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Abstract. To tackle engineering design problems engaging both aleatory and epistemic uncertainties, Reliability-Based Design 

Optimization (RBDO) has been integrated with Bayes Theorem, referred to as Bayesian RBDO. However, Bayesian RBDO 

becomes expensive when employing the First- or Second-Order Reliability Methods for reliability predictions. This paper 

proposes an Adaptive Response Surface Method (ARSM) for efficient Bayesian reliability analysis and design optimization. The 

ARSM integrates the iterative design optimization process with the local response surface methodology through an adaptive 

sampling scheme. Through this integration, the information for reliability analysis generated at early design stages can be used 

adaptively to construct local response surfaces for later design iterations. Thus, the computational efficiency of the Bayesian 

RBDO can be improved as substantially fewer experiments are required in the overall design process. The proposed methodology 

is demonstrated with a ground vehicle lower control arm design case study. 

1. Introduction to Bayesian RBDO 
 

Practical engineering analysis and design problems involve both aleatory and epistemic uncertainties for their 

random inputs, such as geometric tolerances, material properties, loads, etc. To tackle the design problems engaging 

both aleatory and epistemic uncertainties, Bayesian RBDO has been developed [1] and formulated as 
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where PB(Gi(Xa,Xe;d)≤0) =Ri
B
(Xa,Xe;d) is the Bayesian reliability where Gi(Xa,Xe;d)≤0 is defined as a safety event; 

C (Xa, Xe a and Xe are the aleatory and epistemic 

random vectors, respectively; t is a prescribed target reliability index; and np, nd, na, and ne are the numbers of 

probabilistic constraints, design variables, aleatory random variables, and epistemic random variables, respectively. 

Bayesian reliability analysis engages reliability and its sensitivity analyses repeatedly on every epistemic sample 

points. Thus, Bayesian RBDO could become expensive for iterative design process. The rest of this paper presents 

an adaptive response surface methodology (ARSM) for efficient Bayesian reliability analysis. The following section 

details the ARSM method with a ground vehicle lower control arm design case study.   

2. Adaptive Response Surface Method for Bayesian RBDO  

 

The adaptive response surface method (ARSM) proposed in this paper integrates the iterative design optimization 

process with the local response surface methodology through an adaptive sampling scheme. The ARSM stores the 

performance responses of the probabilistic design constraints obtained through the experiments or simulation study 

into a reference database. This database consists of a set of reference points and at these reference points the 

performance responses of each design constraints. The reference database will facilitate the development of local 

response surfaces, and through the iterative design process it will be updated and gradually expanded as more 

experiments are carried out. Figure 1 shows the flowchart of the ARSM for Bayesian reliability analysis. As shown 

in the figure, the process starts when Bayesian reliability analysis at the design point X is required by the Bayesian 

RBDO process. The ARSM will first search the reference database for existing local reference points. The reference  
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point search will be carried out through calculating the 

Euclidean distances between references points and the 

design point, and those reference points that have distances 

less than a critical value, rc, will be included as local 

reference points. If total number of local reference points is 

less than a critical value Nc, necessary design experiments 

or simulations will be carried out to obtain the performance 

response and the reference database will be updated. If the 

total number is greater than Nc, all local reference points 

will be used to construct a local response surface to 

approximate the performance response for X. The response 

surface will be validated through K-Fold cross validation 

with a critical value errc for the approximation accuracy. 

As shown in Fig. 1, the developed ARSM integrates the 

iterative design optimization process with the local 

response surface methodology through an adaptive 

sampling scheme. Through this integration, the information 

for reliability analysis generated at early design iterations 

can be used adaptively to construct local response surfaces for later design iterations and the K-fold cross validation 

can be used to assure desired approximation accuracy. Thus, efficiency of the Bayesian RBDO can be improved as 

substantially fewer experiments are required in the design process.  

The developed ARSM for Bayesian RBDO is applied a 

ground vehicle lower control arm design case study. 

Vehicle suspension systems experience intense loading 

conditions throughout their service lives. Control arms act 

as the back-bone of suspension systems, where the majority 

of the loads are transmitted through. Therefore, it is crucial 

that control arms be highly reliable, while remaining cost 

effective. Bayesian RBDO is applied to the low control arm 

design optimization. As shown in Fig.2, the loading 

variables Fx to Fz are considered to be epistemic whereas 

the thickness variables of 7 constituent pieces of the arm are 

considered as aleatory variables.  The Bayesian RBDO is 

carried out once with the ARSM and once without ARSM for this case study. The results of optimum designs are 

shown in Table 1. The results indicate that the developed ARSM can substantially improve the efficiency of 

Bayesian RBDO by reducing the function evaluations from 4032 times to 2117 times while remaining its high 

accuracy. 

Table1:  Bayesian RBDO results for ground vehicle lower control arm 

 

3. Conclusions 
 

This paper presented an adaptive response surface methodology for efficient Bayesian reliability analysis and design 

optimization. The ARSM integrates the iterative design optimization process with the local response surface 

methodology through an adaptive sampling scheme. Through this integration, the information for reliability analysis 

generated at early design stages can be used adaptively to construct local response surfaces for later design 

iterations. As demonstrated by the vehicle lower control arm design case study, the efficiency of the Bayesian 

RBDO process can be substantially improved by employing ARSM for Bayesian reliability analysis. 
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Fig.1:  Adaptive response surface method 

     

Fig. 2  Ground Vehicle Lower Control Arm 

Bayesian RBDO Weight Lowest Reliability Highest Reliability Function Evaluations 

w/ ARSM 31.13          90%            91.7%             4032 

w/o ARSM 30.97          90%            91.7%             2117 
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