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Interval uncertainty analysis method based on adaptive radial basis
function model
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Abstract: Considering the problem of interval uncertainty analysis, an adaptive uncertainty analysis
method based on radial basis function model was proposed. Firstly, an acquisition function, also called the
potential maximum function, which can be combined with the radial basis function model, was presented,
and subdivided into potential maximum/minimum functions according to the characteristics of the
maximum/minimum problem. Then, for the interval uncertainty analysis problem, a sequential
optimization framework based on the potential maximum/minimum function was established to complete
the efficient and high-precision solution of the interval uncertainty analysis problem. Three examples
showed that, the proposed method can improve the computational efficiency of particle swarm
optimization (PSO) and vertex method with accurate solution; also, the method refined the model
sequentially through the proposed acquisition function, so compared with the method in which the

Latin hypercube sampling is used to perform the “one-shot” sampling for radial basis function model
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constructing, and the response bounds is estimated through particle swarm optimization (LHS+PSO), it can

guarantee the accuracy of the predicted bounds by improving approximate accuracy of the model in local

regions.

Keywords: radial basis function; interval model; uncertainty analysis;

Bayesian global optimization; potential maximum/minimum function
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) 2 LS A3 FHE 535128 54.62 mm A1 28.04 mm,
PO ARG S5 % BT EIAEL
PR AT BEAIS, T DA TO A 92 1 58 45 5 R PSO
TVE AR — 3, (R, Bl 4R B A B n, TO R ik
JIT 5 1 RS FH OCESRHR KE B, X 7R SE PR TR
N RN AT . ARSI 1 —A4F, LHS+PSO
YL RO AR 22, HO TR L SRR
I B TR R X R 22 43 i 9.37% Fl 25.11%.
A EE T HAl L AR 539, N-PBGO %4 % il ARBF 42
0T L RAE A0 B ] FH BSOS T oG R 1 4 2R,
FEA SR B, ARBF 3 i 20 % 22K T N-PBGO 55
%, X S 1T RBF B 4 1 oA 8300 30 ADURS B2 48
238 WL PR,

TE: B 1~12 9790 R =; 5 (1)~ (25) N5

El 4 25 FHiAoRER

Fig. 4 Schematic diagram of a 25-bar truss

x2 HEl2HRALTESY

Table 2 Interval variables for Example 2

Gl X [i]
Aj/mm? [630,770]
Ay/mm? [5 580,6 820]
Az/mm? [4770,5 830]
Aq/mm? [7 920,9 680]

L/m [13.5,16.5]

F1/kN [1601.2,1957.1]

Fa/kKN [2001.6,2 446.4]

F3/kN [1601.2,1957.1]

F4/kN [1201,1467.8]

43 MEBE VIR K EH

BB 3 A EE K sh LI AR I A ] P, %
15 3 F Matlab i i 5377 B2 T HAR o A5 4] %)
S SIS M 7 i R i R R BT b A2 I 1 300
F7= A AR TE AT T 404, TR R o
AL T, W 3R T 7K 2 T AT R ) 2 A
FLAR I A4 RS BOR 284 it n 5 =X AT DL 2% Mat-
lab #5 B SCRY . AR 53481 1) A BR 0 A% AL LA K T 4%
iz EWE 5 i

2 R EI AP RMRRE | A1 A8 s AL AR A R
B 5 P, F AR AT 5 1R R B I R 1 B KR AR
A EA R 2 SRR PR T

20220874-7



%5 3 1 2 4 %39 %
£3 HE2MFEMER
Table 3 Evaluation results of Example 2
Vi 7 LA F R Fi 7 R TR
RS TS
1L {f/mm X2 /% 1 ff/mm X2 /%
PSO 54.62 28.04 4600
T ik 54.62 0 28.04 0 512
LHS+PSO 59.74 9.37 21.00 25.11 70
N-PBGO 54.62 0 28.04 0 36
ARBF 54.69 0.13 27.95 0.32 57
13 73/10° Pa iR e i 5 R AR T 4 19 31 FHE R 0.002 08 m Al
Ifg 0.00131 m. T2 . N-PBGO 1% . ARBF %
1.6 AR BE AT XI5 5 R (0 AN S T I B A T SR
1 fi#, SR 1fii ARBF Fl N-PBGO 5512 110 1+ 5 44 % A ot
1.0 5 v, He pR BOUE U BCEE TO0 A 7k 20 IR A2 A
1038 LHS+PSO 537 Sy — UK 4 Jh FF 9 44 13t RBF A5
o CHAE TR T 5 4 53T a2 o 1 e RS 2 R 0,
0.2 SR B LR L IR A, A s R an
0

K5 fiizs REWLmEE M A FROTERLFIR 1) 53 = &
Fig. 5 Finite element model and stress distribution of
turbine blade

8(3‘7) :Dmax(E,CCTE’,u9/Lpl,p2> (23)

KA Do RN M R I B KRS &8, E AR
Y 5 M L B, Coms i B2 IK 3R 4L (coefficient of
thermal expansion, CTE), w MJHFA Eb, A G R
PR R T 32 B 0 R T80, pa R TH 2 B

KSR Li EFTIR, B0 AR ) A TR
FIOKG B2 B (] B, BT 4 ARBF 5315 Re X k174
RUORLASE , 35 1T AR AN 0 2 [ RS i

x4 EHPI3FREETEEXSH

Table 4 Interval variables for Example 3

iy X [i]
E/10° Pa [200, 250]
Cere/10° K™ [11,14]
u [0.24,0.3]

FEJI SR, FR SR RS Bt 464 X Tl 25 AWHmK)) [103,127]
B FLAS RO 4 R pi/10" Pa (7.2, 8]
5
S 3L 3, PSO ¥ 35 9 T B B 4 600 1K, 78 #2110 P 4 6]
x5 HOI3WEENTER
Table 5 Evaluation results of Example 3
R W i R AR = i W AR TR ——
% ! VX
Bl /mm AR 25/% Ul /mm AHXRZE /%
PSO 2.08 131 4600
TS 2.08 0 1.31 0 64
LHS+PSO 223 7.21 1.17 10.69 50
N-PBGO 2.08 0 1.31 0 41
ARBF 2.08 0 1.31 0 40
A S o N o N -
5 & it R 11 3R 45 bR K- 18 76 B (1 BR 8, O 3 T RBF

AR SCEE X TR A X TR) AN 8 % 74 53 B [, 2
H — ol BE A% S 0 42 S5y DX IR R AR 38 X O )

S 7 HL v SR R L O LR AR HEZE
1) 78 X (8] AN B 5 20 A () BEAY 1 3 2SR A
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AR, SR WA d R/ IMEL R BOF AT 8 R g
A LA 240820 RBF A5 8 4] 301 16 i 19 2 Ry R o
i, HE— PR T RE AR

2) it 3 NEBI A M as AR, A LT PSO

FINTH A 45, Fir i ARBF 3505 e 08 70 (R iF 1T
SRR B 1 [) B, 280 s DX ) AN A S e ) A 1
s, MX T LHS+PSO 4515, ARBF 4 vk i i
SR PRBIU 51 TR AR R R R R A Ry X 3 A
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