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Abstract

The spacecraft power system is a critical subsystem that ensures the long-term stable operation of
spacecraft in orbit. However, under extreme space environments, the performance of the power
system is susceptible to influence, and traditional modeling methods struggle to accurately capture
its complex nonlinear, time-varying, and degradation characteristics. To address this challenge, this
paper proposes a spacecraft power model construction method based on improved Just-In-Time
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Learning (JITL) and Long Short-Term Memory (LSTM) networks. This method introduces a weighted
similarity strategy to dynamically select historical data most relevant to the current operating con-
ditions, constructs local LSTM models, and designs an adaptive update mechanism to cope with the
continuously changing operating modes and degradation trends of the spacecraft power system
during in-orbit operation. Experimental results demonstrate that the proposed improved JITL-
LSTM model can effectively enhance the accuracy and robustness of spacecraft power system mod-
eling, providing strong support for spacecraft health management and fault prediction.
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(1) BhASEE]# % (Dynamic Time Warping, DTW)
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(b) DTW FHE X} 55

Figure 1. The alignment mode of Euclidean distance and DTW distance
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FEX 4 AT ERER I Sh A MR VERAT G, HERE P S o R R AN AR, FeH S 3 Un
I

dp(i,j)=dp(s,.r,)+min{dp(i-1,j~1).dp(i.j-1).dp (i1 )} (6)
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Figure 2. Optimal bending path and sequence similarity
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Component Analysis, KPCA)IX—Hi AR, RIS IS Fo0, ML LR B R T B 2 IR 466 U5 &
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LW I BOB B BT E TR, 5k, NIy, . BTSRRI
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AR
A
Mo =5 (10)
A
i=1
/
24
&, =7 —x100% (11)
2

b, 1 AR B 0 B TR 3783
P T FL AR 0 SR DS T B2 PR S DA S 380, 5L ST T BRI — B TP, 3 L
Hom AN T R BN A WRE R X, = [ X, (1),X, (2), X, (m)] 55 1 A5 SRR
X, =[ X, (1), X, ()0, X, (m)] » FUR DTW J7ik, 50500 B HOUAWIS 5 1 A5 S FIR0E /A 70771
ROMIIBE B d, . L& KA BB B A
T 35 ) A OLFR E rh FA 72 5 , 5 SCSRE PR AASURE 2 B 18 e 8 AR
AR T B

SI( X, X,)= Y md,, (12)

(3) RIFHACUER T
FE B —/NTH, SR TR AR [T AR LS BE f T VA —— 2 R INBURL EERE Y . AR, Wl i E SR
PRI Iy S AR VR AS B i, o2 RS JITL BERURS B2 i — > SRR 3R
AR ARIR L 2, WRESIAABLERNEES, SEERRITR, EINTHEERE, IR
RURA R TR BRI R A D, AT S EOSE BB, MR B TCVE R - e R
MIBIARRIE, FIREARM TR RS & . Sz, KIsfRit et RAE B, Bk, 5l
FIXUEREE (20142 i RV AR A Rl 7 WA, 3l o i 4 2% 1 S 1t 50 285 T AR LM A SR R A
SRR iR A T
Zk:SI(xq,xi)
SSI,k =l;1—
ZSI(xq,xi)
X, N ROR MM B A B, SI(x,.x) EOR W T S SR I0OM LR, B
ST (3,0, )2 S (%,,%,) 2 -+ 2 ST (x,%, ) o Sy, 7T LVRAB B 0~1 2 [A0AOFT KL, 420 TIPS B e A
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Figure 3. LSTM structural unit
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LSTM T ELEM U 3 N, FEARFZIR:
7E LSTM M, a7 )5 (5N B =30 50 M 2 B 20 S N B0 x) o i — AT 1) 25 fr Bt
WAEE A UL RgIRAE R Y, EHERRECRS 2 SAMRE Y SuRE Rk, HENT

— AN EE ARG R
WS RE E— N ZIRIC RS A 25 RFEWREFR, AR WT:

7=, [1, ] +b,) (14)

A1, o) Fo sigmoid B HE(EHBETBIXH][0,1], [-] RPN TTRALMFE, W, ZRBET TR
B, b, RIS TR E

BN THOE M AT Z NG BA 20 T B A7 Ehd 2o, @it —4 sigmoid M —A
tanh() JLEIVER, 03 e MRS 5 B R R, G A micdi2RE, AXFRIT:

i = o ([ A, +bi) (15)
a = anh (7, [ 17,5 |+, (16)
X, W RN TR RS, b, RoRBIAT TR E,  tanh() & B0H K%L
AR AS 3B A R R
cY =)o f(f) +i0 @ gV (17)

AP, 5O Hadamard B, €'V O £ HTHiE — 1 2GR RS 2 8B FHEe s, Yo"
FH P4 2 75 5 T ¢ 6 20 ) MR A AT 5 35
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[
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Figure 4. Flowchart of local model construction
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S0 s B max{SI(X, X, )| Sag,0 WUNLMTEANFK, FEH o, 5GP H.
P max [S1(X, X, )} > 20> MR 2.1 3 FIBURBUS IR BOIENIE 5 5 S 4 3N X, o fE
sl LA LSTM B, SHUMBORE (TR, RN, BRI oy, = max|S1(X,. X, )}

c) fiF FHRRA S5 AR 0T iy 18] A 9 ¢ oA BB e AT TR0 5

d) XF R —WE g+ 1 WEELEIRE S X, MDRIEE TSRS b ] X 22 18] A
HIRMEHRES ST(X,.,,X, ) % SI(X,, X, ) < 27, » WK S AR, REH: 2y, BEEEI g
SRR AT P00, %SI(Xq+1,Xq)>gS,,1, WMTSSRFI 2.1 BT DOACARABLBE i) ot RV 5 5] SREBE & 97 A
WIS X, o PEBERERE E R NBTEO LSTM B, 36 SURBUURL A 74, J4HT0 LSTM 5 HLERHE
RATRE S, RIS, R 2, = max {SI(X,,, X, ,.0,)}

e) [ FHRRA S5 ARSI TR B N g + 1 PR R gk AT Tl s

f) HELE d~e.

4. SEBRIES 434

ARSCULKBH B ], DLAEIRAS 2023 4F 4 2024 41 )] SEBE 400 T IO UEEE, AR ML AR
TGN EHOAE, LB (Y SR 5 A AT IR AR, R A R S HO A5 R AT o M S A

Bt KPCA Jiidoxt 1 S Belm #EAT 204, THSREAS AR S RO T ot AL (K SRR T DOk,
1R, AR | i Rt T ZoT kR alsl 5 ps

Table 1. The contribution rates of the principal components of each environmental feature and the cumulative contribution

rates
= 1. SIEFHEE RS TTE R AR Rt sl
YT FERAE R BATTHRE Y% RIF Tk E /%
1 i 46.33% 46.33%
2 JEHR 32.03% 78.36%
3 N 15.67% 94.03%
4 H b BE 25 R 7 5.29% 99.32%
5 Wk T 0.68% 100.00%
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Figure 5. Cumulative contribution rate of environmental characteristics
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Figure 6. Predict the environmental curves of the cycle and similar cycles
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ERT BE XA AR LA & R VI AN MIFE M o PRI, 75 EEAE AR DA RE IR 7 B B P 5 kR S AR RRE
CASEEL S DL fE -

ISR B R AR R R r 5B G 1 RE R adj _ R* AENFEAR, B AP AR TR0 B 5 S Bras’s
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Table 2. Comparison of prediction accuracy evaluation indicators with training time

= 2. FUNAE BT IRRR S GRES B X EE

T 25 R VPGSR br

Sy 1H — YR 1)/
r adj R
0.50 0.80211 0.68802 591
0.55 0.83454 0.74011 695
0.60 0.88003 0.81005 765
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Table 3. Statistical indicators of linear goodness-of-fit of the predicted values and measured values of each model
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