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Image motion velocity field of off-axis TMA space camera with

large field of view
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Abstract: During the onboard imaging process of space camera with large field of view, due to the
effects of earth rotation, satellite attitude maneuverings, jittering and other factors, image motion velocity
field of the focal plane has a non-linear anisotropic distribution. To overcome this problem, a novel
image motion velocity field modeling method which is based on kinematics of rigid body was proposed.
In this model, off-axis angle parameter was introduced and formulas of image motion velocity field in the
large view off-axis three-mirror system were derived. Taking a certain large field space camera as an
example, influences of synchronous and asynchronous velocity matching models on the camera image
qualities were analyzed. Results show that, under a constraint of 5% drop and with scroll angle of 15°, if
integral stages are larger than 10, asynchronous velocity matching models should be adopted. Especially

when integral stages are fixed to 32, its dynamic MTF on focal plane can be improved to 0.970 2 while
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it is 0.340 8 in the synchronous model case. However, synchronous velocity matching model outperforms

in the condition of 16 integral stages and 12.3° scroll angle. Onboard imaging experiments proved the

accuracy of the models which will provide a reliable basis for large field space camera image motion

compensation.
Key words: space camera; off-axis three-mirror;

image motion velocity field;
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Fig.2 Equivalent model of off-axis three-mirror space camera
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Fig.3 Focal plane image motion velocity field with scrolling of 38°
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Fig.4 Image motion velocity curves along with u as scrolling of 38°

K 5 g ARALIER 380/, AT b2 gl ki
L I s B AT T G i A T A BE 26 P R A 114
AR Z AT LU H - O U AR 19 20 X8 (BT IR B O i
K, HLBR PR AR /)N

—e— Left field of view
s, —2— Center field of view  gZi
‘X B Right ficld of view 4= aa

Image deflect angle B/(°)
I

"0 50 100 150 200 250 300 350 400
Argument of latitude u/(°)

P 5 M43 381 it FA I 243 B2 R A o 78 Pt 22

Fig.5 Image deflect angle curves along with u as scrolling of 38°
Kl 6 kTR 4 B MR A u=0°B A2 A7 %05

o Mg SR 2 2B (R A o) /Y
Afphg . B 7 AT RS ERMA u=08F £ A%

~o- Left versus center field of view
“8g_ B Right versus center field of view ##]

“40 -30 -20 -10 0 10 20 30 40
Angle of scroll ¢/(°)

6 BB 2 ZRMIE M @ A2k

Fig.6 Image motion velocity difference along with scroll angle ¢

0513001-5



aohligk T2

% 5 2

www.irla.cn
——

% 45 K

Wb 55 RS i O T AR 2 22 A3 A 04 722 Al ik
2, WTLLE BRI 2 22 MV I A 2 22 BB 432
PRGNS, MR AA O 00 CF REEZ), £ L
AR i 6] BRGS0 R IAL AR =2 25 0/

-o- Left versus center field of view
0.2+ B Right versus center field of view

-0

.4 1 1 1 1 9 1 1

-40 -30 -20 -10 0 10 20 30 40
Angle of scroll ¢/(°)

7 WA 2 MR A o 2B Ak Lk

Fig.7 Image deflect angle difference along with scroll angle ¢
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Fig.9 Scroll imaging results of on-orbit testing experiments
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