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Abstract One of the driving forces in manufacturing in the last decade is the demand of 
customers on the quality of the product they buy. However, as products 
become more complex and involve a lot of other subcontractors, inter
organisational quality control functions require strong support from the 
organisations involved as well as an effective IT infrastructure. This paper 
describes a project involving a large transport equipment manufacturer using a 
methodology known as FIRST to develop an automated quality management 
process. The FIRST process provides a framework for the company to capture 
quality control information into a process model which can then be converted 
to the final user-end system automatically. 

1 INTRODUCTION 

It is generally accepted that quality is a keyword for winning current 
global competition in every business. Total Quality Management is one of 
prominent management strategies to win this competition [1]. In a company, 
the way to manage quality is by establishing a quality system. This 
comprises a systematic approach to plan, to do, to monitor and to control 
company's operations in achieving customer satisfaction [2]. 

In aviation industries, requirements for quality system are common 
practices. They are usually tied with safety requirements such as the 
airworthiness issues. Therefore, an aircraft manufacturing company must 
establish a quality system in its operation. Both quality manual and 
procedures must be in place. 

J. P. T. Mo et al. (eds.), Global Engineering, Manufacturing and Enterprise Networks
© Springer Science+Business Media New York 2001



Along with internal efforts on quality achievement, a company needs to 
acquire quality materials, parts, or components from its suppliers. This is 
crucial because inconsistent quality of incoming resources may cause 
difficulties in achieving quality products. 

There is an obvious conflict in buyer-supplier relationships. Suppliers 
may perceive that high quality products will increase manufacturing cost. 
On the contrary, buyers will always try to find a lower price for every 
material they purchase. The most common approach is to establish a 
supplier development program. 

With the above imperatives, this project is motivated by the need of an 
aircraft manufacturing company to obtain such commitment on quality from 
its widely distributed suppliers. 

2 ROLES OF QUALITY SYSTEM DOCUMENTATION 

In quality management, there are two major roles of documentation. 
Firstly, system documentation demonstrates that the quality system is under 
control, clear and convincing. Management should know how the system is 
regulated. Employees need to comply with the system. Internal auditors 
should understand the system before they check the actual condition. 
Secondly, documentation on quality records is of authentic significance. To 
evaluate achievement level of quality parameters, records are needed. The 
evaluation process can then be used to determine corrective actions for 
process capability and product quality improvements. 

A typical quality system in a company comprises a hierarchy of 
documents. This hierarchy forms a pyramid structure, which places quality 
policy at the top of the pyramid (Figure 1). Other quality documents must be 
developed based on the top level policy. 

Figure 1 Hierarchy of Quality System Document 
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Like other documentation systems, quality system documentation 
traditionally uses paper as its media. Up to now, it is still a popular media 
that keeps the consistency of information in a reasonable period of time. 

There are several alternatives of documentation media, for example 
microfilms and optical disks. These media have considerably reduced the 
use of paper. However, for daily operation, they need high cost equipment, 
materials and processes. Moreover, by using these media, the 
documentation control system remains the same and it is difficult to 
propagate changes to lower levels. 

Nowadays, efforts to reduce paper in human activities is growing. 
Companies may gain potential advantages of using a paperless 
documentation, especially in quality system. Several efforts have been 
started since the wide use of computer, but the developments are still in the 
initial stage [3]. 

3 WEB-BASED QUALITY SYSTEM 

The use of computer is an important consideration in achieving 
paperless documentation system. The latest research has involved the 
Internet and Intranet technologies. These technologies promise a great 
benefit in distribution problems, because they will eliminate delays in 
delivery even though the users are located in a long distance. 

A quality recording system may as well take advantage of web-based 
technologies by using capabilities of Java programming in its pages, thus 
making the system truely interactive and uniform. This makes it easier to 
enter and retrieve data. 

An interesting result that comes out is when the recording system is 
combined with the web-based documentation. With an interactive interface, 
a seamless and consistent look-and-feel quality system may be produced. 
Last but not least, companies can benefit from the independence of web 
system on the users' platform. The investment for new computing systems is 
minimised. 

4 FIRST METHODOLOGY 

FIRST stands for Framework for Integration of Remote Support 
Technologies developed by CSIRO Manufacturing Science and Technology. 
FIRST methodology was initially developed to provide automatic creation of 
remote operation support system [4]. The main concept of the framework is 
to integrate the World Wide Web technology, hypertext markup language 
(HTML), interactivt;' forms, multimedia, artificial intelligent, and supported 
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by a knowledge based system. Besides easing remote customer support, the 
framework may benefit in reducing customer support related costs and 
minimise service delay time when used over long distances. 

An important aspect of the framework is the use of an integrated 
knowledge-based system [5]. To enable this function, the system must 
understand the entire customer support process including the capability to 
collect facts and to navigate customers within the process. In traditional 
approaches, off line support is provided by experts performing such tasks in 
a direct mode. 

In the FIRST methodology, this function is carried out using a 
knowledge repository, which is built through IDEF3 process modelling [6]. 
IDEF3 process modelling has capabilities to capture processes including 
logical and temporal relationships between activities in the processes. A 
fundamental treatment of IDEF3 to drive knowledge representation has been 
written by Mo and Menzel [7]. From users ' view, operational cost for 
accessing remote system is quite low, because it uses web browsers, which is 
a free software. 

5 REMOTE QUALITY SYSTEM IMPLEMENTATION 

Using the same framework, a remote quality system capturing the 
quality system manuals, procedures and work instructions can be developed. 
Depending on the system design, additional scripts to access quality control 
database can also be attached to the remote support system. 

The importance of knowledge repository is not only for initial 
publication of the quality system documents, but also for modifications that 
may apply during their life cycle. When change is required, the model is 
modified and the web-based support system is regenerated. Thus, this 
approach accommodates the documentation control function. 

As stated before, the object of this project is to develop a candidate 
quality system for suppliers of an aircraft manufacturing company. 
Currently, this company has implemented a similar system with the same 
content, but in non-electronic media. 

Basic Quality System 
Requirements 

Sec/ion J 
Requirements Requirements 

Section 2. I, 2.2 Section 2.3 
Q Advanced Quality System Q Advanced Quality System 

~ f--------l 
'--_____ ---' Evidence 01 Variation Control of Variation 

Initial Approval Sustained Approval 

Figure 2 Quality System Approval Requirements 
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To make the system easier to understand, an overall Quality System 
workflow is provided by the company (Figure 2). It illustrates the step-by 
step process and documentation requirements. 

The project started with the creation of a system model. The system is 
divided into four different subsystem and function (Table 1). 

Table I : Main Subsystems and Their Function 

Subsystem Functions 
AQS Concepts 

Basic Quality 
Requirement 
Advanced Quality 
Requirements 
AQS Tools 

Overview and basic understanding of the newly introduced 
system 
Descriptions of basic quality requirements that has been in 
place 
Description of new quality requirements for suppliers. 
including recommended actions and flows to be accomplished. 
Explanation of various tools those can be utilised in fulfilling 
AQS requirements. 

This documentation allows the main branch of the system model to be 
created as illustrated in Figure 3 and guides the users to select one of 
different subsystems they are interested to explore. A new user will easily 
decide to explore the Quality System Concept, while an expert will directly 
explore the Quality System Requirements to get the information he/she 
wants. Similarly, executives who will decide to implement the system can 
easily read the summary in the Quality System Concept section, while their 
technical staffs or subordinates will explore the details in the requirement 
sections. 

Not •• : 
FO; F&n InJunc:tlon 
FI: F.n OUI Junction 

Figure 3 : Main Branch in lDEF3 Model Figure 4 : Core Workflow Main Branch 

The AQS (Advance Quality System) Requirements section is the core 
message in this documentation. So, the system is developed intensively in 
this section. The main objective is to guide the user to explore the 
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requirements in a sequential basis. The users are guided to follow the 
information interactively with the system. After exploring a certain process, 
users will be linked to some possible pages that relate to that process. There 
are two kinds of links, viz. links to the next process that follows the current 
process and links to referred pages that contain related material and tools. 
With this arrangement, it is expected that users can be easily and 
systematically navigated through the system (Figure 4). 

In the complete model, apart from the quality related processes, one can 
also see two additional processes attached to the model (Figure 5). They are 
Welcome and Thank You processes. The function of Welcome process is not 
only to give a welcome speech to users, but also is the starting process 
providing a fan-in junction leading to one of the next level of processes. 
This is important, because the next process after the Thank You process is a 
Home base of the model. 

, .................... .. 
r--+.l~-~} - +. 1 
: 1 .................. _ .. .. 

I . ... .... ....... ... ...... .. . 

L~lFi-~ .. +. : 
I ..... . L ....... .. ........ _ ... .! 

Figure 5 : Additional Processes 

FIRST generates 10 1 web pages from the model. These pages build a 
web site and link one another providing trials of the quality system 
information and procedures. The FIRST methodology produces a start page 
in every site it develops. This page is always named as start.html. It 
represents the first process from which the model starts. For this project, the 
first process is Welcome page (Figure 6). A single click in the Next Page 
link word will start surfing the site. 

... -.'ll-Cr'-" ~ '':'''.= 
.... (J~ , ... ,-'. ,.., 

~ , I • • '" \.' ' . .. 

W elcome 10 ••• 

Q uality S,,,...,,,, 
for Stlppl1c.rs ....... 

Figure 6 : Welcome Page 

It is impractical to explain the model step by step. However, to give an 
overall picture of how the model works, one can find four typical patterns of 
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relationship among the processes in the model. They are simple continue 
pattern, yes - no pattern, multiple choice pattern, and reference pattern. 

A simple-continue pattern is created in the model when the current 
process being modeled only have one possible link to the next one. 
Sometimes, this pattern can be used when we need to divide a long process 
into two or more process (Figure 6). 

A yes-no pattern is needed when users are required to answer a yes-no 
question after evaluating the current process. If the user can identify the 
special cause of variation, then he/she will choose a 'yes' answer. This will 
cause the system to guide him/her to remove that special cause of variation, 
otherwise, the system will ask whether gauge variation study has been 
performed or not. For the example given in Figure 7, the site will bring the 
users to section 2.3.4 if they answer 'Yes' and to section 2.3.6 if they answer 
'No' . 

;a.o. 

2.3.3 can special Q U •• of variation be •• stoned 1 

It.lft CIuC .... ~ Cti'lKOt _Ra" tr. ,*-t .. ~ "" l~"""'" ~ ___ !lOt. ~I ~ ....... 
......... i"' .. ~~f..,~....cJooNooI,... t-........ t_ .... ".tI'U4M C'~t.M~ '.~1II* 

" .......... _tc!O\,~~Wft ... ~IIId .. • .... ~ 

ICIiD3 

Figure 7 Yes-No Pattern Results 

A multiple-choice pattern is created when users are advised to choose 
more than one possible answer. It is almost like yes-no pattern, but the 
answers to the question are more than simple yes or no. FIRST methodology 
has enabled this possibility by expressing all possible links in the current 
process/page. The link names are the possible page titles or ones those have 
been defined in 'process facts' when modelling. An example of the result is 
shown in Figure 8. 

6 CONCLUSION 

Sharing information over long distance is a potential benefit of the 
emergence of the internetlintranet. To exploit this benefit, CSIRO has 
developed a methodology called FIRST. This methodology enables systems 
for remote customer support through the W orId Wide Web to be created 
with an integrated process model driven knowledge based system. 
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This project has implemented a Quality System using FIRST 
methodology. The main users of this system are suppliers of an aircraft 
manufacturing company to enable easy quality system access and 
maintenance. It is predicted that many areas in quality system may likely 
take advantages of this development, for example, supplier control, quality 
audit or even manufacturing control like measurement equipment control, 
facility and personnel certification and non-conformance material control. 
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Figlire 8 .' Multiple-Choice Pal/ern Results 
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