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Abstract: During in-orbit operation, the background radiation of high-sensitivity infrared detectors is mod-
ulated by complex, time-varying temperature fields, limiting radiometric calibration accuracy. Convention-

al correction methods based on thermal equilibrium assumptions, ground calibration, or empirical coeffi-
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cients are poorly suited to dynamic, nonequilibrium orbital thermal environments. To address this limita-
tion, a high-precision method for real-time estimation of detector background radiance is developed. In-or-
bit temperature telemetry and deep-space calibration observations are used to construct a modeling data-
base through temporal alignment, outlier removal, and dataset partitioning, with coupled temperature
measurements from multiple detector-associated components selected as model inputs. A random forest
model is then established to capture the nonlinear relationship between these temperature fields and back-
ground radiance, overcoming the reliance of conventional methods on static assumptions and linear empiri-
cal relationships. Model training, validation, and application assessment are conducted across different sat-
ellite types and infrared spectral bands, enabling real-time background radiance estimation under complex
orbital thermal conditions. Validation results yield a maximum coefficient of determination (R*) of 0. 985
4, a relative bias (RBias) as low as 0.069% , and a root mean square error (RMSE) as low as 0. 009 6
W/(sr-m?). An overall mean relative error of 3. 88% is achieved in typical ground-target observation sce-
narios. These results demonstrate that the nonlinear coupling between complex temperature fields and de-
tector background radiation can be effectively characterized by the proposed method, providing a new ap-
proach to in-orbit background radiance estimation and improved radiometric calibration accuracy for infra-
red detectors.

Key words: infrared radiometric calibration; instrument background radiation; time-varying temperature

field; data-driven; random forest; real-time estimation
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Tab.2 Details of hyperparameter tuning for random forest model

e Wi g WARES DEXS - DEXES LEXE-
B LLAb rh g 2140 LA g 2140
numTree 200~2 000 200 200 1200 200 800
minLeaf 1~10 1 1 3 1 3
maxSplit 200~2 000 100 1200 1800 1600 1200
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BB LAY R T BB RBias N
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0.989 7; 7 DA A —h JE 21 4 3 5 F #i AY
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m?), R*} 0. 987 4; 78 T0 5 287 — Ja I 41 4h g 5
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m?),R* >} 0.893 6; 78 112 25 — rh il 21 4h 37 5t
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W/(srem?) ,R*N0.824 5;7F DA —rhifi o1
Ak 3 5 F B RBias i 0.069%, RMSE &
0.009 6 W/(sr=m?) , R} 0.985 4. HlZ45 R
AH Eb RS 50 I Ao B ) o 1 SRR BB A TR R
ANk BAORS BEAT SR B L BR S Nl 2 N oK, R
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Tab.3 Comparison of validation accuracy among different estimation models
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