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of multidimensional industrial data is required. However, the complexity and uncertainty inherent in this
process often lead to the occurrence of the Fuzzy Front End (FFE) problem, increasing the difficulty of
product design. To address this issue, this study proposes a multi-layered artificial intelligence product
design approach aimed at preventing defects in the design process. The framework integrates various artifi-
cial intelligence technologies, including big data analytics, a fuzzy inference system based on recursive as-
sociation rules (RAFIS), and a Mamdani fuzzy inference system. The proposed method incorporates Fuzzy
Association Rule Mining (FARM) and Genetic Algorithm (GA) into RAFIS to bridge the gap between
customer attributes and design parameters. Firstly, in FFE stage, data collection and management were
organized, and the dataset was then inputted into FARM and GA to obtain optimal fuzzy rules and mem-
bership functions. Subsequently, these results were utilized to establish a Mamdani fuzzy inference system
with customizing product design features. By optimizing parameters within the Mamdani inference system,
including the type, partition, and range of membership functions, the method achieved customized product
design. The experimental application analysis focused on electric scooters, and a fuzzy comprehensive eval-
uation method was employed to assess the proposed design solutions. The results indicate that two design
approaches obtained high levels of satisfaction, validating the effectiveness and feasibility of the method.
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N T B UERE STk A R, SR BB 25 G AN I X R O RHEAT I IR IRIR R G=4g., g,
Qoo s gy t=6, TEPRACE Wl & FAT k8 5], W=0.2, 0.1, 0.2, 0.2, 0.2, 0. 1. ¥EH 8 b5 KA
KU IR 2. WSR2 BT RIIEM 45 2R ¢ MW, g0 I — M. g NARTEED. 20 R B AT TIRAE
H1,0.5, 0, WEUERIFME, B¢ =1, q,=0.5, ¢;=0,

®3 FMIERRBEXERA

EER TR A PN R B E W EfsR EER (1L T PR HOE W
81 BRETR AT 0.2 y A1 0.2
g fE #5521 0.1 gs ANEHF) 0.2
g5 Bls 536 B 0.2 gs SeRilE A 0.1

BTz B R A . 36T 80 AS MBI A, b dE 25 Z it Lk, 15 A EUNA 40 4
Tl e . LR IR S AR SK T N R . S HEAFRIRGITE 20~50 %, LA LR 76 .
[7) 45 8 A o3 AT 45 R TE LR 4,

x4 BIAARDEHEER

WA 48 A5 I IR

q1 q: qs q1 q2 qs3
2 64 7 5 56 10 10
g, 60 10 6 59 11 6
g5 51 16 9 50 16 10
g 60 12 4 58 12 6
g5 58 12 6 55 15 6
25 13 24 9 44 24 8

B R, WEBOT TR 1 BRI ERE R,
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[0.776 3 0.131 6 0.092 1]
0.8553 0.0921 0.052 6
0.6579 0.2237 0.118 4
R, = (D
0.8026 0.1579 0.039 5
0.7632 0.1447 0.092 1
0.552 6 0.3158 0.131 6/
TR TR 1 °H, . B,
0.776 3 0.1316 0.092 1]
0.8553 0.0921 0.0526
H,=m xR, =[0.2 0.1 0.2 0.2 0.2 0.1]X 00679 02237 01184
0.8026 0.1579 0.039 5
0.7632 0.1447 0.092 1
0.552 6 0.3158 0.131 6]
(0.7487 0.168 4 0.082 9) (12)
L ERI A E Q Mt E H, nfIEIRANESHERE K, .
K,=H, XQ=(0.7487 0.1684 0.0829) X (1 0.5 0)=0.833 (13)
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