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Imaging parameter setting and calibration test of Tianwen-1
high-resolution camera
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Abstract: To obtain high-quality images during the operation of the Tianwen-1 payload high-resolution
camera, the imaging parameter settings were investigated. Combined with the results of laboratory calibra-
tion experiments, the default parameters of the camera in orbit and the imaging parameters under different
ground reflectivities and sun altitudes were determined. First, the radiance of each spectral segment at the
entrance pupil of the camera was calculated based on the atmospheric radiation transfer model. Then, the
output charge value of the CCD detector was obtained by applying the photoelectric conversion model. Fur-
thermore, the imaging parameters of the camera were obtained, and were found to meet the requirement of
SNR > 100. Finally, spectral calibration and radiometric calibration were conducted under laboratory con-
ditions, and the calibration error was analyzed. The experimental results indicate that the video response of
the high-resolution camera is linear, relationship between the gray value and imaging parameter is linear,

correlation coefficients of linear fitting are all above 0. 999, non-uniformity of each spectral segment is less
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than 1%, and SNR is no less than 100 under typical lighting conditions. The relative radiometric calibra-
tion uncertainty is better than 3%, and the absolute radiometric calibration uncertainty is better than 7% .

The results of the theoretical calculation and calibration are found to be basically consistent. Thus, the im-

aging parameters are designed reasonably, and the calibration results meet the system requirements.

Key words: Tianwen-1; high-resolution camera; imaging parameter; calibration
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Tab.1 Solar irradiance at the upper limit of the earth at-

mosphere
. BRI AR Y
KR TAEE B/ pm 5 BE /(Worn—)

0.45~0.90 654. 2
0.45~0.52 135.3
0.52~0. 60 144.3
0.63~0.69 90.7
0.76~0.90 143.9
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Tab.2 Estimation of panchromatic radiance with different solar altitudes and reflectances
SR AREE AL/ (Wem Zesr 1)

0 5° 10° 20° 30° 40° 50° 60° 70° 80° 85°
0.05  0.39 0.78 1.54 2.25 2.90 3.45 3.90 4.23 4.44 4.49
0.1 0.79 1.57 3.08 4.51 5.79 6.90 7.81 8.47 8. 88 8.98
0.2 1.57 3.13 6.16 9.01 11.59 13.81 15.61 16. 94 17.75 17.96
0.3 2.36 4.70 9.25 13.52 17.38 20.71 23.42 25.41 26. 63 26.93
0.4 3.14 6.26 12.33 18.03 23.17 27.62 31.22 33. 88 35. 50 35.91
0.5 3.93 7.83 15.41 22.53 28.97 34.52 39.03 42.35 44.38 44.89
0.6 4.71 9.39 18.49 27.04 34.76 41.42 46.83 50. 81 53.25 53.87
0.7 5.50  10.96 21.58 31.54 40.55 48.33 54.64 59. 28 62.13 62.85
0.8 6.28  12.52 24. 66 36.05 46. 35 55. 23 62.44 67.75 71.01 71.83

e R (5) , AT LIS B CCD #i A5 -55 R S *3 MemEg%it

£ ks ; 19 B (1) Tab.3 Table of integral time
4 F KR BE/km A B ] /ms

S=FE X R X ti, (5) 265 0.12411
Hd e R G Y& R c=0. 885 (B 1Y 300 0.14321
S 0,97, #e 4 Yo RO BT s M X LR A 350 0.17157
1012, B0 F 0k 12 40 A 55 55 B B 1Y 45 R 7F 400 0.20115
F 2 CCD My ma ) B2 R R, 3 5 48 0 &% T 0k wT 450 0.2321
L5 0 AR ) 4 B W S 5 CCD U 0 4, Y 208
R L 1 T L B G (], WL 3, 3% o0 020702
R4 BB I 20 B B 4 (5 8 o oo
650 0.37076
By 445 700 0.40698
2.3 BoHENBGSHEEE 750 0. 44872
FATC A58 CCD M55\ H , /£ A% & 800 0. 48343

] MR A A 155 DL T, RIS AR IR L 2 T LA A 5
(7 J5 AR, 2 4t SR IR AR I LK T 100, i
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Tab.4 Integral numbers with 0. 2 reflectance coefficient
HU3H 5 /km PO

5° 20° 30° 40° 60° 70° 85°
265 96 % 324 329 16 9 16 9% 16 9 16 9
300 96 9t 324 16 %% 16 9% 16 9¢ 16 9% 84
400 64 2% 16 9% 16 %% 16 %% 8% 84 84
500 484 16 ¢ 16 4 84 84 84 8%
600 484 16 4% 84 84 84 84 8%
700 324 84 84 84 84 84 84
800 329 8% 8K 84 84 84 84
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Fig.1 Spectral response curve of high-resolution camera
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Fig.2 Result of panchromatic video response linearity
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Tab.6 Estimation of camera radiance with typical light-
ing condition
TAE B AR/ (Wem st 1)
PAN 9.01
B1 1.86
B2 1.99
B3 1.25
B4 1.98
PS5 A (i B RGO i i 5 AR O3 I ] 22 i) 145G % £7 MABPASETEBRENGESR
Fig. 5 Relationship between panchromatic gray value and

integral time
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Tab.5 Result of camera response nonuniformity

AL 121 Fr i PRNU

B ; .
PHL K JE fin 22 (%)
PAN 32 2048.2 15.8 0.77
B1 16 1990. 6 16.7 0.84
B2 12 2019.9 9.0 0.45
B3 16 1996. 7 6.9 0.35
B4 8 1901.9 11.7 0.62
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Tab.7 Result of SNR with typical lighting condition

R 5 4 SNR(fi)
B N ;
= ¥ ccbl CCD2  CCD3
PAN 324 109 115.1  105.8
Bl 16%  109.2  117.9  146.4

B2 265km  12% 138 118.1 134.6
B3 16 9 149.8  142.1 161
B4 16 9 106.5 122.9  118.7
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R 3 BR O R i S 0 AN i R R ) B
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o=\ 0’ o+ olntolt ol =
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(7)

V0.010 15% + 0.03% + 0.03% + 0.006% + 0.023% + 0.01* + 0.01° + 0.005* == 5.19%.
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