
Interval multiobjective optimization of structures based 
on radial basis function, interval analysis and NSGA-II 

Cite this as: Jin CHENG, Gui-fang DUAN, Zhen-yu LIU, Xiao-gang LI, Yi-xiong FENG, Xiao-hai 
CHEN, 2014. Interval multiobjective optimization of structures based on radial basis function, interval 
analysis and NSGA-II. Journal of Zhejiang University-SCIENCE A (Applied Physics & Engineering), 
15(10):774-788.  [doi:10.1631/jzus.A1300311]  
 
 

Zhejiang University, China 

Journal of Zhejiang University-SCIENCE A (Applied Physics & Engineering) 
 

Key words:  Interval multiobjective optimization; Uncertainty; Radial basis 
function; Interval analysis method; NSGA-II 

JZ
USA



In order to obtain a structure with good comprehensive performance, the following 
multiobjective interval optimization model including multiple performance indices of a 
structure in the objective and constraint functions is established 
                   
 
                                                                                                                                   
 
 
where x is the n-dimensional design vector while      and      are the allowable minimum and 
maximum vectors of x. U is the       -dimensional uncertain vector with all its components  
being interval numbers. The superscripts “L” and “R” denote the left and right bounds of 
interval respectively.                                       and                                          are the objective 
and constraint functions, the values of which depend on the design vector x and the 
uncertain vector U.       is the given interval constant of the jth constraint, which can also be 
a deterministic value.       ,        and        are the number of objectives, constraints and 
uncertain parameters respectively. 
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Interval multiobjective optimization model of a structure 
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Transformation of interval optimization model into 
deterministic one 
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Transformation of interval 
objective functions by 

interval ranking relation 

Transformation of 
interval constraints by 
satisfactory degree of 

interval 

Unite the midpoint and width of a performance 
index into one objective by weighting method and 
handle the constraints by penalty function method JZ
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Multiobjective optimization algorithm based on RBF, 
interval analysis and NSGA-II 

Description of the algorithm: 
Step1. Initialization of the parameters 
for the optimization algorithm; 
Step2. Perform FEAs to acquire enough 
sample data; 
Step3. Develop RBFs for computing 
the objective and constraint functions; 
Step4. Construct the approximate 
deterministic optimization model by 
integrating interval ranking relation, 
satisfactory degree of interval, interval 
analysis and the RBFs developed in 
Step 3; 
Step5. Find the Pareto-optimal 
solutions to the approximate 
deterministic optimization model by 
NSGA-II. 
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Flowchart of the optimization algorithm 
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Application in optimization of a press slider 
Objective of the slider design: high stiffness, high intensity and light weight. 
Measurement of slider stiffness: The slider stiffness is represented by the linear deflection in the 
length direction of the slider produced under the stamping force perpendicular to its lower surface, 
which is dimensionless. 

Deflection of the slider                                                   , where 

δ1, δ4, δ7 are the displacements indicated by ①, ④, ⑦ . 
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Interval optimization model of the slider: 
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The Pareto-optimal solutions to the interval optimization problem of the press 
slider are located by the proposed algorithm. An experimental prototype of the high 
speed press was manufactured to verify the validity of proposed methodology.  
FE model of 1/4 press slider: loads and constraints 

Application in optimization of a press slider 

Ten Pareto-optimal solutions 
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