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True Wireless Stereo Ear phone Fit Design Based on Analytic
Hierarchy Process and Grey Relational Analysis
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ABSTRACT: To evaluate the fit of True Wireless Stereo (TWS) earphones objectively, quantify the influence of qualita-
tive factors, and reduce the subjective bias on the decision-making of product design, the evaluation model of fit of TWS
earphones was established. The analytic hierarchy process (AHP) and grey relational analysis (GRA) were used in this
research. AHP was used for determining the weight value of the fit index of TWS earphones, including three value criteria
and twelve indexes. In addition, GRA was utilized for calculating the correlation between four alternative products and
optimal products and ranking all four products. Based on AHP and GRA methods, evaluation indexes on the fit of TWS
earphones were established. The optimal earphone which meets the requirements of the fit requirement of TWS earphone
was selected objectively and accurately. Consequently, the sense of stability of dynamic scene accounts for the highest
proportion among all factors, following by the sense of volume of external auditory canal interspace and concha inter-
space. The proportions of sense of stability of static scene and sense of pressure of external ear regions are lower than
others. In addition, the correlation between Apple AirPods Pro and the optimal solution is strongest

KEY WORDS: TWS earphone; fit; analytic hierarchy process; grey relational analysis; sense of stability; sense of vol-
ume; sense of pressure
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Fig.1 Evaluation process of fit of true wireless earphone
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Fig.2 Anatomy regions of external ear related with TWS earphone
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