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Optimal set of TDI CCD integration stages and gains
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Abstract: In order to improve the image quality of the space TDI CCD remote sensing cameras, the
method to set optimally of TDI CCD integration stages and gains was proposed. The dependence of
the Signal to Noise Ratio(SNR) and Modulation Transfer Function(MTF) on the integnation stages
was discussed. Then, it points out that increasing integration stages can resolve the lack of exposure
light energy and improve SNR, but it causes the image MTF reduced. However, increasing gains can
also resolve the problem of lack of exposure light,and it makes the SNR and the imaging MTF un-
changed. These results means that the set of the SNR and imaging MTF can improve the image quali-
ty. By using the SNRX MTF as the optimal goal, this paper optimizes the integration stage and the
gain. Numerical calculation result shows that when the pitch speed of satellite is 0. 005°/s and the ex-
posure is 1/66 of saturation, the high quality image can be obtained in the integration stage to be 44

and the gain to be 1. 5.
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Tab. 2 Optimal values of integration stage

and gain with different pitch speeds
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0. 006 36 1.83 18.79
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0. 004 53 1. 245 22.99
5 & %

TDI CCD [ {5 52 v] LA I FR 43 B 1] £ 15
{51 1 . fH 2 TDI CCD X4 % DU it A ™ k& fi 2
SR HHG R 1 25K B 2 R4 GO0 18 i i B
FeRE BB AR VL L 25 380 MTF 9 F ¢, SNR
A MTF & B4R 5 i (14 5 2 0F 48 b o A% 1 7 T
RTIE 40 K B 4 e, MUTF 2 W0 2 PR A5 2 i) 5
Oy PERAEER . MEOG AR R R B, G A 50 25
A2 SNR HUWAZSREAL MTE, U3 280
B 25 0B E A — AR ) B, AR SCGE R
SNRX MTF 1 Jy G 3 & 3740 48 b o 45 7 *F
PR GBORIE 25 AT AL B 9 k. 48 T
TP B AT e A R O A R T R
ML 455 . FEAR SCHIMLS @ B80T . 24 TR i
A A 0,005 (°) /s, BESE A FIE 9 1/66
B FRUS GOBON R R 44 G RS I N 1.5,



862 D=2

%A %19 %

SE 3k

[1] HOLST G C. CCD Arrays. Cameras, and Dis-
plays[M]. 2nd ed. USA: JCD Publishing, 1998.

[2] HOLST G C. Electro-Optical Imaging System Per-
formance [ M]. USA. JCD Publishing. 2008.

[3] WANGD]J , ZHANG T, KUANG H P. Clocking
smear analysis and reduction for multi phase TDI
CCD in remote sensing system [ J]. Optics Ex-
press, 2011,19(5) . 4868-4880.

(4] B R¥.FKTE,F 5% B2% TDICCD MHLAAT

WiAE )], kg # % T4, 2010,18(9) ;2028
2035.
MA T B, GUO Y F, LI Y F. Precision of row fre-
quency of scientific grade TDICCD camera []].
Opt. Precision Eng., 2010, 18(9):2028-2035. (in
Chinese)

[5] Aiad,303% 480, HBRIENAE TDI—CCD AHHLA

BRERE W N R AT, AR B 42, 2010.19
(5):70-75.
DENG X J, GUO Q, RAO W. Factors Affecting
the TDI-CCD Camera Image Quality in the Lunar
Orbiter[ J]. Spacecra ft Engineering , 2010,19(5) ;
70-75.

[6] &, m%. Z3£9,%. 8192 450 TDI—CCD 4
’HH%”%’%H:B’*J‘%/\JH}?U]. s R, 2008,30(12)
683-687.

XU Q, Miao L F,WANG Y M, etal.. In—depth
Analysis of TDI— CCD Image Senor[J]. Infrared
Technology » 2008,30(12) ;683-687.

[7] JANESICK J R. Scientific Charge-Coupled De-
vices| M]. USA. SPIE Publications, 2001.

[8] M. XTEBEMGHBMATHBLI] AKX
B w5 R, 2009,30(2):10-17.

CHEN SH P. Some issues about the remote sensing

&R

BEME A (1980—) , 3 i b FH BN, B i
WFFE 1, 2008 48 T o [1{ B} 2 B K A5
SN W HUAK 5 4 B O0F 5% BT AR A - 2
AL, FEZWFSET7 0] 2 6 i B A5 B A 3R A
A, E-mail: xue0818@163. com

[9]

[10]

[11]

[12]

[13]

image quality[J]. Spacecra ft Recovery & Remote
Sensing » 2009,30(2):10-17. (in Chinese)
B AEM R E R F R M2 X TDI CCD
HIBIL B AR 1) 5 Wi Lﬁﬁiﬁm. & T A2, 2008, 35
(11):45-50.
YANG X B, HE X J, ZHANG L, et al.. Effect
and simulation of the deviant angle error on TDI
CCD cameras image [J]. Opto-Electronic Engineer-
ing, 2008,35(11):45-50. (in Chinese)
BV R RIT S, AT B XS (A AH HL
BRAMERG R T]. k¥ A% TR, 2008,
16(11):2199-2203.
YAN D J, XU SH Y. HAN CH SH. Effect of
aerocraft attitude on image motion compensation of
space cameral J . Opt. Precision Eng., 2008,16
(11):2199-2203. (in Chinese)
ALkt b JE T T TDL 3k ik T
M CMOS gt ik s The[J]. kA% & &,
2010,18(8):1896-1903.
QU H S, ZHANG Y, JIN G. Improvement of
performance for CMOS area image sensors by TDI
algorithm in digital domain[J]. Opt. Precision
Eng. . 2010,18(2):1896-1903. (in Chinese)
R RS IREE, X &%, TR RS R E X TDI CCD
MPLRRE L], & RiE Tk K ¥ 4R, 2002,34
(3):382-384.
LONG F N, ZHANG W, LIU J F. Effect of sat-
ellite attitude control accuracy on TDI CCD camer-
as [J1. Jowrnal of Harbin Institute of Technolo-
gy, 2002,34(3):382-384. (in Chinese)
WONG H S, YAO Y L, SCHLIG E S. TDI
charge-coupled devices: design and applications
[J]. IBM Journal of Research and Develop-
ment , 1992,36(1):83-105.

RBEEASI—) . . NF 225 H
NSRS A, 2 FOh B R R
AR BB G 4k 38 7 18 B B 5K . E-mail.;
19031121@163. com



5 430

P UL A 5 45 2 23 R38R ML TDI CCD 43 9 85 Fn i 35 1 1k 158 863

BIES (1984 —), . 1L 7 K& N, il
+ WFFTSE A B, 2009 4E TG R IE Tl
KR A2 07 , R ENFAF 5 b
J5 W 5%, E-mail: lv-hengyi @ 163.

com

DR (1984 =) L. FH MK AR AL
+ L, B ERBF 9T 51, 2008 4 F i ARk gk
PRI 2, B N G AL B RO
AAG TR B TSI R I T B AF 5
E-mail: matb0319(@ yahoo. com. cn

BBk ®(1961—), B, HMARKFEN R
B S0, 1990 E TR K &
St BAL I S W) A 5T BT 3R A5
24, 3 8 FOk HL R B L CCD
B T2 i AR T & 55 I 1Y B

5% » E-mail: guoyf@ciomp. ac. cn

@ THHE

620 mm FHHEHEITIELEHRRKRIES T

RAME L KEFRLRAE

A l,2
B

(LPERER KELFBENREWEF R, 4 K& 130033;
2. ERFKR R ER,LE 100039)

Bt X K101 A% v B T SR 5 O T S R S A R AN [ AT A S TET TR SR RS R AR A X A
B XS G AT T RS IE . £F%F 620 mm 42,18 mm JE B M8 F 3 X RS, K LR A 36
MRS ST R 6 s VI sh A . T T S A R AR S O BUS IR A L 7R R AT S S A I R
AT+ B S IR A A RMS (HIH— Ak 1 000 nm, 22 A5 H A L (94 1E 975 20 1T A TRV #3285 1 12
(A5 Ak I 2R F e/ 3 i AR ZS 4R AL R IR i pR B0 & T B4 10 A8 T8 SR B B IE I X e T RGE
TR R AR T R SC AR IR E R ERRIEZ R0 T B A 3R 2 AR IR 2 6 R, BMAKIEL R D
N s B ERCE B R KO 2. 23 NORARIE J) K T R RMS M 27, 62 nm B IEF] 12, 95 nm, E4HiK
SERCE I RRCH 0,59 N B IE F7 . AL % RMS M 7. 68 nm A IEF] 2. 84 nm. £5 5L 3F T 5% s
AR AL IF 5 T A (Y AT AT



