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Abstract: The spaceborne hyperspectral imager’s spectral and imaging performance may be altered by the on-orbit vacuum and low-
temperature environment. To achieve high-precision quantitative applications, system calibration must be conducted on the ground by
simulating the on-orbit environment. This paper takes the advanced hyperspectral imager ( AHSI) onboard the GF-5(02) satellite as the
research subject and innovatively proposes a synergistic testing method combining thermal focusing adjustment and vacuum calibration,
along with constructing a corresponding experimental system. By adopting a thermal focusing strategy of overall temperature variation
combined with local fine-tuning, precise calibration of the imager’s focal plane in a vacuum environment was achieved. Subsequently,
vacuum spectral calibration was performed, revealing the thermal-optical coupling mechanism responsible for spectral shifts in the
shortwave infrared band. The results indicate that the spectral resolution of AHSI is better than 4. 83 nm in the visible-near-infrared band
and 8. 97 nm in the shortwave infrared band. Compared with calibration under normal temperature and pressure, the center wavelength of
the shortwave infrared channel exhibited an average shift of 1. 83 nm, which is attributed to thermal deformation of the shortwave infrared
detection cooling assembly under vacuum and low-temperature conditions. This synergistic calibration system effectively integrates
thermal focusing adjustment and vacuum spectral calibration, enabling accurate characterization of spectral and imaging performance
under on-orbit working conditions. The system has been successfully applied in the on-orbit detection of methane point source emissions

in the Permian Basin in the United States and alteration information of the Liba gold deposit in the West Qinling region of China,
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demonstrating its high-precision detection capability in ecological environment monitoring and mineral resource exploration. This study

provides systematic technical methods, engineering practice references, and a replicable experimental paradigm for pre-launch vacuum

calibration of spaceborne hyperspectral instruments, with notable innovations in the thermal focusing strategy for highly integrated optical

systems and the analysis of thermal-spectral shift mechanisms.

Keywords : spaceborne hyperspectral imager; vacuum calibration; thermal focusing adjustment; vacuum spectral calibration; thermal-

optical coupling; on-orbit application; quantitative remote sensing
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Fig. 1 Hyperion hyperspectral payload vacuum-calibration

test optical path layout
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Fig.2 Tanager-1 satellite integration/test equipment
at NASA JPL
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Table 1 Main requirements for test-system equipment
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Fig.3 Diagram of the hyperspectral imager vacuum-calibration test system
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Table 2 Performance metrics and test methods for

AHSI vacuum calibration

BH FARTEbR M vk
i 400~2 500 nm
VNIR<5 nm SO EhRE &G
itk sy % ) "
SWIR<10 nm
s MTF >0.25 LB bR
18 G w22 <l nm ZAZ PO X
VNIR<0. 5 nm
S AN

SWIR<1 nm

2.2 REHZE

1) PO IR %

AT H G A HL AHST i B 8% 6% A K R )
AL R IR AR NS R R s ML S = 2 8 1 A
JryZs (8], e, AHST SR FH #AR AR 3547 5 D63 AR AL £ 1 4o
RSB A, RIVIE 2o I A AR Y AL R e i TRl B R
SELASCE AR TR . SEHLRGE S EALAE 28 0 b4 Ak
PR AR 3 SR AR AL B (SiCp/AL) B A AR % K

HIFBK ZE0CH 8x107° /K, #4538 235 W/ (m-K) , FfE i
T3 A T R A R AR R AR T S B A
FEITFRARIEL R . nIA 4 Fios  MIPLIR B4 1F 5 T4
LA BRLA AR R S 43 51 468 1 408 mm , SEAILHESE
AU EE AR AL 2°C , HOURR AR A48 7.5 F1 6.5 wm , £ T
PR AR TE W ORI T S8 8 14 wm, SR o
Braf A ange 3 frs , o 1F 8 A i 3R 50 b A5 T 7E B4R
FETA S 5 URTOE ELAR G 25 W P B RORBOBRE 1Y) B4R ; MTF
h 7 25 BRI R A Y B I MTF
ﬁ EX i

468

Gin:N
Vol Thi VY

TR
K4 F0err Bun i K Sl R 25 il v 2 A 22 3 1]
Fig.4 Installation diagram of the primary optical telescope and
the short-wave detector cooling assembly
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Table 3 Analysis results of the variation in telescope

performance with temperature

REE/C FEIE/mm BfE/mm OREBEREAE/um MTF
15 707. 969 -0.039 6. 849 0. 80
16 707.975 -0.032 6.091 0.83
17 707. 981 -0.024 5.414 0.85
18 707. 987 -0.016 4. 851 0. 86
19 707.993 -0. 009 4. 447 0. 88
20 708. 000 0 4. 246 0. 89
21 708. 006 0. 006 4.278 0. 88
22 708. 012 0.014 4.550 0. 86
23 708. 018 0.021 5. 007 0.85
24 708. 024 0. 029 5. 608 0.83
25 708. 030 0.036 6.311 0. 80
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Fig.5 Slit-width measurement diagram
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Table 4 Optimal operating temperatures of the

hyperspectral imager

AL T A
A1 E2 ) BRI i
JEHLHESE 21.0
FoE 21.0
S P [ - VNIR F3E 21.5
8 AHSI E% Ehnil iy SEHLA P SWIR 4% 21.0
Fig. 8 On-site photo of the AHSI calibration test A LG A 2 21.0
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Fig. 10 SWIR-band MTF test results
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(a) Dewar assembly model diagram
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Composition diagram of the short-wave infrared

Fig. 11
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