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Tab. 1 Datasets of test functions
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W& 21022 ~U[0. 37,1, 7x]
¢! y=sin(zix1)/(x122) WA 0y 22 ~UL0, 27 90 90
2 €{0,0.5,1}
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0. lexp(xy)/x13 21 =3 21 €{1,2,3)
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i tad; s =1.22=2 k.21 .20 ~U[1.2,1.8]
W _ itz 51 =2,2m=1 M 212, ~U[1,2] 120 120
Y Tixetat; 21 =2,2=2 2 €1{1,2,3}
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(10) = 100 100
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12) y=]10cos(x1) /exp(z2x1); 21 =2 o GEI 27(2} 90 90
—10sin(a1) /exp(zoa1); 21 =3 S e
20X +sm(.rz)exp[s1An(f3)]; z1=1 21 sz0 s s ~UL0, 2]
(13) y=] zox1 +cos(xs)exp[sin(xz) ]; 21 =2 €1(1.2.3) 90 90
zoa1 —sin(xs)explsin(az) |3 21 =3 FeE e
. x x3xy; 21 =1
T]e?(p“_wr”n : 21522523 24 ~U[0,m/2]
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) . x1~UL0,2
cos(at) —a8; z21=1,2.=2 T L ]
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Fig.3 Schematic of spring design
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Tab. 6 Experimental design of spring design
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Tab.7 RMSE of prediction on spring design

Rk 05 Rk 22 ik 07 iR 22
SVR 0.613 AD_UC 0. 541
uc 0.585 QQ-SVR 0.492
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Fig. 4 Schematic of welded beam design
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Tab. 8 Experimental design of welded beam design
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Tab.9 RMSE of prediction on welded beam design

ik Y975 i 22 Bk Hyor iR 22
SVR 0. 350 AD_UC 0. 265
uc 0.155 QQ-SVR 0.129
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Fig. 5 Schematic of pressure vessel design
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Tab. 10 Experimental design of pressure vessel design
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Tab. 11 RMSE of prediction on pressure vessel
design
Hk 7 iR 2% Ak Yy iR 2%
SVR 32.357 AD_UC 12.973
ucC 15.092 QQ-SVR 10. 952
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Fig. 6 Sectional view of dental implant system model
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Tab. 12 Value ranges of structure parameters

Li/mm L¢/mm P'/mm L,/mm B/ (9
BRME  8.95 6.7 1.095 0.775 50. 520
B/ME 889 6.6 1. 060 0.765 50. 220
& 13 FHLEAF & AR S 3
Tab. 13 Material parameters of implants and crowns
ol AL 1 b4 2 8 F S bR B
PRE MR /GPa YARALL  BEEL SRR /GPa AL
1 105 0.35 1 105 0.35
2 101 0. 34 2 101 0. 34
3 91 0.36 3 91 0. 36
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Tab. 14 Material parameters for the remaining

componems
U 4 LR R/ GPa EL/NEA
BB 20.0 0. 30
/NN 1.5 0. 30
F 220 0. 30
kiR 22 104 0.35
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Fig. 7 Finite element mesh of dental implant system
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Fig. 8 Bone stress nephogram of implant bone
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Tab. 15 RMSE of stress prediction on implant bone

Bk 05 MR 22 ik )75 W 22
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A qualitative-quantitative factors mixed data modeling method
based on support vector regression

FENG Xiangyu. SHI Maolin®, MA Yue, SONG Xueguan, SUN Wei, TIAN Teng

( School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: In the process of scientific research and engineering practice, it is very common to conduct
engineering experiments and numerical simulation in which the input parameters have both qualitative
and quantitative factors. To achieve effective modeling of such kind of data, a method for modeling
qualitative and quantitative factors based on support vector regression (SVR) is proposed for
qualitative-quantitative factors analysis in engineering experiments and numerical simulation. It
quantizes the correlation between qualitative factors by using the hypersphere decomposition, and
describes the correlation between qualitative factors and quantitative factors by constructing a special
kernel function. A support vector regression algorithm for qualitative-quantitative factors is
constructed for mixed data modeling and prediction of qualitative and quantitative data. Numerical
experiments and classical engineering problems show that the proposed algorithm can provide better
prediction results compared with ordinary support vector regression algorithm and qualitative-
quantitative factor algorithms based on Gaussian process regression. Taking bone stress analysis of
implant as an example. the type of implant material is considered as qualitative factors and the
structural parameters as quantitative factors. Experimental results show that the proposed algorithm
can significantly improve the accuracy of bone stress prediction and provide a model basis for implant

design optimization, which verifies the engineering rationality of the proposed algorithm.

Key words: mixed data; kernel function; support vector regression (SVR); computer experiment





