
Their implications and applications for power systems 

0 ur dependency on the 
computer has been 
increasing ever since we 
recognized its tremen- 

dous potential. The ease of using 
numerical computations has proved a 
boon in designing complex power 
systems. Nevertheless, human experi- 
ence and expertise cannot be incorpo- 
rated in conventional programs. This 
has resulted in the emergence of 
“Artificial Intelligence” (AI), a tradi- 
tion of research which attempts to 
emulate the reasoning mechanism in 
humans. This, in turn, has lead to the 
field of “Expert Systems” (ES). The 
success of this venture has provided 
the replication of human reasoning 
though restricted to a narrow domain. 

Formally speaking, we can define 
an expert system as a “set of pro- 
grams which can emulate the reason- 
ing and performance of a human 
expert in a narrow domain.” There are 
crucial distinctions between an AI 
program and that of a conventional 
program. First, the conventional pro- 
gram is algorithmic in nature and 
needs a complete set of data to yield a 
unique solution to a problem. Or sim- 
ply, the rules which go into building 
these programs are deterministic in 
nature. An AI program is heuristic in 
nature and is capable of producing 
several solutions with different confi- 
dence levels even when presented 
with incomplete data. 

Second, an AI program needs flex- 
ibility of control as it calls for intelli- 
gent thinking. This is in contrast to 
the step by step algorithmic approach 
of a conventional one. 

Thus, the nature of problems to be 
solved by the ES are different from 
the conventional method. This makes 
ES effective in problem areas of diag- 
nosis, prediction and planning. 
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ES also seeks to relieve partially the 
burden of work for human experts. This 
way their energies can be devoted to 
more productive domains rather than 
routine work. 

ES is also useful in situations where 
a cnticd judgment is called for iii a very 
short time to prevent potential disaster. 
This is one of the features which makes 
it attractive for power systems applica- 
tions, The commonly used languages 
for AI and ES development are LISP 
(list processing) and PROLOG (pro- 
gramming in logic) which use heuristics 
for symbolic data 
manipulation. 

Human experts, 
when presented 
with a problem, 
use their exper- 
tise-facts about 
the problem, their 
specialized knowl- 
edge in the field 
They then present 
to us a timely 
response which is 
sound as well as 
reliable. 

For an ES to 
achieve the same, 

1) it must have 
the capability to 
update knowledge 
easily, in order to 
keep pace with the 
latest information 
an expert acquires; 

2) the control 
strategy employed 
must be flexible for intelligent informa- 
tion manipulation; and 

3) the ES must have the capability to 
explain how it arrived at its conclusion. 

An ES emulates the behavior of an 
expert essentially by four major compo- 
nents (Fig. 1): 

1) knowledge base, 
2) data base, 
3) inference mechanism, 
4) user interface. 

Knowledge base 
Essentially, the knowledge base is 

the medium through which a human 
expert’s knowledge is made available to 
the computer. There are various 
schemes to this end, but the most com- 
mon one is rule based systems. 

The basic motivation in using rule 
based systems is that expertise can be 
coded as a set of rules o f  thumb or 

“hueristics” in the AI jargon. A pro- 
duction rule contains knowledge in 
the form 

IF c: antecedent clause > THEN < 
consequent clause > 

which simply means that if the 
antecedent clause is TRUE then a set 
of consequent logical conclusions is 
also TRUE. 

A complicating factor, which arises 
here, is that of the confidence levels in 
the knowledge and hence in the deduc- 
tions. For an ES to be reliable, there is a 
need to give sound judgment under 

uncertainty, because the real world data 
may be vague or uncertain. Thus, the 
knowledge base is designed to handle 
fuzzy or probabilistic data. This allows 
the user to be presented with the judg- 
ment along with a certamty factor. 

Data base 
The ES gathers facts about problems 

both by user supplied information and 
information deduced by the system’s 
inference mechanism. These facts con- 
stitute the data base of the system which 
grows with the user system interaction. 

Inference mechanism 
This literally constitutes the “brain of 

the ES.” Inference is the process by 
which programs can deduce logical con- 
clusions by manipulating facts from the 
data base and knowledge from the 
knowledge base by employing a suit- 

able control strategy Some of the com- 
mon ones are. 

1) Forward chaining. Here, the 
mechanism compares information in the 
data base with the IF part of the knowl- 
edge base and generates the THEN part 
of the ixle as its conclusion This new 
state of the fact is added to the data 
base. The process continues until all the 
rules are exhausted. After that, the sys- 
tem Scans tbe data base and informs us 
of its conclusion problem which 
involves more conclusions than facts. 

The chaning involved is the logical 
motion from one 
rule’s consequent to 
a n o t h e r ’ s  
antecedent. This 
has been found use- 
ful in power sys- 
tems planning, 
distribution, design 
and load forecast- 
ing. The drawback 
is that the method 
has no grounds for 
following one path 
over another. Thus, 
the entire knowl- 
edge base might 
have to be searched 
to affect a logical 
conclusion. 

2 )  Backward 
chaining. Here the 
mechanism starts 
by guessing a con- 
clusion and 
attempts to prove 
its guess I S  

“TRUE’ by finding a rule with a simlar 
then part and establishing the “IF’ con- 
dition whch now is a sub conclusion 

This process continues until the 
problem is solved. Thus, this method is 
sad to be goal driven This approach is 
favorable only when the problem 
involves a larger number of facts than 
conclusions This has been found useful 
in fault diagnosis, control and monitor- 
ing of power systems. 

3 )  User interjiace. This is the compo- 
nent which actually brings about the 
interaction between the user and the 
system. This is usually assumed by a 
monitor which can be tailored for 
smooth user friendly interaction 

Why go the expert way? 
With the growing complexity of 

power systems, minimization of inter- 
ruption to customers and reliability of 
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service assume paramount importance. 
The means to achieve this is by design- 
ing and operating an intelligent protec- 
tion scheme which demands expertise 
and skill both of the operator as well as 
the designer. 

Setting relay parameters demqnds 
appreciable knowledge and 
ingenuity of relay engineers 
and often is a time consum- 
ing process. A substation 
may consist of a variety of 
relays such as distance suitable course or action. 
relays, overcurrent relays, 
synchronism relays, etc. 

Effects of faults can be 
minimized only if there is a 
proper coordination of all 
these relays. This means 
looking up a lot of relay 
charts and routine work 
involving a large amount 
of data. 

Furthermore, faults have a myriad of 
possibilities to their locations and caus- 
es. Fault section estimation could 
become very difficult when, a) relays 
fail to operate, b) there are multiple 

nature of the systems following the fault. 
So, the operator is freed from the trouble 
of looking at maps, feeder diagrams and 
device locations because all these are 
stored in the data base of the ES. 

A report generated by the ES can 
inform us about the identification of the 

faulted section, correct and 
incorrect operation of relays 
and breakers. The report can 
also tell possible causes to 
their failure and suggest a 

Expert systems are also 
useful in distribution system 
design. Unlike generation 
and transmission system 
design, the need for distrib- 
ution system design arises 
quite frequently. Possible 
designs generated by a com- 
bination of different pat- 

terns are quite large. So, heuristic and 
experience based design engineering 
reduces the search space very quickly 
as only promising proposals are exam- 
ined guaranteeing elegant design in a 
short time. 

assist power system operators working 
in a SCADA (Supervisory Control And 
Data Acquisition) environment. 

For instance, consider the sample 
faults at the same time. 

Under such cases, the operator is 
burdened by a lot of alarms. He or she 
might be at a loss to explain the exact 
causes for malfunction of relays and cir- 
cuit breakers. 

Fault diagnosis done by station oper- 
ators is based on the behavior of the 

system shown in Fig 2. A rule base for 
on-line fault estimation is created in the 
form of small modules of information. 

IF < B5,B6,B9 operate > THEN < 
fault is on bus 3 > 

IF < B2,B3 > operate > THEN < 
fault is on line 1 > 

A typical rule base may consist of 

Current research 
Of late, expert systems have found 

widespread use in alarm processing, 
short term load forecasting, power sys- 
tem planning, economic dispatch and 
contingency analysis. Expert systems 
currently employed need a precise 

relaying system and a judicious selection hundreds of such rules. Acquiring this description of the power system-using a 
of a course of action. This demands knowledge from experts forms a major lot of consistent rules. Research going 

appreciable skill and expertise from the part in building a successful expert on in this field is aimed at making the 
operator. system. ES adaptive by making it learn from 

As the complexity of power systems An “expert” approach to solve the new experiences. This challenge could 
and relaying schemes increases, fault problem of on-line fault estimation pro- possibly be met by embedding ES with 
diagnosis in the real time frame ceeds by utilizing the information neural networks. With research in the 
becomes almost impossible. There is a obtained by real time phasor measure- field of evolutionary computations, the 
need to design an optimal switching ments along with relay’s and breaker’s prospects for expert systems seem 
strategy to affect an energy efficient status. A digital relaying scheme obtains bright. If these ventures are successful, 
system restoration following a fault. the optimal estimates of the fundamen- we will probably have much more effi- 

In the event of high impedance tal frequency components from the cor- cient and reliable power systems. Thus, 
faults (HIF) usually marked by a high rupted voltage and current waveforms expert systems seem to be promising for 
degree of randomness, a) There may be following a fault (Fig. 2). power systems. 
numerous electrical parameters which 
give an indication of a HIF, which may 
also be active for switching events; b) 
So, the amount of data available is 
insufficient to draw a deterministic 
conclusion. 

Keep in mind that any improper 
judgment and delay on the part of the 
operator could result in system damage 
of catastrophic proportions. Under these 

The pre-fault data stored in the mem- 
ory of digital relays compute the pre- 
fault current and voltage with the same 
reference as the post fault date. The 
obtained pre fault and post fault data of 
current and voltage waveforms, along 
with the relay’s and breaker’s status is 
communicated to the main computer 
managing the ES. 

The inference engine of the ES then 
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