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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of
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INTEGRATED THEORY OF INVENTIVE PROBLEM SOLVING AND
ANALYTICAL HIERARCHY PROCESS

By
MOHD UZAIR BIN MOHD ROSLI

November 2014
Chairman: Associate Professor Mohd Khairol Anuar Bin Ariffin, PhD
Faculty: Engineering

After years of fierce rising competition in the market, conceptual design has become the
most important stage in product design. In this stage, expediting the problem-solving and
decision-making processes is a crucial issue. Hence, a systematic framework or set of
methodologies that efficiently support the decision making on the solution ideas generated
from problem solving tools is highly in demand. A computerized support system needed
to assist human limitation in large data processing. This research develops a framework
and system for concept generation using an integrated Theory of Inventive Problem
Solving (TRIZ) and Analytical Hierarchy Process (AHP). The TRIZ contradiction matrix
and 40 inventive principles solution tools are employed for idea generation, and AHP is
used to weight the criteria of concept design. The weights applied to the criteria are
standardised for any ensuing evaluation and selection task, such as problem prioritisation,
idea scoring and alternative design selection. An initial study of a water bottle design
illustrates the applicability and effectiveness of the integrated framework. The framework
is then formulated in the computer-based Conceptual Design Support System (CDSS) to
support the repetitive and time-consuming evaluation tasks in the framework. A pilot
CDSS is developed focusing on car interior design. The criteria of the car interior design
are analysed for the preparation of the pilot CDSS development. The glove compartment
in the car interior is chosen as the pilot CDSS case study. The applicability of CDSS can
be extended into a wider range of applications if the criteria of target design in CDSS is
modified and developed specifically to a particular type of product design. Hence, CDSS
is improved by adding two selected product design types, i.e., a consumer product and an
eco-product. The concepts thus generated are assumed to be at a higher level of
abstraction without detailed drawings or material information. In case study of glove
compartment design, concept A of sliding type door and flexible partition inside scored
the highest, 7.39 points. For the case study of in-house dustbin, Concept C scored the



highest with 6.38 points and in the final sketch, the concept has a cap that can be used to
compress the rubbish inside by stepping on it. In composite automotive clutch pedal case
study, the final concept sketch was designed with ribbed structures and layering the pedal
with fire-and water-resistant thin films. The score was 34.36% improved in terms of an
eco-product evaluation when compared to the current product. In conclusion, this research
provides an effective integrated framework and a computerised system to formulate
concept generation and evaluation in the early phase of conceptual design.
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Dalam persaingan yang semakin sengit di pasaran sejak beberapa tahun ini, rekabentuk
konsep menjadi peringkat yang paling penting dalam rekabentuk produk. Pada peringkat
ini, mempercepatkan kaedah menyelesaikan masalah dan proses membuat keputusan
telah menjadi isu penting. Oelh itu, satu rangka kerja cekap yang dapat meliputi kerja-
kerja membuat keputusan terbaik dalam pemilihan idea penyelesaian yang dijana oleh
kaedah-kaedah penyelesaian masalah adalah sangat diperlukan dan sebaiknya dalam
bentuk sistem berkomputer bagi membantu manusia terhadap data yang lebih besar.
Kajian ini membangunkan rangka kerja dan sistem untuk penjanaan idea merekacipta dan
proses membuat keputusan yang melibatkan criteria yang banyak semasa rekabentuk
konsep. Teori Merekacipta dan Penyelesaian Masalah (TRIZ) dan Proses Analisis
Berhierarki (AHP). TRIZ menggunakan matriks percanggahan dan 40 prinsip
merekacipta alat penyelesaian telah digunakan untuk penjanaan idea, manakala AHP telah
digunakan untuk mencari pemberat untuk setiap kriteria untuk digunakan dalam proses
keutamaan masalah, proses saringan idea dan pemilihan alternatif rekabentuk. Satu kajian
awal reka bentuk botol air membuktikan kebolehgunaan dan keberkesanan rangka kerja
bersepadu. Rangka kerja tersebut kemudian dipersembahkan dalam sebuah system yang
dikenali sebagai Sistem Sokongan Rekabentuk Konsep (CDSS) untuk menyokong tugas
yang berulang dan memakan masa dalam rangka kerja tersebut. Sebagai percubaan, CDSS
telah dibangunkan khusus untuk rekabentuk dalaman kereta. Laci kereta telah dipilih
sebagai produk kajian. CDSS menunjukkan potensi untuk dikembangkan pengunaannya
jika kriteria yang digunakan dalam target design diubah mengikut jenis produk. Kriteria
yang digunakan mestilah diteliti terlebih dahulu. Jenis produk dalam CDSS telah
ditambah dengan dua jenis produk lagi iaitu produk harian pengguna dan produk Eko.
Konsep-konsep yang dijana dianggap berada pada tahap yang masih abstrak tanpa
dimensi atau maklumat penting. Kes kajian terhadap laci kereta menunjukkan konsep A



yang mempunyai pintu bergelongsor dan fleksibel mendapat markah tertinggi iaitu 7.39
mata. Untuk kes kajian tong sampah di rumah, Konsep C mendapat markah tertinggi
dengan 6.38 mata dan dalam lakaran akhir, konsep ini mempunyai penutup yang boleh
digunakan untuk memampatkan sampah dalam dengan memijak di atasnya. Dalam kajian
kes pedal komposit untuk automotif, lakaran konsep akhir telah direka dengan struktur
berjalur dan pedal dilapis dengan lapisan filem nipis yang kalis api dan air. la memberikan
skor yang lebih baik iaitu 34.36% lebih baik berbanding produk semasa dari segi penilaian
eko-produk. Kesimpulannya, kajian ini menyediakan rangka kerja bersepadu yang
berkesan disertakan dengan sistem berkomputer untuk memenuhi proses penjanaan dan
penilaian dalam fasa awal reka bentuk konsep.



ACKNOWLEDGEMENTS

First and the foremost, | would like to give praise to Allah S\W.T by His Mercy which
has given me the opportunity to complete this PhD research. Completion of this thesis
was both gruelling and rewarding. The rewards far exceed the pains, therefore | am
satisfied with the entire process required to achieve this goal.

| am deeply indebted to my advisor, Associate Prof. Ir Mohd Khairol Anuar Bin Ariffin
for his assistance, valuable advice and timely corrections. | am also grateful to my
supervisory committee, Prof. Sapuan Salit and Prof. Shamsuddin Sulaiman, for their
outstanding advice and helpful discussion during this period of study.

I also wish to thank and appreciate the support and love of my beloved father, Hj. Mohd
Rosli Ahmad, my mother, Hjh. Zainab Ishak, as well as to all of my family for their
support and blessing during my difficult time completing this PhD research.

I would like to thank the Higher Education Ministry (KPT) for the scholarship MyBrain
15 and for the Fundamental Research Grant Scheme (FRGS) (Project N0.5524189),
which enabled me to successfully pursue this degree.

Last but not least, | would like to extend my thanks to all my friends who helped me in
completing this PhD research.



| certify that a Thesis Examination Committee has met on 28 November 2014 to
conduct the final examination of Mohd Uzair Bin Mohd Rosli on his thesis entitled
"Development of Conceptual Design Support System Based on Integrated Theory of
Inventive Problem Solving (TRIZ) and Analytical Hierarchy Process (AHP)" in
accordance with the Universities and University Colleges Act 1971 and the Constitution
of the Universiti Putra Malaysia [P.U.(A) 106] 15 March 1998. The Committee
recommends that the student be awarded the Doctor of Philosophy.

Members of the Thesis Examination Committee were as follows:

Zulkiflle Bin Leman, PhD
Associate Professor
Faculty of Engineering
Universiti Putra Malaysia
(Chairman)

Faizal Bin Mustapha, PhD
Associate Professor

Faculty of Engineering
Universiti Putra Malaysia
(Internal Examiner)

Tang Sai Hong, PhD
Associate Professor
Faculty of Engineering
Universiti Putra Malaysia
(Internal Examiner)

Bermawi P. Iskandar, PhD
Professor

Faculty of Engineering
Bandung Technology Institute
Indonesia

(External Examiner)

ZULKARNAIN ZAINAL, PhD
Professor and Deputy Dean
School of Graduate Studies
Universiti Putra Malaysia

Date: 12 March 2015

Vi



This thesis was submitted to the Senate of Universiti Putra Malaysia and has been
accepted as fulfilment of the requirement for the degree of Doctor of Philosophy. The
members of the Supervisory Committee were as follows:

Mohd Khairol Anuar bin Ariffin, PhD, Ir
Associate Professor

Faculty of Engineering

Universiti Putra Malaysia

(Chairman)

Mohd Sapuan Salit, PhD, Ir
Professor

Faculty of Engineering
Universiti Putra Malaysia
(Member)

Shamsuddin Sulaiman, PhD
Professor

Faculty of Engineering
University Putra Malaysia
(Member)

BUJANG BIN KIM HUAT, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

vii



Declaration by graduate student

| hereby confirm that:

Signature: Date:

this thesis is my original work;

quotations, illustrations and citations have been duly referenced,;

this thesis has not been submitted previously or concurrently for any other degree at
any other institutions;

intellectual property from the thesis and copyright of thesis are fully-owned by
Universiti Putra Malaysia, as according to the Universiti Putra Malaysia (Research)
Rules 2012;

written permission must be obtained from supervisor and the office of Deputy Vice-
Chancellor (Research and Innovation) before thesis is published (in the form of written,
printed or in electronic form) including books, journals, modules, proceedings, popular
writings, seminar papers, manuscripts, posters, reports, lecture notes, learning modules
or any other materials as stated in the Universiti Putra Malaysia (Research) Rules 2012;
there is no plagiarism or data falsification/fabrication in the thesis, and scholarly
integrity is upheld as according to the Universiti Putra Malaysia (Graduate Studies)
Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia (Research) Rules
2012. The thesis has undergone plagiarism detection software.

Name and Matric No.:

viii



Declaration by Members of Supervisory Committee

This is to confirm that:

e The research conducted and the writing of this thesis was under our supervision;

e Supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate
Studies) Rules 2003 (Revision 2012-2013) are adhered to.

Signature: Signature:
Name of Name of
Chairman of Member of
Supervisory Supervisory
Committee: Committee:
Signature: Signature:
Name of Name of
Member of Member of
Supervisory Supervisory
Committee: Committee:




TABLE OF CONTENTS

ABSTRACT

ABSTRAK
ACKNOWLEDGEMENTS
APPROVAL
DECLARATION

LIST OF FIGURES

LIST OF TABLES

LIST OF ABBREVIATIONS
LIST OF SYMBOLS

CHAPTER
1 INTRODUCTION
1.1  Background of study
1.2 Problem statement
1.3 Research objectives
1.4  Significance of study
1.5  Scope and limitation of study
1.6 Structure of thesis
2 LITERATURE REVIEW
2.1  Introduction
2.2  Conceptual design
2.2.1 Customer needs identification
2.2.2 Target specification
2.2.3 Concept generation
2.2.4 Concept selection
2.2.4.1  Scoring
2.2.4.2 Idea combination possibilities
2.3 Theory of Inventive Problem Solving (TRI1Z)
2.3.1 Theory
2.3.2 TRIZ integration and application in conceptual
design
2.3.3 TRIZ-based computer systems
2.4 Analytical Hierarchy Process (AHP)
2.4.1 Theory
2.4.2 AHP integration and application in conceptual
design
2.4.3 AHP-based computer systems
2.4.4 AHP result verification
2.4.4.1 Sensitivity analysis
2.5  Integrating TRIZ and AHP in conceptual design

Xi

Page

Vi
Vii
Xiii
XVi

XVili
XIX

WWWWWwMN -

PP e
PR Bo~vooouou

12
13
16
16

19
20
23
23
24



2.6 Computer system for conceptual design phase 25

2.7 Summary 28

METHODOLOGY 29

3.1 Introduction 29

3.2 Structure of the project 29

3.3  Development of the TR1Z and AHP integration 30
3.4  Development of Conceptual Design Support System

(CDSS) 33

3.4.1 Model construction 35

3.5  Survey 38

3.5.1 Questionnaire survey design 38

3.5.2 Pilot test survey questionnaire 39

3.5.3 Sample size 39

3.6  Summary 40

RESULT AND DISCUSSION 41

4.1 Introduction 41

4.2  Framework of TR1Z and AHP integration 43

4.2.1 Advantages 43

4.2.2 Disadvantages 43

4.3  Preliminary study 44

4.4 Analysis and selection of criteria 53

4.4.1 Category A (pilot CDSS): Car interior 53

4.4.2 Category B: Consumer products 57

4.4.3 Category C: Eco-product 60

4.5  Development of CDSS 62

4.5.1 Graphic User interface 62

4.4.2 Advantages and disadvantages of CDSS 76

4.6  Survey of car interior 77

4.6.1 Respondents 77

4.6.2 Important criteria for a car interior 77

4.6.3 Critical areas in the interior 78

4.6.4 Common items in the car 79

4.6.5 Open-ended question 81

4.6.8 Reliability of survey 82

4.7  Case studies of CDSS 85

4.6.1 Casestudy 1 85

4.6.2 Case study 2 92

4.6.3 Case study 3 99

4.8  CDSS assessment from experts 107

4.8.1 Assessment 107

4.8.1.2 Assessment criteria 107

4.8.2 Evaluator selection 108

4.8.3 Assessment results 108

xii



4.9  Performances comparison

5 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusions

5.2 Recommendations

REFERENCES
APPENDICES

BIODATA OF STUDENT
LIST OF PUBLICATIONS

Xiii

128

131
131
131

134
152
183
184



Figure 2.1:
Figure 2.2:
Figure 2.3:
Figure 2.4:
Figure 3.1:
Figure 3.2:

Figure 3.3:
Figure 3.4:
Figure 4.1:
Figure 4.2:
Figure 4.3:

Figure 4.4:
Figure 4.5:
Figure 4.6:

Figure 4.7:
Figure 4.8:

Figure 4.9:

Figure 4.10:
Figure 4.11:
Figure 4.12:
Figure 4.13:
Figure 4.14:
Figure 4.15:
Figure 4.16:
Figure 4.17:
Figure 4.18:
Figure 4.19:
Figure 4.20:
Figure 4.21:
Figure 4.22:
Figure 4.23:
Figure 4.24:
Figure 4.25:
Figure 4.26:
Figure 4.27:
Figure 4.28:
Figure 4.29:
Figure 4.30:
Figure 4.31:

LIST OF FIGURES

Concept developments funnel

The TRIZ problem-solving method

Hierarchy structure of AHP

The flowchart of the analytic hierarchy process
Research flow

Schematic view of the general methodology in developing

the Conceptual Design Support System (CDSS)
Flowchart of CDSS

TRIZ database

Results and discussions

Integrated TRIZ and AHP

Pair-wise comparison between criteria of ‘Cleanability’ and

‘Useability’
Weights of design criteria
Water bottle

Water bottle concepts design development a) Concept A, b)

Concept B and c¢) Concept C

Sketch of final design

Finalizing main criteria and sub-criteria selection for car
interior category

Shared common good design criteria

Summary of criteria selection for consumer product
category

Summary of criteria selection for Eco product category
CDSS icon

Welcoming page

Project title page

Flowchart for Project Title page

Target design (main criteria) page

Flow chart for Target design (main criteria) page
Target design (sub-criteria) page

Problem identification page

Flow chart for Problem Identification page

TRIZ Idea Generation Process page

Flow chart for TRIZ contradiction

Concept generation page

Result page

Flow chart of Result page

Scoring page

Flow chart for scoring page

Evaluation page

Help for TRIZ 39 features

TRIZ database

Xiv

Page

11
17
19
29

34
36
37
41
42

44
45
46

50
52

57

60
61
62
62
63
63
64
65
65
66
67
68
68
69
70
70
71
71
72
72
73
73



Figure 4.32:
Figure 4.33:
Figure 4.34:
Figure 4.35:
Figure 4.36:
Figure 4.37:
Figure 4.38:
Figure 4.39:
Figure 4.40:
Figure 4.41:
Figure 4.42:
Figure 4.43:
Figure 4.44:
Figure 4.45:
Figure 4.46:
Figure 4.47:
Figure 4.48:
Figure 4.49:
Figure 4.50:
Figure 4.51:
Figure 4.52:
Figure 4.53:
Figure 4.54:

Figure 4.55:

Add example for TRIZ database

Generating combination

Flow chart for generating combination function.
Sensitivity Analysis

Flow chart for Sensitivity analysis.

Percentages of criteria importance ranked by respondents
Areas in car interior

Critical areas need for improvement

Actual glove compartment design

Contradiction and solution

Generation of combination possibilities

Final result of glove compartment case study
Current dustbin design

Target design (main criteria) — Dustbin design
Target design (sub-criteria) — Dustbin design
TRIZ contradiction and idea generation

CDSS’s final result ranking for dustbin case study
Final dustbin design

Current automotive clutch pedal design

Target design (main criteria) - Clutch pedal design
Target design (sub-criteria) - Clutch pedal design
TRIZ contradictions and idea generation

Final concept of automotive clutch pedal
Comparison between current design and final design for
clutch pedal

Tutorial video for assessment

XV

74
74
75
75
78
79
79
85
88
89
90
92
92
93
96
98
98
99
100
100
104
105
105

107



Table 2.1:
Table 2.2:
Table 2.3:
Table 2.4:
Table 2.5:
Table 2.6:
Table 4.1:
Table 4.2:
Table 4.3:
Table 4.4:
Table 4.5:
Table 4.6:
Table 4.7:
Table 4.8:
Table 4.9:

Table 4.10:
Table 4.11:
Table 4.12:

Table 4.13:
Table 4.14:
Table 4.15:
Table 4.16:
Table 4.17:
Table 4.18:
Table 4.19:
Table 4.20:
Table 4.21:

LIST OF TABLES

Integration and application of TRIZ

Review of developed TRIZ-based software

Scale of relative importance

AHP integration in conceptual design stage

AHP-based Software and its application summary
Software or systems developed for conceptual design phase
Evaluation of ‘No carrying handle’ problem

Problem prioritization ranking

Problem generalization into TRIZ parameter

Ideas triggered by the suggested principles

Evaluation of ‘Bottle-diameter size cap on the bottom’ idea
Ranking of the ideas

Evaluation of Concept A

Rating of the concepts

Result verification using sensitivity analysis

Summary of studied criteria in automotive research
Respondents with percentages of total sample

Results of item store duration, accessibility and storing
opportunities

Voice of customer translated in terms of customer needs
Reliability of the pilot survey

Ideas scores

Concept generation

TRIZ contradiction for dustbin case study

Sketch and description of concepts

Problem generalization and contradictions

Idea generation

Performances comparison of Conceptual Design Support
System (CDSS) with the existing conceptual design tools

XVi

Page
13
14
16
20
21
26
47
47
48
49
49
49
51
51
51
56
77
80

81
83
88
90
96
97
103
104

129



TRIZ
AHP
CAD
SWOT
WSM
DFMA
VE
QFD
MCDM
TOPSIS
CR

Cl

RI

GUI

GD
WBCSD
BPA

LIST OF ABBREVIATIONS

Theory of Inventive Problem Solving

Analytical Hierarchy Process

Computer Aided Design

Strength, Weakness, Opportunities, Threats

Weighted Sum Model

Design for Manufacture and Assembly

Value Engineering

Quality Function Deployment

Multiple Criteria Decision Making

Technique for Order of Preference by Similarity to Ideal Solution
Consistency ratio

Consistency index

Random index

Graphical User Interface

Good Design

World Business Council for Sustainable Development
Bisphenol-A

Xvii



LIST OF SYMBOLS

Amax Maximum or principal eigenvalue of the pairwise comparison matrix
n Number of activities in the matrix.

XViil






CHAPTER 1
INTRODUCTION
1.1 Background of study

The engineering design processis the formulation of a plan to help an engineer build a
product with a specific performance goal. It is a multi-step process, including the
establishment of design requirements, conceptual design, detailed design, production
management planning, and final production (Boothroyd et al., 2010). Among those
processes, conceptual design is known as the most important phase,requiring attention
and concentration. Maleque and Sapuan (2013) stated that the conceptual design phase
can be broken down into two cyclical major components,i.e., the generation of solutions
to meet the need and the evaluation of those solutions to select the one that most meets
the product design specifications (Pugh, 1991).

The conceptual design phase does not yet include the physical product. It is the abstract
concept of the product (Olivia, 2011). It is the starting point of product development.
Although the concept design is not physically represented, it is the most important phase
for corrections or improvements. Shai et al. (2007) stated that in the conceptual design
phase, the designers have the freedom to generate and explore ideas without being
constrained by parameters that exist at the later design stages. The activities in the
conceptual phases differ from the latter detailed design work. Detailed design generally
employs well recognised tools to solve previously specified problems. The conceptual
design phase is concerned with the problem of generating new ideas or new solutions to
the identified problems. At this stage, designers and other members of the development
team identify the true problem and search for the broadest possible range of alternative
solutions. The goal is to ensure that the final solution is a relatively good one. At the
conclusion of the idea generation stage, sketches or outlined specifications are formed for
evaluation. After a thorough evaluation, the most promising concept goes forward to
detailed design and development. Once production of the product begins, it is more
difficult to change the characteristics of the product (Wang et al., 2002). Therefore, it is
important to make sure the design is flawless before production.

The subjective and abstract nature of conceptual design in product development implies
that designers need more complicated technical support and more sound methodologies
when conceiving a new product idea. Apparently, it is difficult for a designer to obtain
highly innovative achievements relying on manual processes alone; therefore, the
assistance of a Computer Aided Design (CAD) support system is required. Using the
complementary skills of computer and human, the designer can think out of the box, make
up for his own knowledge limitations, and then quickly develop an innovative design.
There are many mechanical CAD tools on the market to reduce the workload of the
designer and thereby reduce product development time; however, they are still limited in
applicability in the conceptual design phase. The strength and the use of the currently
available CAD tools are more applicable in the detailed design phase than in the

1



conceptual phase (Robertson and Radcliffe, 2009; Jenkins and Martin, 1993).According
to Robertson and Radcliffe (2009), knowledge of the design requirements and the
constraints during this early phase of the product life cycle is usually imprecise and
incomplete, thus complicating automation. To date, there is no known commercial
computer-aided conceptual design tool that is widely applicable to any type of product
design on the market. Most of them are limited and designed specifically to a particular
field of study (Rentema and Jansen, 2009; Chakrabarti et al., 2005; Hernandez and Shah,
2004).

1.2 Problem statement

Improvements made during the conceptual design stageespecially in the decision-making
task, can significantly reduce the time to market and the overall costs for high-quality
productsrather than at the detailed design stage. A hasty decision made during the
conceptual design phase may be impossible to change during the following detailed
design phase. The implication is that poor decisions at the conceptual design phase can
cause companies to commit to wasteful spending before detailed development starts. The
conceptual design phase demands a well-structured framework or set of methodologies
that efficiently formulate the decision making task and support the solutions generated by
the idea generation tools (Yu et al., 2008; Ho, 2008; Xu et al. 2007; Hsiao, 2002).
Therefore, there is a need to generate and evaluate concepts in a proper and concise
framework.

The conceptual design phase of the design process is generally dominated by the
generation of ideas, which are subsequently evaluated against requirement attributes.
Designers who recognise that a concept does not meet the market needs and specifications
must therefore make the decision not to proceed (Al-Salka et al., 1998; Seiger et al., 1997).
Developing products that do not meet the design specification or customer needs can
prove an expensive mistake (Ulrich and Eppinger, 2011). Evaluation and selection
processes might be better supported if the design methodology and the selection attributes
were adapted to a particular design (Derelov, 2009). Therefore, an in-depth study of the
related criteria, attributes or parameters is an important task related to the concept
generation and the selection of new products.

The conceptual design process is a knowledge-intensive phase. It generally requires the
collaboration of expertise from different disciplines (Wang et al., 2002). Even though the
creative part relies totally on human input, humans are limited with respect to large data
processing. It is difficult for them to explore all the design variants in a short time and
make sound judgments (Buchal, 2002; Hsu and Liu, 2000). However, computers are
capable of handling and processing large amounts of data. Hence, by combining human
creativity with computer capabilities, it is possible to perform the conceptual design
process more efficiently than using a manual design process alone (Woldemichael and
Hashim, 2011).



1.3 Research objectives

The overall intention of this research is to identify and improve the crucial activities in
the conceptual design phase.The general objective is to develop a conceptual design
support system based on integrated Theory of Inventive Problem Solving (TR1Z) and
Analytical Hierarchy Process (AHP). The specific objectives of this study are summarised
as follows:

1. To integrate Theory of Inventive Problem Solving (TRI1Z) and Analytical
Hierarchy Process (AHP) in a framework for conceptual design phase.

2. To develop a computerised conceptual design support system from the integrated
Theory of Inventive Problem Solving (TR1Z) and Analytical Hierarchy Process
(AHP)framework.

3. To validate the Conceptual Design Support System (CDSS) using case studies.

1.4 Significance of the study

This study integrates the TRIZ and AHP methods for use in the concept generation and
evaluation processes for product design development. A new product design framework
applies a standardised target design for every ensuing decision-making task.
Itappliesweightsdetermined earlier in the framework to the target design to keep the
evaluation consistent with the target design. Indirectly, this integration enhances the TRIZ
method by introducing solution refinement and selection.Most of the established TRIZ
derivation methodsemphasiseproblem-solving issues. For a TRIZ-based system, this is
the first attempt to integrate a decision-making tool in the system. Moreover, this is also
the first conceptual design support system that introduces TRIZ in the idea generation
task. The system also improves the concept generation session by providing an automated
suggestion function for idea combination. In TRIZ methodologies, this is the first attempt
to introduce idea combination as part of the methodology. The final applications of this
research output are resulted as a valuable support at the industrial and academic level in
product design.

1.5 Scope and limitation of the study

The conceptual design stage of this study is limited on concept generation, evaluation and
selection. Three categories or types of product design are developed in CDSS, i.e., a car
interior, a consumer product and an eco-product. The criteria have been specified to the
particular category of product design which it can’t be customized by user. The outputs
are in concept sketches, which are usually at a high level of abstraction, i.e., without
detailed drawings or material information.

1.6 Structure of thesis



This thesis is divided into five chapters. Following this chapter, chapter 2 presents a
review of the literature related to the conceptual design phase and the integration between
theory of innovative problem solving (TR1Z) and analytical hierarchy process (AHP).
Chapter 3 presents a thorough description of the method used to develop the integrated
support system and the survey conducted for a case study. The results and the discussion
for the integration framework, the conceptual design support system (CDSS)
development, case studies for each category and the system validation provided by the
expert are covered in chapter 4. General conclusions and recommendations for future
work, based on the present research, are discussed in chapter 5.
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