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Abstract. The selection of appropriate instrumentation for any structural measurement of civil engineering struc-
ture is a complex task. Recent developments in Artificial Intelligence (AI) can help in an organized use of
experiential knowledge available on instrumentation for laboratory and in-situ measurement. Usually, the in-
strumentation decision is based on the experience and judgment of experimentalists. The heuristic knowledge
available for different types of measurement is domain dependent and the information is scattered in varied
knowledge sources. The knowledge engineering techniques can help in capturing the experiential knowledge.
This paper demonstrates a prototype knowledge based system for INstrument SELection (INSEL) assistant
where the experiential knowledge for various structural domains can be captured and utilized for making instru-
mentation decision. In particular, this Knowledge Based Expert System (KBES) encodes the heuristics on mea-
surement and demonstrates the instrument selection process with reference to steel bridges. INSEL runs on a

microcomputer and uses an INSIGHT 2+ environment.

Keywords: artificial intelligence, bridge, instrumentation, knowledge based expert system, production rule,

selection assistant.

1. Introduction

The damage assessment of a structure is based
on its behavioral response reflected in forces and de-
formation resulting from different loading conditions.
These behavioral responses are measured by instru-
mentation of the structure. The selection of suitable
instrumentation is always a complex task especially
for in-situ measurements of large civil engineering
structures. Instruments with varieties of specifications
are available in the market, which makes the instru-
mentation decision a difficult task indeed. Instrument-
ing a civil engineering structure is still a heuristic art
and depends very much on the level of experience
and expertise of the experimentalists. The recent de-
velopments in the computer science in general and
Artificial Intelligence (Al) in particular can greatly
help in organizing and utilizing the vast experiential
knowledge available in the domain of instrumenta-
tion. Though the information about instrumentation
can be stored using relational database approach, the
retrieval of data is passive and hence, is not quite suit-
able for the instrumentation selection process. The
problem of decision making with heuristics and quali-

tative information can be efficiently dealt with the use
of knowledge engineering techniques. The Knowledge
Based Expert System (KBES) suitably designed can
handle not only partial information, but also allow
efficient user- interaction in the selection process. This
paper presents and illustrates a knowledge based sys-
tem for INstrumentation SELection (INSEL) devel-
oped using a commercial Expert System (ES) Shell in
order to help in instrumentation decision in the con-
text of in-situ measurements of civil engineering struc-
tures. A general architecture of INSEL is presented
highlighting aspects of knowledge acquisition, knowl-
edge representation and instrumentation decision.
The knowledge-tree has been classified considering
the types of structures, their materials of construc-
tion and their structural responses to be measured.
In particular the knowledge-tree has been illustrated
for instrumentation of steel bridge structures (Fig 1).
Production rules have been used for knowledge rep-
resentation in INSIGHT 2+ environment [1]. In the
prototype expert system INSEL the selection of the
instrumentation and decision on range of the instru-
ment location are advocated basing on sensitivity study
[2] along with the domain specific heuristics.
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Fig 1. Knowledge-Tree

2. Knowledge engineering: backgorund

In “Knowledge Engineering”, the term “engi-
neering” implies the existence of some raw material
which can indeed be engineered. Expert system of-
fers the possibility to formulate a system to encode
and utilize the knowledge of a domain expert which
combines the background of many experts into a
single, permanent decision support system for assess-
ing the structural damage. If maintained over time,
such a system could become a repository for corpo-
rate knowledge, so that experience need not to be lost
when engineers retire or resign.

2.1. Knowledge acquisition

Acquisition of domain knowledge is a major prob-
lem in the development of an Expert System in the
field of structural engineering. Though, expertise re-
lated to design has been largely codified, “Enquiry”
is suggested as a way of elicitation of engineering
knowledge necessary in the context of damage assess-
ment. However, the task of acquiring engineering
knowledge [3] in general may include the following
aspects:

*  Elicitation of distinction

*  Decomposition of the main domain problem

*  Combining of uncertain information

*  Specification and/or choice of the most appro-
priate elicitation/acquisition technique

* Integration of different data/information types

*  Use of multiple sources of knowledge

*  Use of different sources of knowledge

* Organization and formulation of elicited
knowledge(Knowledge representation)

*  Feed-back between knowledge and domain en-
gineer

*  Verification of compiled/formatted knowledge

It is generally observed that the raw knowledge
obtained from experts/sensors may contain some
noise.

The knowledge sensors available for obtaining
bridge inspection data can be identified as Visual,
Photographic and Nondestructive Evaluation (NDE)
instrumentation etc. However, the raw knowledge
obtained from such sensors need to be examined by
experts and processed for imprecision, uncertainty,
vagueness and other forms of noise.

2.2. Knowledge representation

Knowledge has different forms. It can be certain
or uncertain, formalized or unformalized, structured
or unrelated, etc. It can be found in formulas, tables,
statements, traditional practices or embeded in meth-
odologies, but when it has to be translated in such a
way that it can be stored and used by a computer, a
knowledge representation mechanism has to be cho-
sen. The issues that affect the selection of knowledge
representation are naturalism of representation, effi-
ciency of storage and manipulation, and consistency
and compatibility with the rest of the representation
in the system. There is no consensus how to classify
the different classes of knowledge representation.

Object Descriptors
(i) Frames

A frame is a structure that represents a concept.
It can have any number of attributes or properties
attached to it; some of the properties can be relation-
ship. An attribute may have any number of values.
Other features of a frame are as follows [4, 5]:

* Aframe contains information about a prototypi-
cal instance.

* Reasoning with frames is a process of matching
prototypes against specific individuals.

*  Frames are often represented as taxonomic hi-
erarchies for efficient representation and reason-
ing.

*  The information within a single frame is typically
expressed as a collection of slots, each of which
has one or more values in it.

*  Frame concept is a specific case of another rep-
resentation structure: semantic networks.

(ii) Objects, Parameter Values, Logics and Rules

All entities except parts of message, comments,
and certain punctuation symbols are objects. Usually



Sudhikumar Barai, Padmesh Charan Pandey | TRANSPORT - 2004, Vol XIX, No 4, 171-176 173

Object Oriented Programming System (OOPS) uti-
lizes objects that incorporate provisions for message
passing between objects. Attached to these objects are
procedures that can be activated by the receipt of
messages. Parameter-value pairs can also represent
declarative knowledge by the use of logic notation and
to some extent, by rules [6].

Actions
They change a situation and/or modify the rel-
evant database

(i) Production Rules

First generation expert systems are rule based
systems. These are composed of rules, working
memory and a rule interpreter. In their simplest form
rules are condition-action pairs. These rules may be
grouped together in modules for easy maintenance
and rapid access. Some often praised attributes of rule
based systems are modularity, modifiability and un-
derstandability. Each rule represents a chunk of
knowledge. If rules are dependent, rules can be added
to a knowledge base without change in the existing
rules. Hayes-Roth et al. [7, 8] has given introductory
document for a rule based system.

(ii) Examples

They indicate the conclusions and decisions
reached. For the knowledge acquisition and from in-
ductive systems point of view, examples are desirable,
as they are much easier to elicit from experts than
rules and also often in a natural form of domain knowl-
edge.

(iii) Predicate Logics

Reasoning involves drawing conclusions from
known knowledge. To automate reasoning one needs
to have a language for representing knowledge and a
mechanism for manipulating knowledge in order to
draw a conclusion. One powerful way for represent-
ing and manipulating, and thus reasoning about,
knowledge is predicate logic and theorem proving [9].
Theorems, axioms and any knowledge that can be for-
malized into a first order logic notation can naturally
be mapped into logic-representation. One of the great-
est advantages of representation using predicate log-
ics is that syntactic inference is possible and is guar-
anteed to be valid. This characteristic makes it pos-
sible to develop automatic inference systems that are
extremely powerful [10].

(iv) Procedures

Procedures are commonly used and known rep-
resentation structures to engineers. Traditional nu-
merical formulas map in a straightforward way into
procedures. Recently, procedure based environments
are available where symbolic data handling is possible.
Sequential execution of structures, iteration and re-

cursion are the three control schemes available to pro-
cedures. A procedure can be used as an action of a pro-
cedure rule, or as the mechanism that manipulates the
information contained in a fact [6].

The knowledge acquisition, knowledge processing
and knowledge representation are still an active area of
Al research.

3. Knowledge engineering aspects in instrumentation
selection paradigm

In the development of any Knowledge Based
Expert Systems, as discussed earlier, basically two is-
sues are very important namely Knowledge acquisi-
tion and Knowledge representation for problem do-
main. They are discussed below.

3.1. Knowledge acquisition

In this study the task of knowledge acquisition is
approached by identifying the knowledge sources in
the said domain [11-15].

3.2. Knowledge representation

Production rules are the most widely knowledge
representation formalism in expert system available
in ES shells. In this paper, for the selection of instru-
mentation production rules under INSIGHT 2+ en-
vironment are adopted for knowledge representation.

4. Expert system shell - insight 2+: general features

INSIGHT 2+, a commercially available expert
system development tool runs on IBM PC (or com-
patible) microcomputers. It is easy to use and reason-
ably well documented. It allows easy integration with
algorithmic program written in procedural languages.
Also, its knowledge base can be compiled and is gen-
erally available. The other features of the INSIGHT
2+ are as follows:

* INSIGHT 2+ uses the Production Rule Lan-
guage (PRL). For the development of Knowledge
Bases PRL provides the framework for organiz-
ing information and knowledge. The facilities
include Confidence Factor and mathematical
functions such as trigonometric and exponential.

*  The inference engine employs both forward and
backward chaining inference mechanisms.

*  The user interface provides a user-friendly envi-
ronment for two-way communication between the
user and the knowledge base. This includes help
facility, explanation facility (Why?, What is rea-
soning ?, etc.) through the “report” system.

* It handles mixed symbolic/ algorithmic process-
ing well.
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Fig 2. Knowledge Based System Architecture of INSEL

5. Knowledge based system structure of insel

The developed prototype expert system called
INSEL is written using INSIGHT 2+. The main com-
ponents of INSEL consists of the inference engine,
the user interface, the modular instrumentation
knowledge base, database with instrumentation infor-
mation. INSEL architecture is shown in Fig 2. The
knowledge-tree has been shown in Fig 1.

The typical production rule of INSEL in IN-
SIGHT 2+ environment is as follows:

IF Quantities to be measured IS Displacement

AND Railway truss IS Pratt type

AND Range_of_instrument ARE High

AND Economy_of_the_instrument ARE Not

expensive

AND Output_size_of_instrument ARE High

AND Electronics_requirements ARE Minimum

THEN carry on

AND at least one succeeded

AND Instrument Category := “Instrument 1”

AND DISPLAY Instru_1
The knowledge base of INSEL is the depository

of static, domain specific knowledge consisting of the

facts and rules pertaining to structural instrumenta-
tion and testing. INSEL knowledge base has been
structured in modules. It has:

* A set of knowledge modules, containing rules/
facts specific to the instrumentation applicable
to civil engineering and

* A main module containing general rules/facts
common to selection of any instrumentation as
well as rules/facts specific to the determination
of the appropriate INSEL (Fig 2).

An advantage of this modular arrangement is that
the knowledge can be easily modified, updated and
expanded.

=
L

Fig 3. INSEL Operation

6. Insel environment

INSEL follows two processing steps which are
shown in Fig 3.

In step I the user is guided through a series of
pre-defined questions which are qualitative in nature
in order to establish one or more rules supporting
INSEL knowledge base that meet user requirements.
The number and the sequence of the questions asked
is dependent on the user input. In step II the user can
interactively explore alternate instrumentation and
select the instrumentation that best meets the overall
requirements. A built-in cyclic control structure al-
lows the user to re-specify previously indicated user
requirements for generating new recommendations
in case earlier ones are not acceptable.

7. Consultation session with insel

The scope of INSEL at present is limited to the in-
strumentation for displacement quantity with reference
to steel bridges. The INSEL guides the user in an instru-
mentation selection and decision making process pro-
viding various menus and explanation. A typical consul-
tation session with INSEL is given in Figs 4-12.

For the user input INSEL displays the instrumenta-
tion for user application with certain features (e.g. Range,
temperature range, resolution, frequency response etc.)
as shown in Fig 9. The recommended instrumentation,
Linear Displacement Transducer (Transduction principle:
Resistive wire-wound potentiometer) is the instrumen-
tation with high range, economical, high output size and
minimum electronics requirements (Fig 9). This instru-
mentation satisfies the user requirements specified up to
that stage of consultation.
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Fig 4. Typical user input for structural category
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Fig 5. Typical user input for girder type of steel bridge
structure
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Fig 6. Typical user input for quantity to be measured
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Fig 7. Input queries for properties of instrumentation
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Fig 8. Typical user input for range of instrument
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Fig 9. INSEL recommendation for Instrumentation
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Fig 11. Example of Report system for line of reasoning
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Knowledge Tree 1/7/1994 1:31:6 Page 1

Knowledge Base :.Instrumentation Selection Expert Assistant

Compiled : 1/6/1894 21:33:33
1. The instrumentation may be evaluated
From rule : For determining if all the info is ready
Asks question : The instrumentation selection problem is at hand
Uses fact : we know structaral background
From rule : Girder
Uses fact : Girder_types is passed
From rule : Steel
Uses fact : Steel_structure is passed
From rule : Bridge
Uses fact : Bridge_structure_category is passed
From rule : Bridge
Uses fact : Structural_category is passed
From rule : Structural
Asks gquestion @ Structural category Buildings
Asks question :
Asks question :

Structural category Bridges
Structural category Offshore

1 DOWN 2 Up 4 FACT 5 RULE 6 REPT 7 OPTN 8 BACK 9 HELP 10 EXIT

Fig 12. Typical Knowledge-tree display

8. Future projections of INSEL

For the current version of INSEL the following
developments are possible:

*  For the fast information retrieval about the in-
strumentation the database can be developed in
database -III and can be linked in INSIGHT 2+
environment

* INSEL can be enhanced for the other types of
structures using the same knowledge structure.

* INSEL provides advice on instrumentation for
displacement, but the same can be extended for
strain, vibration, load etc.

Conclusions

The paper presented a knowledge-based ap-
proach for the instrumentation selection of civil engi-
neering structures. A demonstration prototype KBES
for instrumentation selection INSEL has been imple-
mented under INSIGHT 2+ environment. It uses a
modularized knowledge base for fast, efficient search
aswell as data retrieval. INSEL provides a knowledge
base structure for convenient and systematic compi-
lation and inference using the available Instrumenta-
tion information. Currently the knowledge base of
INSEL contains limited domain specific knowledge
with reference to steel bridges. However, it can be
easily extended to other type of structures. Issues re-
lated to the degree of accuracy of measurement, eco-
nomic considerations and alternative selection strat-
egy with fuzzy ranking could also be incorporated.
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