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Abstract 
Objective: Aiming at the product design mode driven by user needs, improve and 
optimize the product design method process, effectively transform user needs into 
specific design, and improve the efficiency and quality of design. Methods: the user 
demand weight of QFD house of quality is calculated by FAHP method to effectively 
ensure the close combination of house of quality and user demand. The design 
parameters output by QFD house of quality are calculated by TRIZ theory, and finally the 
specific design is obtained. Conclusion: by using FAHP to improve the weight problem 
for user needs in QFD house of quality, find the optimal solution of the output layer of 
house of quality through TRIZ theory, integrate the application of three methods, 
effectively supplement the shortcomings between methods, and provide a new 
integrated design method. 
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1. Introduction and Research Background 

In today's increasingly fierce market competition environment, improving product competitiveness is 
the key to the survival of enterprises. The innovation of product design is the core of improving 
product competitiveness. Only when enterprises accurately grasp the needs of users and quickly 
design high-quality products to meet the needs of users, can they win the market competition. In the 
process of product design, product design methods and theories can help designers make analysis and 
decision quickly and accurately, and improve the efficiency and quality of product design. 

There are many theories and methods in the process of product design. They have specific advantages 
for a certain kind of problems, but there are some defects between the methods. At this stage, the 
research of integrated synthesis method provides a good solution to the problems that a single method 
has defects in the overall design process. 

(1). At this stage, products are more and more centered on user needs. Only products that can 
effectively grasp user needs can have a broader market. 

(2). There are many methods and algorithms in the current product design process. Comprehensive 
improvement and optimization are more and more applied in the product design process. 

(3). Multi method comprehensive research has become a trend. Mathematical statistics and other 
methods are more and more applied to design. 

2. Theoretical Basis of Integrated FAHP QFD TRIZ Theory 

2.1 FAHP (Fuzzy Analytic Hierarchy Process) 

Analytic hierarchy process is a systematic analysis method that organically combines quantitative 
analysis and qualitative analysis, which was put forward in the 1970s. This method transforms the 
relevant factors of the problem into the levels of objectives, criteria and schemes, and then carries out 
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quantitative and qualitative analysis. It is characterized by the ability to express people's judgment 
standards in quantitative form. After in-depth analysis of the complex nature of things and relevant 
influencing factors, it draws a clear hierarchical structure diagram, and then establishes the judgment 
matrix one by one, On this basis, combined with the weight of each level, the evaluation value is 
solved and the overall ranking of levels is carried out, and the best scheme is selected according to 
the evaluation results. 

Compared with the traditional analytic hierarchy process, fuzzy analytic hierarchy process has the 
characteristics of fuzziness of judgment matrix and simplicity of calculation. It solves the 
shortcomings of cumbersome scale and difficult consistency of judgment matrix of general analytic 
hierarchy process. By constructing the hierarchical structure model, the priority relationship matrix 
is established, and the fuzzy consistency matrix is calculated through the priority relationship matrix, 
Through the selected evaluation indicators, the hierarchical single ranking is carried out, and the 
superior membership degree calculated by the single ranking is ranked in the total hierarchy. After 
the results are calculated, the results are compared, and the optimal result is selected, that is, the 
optimization process of fuzzy analytic hierarchy process is completed[1]. 

2.2 QFD (Quality Function Deployment) 

Quality function development (QFD) is a process management technology that takes user 
requirements as the source and transforms user requirements into product design and production 
quality. QFD technology provides an active and rapid iterative mode for product design and R & D 
to plan and evaluate product characteristics based on user requirements, and then redesign and 
manufacture. Its focus is not to solve the problems in product design, but to avoid the problems in 
product design and manufacturing from the source from the perspective of user requirements[2]. 

2.3 TRIZ Theory 

Invention problem solving theory (TRIZ) is a theoretical system established on the basis of analyzing 
a large number of high-level invention patents in the world, refining the knowledge involved, and 
integrating the principles and rules in multi-disciplinary fields. It can guide the latecomers to clearly 
discover the methods and ways of creation, so as to break the limitations of the inventor's 
understanding, Avoid blindness in the process of traditional invention and creation. 

3. Model Construction of Integrated FAHP QFD TRIZ Theory 

QFD, FAHP and TRIZ theories have their specific application fields. From the perspective of product 
R & D process, TRIZ theory focuses on engineering technology and lacks systematic and 
comprehensive consideration of user needs. As a user demand driven QFD technology theoretically 
makes up for the defects of TRIZ theory and provides the direction and focus of problem solving. 
However, the weight of user demand needs to be defined. FAHP method can effectively calculate the 
weight value according to user demand, and TRIZ theory can provide technical methods and data 
information for the realization of user demand of QFD technology. 

Generally speaking, QFD and FAHP technology is a problem acquisition process driven by user 
requirements, while TRIZ theory is a problem-solving process. Therefore, compared with other 
design methods, the product design method combining FAHP, QFD and TRIZ theory has the 
advantages of more accurate user demand weight analysis, faster product design decision-making and 
more complete method process. 

3.1 Acquisition and Analysis of User Demand Weight based on FAHP (Fuzzy Analytic 
Hierarchy Process) 

① Build a hierarchical model structure. It is still composed of three elements: goal, criterion and 
scheme, and the criterion can be subdivided according to the situation. 

② The fuzzy pairwise judgment comparison matrix is constructed. By comparing the importance of 
two elements, fuzzy numbers are selected to scale the importance contrast between them. 
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③ Hierarchical single sorting and consistency test. According to the given fuzzy judgment matrix, 
the hierarchical single ranking is calculated, the relative weight of the paired comparison matrix is 
obtained, and the consistency is tested[3], see Fig. 1. 

 

 
Fig. 1 Hierarchical single sort weight formula 

 

④ Calculate the comprehensive weight of each scheme, that is, the total ranking of levels, and check 
the consistency, see Fig. 2. 

 
Fig. 2 Calculation formula of comprehensive weight 

 

3.2 Acquisition of Key Technical Characteristics based on QFD (Quality Function 
Deployment) 

After determining the user requirements and their weights, analyze and determine the product design 
requirements according to the user requirements and product characteristics, input the user 
requirements, weights and design requirements into the QFD house of quality, quantitatively evaluate 
the correlation between user requirements and design requirements, and construct the user 
requirements design requirements relationship matrix, According to the score of the relationship 
between technical characteristics and user needs, the importance of technical characteristics is 
obtained by independent collocation method. Establish the autocorrelation matrix of technical 
characteristics and judge the logical relationship between each technical characteristic item[3]. 
Comprehensively evaluate the house of quality, judge the reliability of various user needs and 
technical characteristic data, and finally obtain the key technical characteristics of the product. 

3.3 Innovative Design of Key Technical Characteristics by Using TRIZ Theory 

After obtaining the key technical characteristics, the contradiction and conflict resolution matrix of 
TRIZ theory is used to provide design ideas and solve the technical conflicts in the process of 
innovative design, so as to achieve the purpose of optimizing product functions. In the process of 
solving technology conflict, there is a situation that the optimization of one function will lead to the 
deterioration of another technology characteristic. Therefore, it is necessary to conduct a 
comprehensive analysis of the product function to determine the best balance point of technology 
conflict resolution[4]. 

The conflict resolution process of TRIZ theory is shown in the figure. Firstly, the key technical 
characteristics in the process of product use are transformed into standard problems to find out 
technical conflicts; Secondly, through the 39 general engineering parameters provided by TRIZ 
theory, the determined technical conflict is described, the corresponding engineering parameters are 
obtained according to the description, and the corresponding invention principle is found in the 
conflict resolution matrix composed of engineering parameters[5]; Finally, based on a deep 
understanding of the meaning of the invention principle, the best solution to the technical conflict is 
sought through the organization and use of the mastered knowledge, see Fig. 3. 
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Fig. 3 Problem solving process of TRIZ theory 

4. Conclusion 

The product design method integrating fahp-qfd-triz theory is mainly driven by user requirements, 
and solves the problem of user requirements for products through demand transformation and the 
selection and design of specific implementation methods. This method makes up for the deficiency 
of a single design method to a certain extent, and has the advantages of clear hierarchy and complete 
system. It can guide designers to quickly make correct design decisions and implementation scheme 
selection according to user needs in the process of product design, and improve product design 
efficiency and quality. 

Acknowledgments 

Natural Science Foundation. 

References 
[1] Li Bei Application of Fuzzy AHP in management information system [D] China University of 

Geosciences (Beijing), 2014. 

[2] Kang Xinhui Research on emotional design of product form based on Fuzzy QFD [D] East China 
University of technology, 2019. 

[3] Zhou Shengxiang, Zheng Feng Research on product design method integrating AHP / QFD / ad [J / OL] 
Packaging engineering: 1-7 [2020-08-24]. 

[4] Sun Shifeng Innovative design of radial well horizontal drilling rig based on QFD / TRIZ / DOE [D] Jinan 
University, 2019. 

[5] Li Fuxing Application of TRIZ theory in innovative design of wheelchair assisted by special groups [J] 
Packaging engineering, 2016,37 (10): 113-117. 

 


