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Table 1 The response surfaces of case 1

Order of
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Table 2 Test functions

Function Expression Dvc;r;lzi)rie:f
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Table 3 Comparison between Kriging and

Kriging-HDMR algorithm

No. Function R2

10D function

Raar RMAE

0.0543 0.7540 3.3419
Kriging-HDMR  0.9924 0.0666 0.1649
10D Griewank
2 Kriging 0.260 6
Kriging-HDMR  0.9999
16D function
3 Kriging

1 Kriging
0.6677 3.1039
0.0059 0.0170

—6.0162 2.4539 5.7049
Kriging-HDMR 0.9707 0.1376 0.3134
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Table 4 Comparison of modeling cost among various-order HDMRs for the study problem

expansion of HDMR

Full second-order

Full factorial

Dimension Kriging-HDMR design s?
sime 1+m—n+( D51y -
(exponential)
( polynomlal)
10 129 1681 2.824 7x 108
20 355 6961 7.9792x1016
30 649 15841 2.2539x1025

3.3 THEHEH

B3 TR N SR

B —A TR ARt HR St S B A S A
FENH black-box W K BiF Kriging-HDMR 75 T.#2
LRATATYE, A, ASCLAIR TR TR AR RS O R
R R AR, S0 e A R X AR I A P S
(TEABIZ R B PERE T, A o () BB X B
KA Liu 7 R E e DU A IE T TE 1 R R
HAEA RS, FFLUMFRTEILK o (30~60mm)
FOVERERSE ¢ (1~3mm) {EA AR R, FFCEAIN
LR BER e, SRR ANSYS A7 E BT, 4
B MR DA R A SH0E BIE S % R 7] RA

Kriging-HDMR 77 BE3EAT @8, KRG LWIREER T K
a FIHEREELRE ¢ M N B TET. DA T U, AT M R B
AT R R A B B RS R BE,  E B AT RE AL
AR 100 AN IR ST 5041 B MIRAE A, IR EAT
BIXt Kriging-HDMR F1 RSM #8 HE 4748 B, )
WEERWE 5 FHJE 3 5R. HE S hEHEAT A,
Kriging-HDMR feR 28 T2 11 J8EL A e S50 A 1 4
M BeAh,  Kriging-HDMR 77345 Hi S AR () 4y
AT, EY MR BT T i w55 AR & 2 AV e
RIRBOR R, A8 Z AHIAR A M DU AT X i H i J3
HIBBURRRRE, X AR T AESE — BT TAE R
HA PSSR R B, AR,



784 ) £

# 2011 4 3 43 %

% 5 R M Kriging-HDMR Fa0i 57 & 75 5% BT 1% bt IR Ak
o Eill:ol 4
Table 5 Comparison between Kriging-HDMR and RSM

algorithm for case 3

Number of
R?  Raar Rumarp
samples
Kriging-HDMR 10 0.9830 0.1009 0.2774
RSM 25[7] 0.7799 0.3949 0.7835
4 & it
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KRIGING-HDMR METAMODELING TECHNIQUE FOR NONLINEAR
PROBLEMS Y

Tang Long Li Guangyao? Wang Hu
(State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body of Hunan University, Changsha 410082, China)

Abstract  Some large-scale structural engineering problems need to be solved by metamodels. With the
increasing of complexity and dimensionality, metamodeling techniques confront two major challenges. First,
the size of sample points should be increase exponentially as the number of design variables increases. Second,
it is difficult to give the explicit correlation relationships amongst design variables by popular metamodeling
techniques. Therefore, a new high-dimension model representation (HDMR) based on the Kriging interpolation,
Kriging-HDMR, is suggested in this paper. The most remarkable advantage of this method is its capacity to
exploit relationships among variables of the underlying function. Furthermore, Kriging-HDMR can reduce
the corresponding computational cost from exponential growth to polynomial level. Thus, the essence of the
assigned problem could be presented efficiently. To prove the feasibility of this method, several high dimensional
and nonlinear functions are tested. The algorithm is also applied to a simple engineering problem. Compared
with the classical metamodeling techniques, the efficiency and accuracy are improved.

Key words metamodel, HDMR, Kriging, nonlinearity

Received 2 August 2010, revised 9 December 2010.

1) The project supported by the National Basic Research Program (2010CB328005), the National Natural Science Foundation
of China (10902037) and the Basic Scientific Research Expenses of Central University.

2) E-mail: gyli@hnu.cn



