
Zhejiang University, China 

A comprehensive evaluation method of diesel 
engine sound quality based on paired 

comparison, uniform design sampling, and 
improved analytic hierarchy process 

 
Wen-yun HE, Jun-hong ZHANG, Jian WANG 

Cite this as: Wen-yun He, Jun-hong Zhang, Jian Wang, 2017. A comprehensive 
evaluation method of diesel engine sound quality based on paired comparison, 
uniform design sampling, and improved analytic hierarchy process. Journal of 
Zhejiang University-SCIENCE A (Applied Physics & Engineering), 18(7):531-544. 
http://dx.doi.org/10.1631/jzus.A1600025  

Zhejiang University, China 

Journal of Zhejiang University-SCIENCE A (Applied Physics & Engineering) 

JZ
USA

http://dx.doi.org/10.1631/jzus.A1600025


Zhejiang University, China 

Purposes of Sound Quality Analysis 
Sound Quality Analysis 

Regression Analysis Genetic Algorithm 

Multi-criteria Decision-making Multi-parameter Fitting 

Stimuli Sequencing Products Sequencing 

Analytic Hierarchy Process 

Key Issues  

 The relationships between the objective characteristics of the sound 
signal and the subjective feeling 

 The comprehensive evaluation of a certain product sound quality and 
the sequencing of different products JZ
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Detailed Steps of UDS-AHP 

Building the hierarchy model

Factors of sound qualtiy Levels for each factor

Calculating the  weight 

UDS table

 Simplifing hierarchy tree  

Subjective sound quality evaluation

Statistical validation and analysis

Fig. 1  Flowchart diagram of UDS-AHP JZ
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Comprehensive Evaluation Model  

Fig. 2  Hierarchy tree of comprehensive evaluation 
model of diesel engine sound quality 

 A subjective sound quality evaluation procedure with 375 stimuli 
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Comprehensive Evaluation Model  

Fig. 3  Improved hierarchy tree of comprehensive 
evaluation model of diesel engine sound quality 

 A subjective sound quality evaluation procedure with 45 stimuli 
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Conclusions 
 The comprehensive evaluation method, UDS-AHP, 

of sound quality is proposed focusing on solving 
the multi-factor, multi-condition problem, and 
reducing time and difficulty of a subjective jury test 
at the same time.  

Fig. 4  Evaluation result comparison of three 
diesel engines based on five noise test positions 
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