H304% M2 e A TR Vol.30 No.2
2022 41 A Optics and Precision Engineering Jan. 2022

XEHES 1004-924X(2022)02-0217-10

Rip)—SH B BARERS 5

BARE', IRAT, £54 HER', kA
(1. P EAFK J&%%#%%Wfé‘cﬂ@@@%ﬁﬁ,u% ¥ % 130033;
2. PEBFKRAF,LE 100049)

TE AR D, R T 5o R A R A2 B 3T — AL B & = 260 TDICCD B % . o T 3k45 5
S3HEAE A M L B RGBS AR LB AR B B L 3BT TS R R A AR LR R Ll G BEPR 3R LAR  T R R R 4R
BRI X 45 Bl B 28 4 T Bl e o 140G, SE ST R T A A A ek /0 3 T I AG R R Ao LUK, R IR
UK M5 5 A BT AR L, LA TDI CCD ot BRI BB PR 75 o e, 38 = 0000 25 0 3B 5, 0/ N MR 7 0 3 I H 5
X R AA] 5 55 43 AH AL E A7 58 O 0 A a0, 3 50 45 SR 2 B < ASE4D0 R 00 45 1, E LR T A, ROBH R A 30 B b THT J IR
2R 0. 20, TDI CCD 4> A% B A B4 B 32 G0 A% 000 1% 8 L B AT 3K 3 e v 115, 1A%, W A2 JC B 400 Ay i s 2K

X # W:TDICCD; $#;425k; RF—F5 ;848 24

RES RS TN253; TP212  XEEARIRAS:A  doi:10. 37188/OPE. 20223002. 0217

Imaging noise analyzing and suppressing for Tianwen-1
high-resolution camera

ZHOU Pengji'*, WANG Xiaodong'", DONG Jihong', HAO Xianpeng', HUANG Jingtao'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences ,
Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

* Corresponding author, E-mail: wangxd@ciomp. ac. cn

Abstract: In order to fully utilize the limited space and field of view in deep space exploration, a camera
with three linear TDI CCD detectors is proposed. To acquire remote sensing images with high SNR and
high-resolution, according to the chain of the imaging system, methods for analyzing the key factors that
affect the SNR of high-resolution cameras as well as improvement measures are put forward. First, each
channel is designed independently to reduce circuit coupling between channels. Then, the time-constant of
the vertical transfer frequency is adjusted to reduce the crosstalk of the inner TDI CCD. Finally, the three
detectors are physically isolated to reduce the near field coupling noise. The results of the radiation calibra-
tion experiment with the high-resolution camera in Tianwen-1 indicate that by simulating the orbital condi-
tions of Mars, the SNR of the panchromatic spectrum is 115. 1 when the integral number is 32, as the ele-
vation angle of the sun is 30° and the surface albedo is 0. 2. The results show that the design satisfies the
criteria for Mars exploration.
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Tab.1 Main technical indicators of a TDI CCD

. Maximum Maximum Maximum ) )
Working ) ) Number of . Spectral Maximum in-
Pixel size/pm ) number of out- pixel readout  row transfer
specturm pixels band/nm tegral stage
put channels rate/MHz rate/kHz
PAN 8.75 6 144 8 =25 =26 450~900 96
B1 17.5 3072 2 =25 =14 450~520 64
B2 17.5 3072 2 =25 =14 520~600 48
B3 17.5 3072 2 =25 =14 630~690 32
B4 17.5 3072 2 =25 =14 760~900 32
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Fig.1 Principle block diagram of driving circuit of the
CCD
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Fig. 2 Schematic diagram of crosstalk in imaging system
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Fig. 6 Oscillogram of vertical transfer
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Fig.9 Installation diagram of isolating copper
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and after noise restraining

Item RMS/DN
Before noise restraining 13.591
After noise restraining 9.758
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Tab.3 Radiance estimation of camera entrance pupil for

each spectral channel

SNR test input radiance/

Working spectrum (Wem Zsr ')
30°,0. 2 10°,0.2  5°,0.2
PAN(450~900 nm) 9.01 3.13 1.57
B1(450~520 nm) 1. 86 0.65 0.32
B2(520~600 nm) 1.99 0.69 0.35
B3(630~690 nm) 1.25 0.43 0.22
B4(760~900 nm) 1. 98 0.69 0.35

338 SR R ) e b B R AR, DL e 4L T
3 R PR IR 45 i B A5 e b SNR 7] 35 21 100 (%)
PE T LA 9B

#4 TDICCDEMREELMIRLER
Tab.4 Testresult of SNR of TDI CCD

Environment condition
. Spectrum segment
(altitude angle, ground albedo)

Integral stage

SNR

CCDI1(times) CCD2(times) CCD3(times)

PAN 32 109 115.1 105.8
B1 16 109. 2 117.9 146. 4
30°,0.2 B2 12 138 118. 1 134.6
B3 16 149.8 142.1 161
B4 16 106. 5 122.9 118.7
PAN 96 114 120. 2 111.8
B1 48 124.3 129.6 154.5
10°, 0.2 B2 32 138.1 116.1 135
B3 32 116. 4 110. 8 127.8
B4 32 74.9 84 85.2
PAN 96 68.5 75.9 65.5
B1 64 90.4 102.9 121.3
5%,0.2 B2 48 119.9 102. 6 116
B3 32 72.4 64.4 82.7
B4 32 46 53.1 o4
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Fig. 11 Testimage of TDI CCD in outdoor scene
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