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Proposal for Design Improvement Instruction by Data Envelopment Analysis

(Case with application to child seat)
Satoshi KITAYAMA, Masao ARAKAWA, and Koetsu YAMAZAKI
Department of Human & Mechanical Systems Engineering, Kanazava University
2-40-20, Kodatsuno, K anazawa, Ishikawa, 920-8667, Japan
One of the important aspects in preliminary design is to make their products perform well without any
imperfections when it spread out in the market. Therefore, we need to evaluate the products with the same
kinds of products from many aspects. These evaluations can regard as multi-objective design optimization,
and most likely scalar methods are used, such as the weighted sum method. In these methods, it is quite
important to give optimal weight for each objective function, so that it fits with preference of the designers.
Moreover, these optimal weights give us an important information of the improvements of design quantita-
tively. In this paper, we use data envelopment analysis (DEA), which can derivetota evauation and optimal
weights from given datum from the products in the same kinds. Hence, we can derive the amount of
improvement needed compared with the other products. To examine the effectiveness of the proposed
method, we collect data of Ministry of Land, Infrastructure and Transport Government of Japan in 2002 and
evaluate many child-seats. From the results, we could clarify apart of child seat, which should beimproved,

and showed its effectiveness through its considerations.

KeyWords: Data Envelopment Analysis, Design Engineering, Child seat assessment,

Optimum Design, Multi-Objective Optimization
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Fig.2 Front crash test items of child seat

‘ Acceleration at chest
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Table 1 Data based on child seat assessment

Child seat (NCost (O)Front crash test (O)Manual (O)Display (O)Mechanism (O)Fitting (O)Fixing

A 2.98 3 4.2 4.5 4 5 4.6
B 6.98 3 4 4.8 3.6 4.3 34
C 1.55 3 2.2 3.2 2 2.7 3

D 2.98 3 4.2 45 4 35 3

E 1.98 2 4.2 3.8 4.3 5 3.8
F 4.28 3 4.7 4.8 4.7 5 4.6
G 6.5 3 4.2 5 3.8 4.8 44
H 8.98 3 2.7 2.7 2.6 3 3.2
| 3.6 3 4.3 3 3.7 5 4.6
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Fig.3 Some fix manners of child seat
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Table 2 Current and target status by CCR and BCC model

A Current status Target by CCR Target by BCC
Cost 2.98 2.4 2.98
Front crash test 3 3.5 3
Manual 4.2 4.2 4.2
Display 4.5 4.8 4.5
Mechanism 4 4.1 4
Fitting 5 5.0 5

Fixing 4.6 4.6 4.6

B Current status Target by CCR Target by BCC
Cost 6.98 2.4 4.28
Front crash test 3 3.8 3
Manual 4 4.0 4.7
Display 4.8 4.8 4.8
Mechanism 3.6 3.8 4.7
Fitting 4.3 4.8 5

Fixing 3.4 4.6 4.6

C Current status Target by CCR Target by BCC
Cost 1.55 1.6 1.55
Front crash test 3 3.1 3
Manual 2.2 2.2 2.2
Display 3.2 3.2 3.2
Mechanism 2 2.0 2
Fitting 2.7 2.7 2.7
Fixing 3 3.0 3

D Current status Target by CCR Target by BCC
Cost 2.98 2.3 2.98
Front crash test 3 3.1 3
Manual 4.2 4.2 4.2
Display 4.5 4.5 4.5
Mechanism 4 4.2 4
Fitting 3.5 5.0 5

Fixing 3 4.4 4.6

E Current status Target by CCR Target by BCC
Cost 1.98 2.0 1.98
Front crash test 2 2.0 2
Manual 4.2 4.2 4.2
Display 3.8 3.8 3.8
Mechanism 4.3 4.3 4.3
Fitting 5 5.0 5

Fixing 3.8 3.8 3.8

F Current status Target by CCR Target by BCC
Cost 4.28 2.4 4.28
Front crash test 3 3.1 3
Manual 4.7 4.7 4.7
Display 4.8 4.8 4.8
Mechanism 4.7 4.7 4.7
Fitting 5 5.0 5

Fixing 4.6 4.7 4.6

G Current status Target by CCR Target by BCC
Cost 6.5 2.5 6.5
Front crash test 3 3.9 3
Manual 4.2 4.2 4.2
Display 5 5.0 5
Mechanism 3.8 4.0 3.8
Fitting 4.8 5.0 4.8
Fixing 4.4 4.8 4.4

H Current status Target by CCR Target by BCC
Cost 8.98 1.7 1.979
Front crash test S 3.0 3
Manual 2.7 2.8 2.8
Display 2.7 3.5 3.59
Mechanism 2.6 2.6 2.6
Fitting 3 3.3 3.39
Fixing 3.2 3.4 3.48

| Current status Target by CCR Target by BCC
Cost 3.6 2.4 3.24
Front crash test 3 3.4 3
Manual 4.3 4.3 4.3
Display 3 4.7 4.56
Mechanism 3.7 4.2 4.14
Fitting 5 5.0 5

Fixing 4.6 4.6 4.6




Table 3 Items and range of improvement

A Minimum Maximum
Cost 2.4 2.98
Front crash test 3 3.5
Display 4.5 4.8
Mechanism 4 4.1

B Minimum Maximum
Cost 2.4 4.28
Front crash test 3 3.8
Manual 4.0 4.7
Mechanism 3.8 4.7
Fitting 4.8 5.0
Fixing 4.6

C Minimum Maximum
Cost 1.55 1.6
Front crash test 3 3.1

D Minimum Maximum
Cost 2.3 2.98
Front crash test 3 3.1
Mechanism 4 4.2
Fitting 5.0

Fixing 4.4 4.6

F Minimum Maximum
Cost 2.4 4.28
Front crash test 3 3.1
Fixing 4.6 4.7

G Minimum Maximum
Cost 2.5 6.5
Front crash test 3 3.9
Mechanism 3.8 4.0
Fitting 4.8 5.0
Fixing 4.4 4.8

H Minimum Maximum
Cost 1.7 1.98
Manual 2.8

Display 3.5 3.59
Fitting 3.3 3.39
Fixing 3.4 3.48

| Minimum Maximum
Cost 2.4 3.24
Front crash test 3 3.4
Display 4.56 4.7
Mechanism 4.14 4.2
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Table 4 Result by diffrent front crash test score

Child seat | Current Status | Target by CCR| Target by BCC
A 4 492 4
B 4 5 4
C 4 4.1 4
D 4 441 4
E 3 3 3
F 4 4.45 4
G 4 5 4
H 4 4 4
[ 4 4.78 4
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