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Table 1 Specifications of multispectral camera
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Table 3 Comparison of multispectral imaging solutions
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Table 4 Optical parameters of multispectral cameras
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Figure 1 (Color online) Schematic diagram of optical system.
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Figure 2 (Color online) The defocus value at different distances of the
optical system and the compensation value of the six focusing plates.
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Table 5 Thickness of focal plane compensation lens
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Figure 3 Changes of MTF at different distances during focusing.
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Figure 4 (Color online) Multispectral camera structure. (a) Lens
assembly; (b) focus wheel assembly; (c) filter wheel assembly; (d) focal
plane assembly; (e) housing assembly.
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Figure 5 (Color online) Multispectral camera motion mechanism
composition.

TECFE AL SR SRR AL 1 X B A ACR 2 i
Bl sl N ATRE, /NAFEIRB R IR B B, 323038
WA i F I AR & R, 5 8 B R P IR
B, 8T PEIEE R AR IR LR, AN R
S KGR AR ABE L RN TR AR,
TR R AR, AR R/NGF R LI 75 B R A s A
BRI B, By ki ge el R 8, IF BT iz sl 4
F13 P A 2 T 308 1o SR Mo, S I (A . Oy 1 R
IR TS P 2, AR R T HEAT T HBRAC 2L, T08eke
AERIEZN N1, MR AL 3 N6,

3.4 FREMILT

P 8 B A A2 5E I BT HENLE B br, sk
20t S A A T R bR e AR R LR
TN HE: ARBEAKFTEIRER . AOEE.
gk, Heatk, Beak. EHERNEMN
FEERAR, BTN, bR 2 E ik AHBLER 25
1.5 m, G2 CIEMHLIRIA KA, 2 b e AR KR
/I A60 mmx60 mmx30 mm.

K 2B = b s B i VR B n B 6 B 1 = AN R G
FPR IR TEAR AR . = NI bR e R A BAA A, %
SR T3 59 960%, 40%, 20%, H & Ev:, [F—4
P 7 BRAS R B IR B R AR ZEAE10% LAY

2L RE ML KRR TAERS, IS4
o, S, A AV E RS S e E T
SE RS SRR LS, A KR 2 ISR T
BEERR, B KR 2R A AR P T AR R O

B 6 (MAMERRERETE. () () BKA=AHE
FRENG (d)(g) Aftaf, GEEFR, Ttk mnm
s (h) BEEH B () LR

Figure 6 (Color online) Calibration board design drawing. (a)—(c) are
3 circular standard plates in black, gray and white; (d)—(g) are red color
card, green color card, blue color card, and yellow color card,
respectively; (h) is a projection sundial; (i) is a circular polished
aluminum plate.
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Figure 7 (Color online) Delivered multispectral camera products.
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Figure 8 (Color online) Delivered calibration board products.
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Figure 9 (Color online) Calibration plate image taken by the multi-
spectral camera on Mars.
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Figure 10 (Color online) Comparison of the spectrum data of the
calibration board on the orbit and the ground measurement data (R’, G',
B’ and Y are the spectral reflectance data of the four color blocks of red,
green, blue and yellow on the calibration plate measured by the
multispectral camera on Mars. R, G, B, and Y are the spectral
reflectance data of the four color blocks of red, green, blue and yellow
on the calibration plate measured on the ground).

239504-6



Wi s, EEE MBS )0 R0 2022 4F OS2 % 3

B 11 (PR D) 2 AR LIS ) R 2 i R R
Figure 11 (Color online) Image of the surface of Mars taken by the
multispectral camera.
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Figure 12 (Color online) The spectral reflectance curve obtained by
the multispectral camera (the surface of Mars in the red box in
Figure 11).
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Figure 13 (Color online) Comparison of the spectral reflectance curve
obtained by the multispectral camera (the average spectral reflectance in
the scene in Figure 11) and the spectral reflectance curve of the
Tianwen-1 landing zone obtained by CRISM in orbit.
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Design and on-orbit verification of Tianwen-1
multispectral camera

YANG lJianFeng, XUE Bin*, ZHAO YiYi*, MA XiaoLong, LI Fu, GE Wei, RUAN Ping,
LV Juan, LV BaoGang, HE YingHong, QIAO WeiDong & LU Di

Xi’an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi’an 710119, China

China’s first Mars exploration mission Tianwen-1 was successfully launched on July 23, 2020. The multispectral camera
is an essential payload of Tianwen-1 and is installed on the mast of the Zhurong rover. The scientific goals of the mission
are to obtain multispectral images of the landing and inspection zones, investigate the surface material composition on
Mars, and obtain basic information on the chemical evolution of Mars. This article introduces the scheme and design
results of the Tianwen-1 multispectral camera. To improve reliability, Tianwen-1 realizes multispectral imaging and
corrects axial chromatic aberration by switching eight narrow-band filters with different thicknesses, and achieves
focusing function by switching six focus compensation lenses of different thicknesses. The scientific data of on-orbit
work shows that the image is clear and the spectral data are normal. The spectral reflectance data of the calibration board
taken by the multispectral camera on Mars are consistent with the ground measurement data. The spectral reflectance
data of the Martian surface obtained by the multispectral camera are basically consistent with the spectral reflectance data
obtained by the Mars Reconnaissance Orbiter Imaging Spectrometer (CRISM) in orbit.

multispectral camera, Tianwen-1, Mars exploration
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