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Calibration of the Thermal Mathematical Model of the CubeSat "PRELUDE"
Estimation of Parameters in the Thermal Mathematical Model of CubeSats Using the Kalman Filter
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This study investigates a calibration method for the thermal mathematical model of the earthquake precursor ionospheric variation

observation satellite "PRELUDE" using a Kalman filter. In satellite thermal design, uncertain parameters such as contact thermal

conductance remain a major challenge, traditionally addressed by labor-intensive manual adjustments based on thermal vacuum test

data. To overcome these limitations, we applied a Kalman filter to estimate the contact thermal conductance from thermal vacuum test
data of the PRELUDE Engineering Model, enabling automated and efficient calibration of the model. The results indicate that the

conductance can be estimated with some consistency; however, discrepancies between simulated and observed temperatures reveal

limitations caused by model simplification.
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Figure 1. Overview of PRELUDE
2. N T 4 VEITONT
KF [TE S 27 JZE 1T D RAREEZ B IRBYITHE

E?éﬁﬁ%&?%@*of%é./%%%&@ﬁ@
EIZRT LT, RAEHEEAE & Z DA FENE % [RIREIZ B BT
TX 5. KF OIRAEZERE T /W RREE AR & B 72
AN K VR S5, RETEAUTRTORRE) B IR D
KREZ TR L, BUAGRRERUTIREE & BLHE D BIfR %
WRREF AT AT A —FHEEIZBWT, REI/IT A
— X AR AEH L UTHRE L, £ oRpfFE% NEH
LGET H. T THENRDONRT A =L %0, 7t
AMEE & wk) &2 SREFENIRATREND.

0k +1) =0(k) +w(k) (1)
B HRERUZL, BEE T A —FZ OBIRZ I
FrrplLcEibansg. o 2 CHIIEE (), B
HIATH Hk), BUAHET W&+ 5 EkATEREND.

z(k) = H(k)0 (k) + v(k) (2)
KF (3 FPHAT v FERFHAT v 7o ZHITH: D I
I THIAT v FIFLTORG), @THD.

Oklk—1)= 08(k—-1) 3)

1 HRFRL - 5550 - 155, 20 HRERL - 1k (A0) - M55,

605

3: HKREL - #H - i



SHM7 FE BAKRFEIFE FNEESTRE

Pklk—1) =P(k—-1)+0Q (4)
Fo, AT v T IILLTDOH(S), (6), (NTHD.
K(k) = P(klk — 1) H(k)T

[H(Kk) P(klk —1) H(E)" +R]™* (5)
6(k) = 6(klk — 1) + K(k)[z(k) — H(k)O(k|k — 1)] (6)
P(k) = (I = K(k)H (k) (P(klk — 1) (7)

3. f#trET L

BVEATIXE SRNTCIT O . R E AT 5 T
ZEISICTEIL, SISOV T T B0 TR
ZOENL X TC, WERIZAMICPE DO IREE b AR T 5.
DA Him i 1ZB83 5 80P R X a kU= 7.

n n
dT;
G d_tl =0Qi+ Z Kij(T; = T;) + Z Ryo(T# = T) (8)
= =1

ZIZT GIEER i OBEE, T, TXHi& i, jORE
(K), Qi EEiHA i DD ANHII(W), Ky 138, jEo
PEMBVRERW/K), 0 AT 7 7Ry~ o ER
(5.67<10°W/m*K?), Ry 1ZHis i, jHOKBIHRE(m?) T
b5, B Z2WER OBMEMRERIIRATRE S,
K;; = hA (9)
22T A IR E oA mAEm?), A 134 EHEE L7z
WA R E(W/mK) T 5.

4 [A]1% PLELUDE @ Engineering Model(EM) C17 - 7=
BEZEHABROT —Z 5. FEIIZEOE LD
MR S, SRBR T 30 M CIREZBIHI LT D, L
L, ESENZ T ERT A —ZEBRBEINT D=
WCRIEDNERSET 5. = 2T, Sz L EE 2
REELIZE R LIfliFbET L CXy U T L —T 3
YEATH T LT, AFEORMMEERGET 5.

1 o]

MIS

= Thermal Conduction Paths

BUS Panel MIS
(Node 2) (Node 1) (Node 3)

Figure 2. Three-Node Analytical Model and Thermal
Contact Paths
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Figure 3. Difference between Observed and Calculated

Values
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Figure 4. Parameter Variation During Calibration
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