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Abstract
(WIRIS), which will acquire high spectral resolution images and thermal emission data of the lunar sur-

The Chang’E-7 orbiter is expected to carry the Wide-band InfraRed Imaging Spectrometer

face across a broad spectral range from the visible to longwave infrared (0.45~10 pm). These data will
support scientific investigations into lunar surface mineral composition, thermal environment, and
water /hydroxyl detection. Compared to previous lunar orbital hyperspectral instruments, WIRIS en-
hances quantitative retrieval capabilities for key spectral features such as the Christiansen Feature (CF)
of silicate minerals and molecular water. Building upon the design of the Tianwen-1 Mars Mineralogical
Spectrometer, WIRIS extends its spectral coverage into the mid- to long-wave infrared range (3.3~
10 pm), and incorporates simultaneous temperature measurements to reduce thermal correction uncer-
tainties in the 3 pm water/hydroxyl absorption region. This study addresses the quantitative calibration
requirements of the newly extended spectral range by proposing spectral, radiometric, and geometric cali-
bration methods tailored for the mid- to long-wave infrared bands. Based on calibration experiments, the
sources of error and associated uncertainties are analyzed. The results provide essential methodological
and technical support for accurate physical parameter retrieval and scientific application of WIRIS mid-
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to long-wave infrared data.
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Table 3  Analysis of spectral error in spectral calibration
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Absolute radiometric calibration uncertainty factors
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Table 4 Statistics of radiometric calibration errors
B AHRTERST E BRI 2E /K Y RTERT E bR IR 22 /K
R LTAMNX (3.3~6.5 pm) <0.68 <1.56
K24 X (6.5~10 pm) <0.95 <1.40
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Table 5 Inner orientation element test results
W hieE i
i K
23 14k 4 i B/ pixel 245 274
HLEERE /mm 168.008 167.400
HHLIFOV /mrad 0.179 0.179
HHL/ () 4.535 4.529

— Instrument radiation calibration radiance
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Comparison between radiometric calibration radiance and actual entrance pupil

radiometric brightness of MWIR and LWIR channels
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3.3 JLEIRER

HRAE A SCER LA TLT e bR 7k, T e R A
GERIF 5.

P A e Do BRI 3k P A, R L Y. 3
RS B B T 5 15 R B 1 D 0 3w, RV 5
FEGAE B0 A B g, IR ZEAL B A /u? + w2 7T
PR AAE B U] b A R ) 4k 5 5 o BER
0.5”; SR TM5100 A ABUYGH 2 A SO AR A4 76
TR, 2R A I ERS Bl £0.77 . AL,
I TS N TR I R 2E R

£ :{ 0.52 + (0.7 x 2)2} =
7.2 x 107® mrad < 0.04 x 0.18 mrad.  (8)
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1 98T AR RN RE 7. FEJETE 3.3~10 pum Ay
K4 st Be, WIRIS ¥ 528 CF . 43T /K ik
X (29 6.1 pm) M 7 SRIAER S 1 8 L2 = G B, 1
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B SRR T . SR TTZ A B B BRI T e i
ZHRPRER, 58385 1Y AR 520 Ol A P i S RS
JE SR SR O L
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AEXT /e X RS Ry . PN (e 3R SR 5 R 25 4
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e | AR R TE SRR S A T OB A bl TR AR S
£, WA AR AT 55 LA M i G i B AR 9 7
Py s SR RE AL R S %

MR A AEE A AR 2 P

S Xk

[1] YU Houman, RAO Wei, ZHANG Yiyuan, et al. Mission

Bl

(10]

(1]

(12]

analysis and spacecraft design of Chang’E-7[J]. Journal of
Deep Space Exploration, 2023, 10(6): 567-576 (4351, 58
Jh, RARIR, . CBEIRL S RN ST SRR (D). TRE TR
i (FPHEI0), 2023, 10(6): 567-576)

WANG C, JIA'Y Z, XUE C B, et al. Scientific objectives
and payload configuration of the Chang’E-7 mission[J]. Na-
tional Science Review, 2024, 11(2): nwad329

ZHAO Baochang, YANG Jianfeng, CHANG Lingying, et
al. Optical design and on-orbit performance evaluation of
the imaging spectrometer for Chang’e-1 lunar satellite[J].
Acta Photonica Sinica, 2009, 38(3): 479-483 (BXTEH, Wik
Ve WA, GF. IR PRGOSO ¥ RGBT 51
BTG [J]. SR, 2009, 38(3): 479-483)

HARUYAMA J, MATSUNAGA T, OHTAKE M, et al
Global lunar-surface mapping experiment using the Lunar
Imager/Spectrometer on SELENE[J]. Earth, Planets and
Space, 2008, 60(4): 243-255

GREEN R O, PIETERS C, MOUROULIS P, et al. The
Moon Mineralogy Mapper (MS) imaging spectrometer for
lunar science: instrument description, calibration, on-orbit
measurements, science data calibration and on-orbit valida-
tion[J].
116(E10): E00G19

CHOWDHURY A R, BANERJEE A, JOSHI S R, et al
Imaging infrared spectrometer onboard Chandrayaan-2 or-
biter[J]. Current Science, 2020, 118(3): 368-375

PAIGE D A, FOOTE M C, GREENHAGEN B T, et al
The lunar reconnaissance orbiter diviner lunar radiometer
experiment[J]. Space Science Reviews, 2010, 150(1/4): 125-
160

GREENHAGEN B T, LUCEY P G, WYATT M B, et al
Global silicate mineralogy of the moon from the diviner
lunar radiometer[J]. Science, 2010, 329(5998): 1507-1509
LUCEY P G, GREENHAGEN B, DONALDSON HANNA

K, et al. Christiansen feature map from the lunar recon-

Journal of Geophysical Research: Planets, 2011,

naissance orbiter diviner lunar radiometer experiment: im-
proved corrections and derived mineralogy[J]. Journal of
Geophysical Research:  Planets, 2021, 126(6): ¢2020
JE006777

EHLMANN B L, KLIMA R L, SEYBOLD C C, et al
NASA’s lunar trailblazer mission: a pioneering small satel-
lite for lunar water and lunar geology[C]//2022 IEEE
Aerospace Conference. Big Sky: IEEE, 2022: 1-14

HE Z P, XU R, LI C L, et al. Mars Mineralogical Spectro-
meter (MMS) on the Tianwen-1 mission[J]. Space Science
Reviews, 2021, 217(2): 27

HE Zhiping, GUI Yuhua, LI Jinning, et al. Spectral ima-
ging for lunar orbit exploration: research status and tech-

nical challenges[J]. Acta Optica Sinica, 2022, 42(17):


https://doi.org/10.1093/nsr/nwad329
https://doi.org/10.1093/nsr/nwad329
https://doi.org/10.1186/BF03352788
https://doi.org/10.1186/BF03352788
https://doi.org/10.1029/2011je003797
https://doi.org/10.1029/2011je003797
https://doi.org/10.1029/2011je003797
https://doi.org/10.1029/2011je003797
https://doi.org/10.1126/science.1192196
https://doi.org/10.1029/2020JE006777
https://doi.org/10.1029/2020JE006777
https://doi.org/10.1029/2020JE006777
https://doi.org/10.1029/2020JE006777
https://doi.org/10.1029/2020JE006777
https://doi.org/10.1007/s11214-021-00804-z
https://doi.org/10.1007/s11214-021-00804-z
https://doi.org/10.3788/AOS202242.1730001

530

[13]

[14]

[15]

1730001 (fals&F, Heprde, 2oy, 45, I H BREFGERRI K
TG AR DT PR SHEARPEAR [J). D4R, 2022, 42(17):
1730001)

HAN Yanxue. Study on Key Technologies of Cryogenic
Long-wave Infrared Hyperspectral Imager[D]. Changchun:
University of Chinese Academy of Sciences (Changchun In-
stitute of Optics, Fine Mechanics and Physics, Chinese
Academy of Sciences), 2023 (Wi I B 4040 =G
AR B ARBSE [D]. K& hEBEBRE RS (hER
B AL AR RIS W BEATTE AT ), 2023)

HONNIBALL C I, LUCEY P G, LI S, et al. Molecular wa-
ter detected on the sunlit Moon by SOFIA[J]. Nature As-
tronomy, 2020, 5(2): 121-127

LI J N, WANG M Z, WU B, et al. Thermal removal meth-
od for Chang’e-5 multispectral data using a heat conduc-
tion model and real terrain[J]. IEEE Transactions on
Geoscience and Remote Sensing, 2023, 61: 5002806

EEEN

FBT A, 1991 4F 1 A TR
7, i, BN E Rl B iR 4y BT
FETRIBFFE 51, FRZERFTT 7 8] iR e midgot
FEARIAR B 5 B s Ak

E-mail: mzhwang@mail.sitp.ac.cn

Chin. J. Space Sci. =RAFFIR 2026, 46(2)

XEE B, 19854 12 A HAETH
MBI, e, BN E BB
ARPIFERF ST = G T AR, W7 R
AN =D Ry e T & oy L AN =]
it BN FH 5

E-mail: liuchengyu@mail.sitp.ac.cn

& & GBEESE) 5, 19884
AT WA BN, B, 3N E R B
VR AR YA ST i G T AR, RS
D5 1] A28 (6] 63 B far 1L AN R 1Y
{55 B SOt SRR Ak,

E-mail: jinjian@mail.sitp.ac.cn

ETE GREESE) B, 1977 F 7
FHA T4, e, S0 ERE b
AR Y BB BT — B 5L B = &
1, MR TR RS E, BXE
S5 BEBUN REIR NG, E BRI 8 N HTHG
HUZRIE AR, Eheti e s S DR A
ARMRE, W 4G R SR I T
RIFJAFHE R TR

E-mail: hzping@mail.sitp.ac.cn


https://doi.org/10.3788/AOS202242.1730001
https://doi.org/10.1038/s41550-020-01222-x
https://doi.org/10.1038/s41550-020-01222-x
https://doi.org/10.1038/s41550-020-01222-x
https://doi.org/10.1109/tgrs.2023.3281813/mm1
https://doi.org/10.1109/tgrs.2023.3281813/mm1
mailto:mzhwang@mail.sitp.ac.cn
mailto:liuchengyu@mail.sitp.ac.cn
mailto:jinjian@mail.sitp.ac.cn
mailto:hzping@mail.sitp.ac.cn

	0 引言
	1 仪器功能与主要技术指标
	2 定标方法
	2.1 光谱定标
	2.2 辐射定标
	2.3 几何定标

	3 定标结果与误差分析
	3.1 光谱定标结果
	3.2 辐射定标结果
	3.3 几何定标结果

	4 结论
	利益冲突
	参考文献

