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Abstract

the possibility and neces-
sity of developing the computer-aided system
for analyzing aviation accident causes with
the expert systemiES) in the artificisl intel-
ligence (AI) are discussed firstly., The paper
also presents the design thought =and its
structure of the aviation accident analysis-
gxpert system{3A-E8) recently developed hy the
author. Then, the bidirectional knowledge rep-
resentation (BKR) method in the domain of avi-
ation accident analysis, the model of interac-
tive automatic knowledge acquisitiom, and
sontrol strategies and reasoning mechanism in
the process of accident analysis are inten-
sively discussed

In this paper,

T. Introduction

With the development of aviation science
and technology, the components and siructure
of an aircraft become more and more complex
This, in addition with +the management and
human factors, makes it hard to ensure the
reliability and safety in the process of
aircraft operations, Aviation accident often
nappens because of component failures or
improper maintepance, operation or command
and so on, which results in the enormous
economic loses and social effect. After the
gecident takes place, the true causes and the
person responsible should be found out so
that opreventive mesasures and technieal
improvements can be taken to prevent it from
happening again.,  However, the variety of
accident factors makes it very difficult to
analyze the accident.

depends, to
experience
goverment

The analyzing of an accident
some degree, on the knowledge and
of the investigators. The Chinese
and its flight safety management department,
while applying various kiads of technieal
means to get the accident causation, pay much
attention to the role of accident analysis
gxpert. An expert should have nos only rich
theoretical khowledge, but also wealthy
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gxperience on accident anslysis which is
gradually accumulated throughout his life.
But it is not guite easy +to train such an
expert. [t will take quite a long time and he
has to be well-experienced in praetical
gceident analysis. Furthermore, 4an expert
will retire up to 4 certain age. Once he
retires, the knowledge and experisnce which
he owns will go away with him.  Therefore,
2 kind of technology is urgently needed
to solve this problem. The AI, onoe of the
three great scientific and technological
achievements in this century, especially its ES,
is very suitable to aid analyzing the
ariation accidents,

The ES i5 a compuier program system that
can pose and answer questions relating fto
information borrowed from human expert and
gstored in the systew’ s knowledge bage (KB},
which can simulate expert’'s mode of
thinking to solve the rea! problems which
can be often dealt with by an expert based
on lots of specialistic knowledge and
experience of +this domain. Since it 1is
invented, many achievements have heen achieved
in ES theory and technology., Combining with
multitudinous applied domains, many practical
ESes have been developed. Whether a domain is
suitable for developing an ES depends on: an

expert who can he cooperated with, @
problem which ean not  be gsolved by
traditional method of program design: a

domain knowledge whiech can he represented in
¢ language. The aviation accident analysis
is suech an applied domain whieh 1is very
suitable to develop an ES.

The vpurposes of developing this
are (1) to aid sn accident investigator to
find out the causes ip order to take some
relevant measures to prevent the similar
accidents from happening again and imstruct
the design of an aireraft so that the safety
of an aircrafe can be maintained: (2)  to
raise the accuracy and automation of accident
analyzing; and (3} o imherit the rieh
knowledge of an accident analysis expert in

gystem




more
algo

order ta nelp to undertake more and
complicated aceident in-estigation, and
to train the younger accident analysers.

I. Overall Structure of 3A-ES

The 3A-ES software system is developed by
the ES  technology of Al [t gives a
computer the rich knowledge in aviation
accident domain and wealthy experience of a
domain expert. The computer will infer
with them to judge the real causes of an
aviation accident. [ts working principle can

be shown by Fig. 1. In this figure, we can
seg that, to finish such a work, the system
should possess two abilities: how  to
formalize the domsin knowledge and put it
into the computer;how fo snalyze an accident
based on sueh krowledge. That is to say, the
system must consist of & koowledge base

{KB) and a reasoning machine (RM).
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Figure 1. Basic Structure of Exzpert System

2.1 The Components and Stiructure

of the System
The 3A-ES is an applied system which
ineludes global database, knowledge acquisition,
man-machine interface, interpretation  and
other functional modules, besides the KB aad
the BM. Its structure is shown as Fig. 2.
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Figure 2. The Structure of the 3A-ES
Knowledge Base: a storage to store the ermediate information needed in the operation
knowledge which is wanted in aviation of this system, ineluding the deseription of

aceidens analyzing, The special knowledge 1o
the KB could be obtained from the domain  of
avivtion accident analysis, and is mainiy
represeated by the form of production rule
PR},

Reasoning Machine: in charge of analyzing
the causes of aviation accidents with the
knowledge in KB. It 1is mainly in charge of
gselection and execution of rules.

Global Datahase: to store the input
information and the immediately-produced inf-

accidents, records of analyzing accidents,
intermediate results after inference, and som
other information.

Knowledge Acquigition(KA): in charge of forma-
lization of knowledge in the domain of accident
analysis in natural state . i.e., to

transform it from external form into interaal
form which can be processed directly by a
computer. This system employs the combination
method of learning from typical example and
domain expertis.
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Man-Machine Interface: an interface of man-
machine conversation to realize the interac-
tional communication eack other. [t employs
the window technology to talk with each
other in Chinese.

Interpretation  Program in charge of
understandieg and answering various guestions
asked in Chinese by the wuser. It is an
imporvany component to enhance transparency
of this system

Besides those above, in order to manipulate
and maintain the system oather functional
modules are also built up, sueh as the text
editor and HELP.

In Fig. 2, the system within the frame of
the dotted lines is called as performance
system. [t is composed of the global database,
kioowledge base and reasoning machine which
are closely related to the analyzimg of
aviation accidents causes. The components out
of the frame of the dotted lines are
the environment in which performance system
exists and develops, and can indirectly
assist analyzing the accidents.

2.2 Working Principle

Two kinds of works are mainly carried out
by 3A-ES: to obtain knowledge from the
domain of accident anslysis. and to take

put the necessary knowledge in the KB to
apalyze the sccidents which really happen
The following is a brief introduction
of its working principle.

This  thesis employs interactive aute-
knowledge acquisition to obtain a  lot of
domain knowledge. Its principle 1is, at first,
to describe aviation accident causes in
accident reports or in the expert’s mind
with the external form of KR: and then, to
store the sviation sccideut causss into  the
text base as texts, According to steps such
as text conceptualization, descriptien of
relationship between facts, rule generation
and rule refipement, the system aequirs
PRs from texts for analyzing accidents and
stores them in KB. It is shown as Fig. 3.

The accident investigator inputs the
gccident information which has bheen known
by the terminal, and transforms  the
information into the interpnal form by
means of interpretational program { discussed
later), and stores it in the global database.

Basing on the control strategies of the system,
the Reagsoning Machine selects from knowledge
base the rules which can be avplied to the
present problems, and executes the rules,
including the match of premise, inaccurate
gcomputing and so on. Such a process will bhe
repested till a conclusion is obhtained or a
failure is told. In accident analysis, man

and computer work interactively, An  organie
man-COMpUter Co-exisTence system is formed
for analyzing the accident causes altogather.

INTERNAL FORM

TEXT > RULE
T
STABLISHMENT] AEEEL GENERATION

REPORTS

&
XPER' .
EXTERNAL FORM

Figure 3. Knowledge Acquisition

. Establishing Knowledge Base

The KR and KA are the two main problems in

establishing KB in the domain of aviation
accident analysis.
3.1 Knowledge Representation

The knowledge in the domain is wusually
described in natural langusge which is not
suitable to be processed by ‘the computer.
Therefore, it is needed to use a vproper
data strueture to represent  the doma in
knowledge which is  described by natural
language. In order to help the ecomputer
automatically accomplish the formalized
transfermation of knowledge, a kind of
knowledge representation approach  is

presented, i.e., BEKR, facing both to the
domain expert and the system itself.

3.1.1 Domain-Oriented Knowledge
Representation

By domain-oriented is meant & certain data
structure fit for deseribing natural language

[t vonsists of the contexts and the ftexts.
By context is meant a huge process
applied by the domain expert in the aeccident

investigation describe the types of the
progpective investigations. [ts BNF is:
contextem. . <statement>/<phrase>
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statementen. . {<verb><object>)
sueh as, "to investigata the aececident site’,
"to investigate the witness”, “to iavestigate
the aireraft track” and so on, all of which

are contexts talked about in this system,

abstract

causes,
accident
the
the

the system s
accident

on

due to

and

Text refers to
Geseription of the typical
based on the basic knowledge
domain. Its establishment (s
instruction of the domain expert

natural language conversation. It is a set
consisting of a series of facts and the
relatonships between the faets. It s
represented as
textem.. 1 < fact><relation><fact>) ¥
factem. . (<object><atirib, ><value>)

relationzm . <AND relation>|<OR relation>|
<CAUSALITY relation>
AND relationm | <AND>|<&>
OR relationm . <OR>|</>
CAUSALITY relation=::<IF [premise]
THEN <[conclusion]>|
<ipremige] -->[conclugion]>
premisecs .. <condition>|<conditionl AND
. AND condition>
conclusionem. . <chject><attrib. ><value>
conditionem . <objeet><attrib. ><value>
object=: <event>|<conception>|
<progess>|<thing>|, .
attrib. = <switch attrib, »|
<physieal attrib. >|
degree attrib. >|<dispersed attrib. >
valuess | <symbol>|
<pumeric character><digit>]. ..

3.1.2 System-Oriented Knowledge
Representation

By
strueture fit

system-oriented is meant a

rules.

A node is the conclusion described by the
causality relationship in texts. A node

the
A node

represents
nodes.

is & tree which
relationship between
be used to describe
logica! relationship between the
secidenis. Fig. 4 is a pari of =a
of engine stopcocking accidents.

sccident chain
causes
node tree

data

for processing in computer. It
has mainly two forms--node tree and production

i

Figure ¢. A Part of a Node Tree of
Stopeocking Accidents.

In the tree. each node represents:

Engine

Node Number Object Attrib, value
1 engine poor stopeocking true
compressor’ s crack true
ninth-plate
3 servo piston position right
4 engine engine statement small speed
at collision landing
5 engine rieh stopcocking true
] power equipment work statement failure
of aireraft
7 aircraft yes/no accident yes
8 aireraft accident cause mechoical fault
9 load-bearing cirlcel crack true
TABLE | NODES’ OBJECT-ATTRIB. -VALUE
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A node tree is built up by the system
with the instruction of the domain expert,
meinly for the purpose of rule generation

The production rule of this system tskes
its BNF as
production knowledges=.: (<production rule>i ¥
production rule= ., (<rule number>

<IF [primise] THEN [conclusion]>
<certainty of rule>}
rule pumbere..<natural oumber>
premiseama..<condition>|<condition !

AND ... AND condition N>
conclusionaa. . (Cobject><attr. ><value>)
conditionz .. <object><attr. ><value>
objectem . <event>|<conception>|

<process>|<thing>|...
attr. mm .. <switch attr. >|<physical attr.>|

<degree atir, >|<dispersed attr.>
value=:.<symbol>|<numeric character>
<digit>!...
In 3A-BS, all kuoowledge is represented
as the rule form mentioned above,

3.2 Knowledge Acquisition

The specialized knowledge acquisition is a

sthsystem of the 3A-ES system, It is built
up as showa in Fig §. [ts establishment
consists of the two stages as text

establishment and rule generation.

MAN-COMPUTER INTERFACE

PREP. KNOW/
GENERATION [ © DE & KE
TEXT ESTAB-
LISHMENT .
TEXT
BASE

NODE ESTAB-
LISHMENT

RULE

GENERATION

RULE C:J> KNOWLEDGE
REFINING BASE

Figure 6 Knowledge Acquisition
Flow Giagram
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3. 2, 1 TextEstablishment

geries
hetween

Text is 8 set consisting of
of facts and the relationships
facte. To build up a text of an sccident
record, the descriptions of the faets which
are stated about in the record and of the
relationship between the facts should be
contained. After the above processes, an
abstract structure is obtained, and stored
in the form of the text.

4

1, Fact Description

texts can be obitained

the differeat contexts
record. When &
is described, a

The facts in
through {llustrating
in the typical aecident
typical accident record
context to be talked about is drawn from
the context list, and them is illustrated.
That s, the value of each attr. of all the
objects in this context should be made clear.
When all the contexts are illustrated, all
the facts 1in the +typical accident record
will be generated. The deep-first searching
technology is used in illustrating comtext.

{Fig. §).

Figure 6. Deep-First Searching

2. Fact Relationship Description

[t is believed by the modern accident
experts that few accidents are caused by
only one cause. Generally, they are caused
by an accident chaiz composed of a series of
events. When any event in the chain takes
place, it will lead to an accident,

Bach faect in the agsecident chain is Y]




all the causes
causes lor  basic
more relational
All the main

accident cause. But
there is one or more main
causes), and alse one or
causes f(or accident factors).
causes and relational causes must bhe found
out so that in the accident ianvestigating
record the relationship between the accident
conclusion and the various causes can be made
very eclear. Amd it is very easy for the
domain expert to describe the  three
relationships--AND relationship, OR relationship
and CAUSALITY relationship, by means of the
node tree set up in accordance with the
accident chain. In deseribing the relationships,
the domain sxpert plays a major role, whereas

among

possible not possible}.

3.2.2 Rule Geperation

The terminal purpose of knowledge
acquisition is to produce a neode tree as
complete a8 possible, with rules useful for

each node correspondingly., The flow diagram
of rule generation is shown as in Fig 7

OPEN NODE BASE

knowledge acguisition & minor one. For
example, the acquisition ©process of the
CAUSALITY relationship is showo as follows
3. Conclusion Acguisition
From all the facts in a text, all the
final conelusions of this aceident are
chosen. Suppose a domain expert chooses N

final conclusion, thenm esech conclusion 1is
represented by Cifi=1,2,..., N}.

From all the facts contained in the
context relating to Ci, an intermediate
conclusion which causes Ci is selected ¢ill
there is no final conclusien.

Take the intermediate comclusion as a
final copclusion, and repeat the above
processes till all the causes of the

accidents are found out.

4, Premise Acquisition

Fiod out all the couvtexts (set A) relatieg
to conclusion Ci;

Get all the factsiset B}
set A

in each context ia

CALL IN & ORDER NODE

" EMPTY NL OR NOT?

i NO

CON. <-NODES’ (0AV) CLOSE NODE BASE

CHANGE
PREMISE PQINTOR

OPEN
PREMISE BASE
|
—
SELECT
PREMISE CONDITION

CHANGE
PREMISE POINTOR

NO

" SELECTING IS OVERY___=

YES

CLOSE
PREMISE BASE

Select from B all the facts which form a
causality with C, and take them as premises GIVE CD OF RULE
iset D} of conclusion Ci. The domain  expert
will further make it clear whether it is AND
relation or OR relatioen. GIVE RULE NUMBER
5. Causality Certainty Degree
GENERATE &
STORE RULE
Basing on his own ezperience, the domain T
expert gives certainty degree P of the
causality relationship, the scale of which is:
Figure 7. The Flow Diagram of Rule
P = {absolute posgible, very possible, Generation
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ds to the method for establishing node

tree. consult reference [15] [15]

3.3 3A-FS Bases

ES,

Generally there are mainly § bases in 3A-
the relationships of which are shown as in
the following TABLE 2

context hase
Preparing KB) object base
node
patural language

pattern bhase

set up by a knowledge engineer
for building up the text base and

base

the

text base
built up mainly by the domain expert
for rule gensraiion
node base
verfomance KB automatically-built up by the KA for
accidents analyzing.
rule hase
TABLE 2 3A-ES8’S DBASES
V. Reasoning Machine of 3A-RS is deleted
.Go on executing the above- mentiomed
The reasoning algorithm of  3A-BES s process till there is patehing premise in P.
composed of two models a5 control and then retura to (§)
strategies and inaceurate inference. B) Seek for the relevant facts to this

4.1 Algorithm of Contrdl Strategies

In -3A-ES, the coatrol strategies of
forward-first and backward-second vpresented
by the author are used. Its algorithm is:

1) Open the node base, aad ‘take out
the top node from the node base in acecordance
with the relationships described by the node
tree, and then store it in OPEN iist.

2} Illustrate the first code N iz OPEN list,
and show it in ’Node - Window", and then
delete it from OPEN list.

34 Call rule setiS) in relation to node N
in memory.

.Take out all the facts contained in rule
set 8(fact in 0-A-V form

.Open "Natural Language Pattern Base',
to execute the natural language generation
program, and generate the natural language
form of rules

.Show rule det S rules ir ‘Reasoning

Window™ by page

4} Mateh the premise (represented by P} of
all the rules in rule set 8§ with all the
facts in the global database.

.Turu to (5) if there is uve relevant fact
to this condition in the global database

Mateh if there is a relevant fact to
this condition in the global database, and

carry on matching until this condition from P
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condition from user

.Show the possible value of this condition
io "Selection Wiodow® to let the user
select answers,

.Give up the sgelection and answer
‘UNKNOWN" if the user is not clear about it.
.Return to (4}.
6) Rule Ezecution
Order the matching degrees of rule
premises and execute the rules one by one

till the certainty degree of rule conclusion
is obtained:
Answer
defaultly,
Calculste out the
of the premise.
Calculate out the certainty
of the conelusion.
Put the conclusious

the handling of "UNKNOWN'
certainty degree
degree

in the order of the

certainty degrees from the big to the small.
If the certainty of the conclusion is above
the dividing value ¥, then  show  the
conclusiong in the “Conclusiom Wiandow’
according to the order, and store them 1intoe
the OPEN list.

.Classify and store the relational
information in rule executing into the
global database,

7) Take out the first node N from the

OPEN list into 'Node Window", and delete it

from OPEN list




3) Repeat steps 3), 4}, B}, 8}, or

9) Decide whether the conelusion is CDIC) =nin {CD(P), CDIC, P}, ]
acceptible in accordance with the extent of or
the certainty degree. If not, then apply the CDIC) =min {1, 1-CD{P) +CDIC, P) }. (f)
background algorithm to return to the other where,
pode of this level. CD(P} -- certainty degree of premise
10) Enlarge the node in accordance with the CD(C} -- certainty degree of conclusion
node tree, and put it it the front of the
*OPEN" list. If there is no node to be V. Conclusion
enlarged, ther the answer io the question is
obtained. Algorithm ends. Owing to the wide use of the advanced
11} Return to step 7). technology in aviation field, the future
analysis of aviation accidents will become
4.2 Inaccurate Reasoning Model more and more complex than that of the
present. Therefore, it s a developing
1, Evidence Composition tendency on accident analysis to study and
Suppose E is composed by N evidence, i.e.. develep various artificial intelligence
E=~FEi, i=1,2, ..., N and the lioguistic value systems to aid analyze the avigtion
of each eviderce Ei is VIEi}, the certainty accidents. Basing on recent years’ studying
degres of Ei is represented by CDEi}, then on this topic, the suthor presents in this
the compositive certainty degree of the N thesis Bidirectional Knowledge Representation,
sevidence can be calculated as follows Knowledge Acquisition Technology in Accident
Analysis. Control Strategies and Inaccurate
CD(F}=1-28/4E, CD(E}< [0, 1] () Reaconing Modsle, which have Dees proven
where, useful in accident analysis. Moreover, 3A-ES
d=[§3(1-V(Ei))z’3jé (2) system has been developed with C language in
SCC-385 micro-computer. At present, the

[f the relationship between the N evidences knowledge on analyzing aviation accidents
is logic union one, i.e. ,E="VE{, i=1,2,...,N caused by engine faults bhas beea built
then a rule conclusion is reasoned out from N up which has arrived at the expected goal
evidences. In other words, a same conclusion In the times to come, we will foeus our
can be reasoned out from N different rules. attention on the perfecting of this system
Under this condition, the certainty degree of and the acquiring of other accident knowledge
the corclusion H is computed as follows so that the performance of  this sy6tem

can be raised and put into application
CD (H) =CD1 () +CD2 (H} -CD1 () - CD2 (H} {3)
Acknowledguents
This formular can only be applied to the
computing of two evidences. As to the We are greatly indebted to Miss Yang
computing of more than two evidences, it can Venchin from Xi’an Foreign Languages
be done with this formular repeatedly, uwntil Institute -and Me. Zhao Yongsheng from
all the evidences are computed. our college for their helpful comments and
supports.
9. Certginity Degree Computing
in Rule Execution References
PR forwm in this system can be represented
as 1. C.A Roberts, Ph.D.PE, ‘Aireraft Accident
IF P THEN ¢ {CDIC. P} ] Investigation - & Potential Applications
where, Area for Artificial Intelligence
P -- permise; Concepts”, FSF Flight Safety Digest, JAN. 1988,
C -- conclusion; 2. R S Michalski, J.G.Carbhonell and T.M
CDIC,P) -- certainty degree of rule, Mitehell, "Machine Learning, an Artificial
CDiC, P € {0, 1], Intelligence Approach’.

After the execution of the rule, the 3. G. R Yost and A Newell, "A Problem Space
certainty degree of the conclusion C can be Approaeh to Expert System Specification”,
compuied as follows the Proceedings of the Tenth IJCAL89.

4, A Apt and L.Olsen, ‘'Expert System and
CD(C) =CD(P) . CD(C, P}, 4) Fuzzy Systems”, Constantin Virgil Negoits,

1817




-a

Constantin Virgil Negoita, Hunter college,

City University of New York, 1985

. d.McDermott, "Ri: A rule- based configurer

of computer system”, Al vol. 18:1, 1882

. B. Hayer-Roth, A Blackboard Architecture for

control”, Addisen Wesley Publishing Company,

1984.

L. A Zadeh, ‘Tuzzy Logic and Its

Application for Approximate Reasoning”,

Proceedings IFIP Congress 74, 19874

. L. A Zadeh, "Semantic inference from fuzzy

premise”, IEEE 76 CHIII-4C, 197s.

. K. Adlassnining, "Fuzzy Sets Thoery in
Medical Diagnosis, IEEE Trans. on SMC, VOL
16, 1988.

.J.d.Buckey, " A Fuzzy Expert System’,
Fuzzy Sets & syst., Vol. 20, 1988,

R L.Flowers & A Kanocel, "Possibilishic
Search Trees™, Fuzzy Sets & syst.. Vol. 9,
1585,

.d.R Hong, "A Theory and Implementation
of Production Rule Discovery’, Proceedings
of NJI-ACTAI’ 91, 1991,

LY H Wu & S L Wang, A Framework of
Inducing Rules from Examples”. DProceedings
of CJCAI’ 90, 1930,

.X.Y.Tu, "Methodology for Design of Large
Expert System’, Proceedings of CJCAI’ 90,
1990,

F.M Zhane & A M Liy, - The Study and
Implementation of the Knowledge Acguisition
System in JA-ES", 1351.

LB M Zhang & Q.G Xie. ' The Study and
[mplementation of the Reasoning Machine in
3A-E8", 1991,

1818




