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Fig.1 2D Voronoi diagram and the prediction errors
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Fig. 2 Flowchart of k-fold cross validation method
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Fig.3 2D sampling process
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Tab.1 Information of test function
Function Function Range of . .
number name values dimension

F, Zakharovt!5] [—5,5] 2
F, Rastrigint1] [—1,1] 2

Hartman1%] [0,1] 3
F, Rosenbrock!!5) [—5,5] 3
Fs Spherel15] [—5,5] 6

R T ARAR IR AT BE Z 1 pR B B WD IR R AR S5 N
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AN, o S 500 AN 32 R A 56 TIF A B AL 1) A B
SR PR Ao UL A ASE R 4 Jo s B 8 A D A0 455 784 11 30
RIFR BE, ¥ 07 4R 1% 2% (RMSE) 1 F )7 4 56 & 3%
(R ik=UN
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b om IR A SRR (xR AR A
10 S R A o Qo) S S BRI 9 35948, f ()
hg AR SRR AU AR I A A Ak Y S 1
NV IHBRBEHLR 22 W, 3R 2 AN 45RO £
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Tab. 2 Modeling results of different

sampling methods

Function Cross validation

number method RMSE R Num
k-fold(k=5) 34.97310 0. 954002 155

F k-fold(k =5d) 38.47190 0.947440 310
LOO 53.91639 0.900845 735

k-fold(k =5) 0.257363 0.913829 155

F, k-fold(k =5d) 0.215287 0. 946969 310
LOO 0.242081 0.938519 735

k-fold(k=5) 0.354774 0.861423 230

F; k-fold(k =5d) 0.325987 0. 881339 690
LOO 0.403389 0. 813805 1665

k-fold(k=5) 8279. 683 0. 893499 230

F,y k-fold(k =5d) 9141. 206 0. 868599 690
LOO 8796. 631 0.881728 1665

k-fold(k=5) 4. 835629 0.046455 455

Fs k-fold(k =5d) 4.699334 0.045130 2730

LOO 4.629350  0.045185 6705
T Num Jy 58 I UE T3 3 P = A i AR B
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Fig.4 Accuracy of RBF model with different £ values
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fold CV-Voronoi J5 MR o, & B 130 HUE 1% /N
FLAE SCHR 45 1 2 % 8 .
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Fig. 5 Structure of diagonal cross-bracing in transmission tower
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Tab.3 Accuracy of RBF model

N =15 N =20 N =30 N =75
RMSE 25.9246 23.6548 19. 8411 16. 4605
R? 0. 70455 0. 78987 0. 82971 0. 87810
A\
5 & &

XA R TR R ZAE AR T —
s T E AR B A Y £ -fold CV-Voronoi H i
N FSRAE T 15 IR R RO A B A sR BT S
(B R4 T 4 SR R R AR i T A, LA AR 58 AY [ 38 R 1
A, B m M TRE AL ST,

(1) AHF AT AR STy W48 7 9 i ARG 7 v
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A P AR

(2) AXHEEHTERREER 38T, H
FETHR IR BRI RS 0 B L

(3) $RAL T A b (8 1Y e A3 U Y [
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A sequential sampling method of surrogate model based on
k-fold cross validation

LI Zheng-liang"?, PENG Si-si', WANG Tao*!
(1. School of Civil Engineering,Chongqing University, Chongqing 400045, China;
2. Key Laboratory of New Technology for Construction of Cities in Mountain Area,

Ministry of Education,Chongging University,Chongging 400045, China)

Abstract; Under the framework of sequence sampling of surrogate models,in view of the shortcomings of
existing methods, a k-fold CV-Voronoi adaptive sequential sampling method was developed, which is
suitable for arbitrary surrogate models. In this method, the %2-fold cross-validation was introduced to
calculate the prediction error of sample points, and the Voronoi diagram and maxmin criterion were
combined. Compared with the traditional sequential sampling method, the proposed method has the
advantages of calculation simplicity and strong adaptability. Through the numerical examples and
engineering example,it is shown that the proposed sequential sampling method has high accuracy and
calculation efficiency. In addition, the influence of different £ values on the accuracy of surrogate model is
further discussed in the k-fold cross-validation,and the optimal range of £ values is summarized for ref-

erence.

Key words: %-fold cross validation;sequential sample;surrogate model; Voronoi diagram
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