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Abstract Multi-angle Polarization Imager (MAI) uses a back-illuminated area array CCD detector to quantitatively
acquire cloud and aerosol parameters. Dark current is one of the main factors affecting the data quality of the area
detector CCD and its quantitative application. In order to analyze the characteristics of CCD dark current and its
channel dependence and improve the imaging quality of CCD, based on the analysis of the characteristics of MAI
level 0 data, we propose a method for analyzing the dark current characteristics of each channel of MAI based on the
nighttime scene. The period from February 2 to 16, 2018, MALI nighttime scene observation experiment is
accomplished. Comparing the observations during daytime and nighttime of the MAI light blocking channels, the
result shows that there is no significant difference in dark current characteristics observed in daytime and nighttime.
Therefore, based on the night observation data, the dark current characteristics of 13 channels of MAT are analyzed.

The results show that the distribution of dark current for each channel has some degree of non-uniformity and “bad
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points”, and the distribution within each channel has good stability, but it is significant difference for each channel.

Based on the image method to correct “bad spots”, after correcting the non-uniformity distribution of pixels based

on linear, non-linear relationship, the standard deviation of dark current images decrease from 12.1% to 6.9%.

Taking the observation of the clear-air ocean as reference, the maximum possible impact of dark current and “bad

points” on pixel observations decreased from 9.1% to 3.0%. The analysis results show that dark current

monitoring based on nighttime observation can not only monitor the dark current characteristics of each channel, but

also handle the channel dependence of dark current relative to setting dark current monitoring channel. Therefore, in

the subsequent design of satellite-borne observation instruments, the dark current of each channel can be directly

monitored and corrected by nocturnal observation, and there is not necessary to set a dark current monitoring

channel separately, which will reduce the design weight of the load.
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Fig. 1 Observations over the Southeast Pacific Ocean on January 22, 2017.

(a) Imaging of the first channel; (b) frequency distribution of DN values
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Fig. 2 Average results of 71 frames observations data on the 13™ channel on January 25, 2017. (a) Grayscale
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map of the 13" channel; (b) row distribution of mean DN values; (¢) column distribution of mean DN values
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Fig. 3 Comparison of daytime and nighttime dark current characteristics. (a) Horizontal characteristics; (b) vertical characteristics
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Table 1 Linear relationship between DN value

andline number of each channel

Channel R k o b o
1 0.8876 0.0012 0.0001 29.5559 0.0100
2 0.9003  0.0013  0.0001 29.0525 0.0100
34 0.8874 0.0013 0.0001 29.1361 0.0100
4 0.8954 0.0012 0.0001 29.0369 0.0100
5 0.8763 0.0013 0.0001 29.1326 0.0200
6" 0.8963 0.0012 0.0001 29.0570 0.0100
7h 0.8797 0.0013 0.0001 29.1216 0.0100
g™ 0.8940 0.0012 0.0001 29.0219 0.0100
g 0.8912 0.0013 0.0001 29.1106 0.0100
10" 0.8990 0.0012 0.0001 29.0433 0.0100
11" 0.8827 0.0013 0.0001 29.1011 0.0100
12" 0.8963 0.0012 0.0001 29.0285 0.0100
13t 0.8931 0.0012 0.0001 29.1211 0.0100
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Table 2 Mean DN values status of each channel. and average distribution of “bright points” and

“dark points” during nighttime observation

Number of Mean DN value of Number of Mean DN value of
Channel Mean DN value
“bright points” “bright points” “dark points” “dark points”
1 29.72 35 43.46 36 16.43
2 9.64 35 43.12 35 17.13
3w 29.73 35 43.46 34 16.51
4t 29.62 36 43.27 36 16.71
5t 29.72 36 43.47 35 16.64
6™ 29.64 36 43.06 36 17.00
7th 29.71 35 43.47 36 16.36
gt 29.61 36 43.28 35 16.91
9th 29.71 35 43.44 36 16.44
10® 29.63 35 43.03 36 16.75
1% 29.69 35 43.49 34 16.57
12 29.61 35 43.25 36 16.70
13® 29.71 35 13.18 36 15.99
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Fig. 8 Comparison of the data before and after the correction of the "bad point" of the first channel on February 2, 2018.

(a) Before correction; (b) after correction
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Fig. 9 Comparison of the data before and after the correction of the first channel on February 2, 2018. (a) Average of row

before the horizontal correction; (b) average of row after horizontal correction; (c) average of column before

vertical correction; (d) average of column after vertical correction
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Fig. 10 Correction results of observation data of the first channel on February 2, 2018.

(a) Before correction; (b) after overall correction

A, % MAT 2016 4F 10 H & 2018 4F 2 H )
(i) (1% 4 ' 38 3 B AT 40, 45 SR SR W), MAT CCD
TERAZ AT I 0], 4% 30 3 A 165 W 33 R AF G 2 3 A8 Ak,
R 0L, &1 X6 PA . CCD $#AE 43 M7 o 36 F R 5 4538
AT TR s bR, 3T 2 00 U8 M2t G
3 ) XoF 45 388 3 R ) R 1 1 S 34 5 M R AT R N P ARG
iE. fIEZJEH T CCD & i w51 A MAT 1 4=
i AR I AT RE AR X R 25 1 9.2 V0 u/N & 3.0 %6, [l
HE RIS L ER AR HE 2 121 0B R 6.9% .

MAT £ 38 38 1) B B ) AS 45, {1 15 4% 38 18 1Y) i
P9 B JHL TR 507 43 AT A7 A 38 3 L T Y T ) R
P O W 00 3 I vk A X — ) R, A ST A R R
AR PRAIZH £ S 00 L T () 37 5 UL Jy 1 ] DA &K

W CCD Ay W H, i R AE  FKE 207 14 J i T 1) 24
B AR5 CCD Y i AR B I . Bedbh e s
2 S OUL I A A% BT 5 0 R, AT LR A Y
i 10 [RDUL I Sk Wa il CCD 114 I HL U AR AIE » XA 7]
DA v 0 L JAE 00 1 A A T LA e 2 A O
0 I A D A A A T Y A

i BABTERABAMEIETE LR ELEKIET
AR MAT K38 .

2 % X #

[1] Chen H B, Fan X H, Han Z G. A review on remote
POLDER

sensing from multispectral,

0110001-8



h | b4 bl
multidirectional and polarized measurements [J]. Technology, 2014, 27(5): 26-28, 32.
Remote Sensing Technology and Application, 2006, A, Ei, maEE, . CCD 2 1h B i 4% M o
21(2): 83-92. 0], mFRHEL, 2014, 27(5): 26-28, 32.
Brukye, Ju4E, #iAE Rl POLDER £ £ % . £ 18 [10] Zhang X, Lin J] M, Zhang Z, et al. Research on
A B 3 000 4 % b SO o R R ()] . BIREEAR S measuring technique for image sensors’ uniformity of
WA, 2006, 21(2): 83-92. the CCD image-forming system with large-field angle

[2] Duan M Z, Li D R. Simultaneously retrieving [J]. Optical Technique, 2005, 31 (6): 846-848,
aerosol optical depth and surface albedo over land 853.
from POLDER's multi-angle polarized measurement. Tk, ARFEW, kP, 4. KW CCD B R4 1%
Il : a case study[J]. Chinese Journal of Atmospheric B ag MR E AR ESE (], e HE AR, 2005, 31(¢6):
Sciences, 2008, 32(1): 27-35. 846-848, 853.

BRE, Bik{. FIHZ A% POLDER k& % Bl 52 [11] Cheng X, Zhao H J. Dark-current calculation method
IR Ml 23 KRR T O 2 R R b 36 R IR R 1 [ of area CCD based on bad pixels detection in the scene
bR . Se il o A (. KRR, 2008, 32(1): [J]. Acta Optica Sinica, 2012, 32(4): 0404002.

27-35. E, BB, AT AU Y T B CCD I H

[3] FanX H, Chen H B, Lin L F, ez al. Retrieval of WA ] B2 AR, 2012, 32(4): 0404002,
aerosol optical properties over the Beijing area using [12] Hagolle O, Guerry A, Cunin L, et al. POLDER
POLDER/PARASOL satellite polarization level-1 processing algorithms [ J]. Proceedings of
measurements [ ] |. Advances in Atmospheric SPIE, 1996, 2758: 308-319.

Sciences, 2009, 26(6): 1099-1107. [13] Xiu ] H, Huang P, Li J, et al. Non-uniformity

[4] Fan X H, Chen H B, Lin L F, et al. Validation of correction of large area array color CCD aerial
POLDER-2/PARASOL aerosol products over Beijing mapping camera[]J]. Acta Optica Sinica, 2013, 33
arealJ]. Journal of Remote Sensing, 2009, 13(1): (7): 0711003.

137-144. R, W, FE, & KM 6 CCD ATl A4l
AL, BRibiE, MOJEAE, . Polder-Zparasol TLA BB AR B A PERCIE [J]. SboE 24k, 2013, 33(7):
VA I 55 7 b AE b 5 H DX R B E o B (T 1R R 0711003.

], 2009, 13(1): 137-144. [14] Yang ZD, GuSY, Qiu H, e al. CBERS-1's CCD

[5] Yao Z G, Han Z G, Zhao Z L, et al. Synergetic use image quality evaluating and cross calibrating study
of POLDER and MODIS for multilayered cloud [J]. Journal of Remote Sensing, 2004, 8(2): 113-
identification[ J]. Remote Sensing of Environment, 120.

2010, 114(9): 1910-1923. WILAR, A, BRAL, 5. PR S TR

[6] GuoJ J, Yao Z G, Han Z G, et al. Airborne CCD MR R & PEA 138 e AR F5E (1] . 38 B2 4R,
experiment of TG-2 multi-angle polarization imager 2004, 8(2): 113-120.
for cloud phase identification [J]. Remote Sensing [15] Zheng L L, Jin G, Qu H S, et al. Non-uniformity
Technology and Application, 2018, 33(3): 439-448. correction for multi-channel TDI CCD imaging
RA, WhER, R, % TG-2 £ B 3k 5% system in wide response range [ J]. Acta Optica
AL AR A TP 4 g i B (] 38 R 5 6 Sinica, 2017, 37(11): 1111001.

Jil, 2018, 33(3): 439-448. oeze, &b, whoEmy, . 20l 5 N TDI

[7] Chen Y], Zhang Z J, Zhang Z Q. Correction of CCD CCORB ARG WIAEH R IE[T]. ¥,

pixel nonuniformity [ J]. Optics and Precision 2017, 37(11): 1111001.
Engineering, 2004, 12(2): 216-220. [16] Zhao J, Zuo D L, Wang X B. Study on
FRAME, dk 20T, skA 5. CCD 1% i B AN A1 ) thermoelectrically cooled CCD in Raman spectrum
IETH ], b2 K% TR, 2004, 12(2): 216- detection system for gas analysis [J]. Laser &
220. Optoelectronics Progress, 2016, 53(7): 070401.

[8] Zhang X H, Ye P, Wang W L, et al. Gray B, 2L, FRIE. RSO R I AR G A
uniformity of the wide field line CCD image [J]. LY CCD BF5E )] . Ot 506 F2rdt R, 2016,
Opto-Electronic Engineering, 2015, 42(7): 62-66. 53(7): 070401.
wREAE M, TR, & ROIHL M CCD B4k [17] Healey G E, Kondepudy R. Radiometric CCD camera
B T]. Yo TR, 2015, 42(7): 62-66. calibration and noise estimation [ J ]. IEEE

[9] LeiRF, Wang Y, Gao ] W, et al. Study on surface Transactions on Pattern Analysis and Machine

Electronic Science and

dark current of CCD []J].

0110001-9

Intelligence, 1994, 16(3): 267-276.



h 5| 74 ot
[18] Zhang X Q, Yang H, Wang K. Image processing for 88.
the CCD based lateral flow strip detector[J]. Nano [22] Widenhorn R, Hartwig I, Dunlap J C, et al.
Biomedicine and Engineering, 2010, 2(4): 214-217. Measurements of dark current in a CCD imager
[19] Popowicz A. Analysis of dark current in BRITE during light exposures [J]. Proceedings of SPIE,
nanostellite CCD sensors[J]. Sensors, 2018, 18(2): 2008: 6816: 68160B.
479. [23] Cheng S B, Zhang H G, Liu H, et al. Performance
[20] Bret-Dibat T, Andre Y, Laherrere ] M. Preflight measurement of mechanical shutter and dark current
calibration of the POLDER instrument [ J |. for scientific-grade optical CCD [J]. Acta Optica
Proceedings of SPIE, 1995, 2553: 218-232. Sinica, 2012, 32(2): 0204001.
[21] Goloub P, Deuze J L, Herman M, et al. Analysis of TP, RERY, X, 2. BlaEgoks: CCD B H TR

the POLDER polarization measurements performed
covers [ J]. IEEE
Geoscience and Remote Sensing, 1994, 32(1): 78-

over cloud Transactions on

0110001-10

R HUBECER T Bt [ w o AR PR D] . OB B R, 2012,
32(2): 0204001.



