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A Knowledge Based System towards Identifying Problems and Getting Instant
Solutions about Our Personal Vehicles

ABSTRACT

Identifying our personal vehicle's problems and getting
solutions is a complicated process which demands high level
of knowledge and skills. Our goal is to develop a knowledge
-based system (KBS) on vehicle conservation and
troubleshooting that is capable of supporting vehicle’s owner
in dealing with their vehicle problems and troubleshooting
them whenever the time is limit and the human expert, also
known as mechanics is not available at that very point of time.
This paper provides effective planning and design issues
regarding the problems while driving the vehicle and will give
a logical solution which would help in rectifying those
problems. The system would contain various set of rules for
detecting and distinguishing different category of failures
which can be easily handled by the driver and will give their
causes. This paper mainly deals with the starting problems of
vehicle and detecting various other large scale problems. The
research report explains the need for a knowledge based
system and some issues on developing knowledge-based
systems, the wvehicle failure recognition process and the
problems involved in developing the system. A rule-based,
web enabled expert system shell: expertise2go was used to
design the rules which involved a knowledge component,
decision component, design component, graphical user
interface component, and the user component. The system has
been verified and tested and gave auspicious results.

Key words: Knowledge-Based System, Vehicle, Expert
System, Rules.

1. INTRODUCTION

The terms knowledge-based system (KBS) and expert system
are normally used identically. The four main components of
KBS are: a knowledge base, an inference engine, a knowledge
engineering tool, and a specific user interface. Some of KBS
important applications include the following: medical
treatment, engineering failure analysis, decision support,
knowledge representation, climate forecasting, decision
making and learning, and chemical process controlling.
Knowledge-based system (KBS) is a branch of artificial
intelligence (Al) which was developed by the Al community
in the mid-1960s. It can be defined as "Knowledge-based
System (KBS) - Typically a rule-based system for providing
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expertise. Identical to expert systems, except that the source
of expertise may include documented knowledge [1] [2]". We
can infer from this definition that expertise can be transferred
from a human to a computer and then stored in the computer
in a suitable form that users can call upon the computer for
specific advice as needed. Then the system can make
inferences and arrive at a specific conclusion to give advices
and explains, if necessary, the logic behind the advice. KBS
provide powerful and flexible means for obtaining solutions
to a variety of problems that often cannot be dealt with by
other, more traditional and orthodox methods. Normally this
system will guide a human technician through the entire
service process, from the initial customer interview at the
service desk to the diagnosis and repair of the vehicle in the
garage.
A knowledge-based system for vehicle failure diagnosis is
presented in this paper. The main objectives towards
developing such a system are as follows:
e To help the vehicle’s owner in making decision on
action they should take in their attempt to troubleshoot
the vehicle’s problem.
e To save much time, cost and energy for the customer
especially to those who are in urgency as they don’t have
to wait for the mechanics to repair the troubles of their
vehicles.
e To get the peoples even more closely the world of
computerization, technology, mechanization, and
automation.
e To give the developer a chance to get involve directly
into the development of knowledge based system
synonymously expert system, and at the same time help
to build the programming and software design skill, as
well as problem explaining and solving capabilities.

As the proposed system is web-based, so at anytime from any
place any user can access to it and get recommendations he
needed.

This paper is organized in this way, Section 2 Problem
identification. Section 3 Analytical model for the proposed
KBS system. Section 4 Design of the proposed KBS system
Section 5 Implementation of the proposed KBS system, and
finally Section 6 Conclusion.
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2. PROBLEM IDENTIFICATION

Vehicle failures can be divided into three major types: start-up
state, run-stable state, and movement state. In our proposed
system we took consideration only the start-up state, problems
that may occur when a person try to start up the vehicle, for
example; engine does not work, some sounds noticed, engine
works ones and stops. These problems could be due to one or
more failures; will happen, the battery needs to be recharged,
the dynamo is dead, or the battery is dead. If the vehicle is in
the start-up state and doesn't start, then the motive could be
one of three main reasons: a bad gasoline mix, deficiency of
compression or absence of spark. In addition, thousands of
minor things can create problems, but these are the main three.
Bad gasoline mix: A bad gasoline mix can occur in several
ways:

1. The vehicle ran out of gas, so the engine is getting air but no
fuel.

2. The air intake might be clogged, so there is fuel but not
enough air.

3. The gasoline system might be supplying too plentiful or too
diminutive gasoline to the mix, meaning that ignition does not
occur properly.

4. There might be an contamination in the fuel (like water in
your gas tank) that makes the fuel not burn.

Deficiency of compression: If the air and gasoline cannot be
compacted properly, the ignition process will not work like it
should. Lack of compression might occur for these reasons:
1. Piston rings are worn

2. The intake or exhaust valves are not sticking properly

3. There is a hole in the cylinder.

Absence of spark: There are a number of reasons for what the
spark might be weak.

1. If the spark plug or the wire leading to it is damaged or
worn out.

2. If the wire is cut or missing

3. If the system that sends a spark down the wire is not
working properly

4. The fuel will not burn properly if the spark occurs in
different cycle.

Other Problems: The following problems are also taken into
consideration in the system.

1. If the battery is dead, the engine cannot turn over.

2. If the bearings that allow the crankshaft to turn freely are
worn out, the crankshaft cannot turn so the engine cannot run.
3. If the valves do not open and close at the right time or at all,
air cannot get in and exhaust cannot get out, so the engine
cannot run.

4. If someone sticks a potato up your tailpipe, exhaust cannot
exit the cylinder so the engine will not run.

5. If you run out of oil, the piston cannot move up and down
freely in the cylinder, and the engine will seize.

The proposed KBS with facts and rules would easily identify
the vehicle’s problems and give us instant solutions.
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3. ANALYTICAL MODEL FOR THE PROPOSED KBS
SYSTEM

The knowledge-based system (KBS) developed for this work
depends on the structure of expert system. The structure of
expert system has five main components: user interface,
working memory, inference engine, knowledge base, and
explanatory facility [3][4]. The major components of KBS as
shown in Figure 1 are briefly explained below.

Knowledge base - declarative representation of the expertise,
often in IF THEN rules;

Working storage - the data which is specific to a problem
being solved,;

Inference engine - the code at the core of the system which
derives recommendations from the  knowledge base and
problem-specific data in working storage;

User interface - the code that controls the dialog between the
user and the system.

Explanation Facility-1llustrates to the user how and why the
system gave a certain cause for the failure, i.e. explains the
reasoning of the system to the user.

In this proposed expert system we used forward chaining
(reasoning) method where an interpreter uses a set of rules and
a set of facts to perform an action [5]. This method involves
checking the condition part of a rule to determine whether it is
true or false. If the condition is true, then the action part of the
rule is also true. This procedure continues until a solution is
found or a dead end is reached. Forward chaining is
commonly referred to as data-driven reasoning. This method
composed of three components. These are: The rule set; a
working storage area which contains the current state of the
system; an inference engine which knows how to apply the
rules.

The rules are of the form: left hand side (LHS) ==> right hand
side (RHS), in short: IF---THEN. The LHS is a collection of
conditions which must be matched in working storage for the
rule to be executed. The RHS contains the actions to be taken
if the LHS conditions are met.

The execution cycle of the system is:

Select a rule whose left hand side conditions match the current
state as stored in the working storage.

Execute the right hand side of that rule, thus somehow
changing the current state.

The syntax of the rules is:

rule <rule id>:
[<N> : <condition>,.......]
==>
[<action>, ....].

Where: rule id - a unique identifier for the rule; N — optional
identification for the condition; condition - a pattern to match
against working storage; action - an action to take. The Figure
3 mentioned below represents the concept of the forward
chaining algorithm.
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Domain-specific Inference Engine
Knowledgebase Reasoning | Control
User User Interface

Figure 1: Main components of proposed KBS
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Check rule

H Check next rule

Add conclusion to | yeg

Premizes match the
worling memory

worling memoty

Rules remain

Dusplay conclusion
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Figure 3: The forward chaining algorithm model for the proposed
system.

4. DESIGN OF THE PROPOSED KBS SYSTEM

The Knowledge Engineer acquires knowledge from experts in
specific field, through standardization process, and sorts out
the collected knowledge from experts to formed rules. In
vehicles’ problems identification system, the way of
knowledge representation is production rule. The production
rule uses the presentation way of “IF P THEN Q”, P is
precondition, and Q is conclusion [6]. Some of the rules of the
proposed KBS are:

Rule 1: IF the vehicle does not start,

THEN check for the fuel.

Rule 2: IF the vehicle does not start,

AND the fuel is not empty,

THEN check the battery.

Rule 3: IF the vehicle does not start,

AND the battery does not have a problem,

THEN check whether the engine is overheated or is very cold.

The proposed knowledge-based system is developed by
decision table or knowledge base table. Where the condition
part of the decision table is called the condition stub and the
action part the action stub shown in Figure 3 as mentioned
below. Each column represents a rule, and when all of the
conditions in a column are satisfied, the action or actions
designated in that column represent the recommended
decision [6].
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Rulel Rule2 Rule3

Conditionl
Condition2
Actionl
Action2

Figure 3: A decision table.

The connection between decision Tables and rules in a
rule-based expert system is easily seen in the following
decision table. "Y" and "N" in the condition stub represent
"Yes" and "No" ("T" and "F" could be used representing
"True" and "False™) and an "X" in the action stub means the
action is recommended. "-" in a cell means the condition or
action is irrelevant, shown in Table 1 [7]. Using the concepts
getting from the Table 1 we developed a new table ‘“Table 2’,
which shows the combination between decision table rules for
our proposed system. A decision table towards vehicles’
problems identification is shown in Table 3.

Table 1: Combination between decision table rules in rule
based KBS

Rulel Rule2
Conditionl Y Y
Condition2 - -
Condition3 Y Y
Actionl X
Action2 X
Action3

Table 2: Combination between decision table rules in KBS
for our proposed system

Rulel | Rule2 | Rule3

Does the starter run? Y Y N
Do you smell gas when the

Y N -

starter cranks?

replace the dead battery - - X
refuel the vehicle - X -
wait 10 minutes, restart X : :

flooded vehicle

Table 3: A decision table towards vehicles’ problems identification

Rulel Rule2 Rule3
the result of |the vehicle the vehicle .
. nothing
trying the |cranks cranks
happens
starter normally normally
the smell of |present while |not present -
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gasoline  |trying the while trying
starter the starter
recharge
the el 10 refuel the or
recommended |minutes, restart vehicle replace
action flooded vehicle the
battery

Although either decision table form is easily mapped into
knowledge-based system rules, the extended entry form is
probably most effective for this purpose as the following rules
extracted from the three columns of the table illustrated in
Table 4 as shown bellow.

Table 4: Extracted format of a decision table towards vehicles’
problems identification

Rulel Rule2 Rule3
If the result of If the result of
Ry the starter = If the result of trying trying tfe
the vehicle cranks _ starter =
normally and ST S nothing
the smell of ULl G happens
asoline = present (ALl Ly i o
\%h”e r ;]p the  thesmell of gasoline = Then the
ortar ying not present while recommended
o th trying the starter actlhon =
fecommended  T7EN the s e
action = wait 10 TEBOITIITIENE 6C) AT battery

minutes, restart = refuel the vehicle

flooded vehicle

Therefore, the three rules are equivalent to the following
single rule that could be generated for a knowledge-based
system:

IF Condition1=true OR

Condition2=true OR

Condition3=true

THEN Actionl=true

5. IMPLEMENTATION OF THE PROPOSED KBS
SYSTEM

To implement this KBS, web-enabled, knowledge-based
e2gRuleWriter decision table software and Java applet-based
e2gRuleEngine Knowledge-based shell that provides an
interactive user interface are used. All of these above
mentioned software are free for private, educational, and
commercial use [6].

The proposed web-enabled KBS utilizes a combination of
qualitative and quantitative procedures for our vehicles’
problems identification. The mixture of both provides
reliability to the technical process and facilitates knowledge
interaction and analysis. The proposed KBS for vehicles’
problems identification has been successfully implemented
and validated. The results show that basic decision making
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procedures are very satisfactory. KBS starts by displaying its
main window as shown in Figure 4. The user is expected to
click the button to choose the option for getting the solution of
his vehicle’s problems.

eXpertise2Go.corm

Wi Encbed Expet Syslemns [<ZgfeEng e 4605

A knowledge based system towards identifying problems and getting instant solutions about our personal vehicles
I 1]

Figure 4: Index page for our proposed KBS

Click the button labeled *'Start the consultation™ as shown
in Figure 4 the knowledge base will be loaded. We should see
the first PROMPT as shown in Figure 5.

ihat happens when you turn the key to try to start the Vehicle?

| don't know/would rather not answer "

|The Wehicle cranks normally

[The Wehicle cranks slowly

Nothing happens

[The Wehicle cranks firstly

| don't rather not answer

Figure 5: The first PROMPT appeared after clicking the *'Start the
consultation™

Very uncertain (50%) U O O O C @ Very certsin (100%)

‘ Submit H Wifhy ask? ” Restart ‘

Click the “Why ask?’ button to see the inference engine's
explanation as shown in Figure 6 of why this question has
been asked.

Ta find The recommended action a value for The result of trying the starter of Vehicle is needed to try this rule

RULE: |5 the battery dead?

If The result of trying the starter of Wehicle is The Wehicle cranks firstly and
The result of switching on the headlights is Nothing happens

Then The recommended action is Recharge of replace the battery

A value for: The result of trying the starter of Vehicle has not yvet been determined
A value for: The result of switching on the headlights has notyet been determined

Figure 6: The inference engine's explanation when we click on the
button ‘Why ask?’

The following figures: Figure 7, Figure 8, Figure 9, and
Figure 10 will show how we can input values to get instant
solutions about our vehicles problems.

iifhat happens when you turn the key to try to start the Vehicle?

The Yehicle cranks slowly “"|

Figure 7: Process of input (1) value in our KBS
According to the fuel gauge, the gas tank is:
o Empty

Mot empiy
1 1 don't knowhvould rather not answer

Figure 8: Process of input (2) value in our KBS

18



Shah Murtaza Rashid Al Masud , International Journal of Advanced Trends in Computer Science and Engineering, 2(2), March — April 2013, 15 - 20

Do the headlights dim when you try the starter with the lights on?

iy yes
) no
2 | don't knowiwould rather not answer

Figure 9: Process of input (3) value in our KBS

How much are you willing to spend on repairs? (enter value 0->500)

ol ]

Figure 10: Process of input (4) value in our KBS

The result or action taken by the system is shown in the following
Figure 11.

FINAL RESULTS: A knowledge based system towards identiiying problems and getting instant solutions about our personal vehicles

The recommended action is: Recharge or replace the battery (100.0% confidence)

'I.'.' —
Explain iIaIl conclusions ‘v“ Go Back || Restart ‘

Figure 11: The result we obtained after giving the input values to our
KBS

If we click the Explain button with all conclusions showing
in the drop down list of resolved attribute values we will see
the following detailed explanation of the recommendation for
the rule 5 from our research as shown in Figure 12.

Minimum confidence factor for accepting a value as a fact 80.0%
Determined The recommended action is Recharge or replace the battery with 100.0% confidence from:
Rule below fired at CF=100.0% and assigned the value Recharge or replace the battery with 100.0% confidence:
RULE: Is the battery weak?
If The result of trying the starter of Vehicle is The Vehicle cranks slowly and
The headlights dim when trying the starter and
The amount you are willing to spend on repairs is greater than 24.99
Then The recommended action is Recharge or replace the hattery
Determined The result of trying the starter of Vehicle is The Vehicle cranks slowly with 100.0% confidence from

IThe Vehicle cranks slowly was input with 100.0% confidence

Determined The headlights dim when trying the starter is true with 100.0% confidence from:

[true was input with 100.0% confidence

Determined The amount you are willing to spend on repairs is 250.0 with 100.0% confidence from:
I25I].I] was input with 100.0% confidence

Figure 12: The explanation procedure of the proposed KBS

The following Figure 13 shows how the knowledge base is
produced and kept place on knowledge base table by using the
knowledge base software e2gRuleWriter.jar. The rule writer
software is compiled and managed by another software
namely e2gRuleApplet.jar [7].

Each GOAL is defined on a single line that begins with
GOAL followed by the name of the goal attribute enclosed in
square brackets. The following figures (Figure1l4-16) show
the development process of knowledge based system.
Condition mode: The appearance of the condition mode data
entry screen after entering data describing all the conditions as
shown on the following Figure 14.

Action mode: Inputs that are accepted when defining
conditions but not used by actions is shown in Figure 15.
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Defining rules: The final knowledge base construction step
involves entering condition and action values to form the rules
as shown in Figure 16, then generating the e2gRuleEngine
knowledge base.

REM Censrated by v1.01 of efgRuleVeiter 01/30/2013 18:51 frem: curvehicle.kbt

RULE [Is che b

1f [(The reault the starter of Vehicle]l = "Tan Vehicle cranks Tiesely™ anc

[The result of mwitchin
Then [The recom

Ehe hemdlights] = "Nething happe

crion] = "Recharge Of replece -he Dectery'”

RULE [Im the b
1f [The ze=
Then [The

vy dead (3)7]
= sterter of Vehicle] - "Hothing happens®
n] = “Recharge or

replace she battecy™

71

n] = "Refusl the Vehicle"

RULE [Is the battary wask?]
If [The zesuwlt of trying the stacter of Vebicle] = "Tas Vehicle cranks slovly™ and

[The heaclighta dim when Geying the atartes] = True and
[The amount you are willing oo spend on repairs] = 34.93
Then [The recommended action] = "Rocharge or replace -he battory”

RULE [I= the gas tank smpty?]
I (The Eesult Of CEYIRg Che starcer of Venicle] = “Tie Vehicle cranks normaliy® ar
[L gam ar gassline small] = FNat prasant whan EEping =he startes?

Then [The gas cank] = "empry® @ 90

PRONPT [The r=sult of ceying the scarter of Vehicle] Choioe CF
ey e ey Lo EEy te start Eae Vehiele? ©

-h
HHorhing he
FThe Vahiels sranks Sirselyr

PROMPT [The headlights dim when trying the starcer] YesNo ©F
"o the headlights dim when you try the starter with the lights on?”

PROMPT [A gas or gascline mmell] HultChoice CF
"The smell of gascline of your Vehicle is:®
"Present when Trying the starcer”

"Not present when trying the stacter”

FROMPT [The gas tank] MultChoice CF

"hooording to the fuel gauge, che gas tank i=:@"
TEmpE T

PHaE empryt

PROMPT [The amount you mre willing to spend on repairs] Numeric CF
“How much are you willing to =pend on repaira? (enter valus O->500)%

woL e
*S500.0%

DEFAULT [The gas tank] = “smpey® @ 90

DEFAULT [The amount you are willing to spend on repairs] = 30

nmc:r a0 ) I
Figure 13: Production of knowledge base for the proposed KBS by
using e2gRuleWriter shell software.

I e2gRuleWriter: Decision Table Rule Generator for e2gRuleEngine (ourvehicle.kbt)

v1.01 © 2010 by epertise2Go.com  Rule 1 Rule 2 Rule 3 Ruled Rue §

C G 5 the batte ?

e resu cftryngthe tarter f Yehc The ehid crank... Notrig eppens |- The Vehicle crank. . The Vehid cranks normally

The resul o swiching o the headights Noth 5 I B |-

[T Fonitchicria s gt 1 E T I

A g4 or gasoline smell & - IE . .Notmsmmnhmmstum
JLL at_v_w\tywaewt&\qmsper\du.‘. . - - =249 -

The recommended scton Recharge or repl Recharge or repl . Refuelthe Vehick  Recharge orregl ., -

The gas tenk I 5 2 B empty @ 90

addacondtion | [ Addanaction | [ Move selected rowup | [ Delete selected conditonjaction | [7] Tookips enabled?

&)

Prompt: What happens when you tun the key to try o stark the Vehicke? Allow CF Input

| Start new decision table ][ Load decision table |[ Save decision table ]l Save decision table (CSV) ]

Figure 14: The conditions for the proposed system




Shah Murtaza Rashid Al Masud , International Journal of Advanced Trends in Computer Science and Engineering, 2(2), March — April 2013, 15 - 20

e2gRuleWriter: Decision Table Rule Generator for e2gRuleEngine (ourvehicle.kbt)

v1.01 © 2010 by e¥pertisedGo.com  Rule 1 Rule 2 Rule 3 Ruke 4 Ruke5
CONDITIONS listhebattery de.., s the battery de... iz the car out of gas? [is the battery the gastarkempty?
The result of tryng the starter of Vahicle: The Vehicl crark. .. hothnghappens |- The vehice c he Vehicls cranks nomaly

[True G
I B ok present when trying the starter
B B iy I :
The amount you are willng to spendo... |- - - >2499

The recommended action Recharge or regl... %o{_:ag:,_-_ Refusithe vehice  Recharge orrepl... |- |
The gas tenk B | g B empty @90 |

| Addacondtion || Addanaction |[ Moveselectedrowup || Delete selected condtion/action | [] Tookips enabled?

1<

[ Start new decision table ][ Load decision table: ][ Save decision table ][ Save decision table (CS¥) ]

Figure 15: The steps used to define "the recommended actions”

e2gRuleWriter: Decision Table Rule Generator for eZgRuleEngine (ourvehicle.kbt)

v1.01 © 2010 by eXpertise2Go.com  Rule | Rule 2 Ruke 3 Rule 4 Rule 5
tebatryde,.[ste ot [stheboterwe.[sthe estarkenty?
Nething happens - 1The Vil crark,.. The Vehicl cranks normslly

[True I
. Mot presant whan trying the starter

pus

L... Refus|the Vehicls Recharge o repl...

2 7 empty @90
[ #dd arule H Insert arde I[ Delete selected e I[ Duplicate selected rule }Twlipsaneﬂed? [¥] AutoEspand?

EDITING (type name, ENTER): s the battery dead?

Automatc e generation - \ rRule simplificationfyalidation and knowledge base generation-
The resut of trying the skarter of Vekide A [Mr d condtions des (o condtions o no actions)
The resut of switching on the headights Eliminate irrelevant condtions
The headights dim when trying the starter Flinate redundant rues
4 gas or gasoline smell {¥] Conbie dedson able e ac I
The gas tank
The amounk you are wilng ta spend on repairs IdentiFy contradictory or possbly contradictory rule actions
SimpliFy and error check tablz
(7] con i z "
v
= (] Save knowledge base in Unicode format (UTF-16) - defaukIs US-ASCIE
into E;
Generate rulgs for selected conditions M T R
[ Display knowledge base J[ Save knowledge base ] 80 v [MINCF

[ Start new decision tahle ” Load decision table H Save decision table H Save decision table (CSV) ]

Figure 16: Steps used to build the rules
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6. CONCLUSION

Getting the instant solution according to the wvehicles
problems is a complex process. In our proposed system we
took consideration only the start-up state, problems that may
occur when a person try to start up the vehicle. In designing
part we used knowledge base table to represent the facts and
rules for vehicles problems identification. The e2gRuleWriter
and e2gRuleEngine provided us the environment to
implement the system as discussed in implementation section.
Rules and facts are stored as knowledge base on knowledge
base table, and as the system is web enabled so any user can
use the system whenever he wants. In future we will design
and update our KBS for all types of vehicle failures like:
start-up state, run-stable state, and movement state.
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