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Influence of image motion on TDI imaging camera
by distortion effect
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Abstract: With the Time Delayed and Integration (TDI) technology continues to evolve, Charge Coupled
Devices (CCD) with TDI feature has been widely applied to high-resolution earth imaging system.
However, in the push-broom imaging process, imaging system using TDI technology would inevitably be
affected by the image motion, finally leading to blur image. The reason of image motion caused by
optical system distortion in the process of TDI imaging was analyzed, formula of the image motion value
was derived, the influence of optical system distortion on Modulation Transfer Function was analyzed,
and the relationship between image quality deterioration caused by image motion and distortion was
studied. Degradation of National Imagery Interpretability Rating Scale (NIIRS) parameters ANIIRS caused
by image motion that generated by distortion was calculated for the TDI imaging system of which focal
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length was 9 000 mm, integral stage was 96, grounding sample distance was 0.6 m, AF/p was 1, SNR

was 50:1. The results showed when the derivative value of distortion was 6.493, ANIIRS would reach

-0.162 4, and would affect the image interpretation requirements. Finally, for this space camera, the

restriction value of D’ (6) without affecting interpretation requirements was given. This research could

provide a reference for optical TDI remote sensing system design.
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Fig.4 Relationship between MTF g and D'(6) with different

integral stages

FRAE A 4 A AT, R4 G ey I AR 4R 22 S 30
MTF (iR 1k 8™ E, 78 BUfR R Ge M B f=9 000 mm
T NG E AL, 24D (0)|=6 B, f# FH 48
Ry I R AR AR 25 5 B0 2% 28 T AR AR 1) MTFIR
1k MTF 4o #3551 0.69, Tl I 96 ZALIMIF MTF 4y
HJEiAE] 0.09,

MF R RE R n=96 Y, FE Mg B
(B A R, 6,=6,=0.707w) , A [F] 2 48 f: BE 4% 14
T, U5 % AR A R AL B MTF w5 D' (0) 9 ¢ 2 G0
K5 fis

MR & 5 AT An, X TR R £/=5000 mm 424 &R
4t (il 96 AU FE GG E AL , 24D (0)|=
T GIHEAY MTF 4 BIIEE] T 0.20, TMiAH[F D’ (60)5%
PR X FERE £=9000 mm ()64 R 80, AR 25
B MTF 1B 4k MTF w2k 0.69, 7] WX T4 ] TDUK,
8123 [RIAHAIL , £5 BE B JE 19 % 2% RGBT 22X D (0)
AT BR T AU /N AR5 22 X6 MTF 1520

I  —/=5000mm
ot -=-= f=7000mm
0. ———7=9000mm

0 05 1.0 15 20 25 3.0
[D'(8)]

[ 5 AR R G REWRUR AL MTF waet5 D' (0)1Y
Fig.5 Relationship between MTF i and D’ (6) with different

focal lengths

AR RGN R R R AR =
9 000 mm B4 K ni=96 B 51T, A TR A% 3%
A B, 2R AL MTF .55 D/ (0) 1L Z N
K6 i,

1.00,

= §,=0.30;6,=0.50

=0.75| ---6~03w;6=0.950

—6,=0.60;6=0.50
0.70|  ---9=0.60;6,=0.80
0.65

0 05 1.0 15 20 25 3.0
[D'(B)]

I 6 N [RBAR A7 07 i 1 4% 28 TR R Ak MTF w5 D7 (0) 1Y
Fig.6 Relationship between MTF i and D' (6) with different

field positions

HRAE & 6 T, X et T O A0 37 1A% 114 2 18] AH
BL, 54037 AR A D L3 1 R 20037 1 0.3 £%
I, 31 2 W37 137 ‘B 4k (6,=0.3w; 6,=0.95w) fl MTF 4
i 0.89, i M3 1 Ry A= W% M 1 0.6 £ 8, A M
VL B Ak (6,=0.6w; 6,=0.8w) i) MTF &>~ 0.7, 1] WL{fi
FH D 0370 £ B K, 1 G S o7 i A ol A A 2
S MTF B85, [Rlaf R ] LU 7R
HIE D7 (0) &4, #3078 4b 77 AE ) MTF 3B
PR S o B Nt 7 A e g e
PIXF D' (0) AT R .

i LR RI N B T AR R 2 B SR AFAE
XF T T TDI LA 14 2 [RIAR LA K 25 T BURUE MTR

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com


http://www.pdffactory.com

% 12 3

AL & S5 L o sF TDI AR AR AL 69 1845 % e BF 2 3955

B A R X T P S B K R B
K AR BRI TDI B OG BR GE , h BEAE B 11
1R ES 0 AR ] 2001 | 006 W 28 S50 D (0)
T 74 10 B4

3 BRETSHM TDI B E% NIIRS B

W Z AT AT AT, et R G AR R AR
BR TR EE MTF iRk, 2§ MTF T 8T,
Z A ZE AL H bR T S Y R MTF 23 ge g 78
— AR FRAEEMR P i, HEkE A A
R 1 L A5 o AR AR

A B PR R B 1 ik AR iR ik 2, B2
A5 EIRAT MR L R D 32458 R RUAH S 1 5 02 (H
XA 5 2% B A8 B I R S B TR A — A~ 38
AL TP H AR M . NITIRS™ Hy 3¢ [ B T J& Y G A
HES GRS B ol &g 10 U EIR
JoE PEA bR, 208 PG 1 SRR e SR
it B IR AL AT H ANNRS 2k 37K, 4 ANIIRS /T 0.1
WHEARE GRS, I HAR R R A i 1e e K@,
KL, i F NHRS S P f B3 A2 45 22 %7 TDI g AH AL
G5 5 ot it 5 ) HLAT — o 3 A M, B RB A
FrER R A R 1A I S EOR N
3.1 BEGBSHM NIRS BUSHFHE

14 1) NIIRS 45 #r i if GIQE (General Image
Quality Equation, i F {4 7 &t Jy 18 ) M-85 vk k47
T8, FIA GIQE 14 NIIRS 3K 0h .

NIIRS=10.251-a-l0gy,(GSD)+b - logy,(RER)+

0.656H-0.344 - G/SNR (8)
1. GSD b 1T 5 T 43 HE % SNR Ry 5 W Lt ; RER
M i G Y ek K, JF H 24 RER=0.9 i} ,a=3.32,b=
1.559, 4 RER<0.9 i} ,a=3.16,b=2.817;G i K K%
HESRAE B AR R BRI, Y RG] R R 0
5 SR B G=1 5 H 0y I8 4% 32 oR RN B R 1Y
2 T)VEURULN

) 223k X (8) AT LA XS e A8 5 3 ) NIIRS 1R 1k
TFRAT , A Fr i AR & 7 s, BBy E ok
XF 465 5 1 TDI U 2 e 78 FL A A0 47 3 BBl P9 R 5
MEALE, OGRS A
[ D' (6), ZJ5 m i B3 TDI g o #4552 3 g 2
B2 R R B, BRI NIRS S5 15
U % R A2 R A B9 NNRS, WA 75 2 NIHIRS (1B

fL{H ANIIRS,

Input parameters of time delayed
imaging system
3
‘ Set sampling number of field position |

Calculate the distortion data of time
delayed imaging system

Simulate image affected by
image motion
')
Calculate NIIRS value

3
Fit the relationship of A NIIRS
and D'(6)
¥

Analysis NIIRS degeneration of whole fields position
and calculate D'(8) satisfying A NIIRS<0.1

End

€ 7 NIRS 1Bk 73 Hr i 72
Fig.7 Flow chart for analyzing of NIIRS degeneration

MR 4575 1 A9 NIIRS 193B K ANNRS & H
XF LY D' (6) T LASE o EE LA B 7 A A T
TDI W% 25 ANHIRS 5 D'(0) Ay R ERN, N
117 A DA TA H 37 0 W AR 5 e ) BRG T a AR A
O, I ELRT DA R 0 R AR S i [ A 1251 D (6) .
3.2 BT&BSEA NIIRS B4 4724

MR L& NNRS 3B k43 A7 i Fe Xt — H A& TDI A
BERG R BIHEATIER, o B AR 5 25 T 300 B
NHRS iBfk, THE R TDI g R G 2K S5
w3k 1R,

®1LITEEISY

Tab.1 Parameters of calculated model

Parameter Value
Focal length/mm 9000
Integral stage 96
GSD/m 0.6
AF/IP 1
SNR 50:1
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Fig.8 Origin image and simulation image affected by image motion

caused by distortion
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