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Development of Vehicle Occupant Restraint System Design Method integrating
Intelligent Information Processing Technologies
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This research constructed a system indicating valuable design information

for design engineers at vehicle occupant restraint system design by integrating and applying various
intelligent information processing techniques. Accurate response surface models of objective

functions were constructed by machine learning method. Then, design candidates in large-scale and
multi-modal design space were explored fast by evolutionary multi-objective optimization with the
response surface model. Trade-off relationship, interaction and correlation among objective
functions and design variables were visualized and valuable design information was obtained by
analyzing non-dominated solutions. Furthermore, a system indicating optimality and stability under
uncertainty of perturbation of design variables simultaneously by using multi-objective robust
design optimization was constructed. The system provides an environment for design engineers who
need to consider optimality and stability simultaneously.
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Figure 1: Occupant behavior model
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Table 1: Design variables
Variable

Airbag: Time to fire (sec.)
Mass flow rate
Vent hole factor

Seatbelt: Time to fire (sec.)

Load limit (N)
Stiffness factor

Knee bolster:
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Figure 2: Accuracy of RSM
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Figure 3: Non—dominated solutions
on Pareto optimal front
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Table 2: Correlation coefficients
among HIC and Design Variables
Group A Group B Group C

AB_TTF -0. 80 0. 20 0. 08
AB_MFR -0. 82 -0.99 -0. 39
AB_VHF 0.90 -0.02 -0.25

SB_TTF 0.77 0.75 0.99
SB_LL -0.92 -0.23 0. 32
KB_SF 0. 86 0. 40 -0.05
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Figure 4: Correlation between HIC and
time to fire of airbag (AB_TTF)
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Figure 5: Correlation between HIC and
mass flow rate of airbag (AB_MFR)
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Figure 6: Correlation between HIC and
vent hole factor of airbag (AB_VHF)
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Figure 7: Correlation between HIC and
time to fire of seatbelt (SB_TTF)
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Figure 8: Correlation between HIC and
load limit of seatbelt (SB_LL)
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Figure 9: Correlation between HIC and
stiffness factor of knee bolster (KB_SF)
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Point B: Suboptimal, Stable Solution

Objective Function

l/ Point A: Optimal, Unstable Solution
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Figure 10: Conceptual diagram of
stability of design
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Table 3: Summary of objective functions
and constraints

Name
Mean of HIC, u(HIC)
Mean of T3MS, u(T3M5)
Std. Dev. of HIC, o(HIC)
Std. Dev. of T3MS, o(T3M5)
w(HICY + 30(HIC) < 1000
w(T3Ms) + 30(T3M5) < 588
FL L < 1000
FL R = 1000

Minimize:

Subject to:

Table 4: Summary of robust setting
Robust setting

Robust Parameter AB TTF

Belt_Preten_ TTF
Probabilistic distribution | Normal distribution
Std. Dev. of perturbation | ¢ = 5.0 % 10~*sec.

Number of sampling 100
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Figure 12: Non—dominated solutions
extracted from all design candidates
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Figure 13: Frequency distribution of
Monte Carlo sampling of HIC
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