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Fig. 1

Schematic illustration of the VIRIS operational configurations and mounting location.
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Table 1 Comparison of key specifications of major spectroscopic payloads for deep—space exploration.
Payload VIRTIS CRISM VIR M3 MMS L’ Ralph MAJIS VIRIS
Chandrayaan—
ROSETTA MRO DAWN TW-1 Lucy JUICE TW-2
Mission 1
(2004) (2005) (2007) (2008) (2020) (2021) (2023) (2025)
0.22 - 0.25 - -
Spectral Range/ pm 0.36-3.9 0.43-3.0 0.35-3.8 0.5-5.4 0.45-4.5
5.0 5.0
0. 074(VNIR)
IFOV/ mrad 0.25 0. 061 0.25 0.7 0.5 0.08 0.15
0. 148(SMIR)
FOV/ (%) 3.7 2.12° 3.7° 24° 12° 1.4 3.4 3.8°
Weight/ kg 23 32.9 20 <10 8.09 35.0 49.2 15.3
Power Consumption/ W 50 44.4 -47.3 52 <20 / 24.5 / 45(¥1H)

597K (OH/H,0) B FFAE MR 7, 3.2 - 3.6 wm P
BLS e A ML C - H SR M a4k s A7 6,
L, P B 4.5 pm BGIEHEIEE ), VIRIS B
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BRI 5PN B RE ST, R BFSE /N T B ARAE T
KA HLTRAEIRZS SR AL T F 20 B

P R O B 55 1 SE RN I 6 o B Rt
— P PE T W2 W SCRAIE B A# AT RE T . VIRIS
£ VNIR il SMIR I Bz 1)~ F- 3556 1% 23 543 1) 3k 2]
6.55 nm F1 9. 98 nm, Al AR 1 pm A1 2 pum Fff
WA B O L TE RCIE X AR A OGS S
B, REAS TR SRR AT A X G5 LA S AR A 4 5 1
AR FI . [RIEE Z 5 BERAKRe U 2 2.7 -
3.5 wm B s HAR X B K AL P FA B
W SRR AR B FR BT SR . H BRS/MT B RGO IR

AT 55 1 S2 BIH L 29 10 nm 5 50 B 19 635 40 HER
REAS A U BT 220 W) 02 WP SRR W 2
WA U ) R R D R R T IR SRS
I FTEERLERIE T R

FROGIGHERESD , 25 [B] 73 BE A e T H AR mi 4
RUBE 3t 5o {5 B AR HAE J) o VIRIS AR L7373 531
A 0. 074 mrad F1 0. 148 mrad, 76 K [n] — 5 $L R T E
BV 25 A7 T AT 34 R P R Ry =3 (8] 3 HE R
REAS AL R B A T T DUAR Y L) R i R
DI G 20 1 22 7 5 s TR o3 A REAIE , S U 3R
T ) Jo S SO P S T Jo i R T R e A (B R A
P OGS 4%

LEE MR, VIRIS YT B9 B AR TE b RE 4%
B R [A) AT S B X IO AT A KA ) S A
GIR/ESS S ISR NIEAR S X YN e 31]
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i (g —FebE e Heh i T RE AR Y N G E b g
FEFR AL E bR = A5, Bl 19 £ 2 AR i &k
A GEARIE (AL ST TS BERR A
&, R A &G RRIN G, niE 2(a) iR .
2.1 RiEER

St 2 A S AN A 2 (b) T, R B £ A
(Horiba iHR550/iHR320) j= A= B (6 - 17, 78 FL 25
T Py (VNIR 338 -40 °C . SMIR M5 -120 C) %
W B, ARIBOGTE i 07 bR AL, 3 O K SOk o
PR (Full Width at Half Maximum , FWHM) . Ebr%h
UL 2 VNIR G838 - Y0063 70 HE32 6. 55 nm (B K
7.9 nm) , SMIR i i 1 9. 98 nm (H K 12.0 nm) ;
EFRAEE:0.45 - 0.9 pum LT 0.5 0m,0.9 - 3.0

pm LT 1.0nm,3.0 - 4.5 pm LT 2. 5 nm.,
2.2 EETERR

R S b T ST AR L DNE 55 A it 4 S
SEEZ M s R . %] VNIR M SMIR £
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SN LL MR ST i 2 L, 75 B4 A LR T 000 8 57 A
V] ) 15 2 AP 5 B 7R I DL A 3 R
AN [ B4 2 s Y5 R A BAS A
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R ER, 2.2 - 4.5 pum R AR I B A (250 - 420
K)F1100 K AR BAARFIBR T 5. VIRIS B/ RET
SR | 52 I R I RIZT AT S 1 B 5 R AR
Sy BR O PRR £ BE B T SR A HR ST 2 A 1B IE 1R
Julalmg R AR A1 . T VNIR G#GE InGaAs £271
RTEAR IR B A5 N I AR AR g B T4
M 17 {2 T K18 KL XS 8 539 2 A v AN 1 ] T aA
IR 23 B e RS 4R MR I A B A R A T B A4 T
Jo A5 T 5 SMIR 388 30 D) SR FH 4 M A58 78 1 47 4 X 0 2
FEAR o SR T FE T O R I 5 B2 %) s o U5 T 48 %oF
FRIHE bR, BT DNAH S5 52 BE Z M i 3 400G R
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SERb R AR B

(a) Calibration Instrument

(b) Spectral Calibration
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Fig. 2 Ground calibration system of VIRIS: (a) Major calibration equipment; (b) Spectral calibration; (c) Radiometric calibra-

tion (left: integrating sphere; right: blackbody source) ; (d) Geometric calibration
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I 5 FEL

FEE 2 BRI A 43 R 2 440 43 591 3 B
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SRR R o R G IR R R AR AR A G e S T Y
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AN 2 (B 7 A T R HE S S MR IE .
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FLR W SR 2 A AR S RS B R, S ()
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2.2.3 EHERRESH

VIRIS 8 5 7 A ok #2 v, B 53 35Kk o9 38 SOk %
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Fig. 3 Comparison of response characteristics before and after radiometric calibration for the VNIR channel: (a) Before radiomet-

ric calibration; (b) After radiometric calibration
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Fig. 4 Comparison of response characteristics before and after radiometric calibration for the SMIR channel: (a) Before radiomet-

ric calibration (1.6 - 2.5 um); (b) After radiometric calibration (1.6 — 2.5 um); (c) Before radiometric calibration (2.2 - 4.5 um); (d)

After radiometric calibration (2.2 - 4.5 pm)
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X} 5 5 RE ARG AR DR A2 o VIRIS B A5 R 48 AN E
JE BN R ER R IR AR M S R Y I R
P o HRE R 5L B bR RGN JE R e PR A
R 25 RH TR 5 A Broks BE G B B VIRIS 468 X0) 48 S
FERRANE B, AR

U, =P+ NL*+ U* + R*, (5)
Ho U, M5 S E RS BRI E s PR ERR RS
AN E BE s NL ARG BE s U N E b RGEFREME R
R AFGT i S o A AN o

TR GE bR R GEAE AR 30 em (I N 450 1

FEFRE T 0. 46% , 76203 Bl 9 A ¥ 51 AR F 1%,
I ] E PR T 0. 2%ofh 5 BBAKSE bR 22 58 76 1H AR 20%
20 em HYFEHE NS PEFRIRIE T 0. 4% @ 2.2 - 3. 4
pm 0. 1K @3.4-4.5 um,

SE bR &5 0 . VNIR 3 18 A1 X 48 5t 5 b AR
0.45 - 1. 6 pm PE B T 1. 6% , SMIR 38 T8 FH o 45 5
FERRTEL. 6 - 3.4 pm EBAR T 1.1%,7£3.4 - 4.5
pom % B FE SF RO B 2 B2 T 0. 14 K VNIR 3 H

R2 WHEREEER

Table 2 Main results of ground calibration

o XoF R SR AN G2 FE AL T 9. 1%, SMIR 3 38 466 %of g 2t
AWIEEAEL. 6 - 3.4 pm P BT 8. 4%, 7E3. 4 -
4.5 pm % B B SRR E FE AR T 1.4 KL, A S
B
2.3 HEJLAERR

JUAT 8 bR 46 48 RS B2 9 5 (60 0 38 R BE 1 A
P ZEbS . T8 LA SR DG g bt 2% (A T 22
bit, W ARG BE 5") 48 IAE FE L T°0. 0097, N7 fiioc
# : VNIR % /5 %1 521, £ 5 201. 915 mm, IFOV
0. 074 mrad ; SMIR =& &% 250, 4270 201. 988 mm, IF-
OV 0. 148 mrad; XUl 1 G2 /1 0. 427 ; By 28 RMS
PET 0. 07800 FHEAEARBR £ 8 bR e $6 I AL AR &
5 HEMEBT A b R ) B e 06 R, A Tl 1) D A 152
2Z2/NF 77 S 5 25 /N T 0. 02 mm. HE AT AE A
1) FE LR 2 PR

3 EHERAR

VIRIS 7E8L N B 2 hn i a5, an &l 6 i : OFL
BRI Z KR AT,0.45 - 2.5 pm) , ARG BN
B FE<3. 7% ; @K (25%8. 05 mm, & 5T %20. 975
@2.2 - 4.5 pm) , MRS +0. 1 K; @Y & brae
(A7 P A 38 38, A 30 T8 AR 15 B R AIF 04 860
3300 nm) .

Calibration Ttem  Calibration Parameter

Measured Value

Spectral Range

0.445-4.511 pm

Spectral Resolution
Spectral Calibra-

6.55nm @0.45 - 1.6 um
9.98nm @ 1.55-4.5 um

tion

Calibration Accuracy

0.5nm @0.45-0.9 um
1.Onm @0.9-3.0 um
2.5mm@3.0-4.5 um

Spectral Range

0.445 - 4.511 um

Relative Radiometric

Radiometric Cal- Calibration

Radiometric uncertainty < 1. 6% @ 0. 45 - 1. 6 pm
Radiometric uncertainty < 1. 1% @ 1. 6 - 3. 4 pm

Brightness temperature uncertainty <0. 14 K @ 3.3 - 4.5 pm

ibration
Absolute Radiometric

Calibration

Radiometric uncertainty < 9. 1% @ 0.45 - 1. 6 um
Radiometric uncertainty < 8.4% @ 1.6 - 3. 4 pum

Brightness temperature uncertainty <1.4 K @ 3.3 - 4.5 pm

Image Distortion
Pointing Accuracy
Geometric Cali-  Axis Pointing Measure-
bration ment Error
Origin Measurement Er-

ror

Geometric accuracy < 0. 07 pixels

<0.009°

<7"

<0.02 mm
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Fig. 5 Ground radiometric calibration uncertainties of VIRIS: (a) Relative radiometric calibration uncertainty in the 0. 45 - 1. 6

pm spectral range; (b) Relative radiometric calibration uncertainty in the 1.6 - 3.4 pm spectral range; (c) Relative radiometric

calibration uncertainty in the 3.4 - 4. 5 um spectral range; (d) Absolute radiometric calibration uncertainty in the 0.45 - 1. 6 um

spectral range; (e) Absolute radiometric calibration uncertainty in the 1. 6 - 3. 4 um spectral range; (f) Absolute radiometric cali-

bration uncertainty in the 3. 4 - 4. 5 um spectral range
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Fig. 6 Design and components of the VIRIS onboard calibration system: (a) Schematic illustration of the onboard calibration con-

figuration; (b) Integrating sphere and blackbody source; (c) Spectral calibrator
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Table 4 Relative standard deviation of the spectra
measured by the VIRIS flight model and the

reference spectrometer.

Uncertainty
Sample 700 - 2500 2500 - 4200
450 - 700 nm
nm nm

Olivine 10. 4% 4.9% 7. 0%
Clinopyroxene 7. 6% 4.8% 1. 8%
Orthopyroxene 9. 6% 5.1% 3. 7%

Apatite 12.2% 10. 1% 6.3%

Siderite 12.3% 9. 0% 3. 4%
Mixed Sample 1 7.0% 4.7% 5.7%
Mixed Sample 2 5.9% 1. 5% 3.0%
Mixed Sample 3 7.2% 2.0% 3.9%
Mixed Sample 4 6.6% 2.2% 4.6%
Mixed Sample 5 2.2% 3.5% 2.9%
Mixed Sample 6 9.1% 2.4% 4.6%
Mixed Sample 7 8. 1% 3.9% 4.0%
Mixed Sample 8 11.3% 6. 6% 2. 8%
Mixed Sample 9 6.2% 4.2% 2.3%

Average 8.26% 4. 64% 4%
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Gang”, Yuan Li-Yin'’, Li Jin-Ning', Wang Rong'
(1. Key Laboratory of Space Active Optoelectronic Technology, Shanghai Institute of Technical Physics, Chinese
Academy of Sciences, Shanghai 200083, China;
2. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100190, China;
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Abstract: Tianwen-2 is China's first asteroid exploration mission, which aims to conduct comprehensive investigations
of the near-Earth asteroid 2016 HO3 and the main-belt comet 311P. The Visible and Infrared Imaging Spectrometer
(VIRIS), as one of the key payloads onboard Tianwen-2, is designed to acquire hyperspectral data in the spectral range
of 0. 45 - 4.5 pm for investigating the surface composition and evolutionary history of extraterrestrial bodies. VIRIS
adopts a dual-channel common-aperture configuration, including a visible and near-infrared (VNIR) channel (0. 45 -
1. 6 um) and a short- and mid-wave infrared (SMIR) channel (1. 55 - 4. 5 um), which enables effective detection of di-
agnostic absorption features of pyroxene, olivine, hydrated minerals, and organic materials. This paper systematically
presents the calibration scheme of VIRIS, including the methods and results of spectral calibration, radiometric calibra-
tion, and geometric calibration. The results indicate that the average spectral resolution of VIRIS is better than 6. 55 nm
in the VNIR spectral range and better than 9. 98 nm in the SMIR spectral range. The uncertainty of absolute radiometric
calibration is better than 9. 1% in the VNIR range and better than 8. 4% in the SMIR range, and the geometric pointing
accuracy is better than 0. 009°. Furthermore, observation and calibration modes of VIRIS, as well as the characteristics
of its data products, are introduced.

Key words: Tianwen-2, visible and infrared imaging spectrometer, calibration, data products, asteroid exploration



