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ABSTRACT

In this study, the Multi Criteria Decision MethoMIDCM) of Analytical Hierarchy Process (AHP) was
established as a support tool for TRIZ practitisnéo specify the problem statement in TRIZ
methodology framework which previously done by Riores Analysis, Cause And Effect Analysis and 5
Whys. The proposed framework was analyzed and ateduby a case study of a sedan car dashboard.
From a survey, the problems were evaluated basamistomer’s preferences of selecting a car through
AHP method and identified that only 3 major probdethat should be furthered for the next steps. The
application of AHP method into TRIZ methodologiesulted effectively solved the core problems and
beneficially lead to several advantages such aswaste might be avoided and the design efficiency
would be increased during the product design amdldpment processes.
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1. Introduction

Innovative design of products has become a botilenie the intensely competitive manufacturing
atmosphere of development of many companies. Iredily design stages, decision of design plays an
essential role in deciding the product developniéne, it is enormously vital to make the approach
effectively achievable for engineering optimizatishich commonly achieved when trade-off parameters
meet in balanced condition. The practice of TRIAdry of Inventive Problem Solving) emerged from
the idea of utilizing the trade-off parameters dgcas for systematic innovation in the productigiesin
TRIZ approach, before the development of contraatichnd solution, identifying and selecting theglti
problem statement” before “defining it as right”dscrucial prerequisite for success in any systath a
process improvement with TRIZ. The effectivenessT&IZ method is depending to the problem
definition. Prior to that, several techniques inlZRonly covers the problem identification such as
Function analysis, Cause and Effect Chain analgst 5 Whys analysis. If the problem statement is
incorrect or imprecise, then the contradiction wdoloé not effectively done and would lead to indffec
solution. During product analysis process, a ligiroblems might be identified. Instead of tryimgsolve

all listed problems, it works best if only selecteebblems were solved as well as achieving theimult
criteria needs and preferences. The Analytic HinaiProcess (AHP) method was chosen to do the task
of selecting the ‘right’ problems which based onltimeriteria. As illustrated in Figure 1, instead o
solving all problems in the lists, solving only telected problems will efficiently which are under
customer preferences and customer complaints. @megroblem statement was clear, the complex
problem would be breaking up into a contradictiostn® and incentive principles, TRIZ might provide
the way for solution.
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Figure 1. Integration AHP and TRIZ.

2. TRIZ and AHP

In 1946, a series of methods, tools and strategiesed TRIZ was developed in the former Soviet Union
by G. Altshuller [13]. It was developed through pweillions of research and the world’s most sucfiéss
patents and primarily based on the concept of vesptontradictions. In TRIZ solution stage, thare a
few tools including 40 inventive principles, thenb@diction matrix, scientific effects and Algonithof
inventive solving (ARIZ), substance-field analysi®deling and laws of evolution. The most frequent
applied tool is the matrix, which is consisting tradictions and 40 principles. There are 39 enginge
parameters which generally under five main categomamely as physical, performance, manufacturing,
measurement and efficiency. The 39x39 matrix castie maximum four most probable principles for
solving design problems as shown patrtially in FégRr The TRIZ approach have been applied to various
design problem-solving such as improvement of hyliracylinder (Zhang et.al, 2009), development of
friendly and energy efficient notebook computer KC.Yeh et.al, 2011), new innovative design method
of energy-saving products (Hui Zheng et.al, 20bhémp fiber production lines (Jinke Xu et.al, 2048y
eco-innovation of domestic dishwashing (Jones,etCf)1).
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Figure 2. Part of 39 contradiction matrix.

Analytic hierarchy process (AHP) which originallgxkloped by Saaty, is now known as one of the most
popular methods used to aid in alternatives selectSaaty, 1980). The obvious strength of AHP is
instead of just using traditional approaches ofghEs assigning, AHP utilized the pairwise compainis

to derive accurate ratio scale priorities inste@uefly, this process compares the performancetice
importance or likelihood of two elements with resp& another element in the level above of the
hierarchy. A nine-point scale is used to assisiptiewise comparisons for each level with respedhe
goal of the best alternative selection. The scafgasents the practitioner's judgments or prefeagnc
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among the alternatives namely equally importantdenately more preferred, strongly more preferred,
very strongly more preferred, and extremely moefeggred to the others as shown in Table 1. Gererall
basic steps of AHP namely decomposition, comparatilgment and systhesis (Saaty et.al, 2001).

Table 1: Relative scale of pair wise comparison

Intensity of
relative Definition Explanation
importance
1 Equalimportanc: Two activities contribute equally to the objec
3 Weak importance of or| Experience and judgment slightly favor c
over another activity over another
5 Essential or stron| Experience and judgment strongly favor
importance activity over another
7 Demonstrated importan | An activity is strongly favored and its dominar
is demonstrated in practice
9 Extreme importanc The evidence favoring one activity over anothe
of the highest possible order of affirmation
2,4,6,! Intermediat values| When compromise is neec
between the two
adjacent judgments

4. The proposed approach

With an intention to utilize the strengths of TRAAd AHP, this study desires to establish a sysiemat
product design model by adopting major tools froRIZ and AHP such as contradiction matrix,
inventive principles, pair wise comparison and éstescy analysis. The integrated approach is djspla
in Figure 4 comprises of the following steps.

Product Problem Contradiction General Specific
analysis statement matrix solution solution Implementation

List of problems |

Construct AHP |

Perform Pair-wise |

Problem
prioritization

Figure 3. Proposed approach framework

Step 1: Product analysis (Design criteria identifion)
Since that the proposed approach incorporates egigand customer perspective to analyze the
existing product, several questionnaires surveysirie be distributing in order to identify the
criteria importance and the problems faced. This o& importance will determine the weight of
evaluation in the next step.

Step 2: Problem statement
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The problems identified in previous steps are caostd in the form of hierarchy. Pairwise
comparison construction and judgment are perforinedtilizing Expert Choice software. The
software was developed by (Forman et.al, 2000) ki-attribute decision support software tool
based on the AHP methodology. The highest levéhénhierarchy is the objective to prioritize
the problems. Meanwhile, the second and third teaed with the set of criteria and sub-criteria
and the last level comprises the lists of probléatesl in the first step. The judgments are decided
based on the author's experience and knowledge diyguthe relative scale of pairwise
comparison as depicted in table 6. The priorityt@eof the judgment represents how important
of each attributes. After the calculation of coteigy analysis for all levels is completed, the
overall priority vector calculation in order to sef the best design concept must be performed.
After the prioritize ranking is developed, the didtproblem forms in a rank and the top rank
problem will be taken for further step. This speifand clear problem statement will be the
basis for TRIZ processes.

Step 3 & 4: Construct the Contradiction Matrix apbpose the related inventive principles
Map the problems into the terms of TRIZ's 39 partarge of contradiction matrix in order to
acquire pairs of improving-worsening features. Théind the related solution principles,
according to the pair. The suggested inventiveciplas are then may be adopted to stimulate
redesign ideas.

Step 5: Develop specific solution
The selected inventive principles will stimulateas for solution. The idea may come from either
a single principle or combination of principles. wiver, it does not stimulate free associative
thinking. Experience and knowledge will determihe effectiveness of TRIZ method.

Step 6: Idea implementation
Once the solution has been decided, it will takefdaher processes of product development.

4. Result and discussion

A questionnaire survey has been conducted to fgeptoblems from user's perspective. From the
survey, a list of problems has been identifiedresvi in Table 3. With the major aim for this sturhse

of car's dashboard is to optimize the value in tefrthe ergonomics, quality and functionality. Téeb-
criteria under these three main criteria are basethe literature review from books, internet descand
journal.

Table 2. List of customer complaints about the Haahd

No hanging a stu functior

Materia andcolor shouldbeimprovec

Panel meter shoulbe more interestin

Utility storage should be coverd too visible

Valuable item¢(laptop should be keep in safe pli
Compartmenshould be conveniendo store small items (coins, car
Vibration whenat high spee

Case for bottlsshould b biggel

Glove compartment should have light

0 | Glove compartmer shouldhave organize

R(OOINOO|ORAWIN|F-

A four level hierarchy of AHP model has been camdtd in this study case. The top of hierarchy
representing the objective of ‘To prioritize thelplems’, the middle levels representing criterid anb-
criteria and list of problems at the lowest leveldapicted in Figure 6.
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Figure 4. The hierarchy model for problems ranking.

By utilizing the Expert Choice software, the resalfigure 5showed that problem 10 (glove box should
be better with organizer) scored the highest anttlpm 3 (panel meter should more interesting) store
the lowest. Before that, a general screening tds&ach problem has been conducted to study each
problem’s compatibility relationship to each criteland reviewed each problem as ‘closely related’,
‘partially related’, ‘non-related’ and the data Mik used as a foundation data for pairwise agtivit

Synthesis with respect to: which problem to solve that meets the customer importance

Overall Inconsistency = .02

Problem 10115 |
Problem2 .11 |
Problem 6 111 |
Problem & 111 |
Problem s 106 |
Problem 1100 |

Problem 9 092 |

problem ¢ 055 |

Problem7 080 |

Problem 3 .079 [
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Figure 5. Expert Choice software ranking result
Based on the result of AHP processes with ovenatbisistency of 0.02 which is under recommended
0.1, the author decided to focus on the top thoeeptaints. However, the problem 2 will not be ceagkr
since that the material aspect is totally out efgshope. The problems are listed as:
1. The glove box should have organizer
2. Compartment should be convenience to store sraalisit(coins, cards)

3. Valuable items (laptop) should be keep in safeglac

As shown in Table 3, the problem statements haem lwenverted to the technical term of TRIZ's 39
parameters in order to construct the contradictisairix. From the matrix, the suggested solution
principles have been evaluated and several prexigte chosen regarding to the potential and neteva
of solution offered. The possible solution ideastaiggered based on principles.

Table 3. Principle evaluation and possible solution

Prob. Improved Degraded Principle szlsevzr:)ce Possible solution
1 Organize the Design will be 12- Equipotentialit V| Not applicabl
glove box, complex 17- Another N Make a patrtition ir
convenience off Parameter :36- | dimension the glove box
use Complexity 26- Copying V| Not applicabl
Parameter : 32- Change colc Different color
33- Ease of J scheme to organize
operation items in glove box
2 Add function | Space 7- Nested do Utilized the unuse:
to store small | consuming \ area ‘inside’ the
items Parameter: 6- dashboard
Parameter : Area of 1C- Preliminary N Not applicabl
39- stationary object| action
Productivity 17- Another Utilized the unuse:
dimension \ area ‘inside’ the
dashboard
35- Change N Not applicabl
parameter
3 Add function | Space 7- Nested do Utilized the unuse:
for secret consuming \ area ‘inside’ the
compartment | Parameter: 6- dashboard
Parameter : Area of 1C- Preliminary N Not applicabl
39- stationary object| action
Productivity 17- Another Utilized the unuse:
dimension \ area ‘inside’ the
dashboard
35- Change N Not applicablt
parameter

5. Conclusion
The decision making and problem solving processbieaeme critical in the industry. TRIZ has broadly
used in problem solving process due to its strectand organized methodology and become a tool that
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triggered creative idea to innovation. The key &14's effectiveness is identifying the problem clga
and precisely. Besides the current TRIZ's toolsiifging the core problem such as function analysid
cause and effect analysis, the AHP approach haddyggied in this framework. With ability to rankd
prioritize a list of alternative, AHP has been eoyeld to integrate with TRIZ methodology in order to
refine a list of problems to solve and only theest#d problems have to solve instead of solving all
problems. From result, only 4 out of 10 listed peolis needed to solve in order to meet the customer
requirements and preferences. Area of glove bompastment, cup holder were improvised based on
TRIZ method. This study illustrated how effectivieet AHP method as a support tool for TRIZ
methodology. For future work, the integration bedswd RIZ and AHP may be can be apply in other part
of TRIZ method such as principles selection andegated idea selection. Other product development
tools can be tried to integrate with TRIZ such amldy Function Deployment (QFD) and Failure mode
and Effect Analysis (FMEA).
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