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公路交通安全：世界和中国

2012年中国

20.4万：交通事故

6.0万人：死于车祸

25.4万人：受伤或致残

9.3亿元：车祸直接经济损失
中国交通技术网

每年全世界

120万人：死于车祸

2500万人：受伤或致残

23% ：车祸占全球伤害总死亡比例

5000亿美元：车祸相关经济损失
WHO Report 2004
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Case Study: RSM modeFRONTIER Flowchart



Safety Optimization And RobustnessResearch & Advanced Engineering 15 2012-01-0233

 Chest G bias  mean Crash Distance bias mean)( ax

)( ax Chest G bias Standard Deviation Crash Distance bias Standard Deviation

)( ax

)( ax



Safety Optimization And RobustnessResearch & Advanced Engineering

Chest G

Interpolation
Area 
Metric

Reliability 
Metric

Bayesian Confidence 
Metric

Bayesian Inference-based 
Method 0.0102 0.4703 0.6888
GPM-based Method

0.0131 0.4106 0.6208
Copula-based Method

0.0081 0.5550 0.7874
Crush Distance

Interpolation
Area 
Metric

Reliability 
Metric

Bayesian Confidence 
Metric

Bayesian Inference-based 
Method 0.0069 0.7208 0.9302
GPM-based Method

0.0082 0.6841 0.8650
Copula-based Method

0.0117 0.4833 0.7208

• Copula-based method is rated best in chest G prediction while worst in crush distance prediction. In general, crush 
distance interpolation prediction results have higher credibility than chest G.
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Chest G

Extrapolation
Area 
Metric

Reliability 
Metric

Bayesian Confidence 
Metric

Bayesian Inference-based 
Method

0.0174 0.3513 0.5650
GPM-based Method

0.0166 0.3527 0.5196
Copula-based Method

0.0289 0.2160 0.3390
Crush Distance

Extrapolation
Area 
Metric

Reliability 
Metric

Bayesian Confidence 
Metric

Bayesian Inference-based 
Method 0.0077 0.6682 0.8925
GPM-based Method

0.0127 0.4577 0.7188
Copula-based Method

0.0125 0.4468 0.7005

• The ranking of the three methods are not exactly the same according to different validation metrics, 
• For the chest G extrapolation, the evaluation results of Bayesian inference based method and GPM based method are 

similar, and both methods are rated better than the Copula-based method. 
• For the crush distance extrapolation, GPM based method and Copula-based method are rated similar by all three metrics 

while both are outperformed by Bayesian inference method. 
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Case Study: RBDO modeFRONTIER Flowchart
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Case Study: FE Confirmation 
modeFRONTIER Flowchart
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modeFRONTIER
is a multidiciplinary and multi-objective optimization and design 
environment, written to allow easy coupling to almost any computer 
aided engineering (CAE) tool, whether commercial or in-house. 

(Courtesy of ESTECO, 2011)
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SOMO
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(Courtesy of ESTECO, 2011)
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SOMO

Service Oriented
Multidisciplinary

Orchestration

Modular
Extensible

Integrated
Framework for

Workflow Lifecycle
Management

(Courtesy of ESTECO, 2011)
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SOMO modeFRONTIER
Design process approach Batch Interactive/Batch
Computing resources Remote Local/Grid
Control over resources Share Total
Multidisciplinary Different departments Different applications
Deployment Community Single user
Platform Web Desktop
Availability Intranet, Internet Office
Architecture Modular for extensibilty Monolithic for perfomance
Target Engineers, Managers, 

Executives
Engineers

Optimization Through library modules Native

(Courtesy of ESTECO, 2011)



Thank you!

詹振飞博士，研究员

重庆大学机械工程学院车辆工程系

重庆大学汽车协同创新中心

zhenfeizhan@cqu.edu.cn
Zhenfei_zhan@163.com

185-8072-2167


