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Evaluation of Design Alternativesfor Child Safety Seat Based on AHP-TOPSIS

LYU Xin, LIU Yu-yun
(Zhejiang University of Technology, Hangzhou 310014, China)

ABSTRACT: The work aims to solve the subjectivity and one-sidedness in the evaluation process of design alternatives
to obtain scientific design alternatives. According to literature research and questionnaires from users and experts, the
demand points and problem points that consumers considered when purchasing products were found out, and the evalua-
tion index of child safety seat was initially selected. The rationality evaluation was adopted to screen out the inefficient
indicators and to determine the scientific construction of the evaluation index system for child safety seats. A comprehen-
sive evaluation method combining analytic hierarchy process (AHP) and technique for order preference by similarity to
ideal solution (TOPSIS) was proposed to comprehensively evaluate and optimize the design alternatives of three types of
child safety seats, and the second design alternative was determined to be the optimal alternative with the highest score.
The optimization of AHP-TOPSIS model applied in design alternatives for child safety seat can reduce the one-sidedness
and subjectivity of decision makers in the evaluation of design alternatives and realize relatively scientific evaluation of
child safety seat design alternatives. The proposed method has certain versatility in the evaluation and optimization of al-
ternatives at the design stage in the development process of other products.
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Tab.1 Primary evaluation criteria for child safety seat
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Tab.2 Evaluation criteria system of child safety seat
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Tab.3 Initial evaluation matrix

WA W%

izt D, D, D;
Fy 9.4 8.8 7.7
F, 8.0 8.5 9.2
Fi 8.0 7.8 8.8
Fa 8.1 8.5 6.5
Fs 9.2 9.1 8.6
Fe 8.7 9.0 5.4
F, 7.4 8.2 5.3
Fs 7.5 8.3 7.8
Fo 8.5 9.0 7.3
Fio 8.9 9.2 7.6
Fi 7.0 7.5 8.5
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Tab.4 Normalization evaluation matrix Tab.8 Producer’s evaluation criteria judgment matrix
A Wit % Fo Fio Fu  HBEME  HEXREE
fehw D, D, D, Fo I 416 186 055 0.066
F, 0.63 0.59 0.51 F1o 0.24 1 0.36 0.13 0.0156
F, 054 057 0.62 Fi 0.54 2.78 1 0.32 0.0384
=0.007< 0.
Fs 0.56 0.55 0.62 Cr=0007<0.1
F4 060 0.63 048 RIS 4 BRI I 5 52 6—3 8 HARRY
Fs 0.59 0.58 0.5 A S AR AL TP A, T4 B 2 9.
= 0.64 0.66 0.40
F, 0.60 0.67 0.43 R 9 MAFRENLIEMN SERE
Tab.9 Weighted normalization evaluation matrix
Fs 0.55 0.61 0.57 - —
Fo 0.59 0.63 0.51 ifﬁ LSAEES
SR S1 2 S3
Fio 0.60 0.62 0.51 F 0.129 0.121 0.104
Fu 0.53 0.57 0.64 F, 0.025 0.026 0.029
F3 0.044 0.044 0.049
®5 KTEHETHWERE Fy 0.089 0.094 0.071
Tab.5 Judgment matrix at all evaluation levels Fs 0.052 0.051 0.048
E E E W Fs 0.144 0.149 0.090
- 11 n 523 3 135 33 F, 0.033 0.037 0.024
! ’ ’ ’ Fs 0.018 0.020 0.019
Ez 1.89 1 4.02 0.55 Fo 0.039 0.042 0.034
Es 0.32 0.25 1 0.12 Fio 0.009 0.010 0.008
Fi, 0.020 0.022 0.025
MR A PEH IR AR AL, T AR IE(E A=
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Tab.6 Observer’s evaluation criteria judgment matrix

Fi F2 Fs WM MEXAEE
Fqi 1 4.24 2.79 0.62 0.2046
F, 0.24 1 0.56 0.14 0.0462
Fs 0.36 1.79 1 0.24 0.0792
Cr=0.027< 0.1
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Tab.7 User’s evaluation criteria judgment matrix
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Fa
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1 194 0.53
052 1 031
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0.21 0.33 0.21

2.87
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1
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4.67

3.06

4.83

2.69
1
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0.41
0.10
0.06

0.1485
0.088
0.2255
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0.033

Cr=0.016< 0.1
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