG language

The objective of this research project was to investigate the desirability of _
developing knowledge based systems in the PROLOG, PROgramming in LOGic, language

for electric utility system applications. Two major steps were completed to
achieve this objective. )

To demonstrate the desirability of the PROLOG language, a protection system
simulator and diagnostician were developed along the lines of EPRI RP1999-7.
This application revealed the speed and ease that rules developed by relay
‘engineers could be translated into rules in the PROLOG language.

Fipally a demonstration volt/VAR dispatch knowledge based program was developed
in PROLOG. Volt/VAR dispatch is the process of maintaining an acceptable
voltage profile in an electrical grid. As a part of this expert system, it was
shown that a FORTRAN power flow program could be easily interfaced with the
PROLOG expert system. It was shown that a realistic model of an electrical
system and its interconnections could be utilized. The knowledge base for the
volt/VAR dispatch program and the data base for the power flow program were
similar in size to the on-line power flow program utilized in the Load Dispatch
Office of the Union Electric Company. The results of the simulation indicated
that the decisions reached in the volt/VAR dispatch program were consistent with
the operation.of 2 control center. The results of the power flow program
compared favorably with the results obtained at Union Electric. This study
resulted in the conclusion that PROLOG is.a highly desirable language with which
to develop knowledge based systems- for electric utility system applications.

The development of knowledge based systems in the PROLOG language for an
operator's assistant should be pursued. Higher levels of logic should be
incorporated to develop schemes and plans to control the sequence io which rules
are executed so that a wider range of problems and conditions could be evaluated..
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Outline Application of Expert System for Short Term Load Forecasting

: Several electric utilities in the United States apply demand charge on the basis of coincideatal
peak demand. The hour during which the utilicy experiences the highest load (MW) for the moath is defined

to be the peak hour and this MW value is referred as the “Peak Hour Load" (PHL). The hourly demand meter
readings for a month of the partfcular consumer (e.g., industrial or commercial customer, vwholesale purchaser,
etc.) are examined to determine their load during this peak hour. The demand charge is computed on the basis
of the consumer's contribution to the PHL. Thus it is very valuable for the concerned consumer Co receive
advance information about this PHL. :

Ve have developed a rule-based forecast (upto 24-hour lead time) for the Virginia Power service area. Tais
is based on the expert knowledge of the operator, and the inference generated from the database of the historical
load, weather parameters and other pertinent information. See Rahman and Bhatnagar (1) for further details. This
forecast is being used by Old Dominion Electric Cooperative in Richmond, VA to help in their direct load. control
strategy to minimize their contribution to the system peak hour load. This research started in lace 1984 and che
system went on-line in early 1986. Detailed description about this work can be found in reference 2. In the
process of developing this system and subsequent monitoring we have archived Virginia POUer load and relevant
weather data for one and a half year's now.

We have continued to work in this area and improved our load forecast accuracy based-on the insights gained
in che process. We have also programmed some analogical thinking and heuristics, as used:by the system operaior,
into the software.; Some of the major considerations that have guided us to the present state of the forecast
software include the following.

1. Perform ‘as‘much off-line computation as possible;

2. Use one-to=tuo wveeks' worth of historical load and weather data for on-line computations;

3. Provide automatic rule updating features; and

4. Implement the software iq such a way that it is easily transferable from one computer to anocher.

Due to the dynamic nature of the relationship between utility load and its governing functioms it often
becomes necessary to retrain a knowledge-based system. For this purpose a rule revising mechanism is builc inco
the software such that pre-selected rules can be modified if these continue to produce average forecast errors '
larger than 37 over.three consecutive days. This feature is specially useful during the days of season change-

over. The error tolerance and duration are to be selected carefully. lest we sctart to follow the noise in the
load. .

In'developing the knowledge based software so far we have intentionally avo;ded using any expert system
shells or traditional AL languages like LISP and Prolog. Rather we have tried to analyze the problem, study
its idiosyncrasies and the cause-effect relacionships of electric utilicy load. We have applied scatistical
packages, intuition and heuristics to devedop rules and implemented the software in a UNIX environment using
Ex:ended Fortran (EFL) and C languages. We have attempced to .fashion tools to reflect the structure of the
problem, mnot the other way around. The result so far has been encouraging.

The expert system based approach to adaptive load forecast will be able to provide choices among plausible
alternacives and, L{f necessary, retract the infererices, .undo the effects, and make new choices based on revised
‘beljefs or new evidence. In addition, the system will provide for "what Lf" type analysis capabilities. This
capabilicy {s spectally important in the light of the significant changes being anticipated in the utilicy
indasctry, and the associated uncertainties. We will be able to make certain assumptions, let the system hake
deductions based on them, then withdraw a set of assumptions and bring the system back to a consistent stace.
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EPRI OTS HEURISTIC SCENARIO BUILDER

In addition to being able to bulld scenario filles by direct instructor
input,- the OTS has the ability to create scenarios using the automatic
Heuristic Scenarlo Bullder (HSB). The main 1dea behind the HSB is to
use knowledge about the tralning session, generic knowledge about the
type of trainee (i.e., knowledge levels such as advanced, beginner,
etc.) and general power systems and system operation knowledge to
produce detailed sequences of events that match the corresponding
scenario goals and trainee's experience. The sequence(s) thus produced
are stored into a scenario file to be subsequently accessed by the
cimulator during a tralning session.

Knowledge intensive. problem solvers of the type described above are
suitable to implementation using the. techniques of Artificial
Intelligence (AI). The HSB will thus be developed using techniques-
such 2s rule based expert systems and heuristic search strategles to
explore the large space of possible scenarlos normally occurcing for a
particular training session. Two modes of operation are envisaged for
the HSB: an off-line mode where the scenarios are built, and an
on-line portlion where the scenarios are used during training. Both of
these modes of operation can be supervised or unsupervised. During the
off-line activity the instructor may be involved in the creation of the
scenarios, or . power system expert together with the instructor may be
involved in the prepiration of the scenarios. If unsupervised, the
scenario creation activity will run autonomously and presumably
adequate tools will be implemented to control the creatlon and quality
of the scenarios. The advantage of the unsupervised mode ig that it is
possible to let the HSB run for large periods of time considering
various possibilities in a more or less exhaustlive manner, although
continuously guided by the overall knowledge about scenario creation
discussed above. '
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Outline General purpose expert system shell for EMS applications

GENERAL PURPOSE EXPERT SYSTEM SHELL (EMSES)

o) NEW FEATURE OFFERED BY CONTROL DATA AS PART OF
STANDARD EMS SYSTEM

o FULLY INTEGRATED WITH OTHER EMS SOFTWARE AND
HARDWARE PRODUCTS '

o) UTILITY EXPERTS WILL BE ABLE TO CREATE -THEIR OWN
EXPERT SYSTEMS IN VARIOUS DOMAINS OF APPLICATION
SUCH AS IAP, UNIT COMMITMENT, RELAY PROBLEMS,
..., USING THIS GENERAL PURPOSE TOOL

0 ENHANCES DECISION MAKING CAPABILITY OF POWER

SYSTEM OPERATIONS PERSONNEL BY PROVIDING EXPERT
LEVEL EKNOWLEDGE AT ALL TIMES

GENERAL PURPOSE EXPERT SYSTEM SHELL (EMSES)

o) THE BMS EBXPERT SYSTEM SHELL INCLUDES THE
FOLLOWING SUBSYSTEMS:

-— KNOWLEDGE BASE INPUT AND EDITING FACILITY
- INFERENCB ENGINE

- INTERFACE TO MMI

- IN%ERFACE TO ON-LINE DATA BASE

- INTERFACE TO APPLICATION SOFTWARE

O  ENOWLEDGE IS REPRESENTED AS PRODUCTION RULES OF
.. THE FORM '

IF (CONDITION> = THEN (ACTION>

8] INFERENCE ENGINE USES THE KNOWLEDGE STORED IN
THE KNOWLEDGE BASE TO DRAW CONCLUSIONS, REQUEST
ADDITIONAL INFORMATION FROM USERS, CONSULT THE
DATA BASE, EXECUTE APPLICATION PROGRAMS, ETC.

(0 MMI PROVIDES INTERFACE TO OPERATORS USING CDC'S
STANDARD CONSOLE CRT KEYBOARD
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Outline IAP - Intelligent Alarm Processor

INTELLIGENT ALARM PROCESSOR

GOALS OF IAP:

0. FOCUS OPERATOR'S ATTENTION ON HIGHEST
PRIORITY PROBLEM

o DO NOT BOTHER OPERATORS WITH
REPEATING LOW PRIORITY MRSSAGES

O DIAGNOSE WHAT IS HAPPENING
(INFORMATION NOT DATA)

FEATURES OFFERED BY IAP:

0 DISPLAY "MOST URGENT ALARMS”
O DERTERMINE PRIORITY OF ALARM EVENTS
AND DISPLAY
o) ANALYSIS OF SITUATION
O PREDICT NEAR FUTURE EVENTS
o) REMIND OPERATORS OF ACTIONS TO BE TAKEN
o) PROVIDE “HELP" DISPLAY
o REPEATING ALARMS

- CONDITION IS TIMED OUT
- LOCEOUT ALARM IF REPEATED FAIL/NORMAL

- RESET AFTER NORMAL TIMEBOUT
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Outline Transmission Auto-Reclosure

2.4 AUTOMATIC RECLOSING

Selected transmission breakers are reclosed under computer control
via the Automatic Reclosing System. The list of breakers eligible for
computer automatic. reclosing appears on the Feeder Diagram named AUTORC.
In addition, a ‘C’ appears next to the breakers on the One-line Diagrams.

The entire automatic reclosure scheme is enabled/disabled from the
System Summary CRT display. An enterable field is labeled ‘AUTOMATIC
RECLOSING ON°. Normally, an ‘X’ will be displayed in the field. To turn
automatic reclosing off, the operator enters a blank into the field. To
turn the subsystem on, the operator enters any non-blank character  into
the field. For more information on the System Summary display, refer to
the Automatic Generation Control User’s Guide.

To initiate automatic reclosing on a breaker, the device must meel
certain constraints. Compuler automatic reclosing will only be initiated
upon the change of state of an eligible circuit breaker. If the line is a
one terminal line {radial), the following conditions must be met:

1. The circuit breaker is currently controllable by TRIP/CLOSE
commands entered at the SCC.

2. The breaker is presently in the OPEN state.
3. The breaker is hormally CLOSED.

4. The breaker is not TAGGED.

S. The last operator "initiated TRIP/CLOSE command for the
breaker was issued more than two minutes ago. :

6. The last computer automatic reclosing initiated CLOSE command
for the breaker was issued more than two minutes ago.

[f any of the above conditions are false, then the initiating positional
alarm 1s ignored by the automatic reclosing function and no computer
reclosing will be undertaken.

On a two terminal line which is eligible for computer automatic
reclosing, one breaker is designated as primary and . the other 1is
designated as secondary. The primary breaker will always be closed first.
If a positional alarm occurs on an-eligible -breaker on a two terminal
line, the following conditions. must be true for automatic reclosing to be
initiated: . :

1. The primary circuit breaker 1is currently controllable by
TRIP/CLOSE commands entered at the SCC.

2. The primary breaker is currehtly OPTN.
3. The primary breaker is normally CLOSED.
4. The primary breaker is not TAGGED.

S. The last operator initiated TRIP/CLOSE command for the
primary breaker was issued more than two minules ago.

6. The last compuler automatic reclosing initiated CLOSE command .
for the primary breaker was issued more lhan two minutes ago.
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7. The secondary breaker is currently OPEN.
8. The secondary breaker is normally CLOSED.
9. The secondary breaker is not TAGGED.

10. The last operator initiated TRIP/CLOSE command for the
secondary breaker was issued more than two minules ago.

11. The last computer automatic reclosing initiated CLOSE command
for the secondary breaKer was issued more than two minules
ago.

1f any of the dbove conditions are false, then no automatic reclosing will
be initiated. If, however, the conditions are checked and confirmed,
reclosure action begins with the closing of the primary breaker. If
successful, six seconds are allowed to pass before the secondary breaker

is reclosed. Before reclosing the secondary breaker, the following
conditions must be met:

1. The primary breaker is currently CLOSED.

2. The last operator initiated TRIP/CLOSE command for the
secondary breaker was issued more than two minutes ago.

3. The secondary breaker is currently OPEN.
4. The secondary breaker is normally CLOSED.
S. The secondary breaker is not TAGGED.

Although these checks may appear redundant, conditions may have changed

cince the first check. If all conditions are met, the secondary breaker
is reclosed.

1f, during the above sequence, an RTU hardware error occurs or the
RTU goes out of scan, this fact will be logged on the System Control
Office (SCO) alarm logger. In addition, if the second set of checks on 2
two terminal line reciosure (when the secondary breakKer is about to be
closed), do not allow continuance of the reclosing, the message
“AUTO-RECLOSING ABORTED’ will be logged on the SCO alarm logger. This
message will also appear if the closure of the secondary breaker is not
successful. On the other hand, if the line is successfully reclosed, the
message ‘AUTO-RECLOSING SUCCESSFUL’ is logged.

A maximum of sixteen circuit breaker pairs can be operated upon
simultaneously by the automatic reclosing subsystem. A designated circuit
breaker that .has no “partner” is considered as one pair of the sixteen
allowed. If field events cause this limit to be exceeded, the excess
requests for automatic reclosure will be permanently -ignored. If operalor
control action causes this limit to be exceeded, the computer automatic
reclosure function wiil be aufomaticaily shui down.
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Outline 1Intelligent Alarm Processor

This project is in a very early stage of development. The goal is to
produce a product which would inform the Power System Operator as to the
cause of alarms being presented rather than the alarm data only. In
addition, investigation will be made into the possibility of recommending
corrective action in certain situations.
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Outline VCES(Voltage Control Expert.System)

When a voltage problem occurs in a power system, several approaches may be taken to
restore a normal operating condition. Oispatchers may rely on their experience in
selecting neighboring controllers around the problem buses. The other approach would be
to apply a reactive dispatch program to come up with an optimized solution. Finaily, it
is also possible to combine the two approaches to arrive at a control decision.

For the reactive power/voltage control problem, the following empirical rules are
identified:

(a) If a load bus voltage drops below {or rises above)v;he operating limit, control devices
such as shunt capacitors, trangormer tap changers, generator voltages and synchronous
condensers can be switched or adjusted to restore the voltage profile.

(b) 1f a load bus voltage drops below {or rises above) the operating limit, it is most
efficient to apply the reactive compensation locally. If the capacity of local compen-
sators is insufficient to resolve the voltage problem, then compensators with next
highést sensitivities-should be chosen.

(c) If fﬁé.voltage.is Tow (high) at a bus, the tap position of the local transformer tap
changér can be raised (lowered) to correct the problem. However, increasing (decreasing)
the tap position may cause other load bus voltages to drop (rise).

(d) Generator bus voltages can be raised {lowered) to solve the low (high) load voltage
problems.

Tle proposed rule-based system VCES serves as an operator's aid in resolving
voltage problems. [t was suggested that empirical rules be used when the
problem is minor (few low voltages). On the other hand, if the problem is_severe.
then a reactive dispatch algorithm will be called upon to generate a solution. The
general framework of the integrated rule-based and number-crunching programs c§n-be‘
described by Fig. 1. It is noted that to apply the linear program (reactive dlspagch)
it is necessary to linearize the system equations around the selected operating point.
The interface block in Fig. 1 represents the solution of a load flow and evaluation
of partial derivatives for use in the formulation of the linear program.
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figure 1- Yoltage Control Cxpert System(VCES)
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Outline CRAFT (Customer Restoration And Fault Testing)

Faults may occur in transmission lines due to accidents, etc. Typically, each line is
equipped with power circuit breakers on both slides which are designed to trip within cycles
after a fault occurs in order to protect equipment. from damage. Transmission: lines in the
115kV range often have substation taps between these power circuit breakers. A tripping of
the breakers will lead to interruption for customers supplied through taps along the faulted
line. To minimize the power interruption during the line faults, an effective scheme is to
install automatic switches between some sections of the line. These switches are designed
to close or open depending on the status (hot or-dead) of the component (line or bus). The
switches are provided with a delay time setting for the operation; system designers can
coordinate the time settings among switches in order to achieve m1n1mal power interruptions
under specified fault conditions.

Upon the occurrence of a fault, the operation of supervised automatic switches will
_result in alarms presented to system dispatchers. Unsupervised automatic switches require
communication from the field before a dispatcher has an indication of the device operation.
In practice, dispatchers need to examine the-system configuration following the fault and
possibly they will need to perform a set of test actions to determine the faulted section.
The decision-making process involves reasoning based on system status, functions of
automatic switches and empirical judgements related to specific line conditions. Since
the dispatchers also have to retrieve system data from handbooks and/or computer storage,
the decision-making process can be time-consuming, depending on the complexity of the line
and the fault event. . ,

This problem solving approach followed by the dispatchers, i.e. heuristics, operational
guidelines, etc., suggests an expert system approach. In this paper, we present an expert
system for assisting dispatchers in a control center when line sections become faulted and
automatic switching is insufficient to maintain service to all customers on the line in -
question.

Fig. 1 shows how the solution process proceeds in the developed expert system. The
system has been written in a production system language, OPS83. Specialized production
system languages —smch—3s-008837 provide many features which facilitate development of an
expert system. However, the high level of these languages may present difficulties when
communicating with other software. Other computer support, such as the SCADA system, is
typically written in more conventional languages, e.g. on-line code in assembly tapquage
and applications programming in FORTRAN. OP35&3 Prpm_c(..q_ A cemiall~t / AZ(.M.Z_

+o FORTRAAN.
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Outline DFSR (Distribution Feeder System Restoration)

In a dispatching center, system operators monitor the system through the distribution
SCADA and the real-time database. An expert system operational aid can be used to provide
suggestions to operators so that customers can be restored quickly. This is particularly
meaniningful in emergency conditions when a large.number of customers are interrupted.

The function of the proposed expert system can be described by the block diagram in
Fig. 1. This study deals with system restoration and therefore it is asssumed that the
fault location is already known.

The function of Restoration Planner (RP) is to come up with necessary switching actions
to restore the customers affected in an outage. Based on the assumptions that the fault
location is known and that the system data and switch status are available, RP is capable of
formulating a set of breaker and/or switch actions so that the maximal number of outage
zones and the feeders can be restored. To do this, the general strategy is hierarchital;
one first identifies the whole outage area and divides it into groups of zones based on the
adjacency of feeders. In other words, it is intended to restore each group from a neighbaring
feeder. However, the capacity and operating constraints will be checked to ensure the
restoration is feasible.

Now, if any feeder is unable to pick up an assigned group, the zones in this group will
be attempted one by one. This process will be called zone restoration. After this step, if
some zone cannot be.restored, then a load transfer would be necessary. By transferring enough
load from a neighboring feeder to a farther one, the neighbor will be able to pick up a zone.
The transfer will be attempted for every feeder adjacent to the neighboring feeder. In this
sense, the program attempts to restore the maximal number of outage zones.

We selected Prolog for the implementation. The function RP is implemented with approxi-
mately 180 rules. Two slightly different versions of the Prolog programs were developedi
one for a medium-size mainframe IBM-4341 and the other for an IBH-PC. Ingeneral, the developed
Prolog system is efficient enough for this application; a typical program execution would take
2-5 seconds on IBM-4341 mainframe and 3-9 seconds on IBM-AT.
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Appendix <d> List of References Quoted in Replies to
’ the Questionnaire

[Denmark]
de-1 Dyre, Kim, Olesen, Ole Jan and Bergstrom, Willy
"New concepts in power system applications”™,
Submitted paper for the 9°th Power System Computational Conferencs.

de-2 Dyre, Kia
"KBS in the dispatch planning and in the on-line surveillance”,
Paper presented at the UNIPEDE/CORECH workshop on expert systems held in Milan 15.-16.
January 1987.

[France]

fr-1. P.BREZILLON, P.FAUQUEMBERGUE
"Surveillance des dispositifs de protection dans un.poste 4 THT et localisation des défauts par
analyse des informations fourniss par le consignateur d’état, Présentation des travaux en cours”.
EDF Report HR 32-0847 and HR 47-0264, 18 February 1987.

fr-2 P.BREZILLON, P.FAUQUEMBERGUE, Y.HARMAKD
"Event synthesis in an EHV substation: an expert system approach”™,
Communication submitted to IFAC Symposium on Power Systesms, Modelling and Control Applicatiens,
September 5-8, 1388 (Brussels):

fr-3 Functional specifications of French regional control centres (EDF - SME)

fr-4 Functional ahalyéis of French regional control centres (EDF - CGEE ALSTHON)
fr-5 Aloustte : Software environmant for knowledge base use (EDF-DER : D. MULET-HARQUIS
’ P. BENHAKOU)
fr-6 Function&l specifications of Alouette inferanca engine (EDF-DER : D. MULET-MARQUIS -
P. BENHAXOU)
[F.R.G.]
g-1 F.Hein

“ALARM HANDLING IN CONTROL CENTRES
Expert System diagnosing network incidents - design and experisncies”,
CIGRE Session 86 SC 33 Workshap, 1386.

g-2 Franz Hein, Gunther Schellstede
"INTRODUCTION OF EXPERT SYSTEMS IN CONTROL CENTRES™,
CIGRE SC 39, 1987.

{Italy}

ita-1 Antoniotti ¥. (1986). .
“Analisi di un Problema di Cohfigurazione e suc Possibile Irattamento con
Tecniche di Ricerca Operativa e di Intelligenza Artificiale. Tesi di Laurea™,
Universiti degli Studi di Milamo, Corso di Laurea in Scienze dell’Informsazions,
Anno Accademico 1985-86
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ita-2 Fox M.S., and Smith S.F. (1984). IT;S
"A Knowledge-based Systess for Factory Scheduling™,
Expert Systems, International Journal of Knowledge Enginsering vsl. 1, No. 1, 25-48.

ita-3 Pearl J. (1984)
*Heuristics - Intelligent Search Strategies for Computer Problea Solving”,
Adison-¥Wesley, Reading Ma.

1ta-4 N.Stefik et al. _
"Basic Concepts for Building Expert Systems™,
in Building Expert Systels. Addison-¥esley,1983, pp.B82-86.

ita-5 D.S.Prerau : )
"Selection of an Appropriate Domain for an Expert System”,
The Al Magazine, Summer 1985, pp. 26-30.

ita-§ J.McDermott

"Rl: A Rule-based Configurer of Computer Systems”,

Technical Rept. CHS-CS-80-118, Carnegie Mellon University, Pittsburg, PA.
ita-7 J.McDermott ]

"Rl: An Expert in the Computsr Systems Domain”,

Proc. of the first National Conference of the AARAI, pp. 269-271.

ita-8 N.P.Georgett
~Strategies in Heuristic Search”,
Artificial Intelligence, 20, 1983, pp. 393-425.

ita-9 C.L.Forgy
"The OPS5 user’s manual”,
Technical Rept. CMU-CS-81-135, Carnegie Mellon University, Pittsburg, PA.

ita-10 Sage User Nanual, SPL Ltd., June 1982.

ita-11 E.Allen
YAPS: Yet. Another Production System, University of Maryland, I.R. 1146.

ita~12 J.Bachant, J.NcDermott
"Rl: Ravistea: Four Years in the Irenches”,
Al Magazine, Fall 1984.

ita-13 Gallagti M., Gilardoni L., Gilda G., Stefanini A., and Tomoda L. (1887)
"Integrating Deep and Shallow Knowledge in the Design of an On-line Process Monitoring Systes”,
To Appear on International Journal on Man Machine Studies.

jta-14 Gallanti M., Guida G., Spampinatec L., and Stefanini A. (1985)
“Representing Procedural Knowledge in Expert Systems: An Application to Process Control”,
Proc. 9th International Joint Conference on Artificial Intelligence. Los Angeles, August 1985.

ita-15 Gallanti M., Pascali R., Bacci F., and Quadri G. (1986) PROP -
“An Expert System Application for Process Control™,
Proc. 9th International Joint Conference on Artxfxclal Intelligence, los Anzeles. August 1985.

ita-16 Stefanini A., Gallanti M. (1987)
“Expert System Applications for Power Generation and Distributiun:
A Survey on the Ongoing Projects at CISE”,
EPRI Seminar on Expert Systems Applications in Power Plants, Boston. Ma, May 27-28.

G2



ita-17 Clapis A., Gallanti M., and Stefanini A. (1984)
“Expert Systems in Plant Diagnostics: A Practical Application”,
Marzo, 109-115. (in Italian).

ita-18 Stefanini A., Gallanti H (1987)
“Expert Systems Applications in Power Generation and sttrxbution
A Survey on the Ongoing Projects at CISE",
EPRI Seminar on Expert Systems Application in Power Plants, Boston, Ma, May 27-29,

{Japan]

ja-1% 0gi, et al. : : :
"Development of maintenance scheduling support systems with intelligent interface”
National convention records, IEE of Japan, Ne. 1552, 1987

ja-2% Suzuki, et al.
"Object oriented programming applied to system restoration in trunk lines”,
PE-86-130, National conference of power systems engineering, IEE of Japan, 1986

ja-3* Koike, et al.
"Fault detection based on knowledgs enginsering in power systex”,
Rational convention records, IEE of Japan, No. 1016, 1985

ja-4* Nakazawa, et al. .
“Power system fault detection using object oriented programming”
National convention records, IEE of Japan, No. 1015, 1985

ja-5% Koike, 8t al.
"Application of knowledge engineering to power system control
 'PE-85-98, National congerence of power sysiems engineering, IEE of Japan, 1985

Ja-6¢ Gotoh, et al.
“Development of Demonstration system for power system fault detsction”,
National convention records, IEE of Japan, MHo. 1036, 1986

ja-7% Gotoh, et al.
“Application of knowledge engineering to on-line fault detection in power systex”,
National convention records, IEE of Japan, No. 1037, 1986

ja-8% Gotoh, st al. )
"Power system restoration based on productien sy;telf.
National convention records, IEE of Japan, Ne. 1038, 1986

ja-3  Koike, et al.
"A REAL TIME EXPERT SYSTEM FOR POWER SYSTEM FAULT ANALYSIS”,
IASTED Conference, Montana State Univ., 1986

ja-10% Moriguchi, et al.
"On the development of knowledge engineering based support system for fault location and system
restoration”, National convention records of Kyushu Chapter of IEE of Japan, 1986

Ja-11% Iinaga, et al.
“Support system for fault location and system restoration by usage of knouledzo engineering,”,
Toshiba Review, 1986

ja=12¢ Moriguchi
“Deveopment of expert system to assist fault location and system restoration™, OHM, Dacember, 1986
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ja-13=

Ja-14

ja-15%

ja~16

ja-17

ja-18

ja-19

ja-20%
jf—ZI

ja-22%
ja-23¢
ja-24s

ja-25¢%

Kajiwara, Sakaguchi
"Newly Developed Support System for fault location and system restoration”,
Electric Field Technolegy, December, 1986

Kajiwara, Sakaguchi
"AN EXPERT SYSTEM ASSISTING FAULT ANALYSIS AND RESTORATION OF POWER SYSTEN™,
1ERE Workshop, Milano, 1986

Koike
"Expert System for Electric Power Utilities™,
The Transactions of IEE of Japan, Vol. 107-C, No. 2, February 1987

Moriguchi, et al.
"AN EXPERT SYSTEN FOR POWER SYSTEM FAULT ANALYSIS AND RESTORATION", CIGRE (Tokyo), Oct. 1987

Fujivara, et al.
"An Intelligent Load Flow Engine for Power System Planning”,
Proceedings 1985 Power Industry Computer Applications Conference, pp. 242-248, May 1985

Sakaguchi, et al.

"Design and Development of Human Interface in Engineering Workstation for Power Systes Planning”,
IFAC/IFIP/IFORS/IEA Second International Conference on Analysis, Design and Evaluation of Man-Machine
Systems, September 1985

Kohno, et al.

"&n Intelligent Support System for Power System Planning”,

Proceedings of the 1385 International Symposium on Circuits and Systems, Vol PWRS-1, No. 2,
pp. 87-75, May 1986

Fukui, Kawakami
"Interractive Intslligent Support System for Powsr System Analysis”,
National convention records,IEE of Japan, No. 1053, 1987

Tamura, Hagiwara
"A New Algorithm of On-Line ELD for Thermal Power Plants™, IFAC Symposium on Automation &

Instrusentation for Power Plants, BANGALORE, INDIA, December 1986

Fukuyama, Tamura et al.
"An Application of Knowledge Engineering to On-Line ELD for Thermal Powsr Plants™, PE-87-178,
Natxunal conference of power systems engineering, IEE of Japan, 1987.

Sasaki, Yokoyama et al.
"Expert Systems Assisting Power Systems Security Control”,
PE-874177, National conference of pover systems engineering. IEE of Japan, 1987.

Kakimoto, Hayashi et al.
"Knowledge Based Training System for Power Systes Operation™,
PE-87-169, National conference of power systems enginsering, IEE of Japan, 1987.

Kimura
“Studies of Artificial Intelligence at Tohoku University”,
AI87-27, The Institute of Electronics, Information and Comsunication Enginner, 1987.

[Netherlands]

nl-1

H.E. Dijk and G.J. Duin

"Introduction of Expert Systems at KEMA® (in Dutch), K¥MA-report 10207-85, 1985
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nl-2

Y. Sakaguchi and X. Katsumoto

“Development of a Knowledge Based Systea for Power System Restoration”, IEEE Transactions on Power
and Systems, Vol. PAS-102, No.2, Feb, 1983, PP7320-326.

nl-3 €. Fukui and J. Kawakami
“An Expert System for Fault Section Estimation Using Information from Protective Rslays and Circuit
Breakers™, IEEE/PES Vinter Meeting, New York, paper 86 WM 112-7. :
nl-4 1EC Publication 599, "Interprstation of the Analysis of GAses in Transformers and other 0il-Filled
Electrical Equipment in Service”, 1978.
nl-5 R. Naller, H. Schliesing and K. Soldner
“Die Beurteilung des Betriebzustandes von Transformatoren durch Gasanalyse”, Electrizitatsuirtschaft.
Jg. 76 (1977), Heft 11, pp. 345-349.
nl-6 ROGERS, R.R.
“Experience in the Interpretation of Incipient Faults in Power Transforsers by Dissolved Gas-in-0il
Chrosatographic Analysis (Progress Report), Double Conference Index of Minutes, Sec 10-201, 1975.
nl-7 F. Hayes-Roth, D.A. Waterman and D.B. Lenat, Building Expert Systess; Reading, Hassachusotts.
Addison-Wesley Publishing Company, Inc.
nl-8 C. Fukui and J. Kawakaami
“An Expert Syster for Fault Section Estimation using Information froe Protective Relays and Circuit
Breakers”, IEEE, 86 WM 112-7, 1988.
nl-9 T. Sakaguchi and K. Matsumsto
"“Development of a Knowledge Based Systea for Powsr System Restoration”, IEEE Trans. on Pover
Apparatus and Systems, Vol. PAS-102, No. 2, February 1983.
{Norway]
no-1 Stea ;
"Reliability in Bulk Power Systee Operation - A Conceptual Study”,
Dr.ing.thesis, NTH/Power Section 1986.
no-2 Holen, Stoa
“Power System Reliability Performance”,
CIGRE SC-39 Meeting in Toronto, September 1985. Paper pp85—03
no-3  Computas Expert Systess, EFI ELDATA NEBB, Statkraft v
"Kunnskapsbaserte Systemer { Produksjonsplanlegging og Netidrift”
(Xnowledge Based Systems in Production Planning abd Network Operaton),
June 1986.
no-4 EFI-IR 3368 ]
"Intelligent Brukergrensesnitt mot Program for Optimal Lastfordeling - En Forstudis™
(Intelligent Fronted towards an Optimal Loadflow Proxral - Pralumary Study),
Novembsr 13886.
no-5 EFI-IR 3320 v
"Driftssikkerhetsmodell - Handlingsplan for Videre Arbeid”
(Bulk Power System Reliability Model - Strategy for Future Development), .
October 1986.
no-6 A. T. Holen, 0. B. Fosso, T. Sannes, The Norwegian Institute of Technology (NTH)

P. Stoa, A. Botnen, The Norweigian Resarch Institute of Electricity Supply A/S (EFI)
L. Holten, A. Meland, Statkraft

"Expert System in Power System Reliability Assessment”,

14th INTER-RAM CONFERENCE FOR THE ELECTRIC POWER INDUSTRY Toronto, 1987.
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(R.S.A.

rsa-l

rsa-2

rsa-3

rsa-4

rsa-5

rsa-6

rsa-7

rsa-8

rsa-9

rsa-10

]

P.H. ¥inston and B.K.P. Horn
"Lisp”, Addison-¥Wesley, 1981

Bruce F. Wollenberg

"Feasibility Study for an Energy Management Systew Inetlligent Alarm Processor”,
1EEE Transactions on Power Systess,

Vol PWRS-1, No. 2, May 1987

Charles Kalme
"Al tool applies the art of building expert systems to troubleshoost boards”,
Electronic Design, April 3 1985

Sarosk N. Talukdar et al
"Toast: The Power System Operator’s Assistant”,
Computer IEEE, July 1986

¥illias S. Faught
“HKpplications of AI in Engineering”,
Computer IEEE, July 1886

M. Lattimer Wright
"An Expert System for Real-Time Control”,
IEEE Software, IEEE, March 1986

Nils J. Nilsson
"Principles of Artificial Intelligence”,
Springer-Verlag, 1982

Frederick Rayes-Roth et al (editors)
"Building Expert Systems”, Addison-Wesley, 1983

F.Hayes-Roth and D.A. Waterman
"Building Expert Systems”, Addison-Wesley, 1983 .

R.A. Corlett
“Features of artificial intelligence languages and their environments™,
Software Engineering Journal, July, 1986

[Switzerland]

swit-1

M.Stalder and A Germond
"An; Expert System in PROLOG for -Alars Handling in a Substation”,
9th PSCC 1987.

{United Kingdom]

uk-1

uk-2

uk-3

¥inokur, M. and Cory, B.J.
"Identification of Weak and Strong Areas for Emergency Control”,
IEEE Trans PAS-103, 1984, pp.1486-1492.

Johnson, R.B.I., and Cory, B.J.
"Expert Decision-Support in Power System Operation”,
2nd International Conf. on Power System Monitoring and Control, July 1896, pp.361-365.

"POPLOG - A multi-purpose, multi-language program development enviroment”,
Reported by the University of Sussex, 1386
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uk-4

uk-5

J.0. Gann
“Adaptive on-lins load forecasting”,
University of Durhas.

H.R. Herbert and G.H. Williaas
"An Exasination of Qualitative Plant Hodelling as a Basis for xnovladze-Based QOperator Aids
in Nuclear Power Stations”,
Proceedings of the Unicom Sewinar on Expert Systems and Optimisation in
Process Control, London, 3rd-5th, December, 1885.

{U.S.A.]

usa-1

usa-2

usa-3

usa-4

usa-5

usa-6

usa-7

usa-8

usa-9

D. Lubkeman & Wickramasekara

"A Knowledge Based Expert System Approach for the Analysis of Distribution Feeder Harmonics”, 1987,
Industrial and Commercial Power systems Technical Confersnce Record, pp. 64-71

S. Civanlar & D. Lubkeman, T. Taylor, H. Yin

"A Switching Operation to Improve the Operation of Electric Distribution Systems™, Prucaadznzs of the
American Powver Confsrence, 1987

The Expert System development will requre a2 number of iterations.

Initially, the analysis will focus on the most critical stability controls, idemtify the typw of
fault (10 30, etc.), breaker operating sequence, consider critical equipsent alarms, and apply the
appropriate Standing Orders.

Power system monitoring, restorative control, emergency control, and operatsr training, are important
functions to be included with an expert systes.

A saall prototype effort or a cooperative EPRI/university project is being considered for the 1367-88
period.

The technology transfer of power system disturbance analysis and complex relaying will involve a
considerable effort in developing the Expert system. The Expert System’s interface with rsal-time
control systems must address high security requirements, speed of responss, linking to other
languages (FORIRAN, C, atc.), and common databases.

Vo anticipate that hte Dispatchers and operators will welcome and provide valuable assistance in deve
loping the man-machine interface.

T. Sakaguchi and K. Natsumato
"Developasnt of a Knowledge Based System for Power System Restoration™, IEEE. Trans. on Pover
Apparatus and Systems, Vol. PAS-102, No. 2, Feb. 1983, pp. 320-339,

S. Talukdar and E. Cardozo. Artificial Intelligence Technologies for Power System Operations - Some
Demonstrations and and Assessment of Opportunities. Final Report, EPRI Researck Project 199%-7,
August, 1985.

usa~10 E. Tweed and R. Butler

“The Use of PROLOG and Power System Restoration™, Electric Power Systems Research, Vol. 9,
pp. 293-295, 1985.

usa-11 C. C. Liu and K. Tomsovic

“An Expert Systew Assisting Decision Making of Reactive Power/Voltage Control”,
IEEE Trans. on Power Systems, Vol. PWRS-1, No. 3, Aug. 1986, pp. 195-201.

usa-12 K. J. Astram, J. J. Antons, and K. E. Arzen

“Expert Control”, 9th IFAC World Congress on a Bridge Between Control Science and Technology,

Budapest, Hungary, July 1984.
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usa-13 John Gabriel and Richard Chapman

“Deriving Properties of Systems from Propertiss of Parts and Lists of Connections”,
Argonne National Laboratories ANL-8a6-351, Dec. 198§.

usa-14 K. Clark and F. McCabe, Micro-PROLOG Programming in logic, Prentice-Hall International, 1984.
usa-15 I. Bratko, PROLOG, Programming for Artificial Intelligence, Addison-Wesley, 1985.
usa-18 Sawysr and Foster, Prograeming Expert Systems in Pascal, John Wilay & Sons, 1986.

usa-17 S. Rahman and R. Bhatnagar
“Design and Implementation of a Short Teram Load Forecast”,
presented at the IEEE Winter Power Meeting, Neo Orleans, LA, jpaper no. 87WK082-1, February 1987.

usa-18'S. Rahman, et al.
“Design and Implementation of a Short Term Load Forecasting Systez”,
Final report, 0ld Dominion Electric Cooperative, Octorber 1986, 116 p.

usa-19 Thomas J. Varney
"STATIC SECURITY ANALYSIS AND UTILITY DEMONSTRATION"

usa-20 C. C. Liu and K. Tomsovic :
"An Expert System Assisting Decision-Making of Reactive Paver/Voltage Control”,
IEEE Trans. on Power System, Vol. PWRS-1, No. 3, Aug. 1986, pp. 195-201.

usa-21 C. C. Liu, X. Tomsovic and S. Zhang
"Efficiency of Hxpert Systews as On-Line Operating Aids™, 1987 PSCC Conferesnce, Lisbon, Portugal.

usa-22 K. Tomsovic, C. C. Liu, P. Ackerman and S. Pops
“An Expert System as a Dispatchers’ Aid for the Isclation of Line Section Faults™, 1986.
Transmission and Distribution Conference, Anaheis, CA, to appear in IEEE Trans. on Power Delivery.

usa-23 Final Report, EPRI RP 1999-9, in preparation.
usa-24 C. C. Liu, S. J. Lee and S. S. Venkata
"dn Expert Systesm Operational Aid for Restoration and Loss Reduction of Distribution of distribution

Systems™, 1987 PICA Conference, Montreal, CA, to appear in IEEE Trans. on Power Systems.

usa-25 A.F.Neyer, K.Imhot and F.F.¥Wu
"An Object-oriented Data Represantation and Task-Based Reasoning Systea for Energy Management Systea:
A Proposal®™, to be published as ERL-Report, 1987.
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Appendix <H> Glossary of Expert System Terminology

Abduction. A syllogism, of which the major premiss is certain, and the
minor - only probable, so that the conclusion has only the probability
of the minor; apagoge (see Deduction, Induction).

Algorithm. An explicit, finite set of instructions for solving a
problem. v

Artificial intelligence (AI){2]. A broad definition: A growing set of
computer problem-solving techniques that are being developed to
imitate -human thought or decision-making processes or to produce the
same results as those processes.

Artificial intelligence (A.I.)([1]. A discipline devoted to developing
and applying computational approaches to intelligent behavior; also
referred to as machine intelligence or heuristic programming.

Atom. An individual; a proposition in logic that cannot be broken down
into other propositions.

Augmented Transition Network (ATN). A grammar representation used in
natural language systems to parse input. ATNs are strings representing
legal sequences of parts of speech. Input text is compared to the
strings. If the parts of speech represented by words in the input
match the parts of speech in an ATN string, the system recognizes the
input as 1legal. Actions to be performed on or with input may be
associated with an ATN.

Automatic program synthesis. The automatic computer construction of
programs from rigorous and nonalgorithmic specifications describing
what the programs should do.

Automatic program verification. The use, by a computer, of mathemati-
cal techniques to show that programs behave according to their formal
specifications, in order to prove the correctness of programs.

Automatic programming. The . application of artificial intelligence
techniques to the general goals of automatic program construction and
automatic program transformation.

Backtracking. Returning the database, or conditions, in a system to a
previous state in order to try an alternative solution path.

Backward chaining. Attempting to solve a problem by stating a goal and
looking in the database for the conditions that would cause it to come
about, then reiterating this process, using those conditions as the
goals and searching for their preconditions, and so on (see Forward
chaining).

Blackboard. A data structure on which a system can post information on
internal states of objects or registers in the system for consultation
and appropriate action by operators in the system.
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Blackboard approach. A problem-solving approach whereby the various
system elements communicate with each other via a common working data
storage called the blackboard. :

Blocks world. A small artificial world consisting of blocks and
pyramids, used to develop ideas in computer vision, robotics, and
natural language interfaces.

Certainty factor. A tag associated with a piece of information sup-
plied to an expert system. The tag describes the application develop-
er's degree of confldence that the piece of information is likely to
be true.

Cognltlon. An intellectual process by which knowledge is galned about
perceptions or. ideas.

Compile. The act of translating a computer program written in a
high-level language (such as LISP) into the machine language that
controls the computer's basic operations.

Computatfahal logic. A science designed to make use of computers in
logic calculus.

Computer architecture. The way various computational elements are
interconnected to achieve a computational function.

Conceptual dependency. An approach to natural language understanding
in which sentences are translated into basic concepts that are ex-
pressed as a small set of semantic primitives.

Conceptual dependency. A knowledge representation wused in natural
language systems A conceptual dependency translates input into an
- internal representation usable by. the system. A conceptual dependency
makes use of a small number of basic components signifying meaning
that can be combined to represent more complex meanings.

Confidence factor. See Certainty factor.

Connected-speech system. A system that can understand stream of
speech in-which the speaker does not pause between words to emphasize

the beginnings and ends of the words.

Control structure. Reasoning strategy --the strategy for "manipulating
the domain knowledge to solve a problem.

Data base. An organized collection of data about a subject.

Data base management system. A computer system for storing and re-
trieving information about some domain. ' :

Data structure. The form in which data are stored in a computer.

Declarative knowledge represehtation. Representation of facts and
assertions.
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Deduction. The process of reaching a conclusion by logical means (see
Induction, Abduction). .

Document generation system. A system that synthesizes text by manipu-

lating stored information 1in response to specifications for the
output. A type of document understanding system.

Document understanding system. A system that accepts textual input,
stores .and classifies it, and then utilizes the input in response to
specifications for tasks. Some document understanding systems provide
paraphrases, some answer questions, some perform translation, and some
draw inferences. ‘

Domain. The problem area about which a system has knowledge and an
ability to manipulate the knowledge.

Editor. A software tool to aid in modifying a software program.

Ellipsis. The omission of words so that a sentence is not grammatical-
ly complete but is still comprehensible to the intended audience.

Embed. To write a computer language on top of (embedded in) another
‘computer language (such as LISP).

Expert system. A computer program that uses knowledge and reasoning
techniques to solve problems normally requiring the abilities of human
experts.

Explanation facility. A feature of many expert systems. The part of a
system that tells what steps were involved in the processing by which
it arrived at a solution. These facilities can be simple traces of
steps: or they can be more complex, supplying encoded reasons and
references for the reason the solution takes one alternative rather
than another. : '

Fifth-generation computer[1]. A non-Von Neumann, intelligent parallel-
processing form of computer now being pursued by Japan. :

Fifth-generation computer[2]. An upcoming generation of computers that
will not depend on a von Neumann architecture. The first four genera-
tions of computers processed instructions sequentially. Definitions of
the fifth-generation computer vary,: depending on the -gcdals of the
researchers working on different fifth-generation projects, but most
include the ability to do parallel processing and an architecture
suited to knowledge processing.

First-order predicate logic. A popular form of logic used by the A.I.
community for. representing knowledge and performing logical  inference
First-order predicate 1logic permits assertions to be made about
variables in a proposition.

Forward chaining. The . type of activity done in a system that applies
operators to a current state in order to produce a new state, and so
on until the solution is reached (see Backward chaining). -
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Frame. A knowledge representation based on the idea of a frame of
reference. A frame carries with it a set of slots which can represent
objects that are normally associated with the subject of the frame.
The slots can then point to other slots or frames. This gives frame
systems the ability to carry out inheritance and simple kinds of
inferencing. ?

General problem solver (GPS). The first problem solver (1957) ¢to
separate its problem-solving methods from knowledge of the specific
task being considered. The GPS problem-solving approach employed was
"means-ends analysis."

Goal. The solution a system attempts to reach using operatoré. Some-
times, in Qrder to reach the goal, subgoals must first be achieved.

Heuristic. (Used as a noun in AI.)[2] A process, sometimes a rule of
thumb, that may help in the solution of a problem, but that does not
guarantee.the best solution, or indeed, any solution.

Heuristics({1]). Rules of thumb or empirical knowledge used to help
guide a problem solution. -

Heuristic search techniques. Graph-searching methods that use heuris-
tic knowledge about the domain to help focus the search. They operate
by generating and testing intermediate states along potential solution
paths. :

High-order lanquage (HOL). A computer language (such as FORTRAN or
LISP) requiring fewer statements than machine language and usually
substantially easier to use and read.

Icon. A symbol to which a computer user can point an interface device
in order to select a function, such as "move window."

Imége processing. The examination by a computer of digitized data
about a scene and the features in it in order to extract information.

Induction. The process of inferring a general law or principle from
the observation of particular instances (see Deduction, Abduction).

Inference... A conclusion based on a premise.

Inferencé#éngine[Z]. The part of a rule-based system that selects and
executes rules. : '

Inference engine[1]. The control structure of an A.I. problem solver
in"which the control is separate from the knowledge.

Instantiation. Replacing a variable by an instance (an individual)
that satisfies the system (or satisfies the statement in which the
variable appears).

Intelligent system. A system equipped with a knowledge base that can
be manipulated in order to make inferences.
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Isolated-word system. A speech-understanding system whose input must
consist of words enunciated separately, instead of run together, to
make word identification easier for the system.

Knowledge base[2]. The part of a kﬁowledge—based system that contains
codified knowledge and heuristics used to solve problems.

Knowledge basé[11i An A.I. data base that is made up not merely of
files of uniform content, but of facts, inferences, and procedures
corresponding to the types of information needed for problem solution.

Knowledge engineering. The activities of software engineers who
acquire knowledge for knowledge-based systems and decide how to
represent it for use in the system.

Knowledge representation. A structure in which knowledge can be stored
in a way that allows the system to understand the relationships among
pieces of knowledge and to manipulate those relationships.

LISP (LIST PROCESSING LANGUAGE). The basic A.I. programhihé language.

Logical operation. The. execution of a single computer instruction.

Logical representation. Knowledge representation by a collection of
logical formulas (usually in first-order predicate logic) that provide
a partial description of the world.

Machine translation. The translation by computer of text in one human
native language into text in another language.

Metaknowledge. Knowledge about knowledge. Knowledge that tells a
system something about what it knows, how its knowledge can be uti-
lized, and what the limits of its knowledge are.

Means-end analysis. A problem-solving approach (used by GPS) in which
problem-solving operators are chosen in an iterative fashion to reduce

the difference between the current problem-solving state and the goal
state.

Natural language. A person's native tongue. Natural language systems
attempt to make computers capable of processing language the way
people normally speak it instead of .requiring. spec1allzed programmlng
languages.

Natural language processing. Processing of natural language (English,
for example) by a computer to facilitate human communication with the
computer --or for other purposes, such as language translation.

Object-oriented programming[2]. Programming that focuses on objects
rather than on procedures. - '

Object-oriented programming{1]. A programming approach focused on
objects that communicate by message-passing. An object is considered

to be a package of information and of descriptions of procedures that
can manipulate that information.
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Parallel processing. Simultaneous processing, as opposed to the
sequential processing in a conventlonal (Von Neumann) type of computer
architecture.

Pattern recognition. The process of classifying data into predeter-
mined categories.

Parsing. Identifying the componenﬁs of language statements as wvarious
parts of speech.

Predicate logic. A form of logic that can be utilized in knowledge-
based programs. The basis of the AI language Prolog.

Procedural knowledge representation. A representation of knowledge
about the world by a set of procedures --small programs that know how
to do specific things in well-specified situations.

Production rule. A condition/action rule that produces change in a
system that results in new conditions and new actions, and so on. Most
rules are structured in an "if...then...." format.

Programming environment. The total programming setup that includes the
interface, the languages, the editors, and other programming tools.

PROLOG (PROGRAMMING IN LOGIC). A logic-oriented A.I. language devel-
oped in France and popular in Europe and Japan.

Propositional logic. An elementary logic that uses argument forms to
deduce the truth or falsity of a new proposition from known proposi-
tions.

Protocol. A set of rules for'accomplishing anvactivity.

Robot. A multifunctional manlpulator that can be programmed and
reprogrammed to perform tasks.

Rule. See Production rule.

Rule interpreter. The control structure for a production rule-based
system.

Script. A_wknowledge representation form based on stereotyped situa-
tions. When activities fit into stereotypes, a system equlpped with a
script can predict other likely events by analogy, "assuming" that the
script will continue to hold true.

Search. The process of trying different actions in a system until a
sequence of actions is discovered that will achieve a goal state.

Search space. The implicit graph representing all the possible states
of the system that may have to be searched to find a solution. In many
cases, the search space is infinite.
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Semantic network. A knowledge - representation for describing the
properties and relations of objects, events, concepts, situations, or

actions, by a directed graph cons1st1ng of node and table edges (arcs
connecting nodes).

Semantic primitives. Basic conceptual units in which concepts, ideas,
or events can be represented. ’

Semantics. The meaning of words within context.

Sensing system. A system that processes digitized signal input about
shape, weight, pressure, friction, temperature, and other sensation

information. Sensing systems interpret the input by comparing it to
stored patterns.

Slot. See Frame.

Solution path. A successful‘path through a‘seafch spaée;

Speaker-dependent system. A 'speech-generation system that is trained
to recognize words as they are spoken by specific individuals on the
basis of training with samples of that speaker's pronunciation.

Speech-generation system. A system that translates text into audible
speech with correct pronunciation

Speech-understanding system. A system that converts the digitized
signals of audible speech into printed text.

State graph. A graph in which the nodes represent the system and the
connecting arcs represent the operators that can be used to transform

the state from which the arcs emanate into the state at which they
arrive.

Syllogism. An argument expressed or claimed to be expressible in the
form of two propositions called the premisses, containing a common or
middle term, with a third proposition called the conclusion, resulting
necessarily from the other two.

Symbolic. Relating to the substitution of abstract representations
(symbols) for concrete objects.

Syntax{1]. Order or arrangement (for example, the grammar of a lan-
guage) . ,

Syntax[2]. The structure into which words fit.

Vision system. A system that interprets digitized input about the
shape, location, and sometimes the color of objects, in order to
determine what the input represents and/or what the significant
features of the object are.

Von Neumann architecture. The current standard computer architecture
that uses sequential processing.
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Working memory. Im OPSS, the dynamic portion of a production system's

memory. Working memory contains the changing database of the system as
rules fire.
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