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An integrated deep feature multi-fidelity Gaussian process regression
method and its application in equipment optimization design

WANG Yu-chen', YANG Bao—qing"z, MA Jie"*', ZHANG Shi-xuan', ZHENG Xiao-peng3, LIU Wen?
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Laboratory of Complex System Control and Intelligent Agent Cooperation, Beijing 100076, China; 3. Research and
Development Center, China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract: When applied to complex engineering system analysis, multi-fidelity Gaussian process regression tends to
suffer reduced model accuracy when handling high-dimensional inputs due to the curse of dimensionality. Existing
mitigation strategies exhibit limitations such as optimization instability and inadequate feature representation. Targeting
this problem, an ensemble deep feature multi-fidelity Gaussian process regression method is proposed. It utilizes an
ensemble of deep neural networks to adaptively map high-dimensional inputs to a robust, low-dimensional latent
feature space, enhancing representation robustness. A gradient isolation and two-stage training strategy is employed,
decoupling the feature extractor pre-training process based on low-fidelity data from the subsequent multi-fidelity
Gaussian process regression model construction based on fixed features, circumventing the instability associated with
end-to-end optimization in deep fusion models and ensuring robust and efficient training. Finally, the effectiveness of
the propsed method is validated through simulations on standard high-dimensional test functions, and its potential for
solving practical engineering problems is demonstrated using a case study on equipment range optimization.
Keywords: ensemble learning; feature extraction; curse of dimensionality; multi-fidelity Gaussian process
regression; equipment optimization design
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™ (Z0) = pn(22™) + ps (2

o (2 = prop(2) + os (2. (27)
o 2R MR TR SAIAE o, (2, ) RVFRIN 5 22 02 (e, ) 388 3k %o
3 (26) F1(27) 1925 5 FH AR R 0 b 7 44 A8 46 15
), 4 FL S (] iR Bt R

FE T4 IR FERRIE MF-GPR 7 253 i 4 U AE
FO)EHE R B ARG EE M R S S, SEI e
% B A R ORGSR AR e M g —. AR
PRI FF ) 5 R T A SR T

step 1: T2 FF [l 2 4 ORFAE SR B8 . 2 TR
T 5 W D, I 25 5 BRF 1 B2 BB A
F = {fo, brsy, A B N &N (17) 8 L1
MSE %% L,,... I 2558 15 [E @ et 2 80 { o]},
S P R 5.

step 2: FHn i SR Efk. M K (14) = L
R BRI fos () BRI X, X, LT 28 8 E R AE
A, SRAFRFEHELE Z,, Z,, (X (18) A1 (19)). &I
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step 3: YIZRG{R EL GPR JEAfit R R 7. 3T
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step 4: YIZRZE 7 GPR. THEARAEL IR ZE 6o =

(26)
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AT 2. KHER 6) 5 Q) A&, R&s
S RFRAEAL A BN TR o, (2. ) HIARHEZE 0, (2., ).
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fi(x) = —18exp ( — 0.2\]%)_

0.4 exp ( Zcos (0.9z;) ) + 20.
(29)
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BRI ST AR fUVE 9 BUAEL, DA & Y0 A 1

A< 4R 1 9 EDE-MFGPR 75 % 5 KOH 5 7
HEAT HE AL KOH YK H 7 ARD Tiifig f) Matérn 5/2
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Frife 25 IR % 2 (RMSE), Hit B AR AN

fu(x) = —20exp (

test i=1

1 N(’l‘,af
RMSE = J 2 =g (30)
Forpro gyl R HSE, g R T, 9 Tk

EE RGN, MBS EIE (n,, mBI4HE),
B BB AT N, = 201Kk, 45 % 1 a4
3 FR.

#=1 ARBCET RMSE Xftt

ny, FiE m SFIJRMSE + A2
EDF-MFGPR 6 0.1247 +0.0103
EDF-MFGPR 8 0.1228 + 0.008 5
125 EDF-MFGPR 10 0.1204 + 0.008 5
EDF-MFGPR 12 0.1210 4+ 0.008 7
KOH-MFGPR N/A 0.1330 + 0.0094
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101n (1 + =

1000 )
(32)

BT ¥ e A S P 85 70 SRR AIE 4 152 350152 58 Im = 10,
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I i B S 6 5 R AT 20 WK, K 2 BOR T K JTEEAR
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MR R E AN Ackley B, RN Rosenbrock BFI%5.
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£ KOH-MFGPR, #4045 | SR 0l 2 2. fE 56 A
5% 1) Rosenbrock pR%Y L, VR BEHRFAE 2 21 76
gk — ™ i, Hidh EDF-MFGPR [7] £ 2 31 H
A0 B FRUDN A 52, i e Ath 77 v D e DA KA A A AR B
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BRI AN B 20 38 R R T+ T TS FE, SR AE
O BG GRASRZ ALRE ) RS B A L SR I
35 B & 04K IY) E2E-EDF-MFGPR il DKL-MFGPR
R 51 o e 5 i Re s Sl gt AR T A A
S AE AL T LGS v 4 55 % ) RS T IR I P ST Sk
i, AT S IF) B8 AIE 1 A SC P i A Rl E 22 76 1 TR 1)1
SRAR R AR R A 5 O TH B A A B FE T R
71, DF-MFGPR R H {40 5 4 T R I d5e 2, AR 3C

=2

BT RN EN R A E TR REXTEE

A Jiik RMSE Y] /s
EDF-MFGPR 0.1204 £ 0.0085  442.2 + 245.5
DF-MFGPR 0.1239+0.0097 140.8 +98.5
125 E2E-EDF-MFGPR — —
DKL-MFGPR — —
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2 (33) ALK, BN S A4 d = 19 S FE %
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