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Abstract The spectral imager can accurately detect the composition and temperature of the lunar surface and their
variable characteristics, becoming a key scientific payload in the new era of lunar scientific exploration missions, which
provides scientific data for further cognition of the origin and evolutionary history, resource distribution, and environmental
characteristics of the lunar. The existing spectral imaging data of lunar orbit exploration provide scientific reference for
human cognition of lunar surface material composition, resource distribution, and evolutionary history, but there are
problems of low spatial resolution and few infrared spectral bands for realizing precise exploration of lunar resources and
environment development and application. The paper firstly outlines the typical spectral imaging payloads and research
hotspots in lunar exploration missions at home and abroad. Secondly, the specific technical challenges faced are discussed
specifically for the precise detection needs of lunar spectra. Then, specific solutions and technical approaches are proposed
on how to break through the existing technical challenges and obtain higher resolution, more sensitive, and more reliable
spectral scientific data. Finally, the development trend, challenges, and applications of spectral imaging for lunar orbit
exploration are summarized and prospected.
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Table 1 Performance comparison of current and subsequent major imaging spectrometer payloads for lunar exploration
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Fig. 1 Typical lunar orbit spectral imaging payloads. (a) TC #l MI'; (b) SP'; (¢) IM"; (d) M™”; (e) Diviner""; (f) IIRS"
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crater profile acquired by LOLA altimeter
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Table 2 Performance comparison of high-resolution imaging spectrometer payloads based on motion compensation

. MARIJIS/Europe/  LEISA of L.'Ralph/USA/
Payload AHSI1/China/GF-5 CRISM/USA/MRO
JUICE Lucy
Time 2018 ~2022 (launch) 2021 (launch)
) o A main belt asteroid and
Observation target Earth Jupiter’s icy moons

seven Trojans

Spectral range /pm 0.39-2.51 0.36-3.92 0.4-5.7 1.0-3.8
IFOV /mrad 0.04 0.0615 0.125 0.08
705 km 255 km/320 km

Orbit .
(quasi-circular)
Motion compensation Reflective mirror

implementation scanning

Spectrometer scanning

(with gimbal)

(quasi-circular)

Reflective mirror . . )
. Reflective mirror scanning
scanning

JUICE F1 Lucy B 34T 55 5 BRI 24~ RAK, & X
ARV R AR R A ] ) B =, BB 3G A 5e =0 i
2, 3K PR IAT: 55 B AR O T S0 i) T S B o 5 R iz
SIFMEDRESMA B F R DI RE , H BT BT 55 35
SEEE H bR A AME LI . B ST EE H AR UL A S 2
ff AL 45 AHST™ ™ CRISM™ 4 8 47 #Ui Ry 3T [/ 2 5

8, BE AR AR E  AME S HUREE AT e .
AHST Ay ], HAME AR (R I )/ B2 R B B i 1)) oy
AAF I 67, M AN [7) B0 R0 75 SR 4 o8 7 4 M AV
P 524 CRISM iz gl #2478 T P, B B 43 I AR 23 1 ]
580 S 50T HE S, CRISM 48 8 #2275 502 o 45
A7, AT RO o, A R AL AL AR R JRE SR M o
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Gimbaling takes out along-track motion of

times and higher SNR

i' the field-of-view, and allows longer integration
-

Targets are imaged at 18 m/pixel

(from 300 km). High spectral resolution
(6.55 nm/channel) and coverage of
carbonate fundamentals at 3800-3900 nm

Bl 5 CRISMiz 8 kb UR 21
Fig. 5 Schematic diagram of CRISM motion compensation mode'”
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()

Vacuum enclosure (100 K) Mechanical
coolers

Spectrometer

Telescope

Pl 6 B rp Rl 20 AT S RSB (a) CRISM 22038 K AR IR A SR 5 (b) HLAR AR LT 1 A5O3 A 405 1 7 R el

Fig. 6 Example of a typical mid- and long-wave infrared background suppression spectrometer. (a) CRISM multi-temperature zone

low temperature and spoke cooling temperature control™; (b) structural diagram of airborne thermal infrared hyperspectral imager™”
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