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Abstract: To compensate the image motion of a space camera with large field, a general image motion
velocity field model was established by combination of coordinate transformation and attitude dynamics
for an off-axis three mirror anastigmat camera. In modelling, the effect of off-axis angles of three-
mirror system on the image motion was taken into account, and the formulas of image motion velocity
field in the off-axis three-mirror system were derived. By taking a space camera with large field for an

example, the distribution characteristics of imaging motion velocity field under three typical imaging
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attitudes were analyzed. The influence of three axis attitude stability on imaging quality of the satellite
was studied. The results indicate that the decline of satellite attitude stability, especially the pitching
attitude stability, will lead to the decrease of dynamic Modulation Transfer Function (MTF) of focal
plane. And the decrease is more obvious when the integration stages are increased. Moreover, the
satellite attitude should be more stable when the camera is imaged in a side rolling with a large angle.
For the space camera with 96 integration stages and the reduction of MTF no more than 5%, the
satellite three-axis attitude stability should be controlled under 0. 001(°)/s. the experiment results
confirm the above analysis of satellite stability, verify the accuracy of the proposed image motion
velocity field model and provide a reliable basis for the image motion compensation of space cameras
with large fields.

Key words: space camera; off-axis three mirror anastigmat system; image motion compensation;image

motion velocity field;satellite attitude stability; Modulation Transfer Function(MTF)
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Tab.1 Distribution of focal plane image motion velocity field
Level off imaging 40° rolling imaging 40° pitching imaging
% E 20
i‘ é 18
5;" RT3
8 g
z Z 14
g g
& % 8 13l e
E i} <5l ) —% 0.5 — ._-'—'— 0.02

0.5 -0.02

A, /m

2 <
- g 174
21805 5 1.74
= =]
B g
2 2
S 1814 3
E g
E g
= 1.8]5 e ot &
05 T 0,02
0 T 0
Y/m -05-002 X /m Y, /m

T

-05 2002

~0.520,02

X /m

002 002

- i e

X, /m ¥,/m

-0.520.02 X,/m

3 RELEBSREENSRGERENE
"6 4 AT

KA 25 B AR AL B AR 3% 3 BE 37 53 A 2 0% 31X
SRR AMEF AR T @ i Bk, 3R A5 = i
I 8 SRR RR R AR I ARORS B R 7 B R S A AR
TR AR A% 3 BE , 96 R 8 4% - TDICCD W47
A5 I 308 o £ 1T AL AS) DT T AR . SR R
1AM RO R AR 22 5. A5 )i CCD iy It
BCAT A5 — B0, i L A DG FC B 45 T 5% 1) )2 —
O X S AE T L7 A AR DT AR 22 Ao
L5 3 F VT L 5% 22 AB,

23 (8] AH BL Y B 1R T i — i % 8 eR 4K
(MTE) RIFHr s X T 40 HE R 25 R AHBLIN &, 8
TR UE AR B A R R 2l A 0 A% 3 oR 4L
MTEF, B PR 5%,

MTFD:MTFD].MTFQV ) (23)
sin %N %)] sin %NtanABJ
MTFp, = T Ao MTFp, = -
EN o ?NtanAB
24)

A . N2 TDICCD #4398, MTFp, f1 MTFp, 53
Sl R A2 R (Nyquist) 25 [8) 55 2R Ty 14 53 VG fic 5%
2 F L £ DC G 5% 22 5 | A 30 ) 4% 186 o B0

b

AR SO IR Hh 145 8% 52 S 8 10 Xk AN T o
P3SN TR AR BE M AL A5 o 1) 52 )
HATIHT

(DA SR R O s i (R
JETH I 45 R ok G — PR R AT 5 Ml AL A Y [) AR A%
MR . 1 3 CRZ I DL T RO S 96 2 AR
GF TS M 22 8 Co, 0, g 3R 0) £ TH 45 25 1Y
MTFyp. il LLFE H £ T A% pR 7 30 807 1 Cy Bl A7
JIt R B BECRIIE R T 0. 95, B R Ay A (1 1
2 R MTFo, Y575 B 5 0 00 £ 32 5 14 3
N 2 MTFo, 73575 16T K 5 i i £ 38 R %8
BT A% R LA — A B2 W (ELSE I /N A R M
s R

Image deflect MTF
o
ral

N /
¥./m X./m

-0.5 —0.02 P

B3 96 R M2 AN CIC B8 m 22 M5l MTF
Fig. 3 Focal plane MTF of space camera with 96 integration

stages under no attitude deviation and level-off imaging



9 ]

B E 45 AL 37 23 B R AIL B4 15 8% T B2 S A Y e 0 1t = T 8 25 A o B2

2179

O 407235 . R4 v AR AT A, 48—
PRIRE R I AR 0 S AR R AR . I A CRE IR
MR RO A2 5 PR 11 7 TDICCD, 96 2%
TCZE 25 22 B B2 TH 4% 8 MTFEy, v] LA H A i
LB R CCD L R AE BT 0] C WD G BT T
R (B B REARIE S T 0. 95, BV A i R A 48 n &
FEETE MTFp, 35 T, DL MTFp, 5 £
Oy N R [ 16 I e s e | O
MTFp, FEW U5 100 B s O 0 A7) 80 25 0% 184 fim e 25
FECE MTFE,, 7EW X AL 17 TR

0.994
0.98+
0.974
0.96 4

Image deflect MTF

0.95.

0.5

K \HM—
0 - T
}"P.a'm 0.5 —0.02 A,/m
K4 96 GG 2 BIARHLIE AT 40°J0 4 245 4w 22 £ 11 MTF
Fig. 4 Focal plane MTF of space camera with 96 integration
stages under no attitude deviation and pitching imaging
of 40°

002

0

GO 4074 . R A3 AT, 5 —
PRI R I AR 0 S AR R AR . I S CRE IR L
W B F RO A 96 RS W 2ER 11 i
TDICCD £E Wi 45 55 1) MTE,,, 50 fii #a $ 0l LU B
L8R CCD ZEEH 7 Cy ) i CCD ot
O T B T B 4 T 0,95, B VR A R A 34 N
AR MTFp, ¥15)F B AT AR o 5 00 38
58 MTF,, /B8 T B, i CCD i 2k 1%
PRAIE T 0. 95 i ML FA 18 28 X £5 1 MTF, 76 5L
J5 T A — 22 (8 52 ), EL 52 1) /N T ORFAT A 5 2

£ 0.994
=
3 098
3 0.97]
o
g}
£ 0.96
0951 —0.02
05 ——— —0.02
i e 7]
Y,/m 0.5 2002 A/m

Bl 5 96 KW 2s AL 40°TC %28 25 fE 11 MTF

Fig. 5 Focal plane MTF of space camera with 96 integration
stages under no attitude deviation and rolling imaging
of 40°

Li BT AE 3 RS BB EE AT TR =
Y25 R0E BE Y B AR 2 5 B 1 2 A5 AL BRI i
FLEEE B 8O, T B @k W . A%
AT E B XS R T B A5 A% PR MTFp (195 Wi £ K 5 1
VR IS RE T BE X AR T MTF o, B 5% 0 2 T R4
i L 28 255 RE 1) B2 W 5 O 228 25 A R JEE %o £ T
2 BRI B B R IR A5/ . AR TS BRI TR R ML A AR
PN OLER G o SEbr TR P FE AR 2R LA
SRS ERERE R & 6 o 96 KB,
USSR A B — B AR SR B S AL R
HSEEREENXR,

0.98

—&—Level off imaging
—e—40° pitching imaging|
—a—40° rolling imaging

0.97H

Image deflect MTF
: g
LA =23

e
o
T

= 4 -3 -2 -1 0
Attitude angular rate/(°/s) *107

K6 ARG =R S MTF f¢R
Fig. 6  Relationship between three-axis angular rate of

focal plane edge points and MTF

FH 6 AT, LIAB BR T % 500 AR, P RS
TR E BEEEK O 0,002 7(0) /s, 40 A 2335
I AR E BE 2R 0,001 5C°) /s, 407 MR 5
IR FaE SR K 0. 001 () /s, A HIAHAL K
8 B %o 28 2 AR A B ) R T, Sy AR IE A [
LA T MU T, %2 A ALY = 8% S5 E
BEEPEHIAE 0. 001C7) /s AN,

4 EIIIE

R T BR34BT . DL AE R A 35 2 T A
LI R FERL AT S50, SR RGEWME 7 s,
f35 TDICCD JRFFEHL, =R IR & 17k
BMNE HAR AR, FHEFELIE R =07
eH b AU T R R UM 3h B8, % =<
THEGNEEREREMLT 0.001C) /s, hE Hix
RS DR RO, 85 5P AT R



2180 b=

k% TR

5 24 &

1 AE AL 2 5505 L 4 5 B0 b 1T B A X T
LS 3.

PG FE Y, A ALIE 23 A7 64 X 43 B R AR AR
PEAT A% L 8 ) AR A T2 A8 S B0 1508
Gy A, %f CCD A7 43 A 7 4 R , [m] Bl 388 43 £ 17 O
BLFA VG e f 9 . SEBE AR T 2% CCD A M A& X
B, PR =S B LR AR R R SRR R
Fozmy, HoA AL 40° A% I, 4 20 5256 76 A
) AU BT 43 501 s 2 RS T AL 5 3 T 4 A
BREE/NT 0,001 /s BYER MR IEIR R 4 3
PRI A5 2 Y BS M AN 3 2 st

M7 hE B ERT A

Fig. 7 Dynamic imaging experiment setup

]2 GBEEHSEEARITEHE
Tab. 2 Theoretical value of image motion velocity field

and focal plane MTF

Test  Integration  Attitude Image motion Image deflect Focal plane
group  stages  stability/(*/s) velocity/(mm+ s ')  angle/(") MTF

1 8 0.001 8,83 —2.03 0.98

2 8 0.003 8.77 “L3 0

3 96 0.001 8.83 —2.03 0.9

4 96 0,003 8. 77 —-1.5 0.91
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Fig. 8 Target images under different attitude stabilities
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