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Comparison of root mean square error of

Tab. 1
different ratios of high and low samples under

different low confidence sample sizes

) FEA %L
HEA L 1]
30 60
1:6 1. 5292 0.7624
1:5 1. 2703 0. 6884
1:4 0.9215 0. 6304
1:3 0. 8648 0. 5864
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Tab. 2 Comparison of the coefficient of
determination of different high-low sample ratios

under different low-confidence sample sizes

\ AR
BEA H ]
30 60
1:6 0. 7840 0.9433
1.5 0. 8462 0.9561
1:4 0.9293 0.9658
1.3 0.9367 0.9708
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Tab. 3 Comparison of with different ratios of

low and low confidence samples

FEAEL
(N ]
30 60
1:6 1. 3779e-4 7.3335¢5
1:5 1. 1179e-4 5.1062¢-5
1:4 1.0179e-4 3.8062¢-5
1:3 0. 8568¢-5 3.1593e-5
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Tab.4 Comparison of the coefficient of
determination of different high-low and
low-sample ratios under different

low-confidence sample sizes

) A FEA R
FEAR EE A1
30 60
1:6 0. 3220 0.7228
1:5 0.5036 0. 8635
1:4 0. 6280 0. 9480
1:3 0.7651 0. 9706

TR T {5 B 38 20 80 B8 fh b o B A% O
BARK AR G AR ek B 7E 30 NIRRT AR B A
A SN RN A5 B ) Co-Kriging # H 5 B A 4
R B L EXT EE 30 AN 60 ANIK AT AR BEREAR I 2k
551 Y B DRS BE L 60 ANIG AT {5 B2 RE AR 5 B o A

FE 60 MK AT 15 BEAEAS 3L 0l b S s KT 15
FEREARE N 1.6 #2713 1.3 i, Co-Kriging BYiR 22
HNRET 29 60% UG EEERE N 24 % , VLA 7E —
A P BERE A 5 S Al L 38 i D 1 v rT
BEREAR 55, 22 ] {5 B AR PR TR () R R e BB AR AR B R
FETF . M E ARG EEREAS AR 1.4 B FH XS AEAR
Ho i) 1.3, A PR BEAUT B 396, i i o] {5 BE R AR A
BEHN 33 %6 0 TS A SR U5 7R A A A B R AR L
Bk 14 B SRR
4 EF Kmeans EEZWEAIEE

PRI RS SR B 5

I SCHR AR $i8 10 T 8 57 5 SR AR R R A S A
% R R — SRS T O E AT A B sh B s 1Y
Bk R K-means 595 RFER & 2 0l {5
FRHRAARY , SC e iy o AR AT A5 B <03l Bl 2 43 i) 4t



718 it K A

Ea2%

it A% T B4 1 PRt e AR T A5 B R s B s s T
—— B R, el K-means 8L 7RI AT{F
JEREA R PR A AR AR W] A5 BE YN GRAEAS 5 SRR %
IEEIRTTEEREA S RES AREMAEL . W
SR B AR AR B A S IR TR W AR A
AR AT A5 BE A i FR R Al ] K-means 8045 3]
o LA AR A T AR AT A S R A AR v ) X Bz A7
I AT 8 X6 IO O 3R 3R AT AT AR BE VN ZRAEAS i, A
RERAE AR GO Z iR E f R K-
means SRR AT {5 BEAE A 42 o 3R A5 o W] A B2 I
GRAEAR RN A AR L X YOG R A B = T
FENZRFEA ST,

Fia

K-meansSRXFREHMK
WRBEYIGREA R

l
IR A5 AR BAR
[

R AR EREA RS R R B
AREAER A R ] BEAR R

l
R

2 K-means 57 A4 5 22 AT 5 B A5 A0 3 7

Fig. 2 Construction of a multi-confidence model based on

the Gram-Mearns algorithm
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Fig. 4 Map of the aerodynamic data of the missile

k5 AN EFRCOERNTERTERATH
RMSE #5 47 3 th
Tab.5 Comparison of RMSE indicators using

different calculation costs for lift coefficient

A
pm
120 160 200 240
Co-Kriging 0.1649 0.1266 0.1257 0.1225
AS-MFS 0.1751 0. 1305 0.1252 0.1174
MFNN 0. 3997 0.2271 0.1963 0. 1832

*6 HAAAHNRKCOERTEMTE
AR T H RY 4548 4t b
Tab. 6 Comparison of R* indicators using

different calculation costs for lift coefficient

A
B
120 160 200 240
Co-Kriging 0.9761 0. 9859 0. 9857 0.9861
AS-MFS 0.9722 0. 9850 0. 9857 0. 9876
MFEFNN 0.5961 0. 8588 0.9025 0.9536

FT HXMNMEARB(COHERTRTE
B A T # RMSE 45 47 %t 1
Tab.7 Comparison of RMSE indicators using
different computational costs for the

resistance coefficient

A
BE Ay
120 160 200 240
Co-Kriging 0. 0747 0.0553 0.0452 0. 0437
AS-MFS 0.0939 0.0762 0. 0696 0. 0628
MENN 0.1635 0.1265 0.1036 0. 0864

® 8 A MMA RB(COERFRITHE
RATH R #4847 xt th
Tab.8 Comparison of R* indicators using

different computational costs for the resistance

coefficient
AR
Ay
120 160 200 240
Co-Kriging 0.9849  0.9915  0.9941  0.9944
AS-MFS 0. 9754 0.9834 0. 9860 0. 9876
MFNN 0. 9569 0.9631 0.9795 0. 9835

® 9 A A MR TR T H
& ATt RMSE 45 47 21 H
Tab.9 Comparison of RMSE indicators using

different computational costs for pitching

moment
5T AR
i
120 160 200 240
Co-Kriging 0.0917  0.0827  0.0859  0.0765
AS-MFS 0.1117  0.0966  0.0879  0.0861
MFNN 0.2261  0.1683  0.1382  0.1168

TETT 1 Z B AR bR, Co-Kriging £ 7 f i
MRS AS-MFS #5581 75 0 ZCR B A AH 6] L 7
FH. 3 22 5055 DR A0 77 2 2 B0 45 A5 Co-Kriging B
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Tab.10 Comparison of R* indicators using

different computational costs for pitching moment

TR A
T
120 160 200 240
Co-Kriging 0. 9845 0. 9870 0. 9854 0. 9882
AS-MFS 0.9763 0. 9822 0. 9852 0. 9855
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Fig.5 Average prediction errors of three models within a 95%

confidence interval

RUAE =P As ] {5 B2 A AL P BTS2 B M H R
A 160 B, P3G g m] {5 BE AR AR 256 Co-Kriging
BEARLFN AS-MFS B AURS B 48 A ORI 18, 2
23 W IR IR 25 A8 K A 0 L 302 B T 2 e T A R AR
SR T 10 R AT A5 BE AR AR 2 X HE Al 9 1% n]
{5 B2 AR B AR A 5 B2 1l 40045 9T AR A% A 5 AR
BRI X v 5 AR S BT S . RS
SRS BN B S50 D e 1K AT A R R AR B L A v
AR AR 3.8, 55 =1 A 45 AL 7
AN AR AR, R AT AF BE AR 2 R 2% AT AE A [ 3
BNAS N OR BE AR T AR P AR A 2R b T IR,
Co-Kriging B Z5 & IR R L .

6 4 it

A SCE S BT X A TR AT AR BE AR A 55 R TR Y
e A AT A5 BE AR AR o EE A5 R 7 1 44 £ 19 Co-Kriging
Z W] {5 2 A AR AU A B SR b T AR R A X
FE 2 WG A 5 BE AR AR 00 X 1 2l 5 A QR AL
TR (1R 0 20 HR 5 e A5 K TR R AN (W] g ) R R
T AR n] AR BEREAS R R AS S L 1.4 3
1:3 Z[a)3d & A i 22 mT A BE AR R Y, 7 32 Y
55 BB ECHE TN R AR R SRR A AR AR
JEOT ) R =Rl R AT E B ML, g5 SR R Co-
Kriging & 8 70K B AU G B2 H AR S B AR (B X)
T AR AR AR R R R A R R

£ % 3k (References) :

(1] & #.FRA.ZEE.F ALFRAHFEAN
HREXFFRAERERAB G AL]] FARFHR,
2021,42(1):61-73. (DU Tao, XU Chenzhou, WANG
Guohui,et al. The application of aerodynamic coeffi-
cients prediction technique via artificial intelligence
method to rocket first stage landing area control pro-
ject[J]. Journal of Astronautics,2021,42(1):61-73.
(in Chinese))

[2] k. KT % T4 EEBGMARLF[D]. b wE
I X %,2017. (LIU Yixin. Optimization Design Using
Multi-fidelity Metamodel Method[ DJ. Beijing Institu-
te of Technology,2017. (in Chinese))

(3] # F.#Em %4 RF EATHAATTEEAER
TRAFOMATRREFE S MR FEM
M A %, 2021, 16 (4): 53-62. (CHENG Ji, WEI
Haipeng, LIN Yi,et al. Optimization design of anten-
na cover of deeply submerged body based on parallel
variable-fidelity LCB algorithm[]]. Chinese Journal
of Ship Research ,2021,16(4) :53-62. (in Chinese))

[4] Haftka R T. Combining global and local approxima-
tions[ J]. AIAA Journal ,1991,29(9) :1523-1525.



%5 HRE.Z: ETZTEERERE N SR I HE £ REARFR 721

[5] Chang K J,Haftka R T,Giles G L,et al. Sensitivity- [12] Queipo N V, Haftka R T, Shyy W, et al. Surrogate-
based scaling for approximating structural response based analysis and optimization[ J]. Progress in Aero-
[J]. Journal o f Aircra ft,1993,30(2) :283-288. space Sciences ,2005,41(1) :1-28.

[6] Wang S,Liu Y.Zhou Q.et al. A multi-fidelity surro- [13] Johnson M E,Moore L. M, Ylvisaker D. Minimax and
gate model based on moving least squares: Fusing dif- maximin distance designs[J]. Journal of Statistical
ferent fidelity data for engineering design[ J]. Struc- Planning and Inference,1990,26(2):131-148.
tural and Multidisciplinary Optimization 2021, 64 [14] Villagran A, Huerta G, Vannucci M, et al. Non-para-
(6):3637-3652. metric sampling approximation via voronoi tessella-

[7] Bandler ] W, Biernacki R M, Chen S H,et al. Space tions [ ] |. Communications in Statistics-Simulation
mapping technique for electromagnetic optimization and Com putation ,2016,45(2) . 717-736.

[J]. IEEE Transactions on Microwave Theory and [15] Kushner H J. A new method of locating the maximum
Techniques ,1994,42(12) :2536-2544. point of an arbitrary multipeak curve in the presence

(8] #RA . #H H.HEL. F MEFIHKERESF & of noisel J]. Journal of Basic Engineering ,1964 ,86
EXHFEMABRADHFEEL LA P OILEFR (1):97-106.

[J1. =8 74k H %, 2022, 36 (3): 79-92. (XU [16] Schonlau M, Welch W J,Jones D R. Global versus lo-
Chenzhou,DU Tao, HAN Zhonghua, et al. Compari- cal search in constrained optimization of computer
son of machine learning data fusion methods applied models[ J]. Lecture Notes-Monograph Series, 1998,
to aerodynamic modeling of rocket first stage with 34.11-25.

grid fins[J]. Journal of Experiments in Fluid Me- [17] Sobester A, Leary S J,Keane A J. On the design of
chanics +2022,36(3) :79-92. (in Chinese)) optimization strategies based on global response sur-

[9] Kennedy M C, O’ Hagan A. Predicting the output face approximation models [ J]. Journal of Global
from a complex computer code when fast approxima- Optimization ,2005,33(1) :31-59.
tions are available[J|. Biometrika ,2000,87(1):1-13. [18] Box G E P,Wilson K B. On the Ex perimental Attain-

[10] Han Z H, Grtz S. Alternative cokriging method for ment of Optimum Conditions| M]. NY :Springer New
variable-fidelity surrogate modeling[ J]. AIAA Jour- York,1992.
nal ,2012,50(5) :1205-1210. [19] Matheron G. Principles of geostatistics[ ] ]. Economic

[11] McKay M D,Beckman R J,Conover W J. A compari- Geology s1963,58(8) :1246-1266.
son of three methods for selecting values of input va- [20] Hardy R L. Multiquadric equations of topography and
riables in the analysis of output from a computer code other irregular surfaces[J]. Journal of Geophysical
[J]. Technometrics,2000,42(1) :55-61. Research (1896-1977),1971,76(8) :1905-1915.

Research on missile aerodynamic data generation technology
based on multi-credibility proxy model

FU Pengzhen', CHEN Jiangtao’, ZHANG Peihong™?
(1. School of Computer Science and Technology,Southwest University of Science and Technology,Mianyang 621010, China;

2. Computational Aerodynamic Institute of China Aerodynamic Research & Development Center, Mianyang 621000, China)

Abstract: A surrogate model is a new research idea direction of aerodynamic data generation. A traditional
surrogate model relies on a large number of high-precision simulation sample points and their responses
values to ensure the accuracy of the model. A multi-credibility surrogate model can reduce the
computational cost while maintaining a certain accuracy by integrating multi-layer high and low
credibility models,which is of great significance for reducing a missile development cycle. In this paper,
the influence of different numbers of low-confidence sample points on the multi-confidence model and the
optimal ratio of high-low-confidence sample points are studied,and a multi-confidence sampling method
suitable for aerodynamics data is proposed. It is applied to the construction of three multi-credibility
surrogate models in the prediction of missile aerodynamic data,among which the Co-Kriging model has
the best comprehensive prediction effect. The recommended ratio of high and low confidence sample size

is between 1:4 and 1:3.

Key words: erodynamic data; multi-trusted proxy model;the proportion of high and low confidence sample

points; K-means clustering algorithm



	F1
	00_（目录）2025-5
	01_699(20240414002任天宇)
	02_714(20240612002付朋真)
	03_722(20240618001吴俊谕)
	04_729(20240708001张非凡)
	05_737(20240606001倪炀)
	06_744(20240627001顾乃健)
	07_751(20240606002锁刘佳)
	08_758(20240613001王小鹏)
	09_765(20240408001周航宇)
	10_772(20240508001华云军)
	11_780(20240524001郭依琳)
	12_786(20240509001游翔宇)
	13_795(20240129001王元良)
	14_803(20240619001刘琪钿)
	15_811(20240717002刘明鑫)
	16_819(20240614001王超)
	17_825(20231118001罗飞)
	18_831(20240412001韩启浩)
	19_839(20240522001吕向明)
	20_846(20240202002邹长星)
	21_852(20240610001张杰)
	22_859(20240531001于海洋)
	23_865(20240627002周星)
	24_871(20240814002王娜娜)
	25_877(20240813001朱伟华)
	26_883(20240323001陈振宏)
	F4



