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______________________________________________________________________________________________________ 

Abstract 
 
Bus manufacturing is one of the important assets in automotive industries as well as mode of public transportation. The design process is 
difficult and long throughout time. Moreover, there are many manuals, rules and regulation according to different standard which make the 
standardization and design process to be difficult and time consuming. Hence, this project describes the use of an expert system shell for 
commercial bus design. In bus manufacturing field, design of commercial bus is heavily depending on human experts. With the help of expert 

system, process of design commercial bus will be shortened up to 56.5% compared to conventional way. The developed system can be used 
as a training module for inexperienced personnel. In this research work, the fault diagnosis system was developed by using Kappa-PC expert 
system shell. It is supported by object orientated technology for the MS window environment. Lastly, the developed system will be validated 
with a case study to verify the capability of the developed system. 
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1. Introduction 

The Malaysian commercial bus body and chassis is manufactured by 

local bus body manufacturer. The bus chassis from the company is a 
monocoque designed chassis. Manufacturer will face difficulties to 
get the knowledge from the expert when the expert is not around 
form working place. The expert for the bus body production process 
is engineer, technician, mechanic, contractor and supplier. Their 
production of equipment and machine are depending heavily on 
human expertise for production and it is costly. The knowledge and 
experience of the expert will be lost if he/she is resigned or retired.  

A system that is able to store the expert knowledge is needed in any 
industry with highly depending on experts. With the expert system, 
processes will be standardized and accuracy will be increased 
compared to the conventional way [1]. 
Based on the result above, this research highlights on knowledge-
based system (KBS) in troubleshooting of bus body and chassis 
design process. The main objective of the research is to develop an 
expert fault diagnosis system framework for the commercial bus. 

Germignani and Dym concluded that knowledge based expert 
system is computer software that overcomes problems with expert 
solution [2, 3]. With the present of expert system, time used in 
design stage regarding on calculation related to rules and regulation 
can be shorten and suitable recommendation will be given. In 

addition, expert system is one of the artificial intelligence (AI) 
technologies that were developed from research and it is able to 
simulate the human cognitive skills for problem solving. 
Hence, an expert system called Kappa-PC Software is been used as a 
software system to provide a standardized methodological approach 

to solve important and complex problem normally done by human 
experts [4]. The system will generate friendly prompts according to 
the user data. Friendly prompts will be shown as an advice to the 
user on how to solve the current problems. 

2. Expert System 

Xian and Zeng [5] developed a fault diagnosis system for 
mechanical systems. The developed system able to diagnose the 
stability and mutability of the mechanical systems based on WPA 
signal. Deng et al [6] developed intelligent methods of human error 
in fault diagnosis, and managed to diagnose a new failure precisely 
and rapidly. Syiam [7] developed a neural expert system to 
diagnoses early eye diseases of patient. The developed system based 
on the patient signs and symptoms, and uses the multiplayer feed 

forward networks with a single hidden layer [8]. 
In addition, an expert system is a computer program that stores the 
specific experts’ knowledge and experience to solve problems or 
giving advice. Jackson (1998), Catal et al. (2011), Lei et al. (2011) 
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and Luo et al. (2012) concluded that expert system technology 
derives from Artificial Intelligence (AI) which defined as a branch 
of computer science concerned with the design and capable of 
imitating human intellectual skills [9-11]. 
Refer to Fig 1, an expert system is built by getting together a 
knowledge base, which is interpreted by an off-the-shelf program 
that contains an inference engine. A knowledge base comes with 
such a program, which is typically called as shell. The end user of 

the application will be interacting with the shell via the inference 
engine, which uses the knowledge put in the knowledge base to 
answer and solve problems [9]. 

 
Fig. 1:  The structure of an expert system shell [9] 

 
Expert system is used to keep the institutional or corporate memory 
by saving the worker knowledge and experience. If the worker 
resigns or retires, the company still can retrieve their knowledge and 

experience. Liebowitz (1995) presented other important reasons for 
using expert systems are [12]: 

 A useful “device” if expertise is unavailable or expensive; 

 A helpful device under constraints of time, pressure and 
money; 

 A way to replace training module; 

 A vehicle for improving worker productivity, time and cost 

savings; 

With the expert system, processes or tool that implemented will be 
standardized by comparing to the conventional way. Therefore, the 
quality of product that is produced will be finer and better. As a 
result from above, this project highlighted application on 
knowledge-based system (KBS) approached in trouble shooting of 
vehicle production process [13]. 

3. Kappa-PC 

There are many expert system shell available in the market such as 
Exsys Developer, KEE, VP-Expert, KnowledgePro, etc. Kappa-PC 
is one of the expert shell and it is generates standard ANSI C code 
and GUI (Graphical User Interface) runtimes. KAPPA-PC can build 
mission-critical applications that form the core of business 

operations [14, 15]. 
Mansyur et al. (2013) and C.K et al. (2009) concluded KAPPA-PC 
is a rule-based expert system shell that helped in developing an 
expert system [16, 17]. The main menu of developed KAPPA-PC 
system is shown in Fig 2. Fig 3 shows the goal editor in the 
developed system. 
 

 
Fig. 2: The main session menu of Kappa-PC software 

 

 
Fig. 3:  The goal editor of Kappa-PC software 

 
The tools in the main menu of Kappa-PC software is as shown in 
Table 1. 
 

Table 1:  Tools and function in Kappa-PC software 

Tools Function 

Object Browser  Object can be created and edited in this function. 

Session 

In this function, session window can create or edit a     

graphical resource editor which will forming a user-

interface in the expert system 

Edit Tools 
This function including invoking the editors of 

classes,    instances, function, rules and goals. 

KALView 

Debugger 
This is a tool use for debugging KAL code. 

Find/Replace 
This is use for searching and replacing text in the 

knowledge base 

Rule Relations 
This shows the relationships of the graphical tool and 

the rules created in the knowledge base. 

Rule Trace and 

Inference Browser 

The display of graphical traces of the rules and you 

can step in the inference process. 

 

User interface shown at Fig 4 is one of the developed friendly 

session system. Fig 5 shows the developed framework for the expert 
system. It comprises of three main parts which is the knowledge 
acquisition module, knowledge based and the expert system shell. 
The inference engine is an important part of an expert system which 
works based on rules. The inference engine scans and checks the 
condition given in the rules depending on the chaining process 
defined in the reasoning. The reasoning process is classified into two 
namely backward or forward chaining. Rules are scanned until one is 

found when constraint values match the user input. The scanning 
resumes and the results are deduced. The final results are reported to 
the user. The process continues until the final selection. Fig 6 shows 
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function editor and its session. Fig 7 shows the rules editor. Rule 
editor is used to define, examine and modify the rules.   

 

 
Fig. 4:  Main layout session for user 

 

 
Fig. 5:  The proposed framework for the expert system 
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Fig. 6:    Function editor and it’s session 

 

 
Fig. 7:  The rule editor

4. Case Study 

A case study has been conducted at the manufacture office plant 
where the specification and information regarding on the bus 
standard is given and validated by the engineers. All of the 
parameters and specifications are standardized and can be found at 
the Operational Maintenance and Service Manual. An Expert Fault 

Diagnosis System framework for Commercial Bus involves a 
number of major steps. This includes knowledge acquisition, 

choosing the selection criteria, selection of user interface, define the 
knowledge hierarchy, program codes writing, program testing and 
validating. The developed framework helps the automotive 
engineers to shorten up the diagnosis time and increase the 
efficiency of the production line. Figures below show the technical 
drawing layout of the commercial bus. 
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Fig. 8:  The top view of the commercial bus design 

 

 
Fig. 9:  The side view of the commercial bus design 

 
Fig 10 shows four important stages which is the literature review and 
analysis, knowledge acquisition, development of framework and 
testing and validation. Literature review and analysis does contain 
the study on the elements, the functionalities, the core components 
and system architecture of the system. The analysis will give 
solutions to the problem and provide the best recoomendation  that is 
needed to solve the issues. Phase 2 is the knowledge acquisition 

collects knowledge on the problem, which will be guiding the 
way of the software development. Knowledge acquisition is also 
the process of collecting knowledge from the expert  and it 
involves meetings with the expert [18]. 

In the third phase, the existing fault diagnosis framework that has 
been developed is studied. All the knowledge including the 
geometrical and assembly parameters gained will be placed in 
development of the proposed framework. In addition, different types 
of techniques and prominent ideas are studied and emerged in order 
to construct the proposed fault diagnosis framework for commercial 
bus. In the last phase, researcher will liaise with the vehicle 

manufacturer for further testing and validation purposes. Fig 10 
shows the overall operational process of the research. 
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Fig. 10:  The operational flow of research process 

 

4.1. Field Testing 

The developed system is deployed and validated with the real world 
problem. Table 2 shows the case study result. The developed expert 
system has the ability to diagnose the root problem to different type 
of situation and gives a precise recommendation. 
A few technicians were asked to use the expert system to trouble 
shoot the bus design parameters. The main objective of the expert 
system is to determine whether the expert system meets the actual 

requirement. 
 

Table 2:  Case Study Result 

No Acceptable 

Parameters 

User’s 

Parameters 

Expert System Results Match 

1 Length    

 (From 8m to 

12.5m) 

25m Failed. Standard bus 

design varies from length 

8 m to 12.5 m. 

 

YES 

2 Width  

(From 3m to 

4.3m) 

3.0 Design width of 3.1 m 

should be used and this 

includes the 230mm 

extrusion of rear view 

mirrors on both sides. 

 

YES 

3 Height 

(From 3m to 

3.3 m) 

5m Failed. Ideal design 

height is 3.2 m. 

YES 

4 Underside 

clearance 

(75mm) 

100mm Failed. Underside 

clearance at the axles is 

75mm. 

YES 

 

 

 

 

5. Conclusion 

 
This developed system can helps design engineer with insufficient 
knowledge and experience in bus manufacturing industry by 
providing them with knowledge related on manufacturing process, 
material and method to manufacture the bus in an effective and low-
cost way. The system can provide useful suggestion and 

recommendation on the material used to manufacture different parts 
of bus based on the knowledge and experience of expert.  
Besides, this expert system can reduce the time of design stage. With 
the existence of this expert system, the designing problem can be 
solved in a shorter time when the expertise is not available. This 
system may provide an alternative way to help in reducing the man 
hours cost of a company by reducing the numbers of expert 
engineers. With the implementation of this expert system, company 
can preserves the priceless knowledge and experience to avoid the 

loss of expertise after the expert engineer is no longer available. 
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