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Assessment of Dynamic Image Motion of Space Camera Based on

Integrated Time-Domain Analysis
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Abstract We develop an integrated analysis process on time domain comprising models of disturbances, structures,

optical systems, and sampled imaging, and realize the end-to-end system integrated simulation of the space camera

from micro-vibration disturbance input to imaging output. Accordingly, a data-transforming toolkit is developed in

MATLARB for transferring the structural analysis results to the optical analysis software. The integrated time-

domain analysis is carried out in the ground micro-vibration tests of a space camera. The analysis results denote

that: under load conditions of two different imaging modes,

the maximum statistical values of the dynamic image

motions of the camera are 0.42 pixel and 0.27 pixel, respectively; the descending factors of the modulation transfer

function of images from the sampled-imaging simulations are 0. 951 and 0. 974, respectively, which have no

obviously visual difference compared with that of original images. These results provide a guidance for the effective

prediction of the micro-vibration influence of the space camera.
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Table 1 Load conditions of micro-vibration tests

Number Load condition
) Imaging four strips in a single pass
(20° off-nadir angle)
) Imaging an area and transmitting to the

ground in real time
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Fig. 2 Frequency-domain analysis of measured angular

displacement under load condition 1
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Fig. 3 Frequency-domain analysis of measured angular

displacement under load condition 2
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Fig. 4 Structural model of space camera
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Fig. 5 Three-dimensional plot of optical system model
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Fig. 7 Schematic of sampled-imaging simulation process
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Fig. 8 Plots of image motion versus time and pixel-space distributions under different load conditions (blue box represents

one sensor unit). (a) Load condition 1, plots of image motion versus time; (b) load condition 1, pixel-space

distribution; (c¢) load condition 2, plots of image motion versus time; (d) load condition 2, pixel-space distribution

— AR, MR R KT 0.3 pixel B, BB K
SR HE AN T L ZE T . AN AT SRR A 1 B L AL
MAGFE 538 19 Ge 1 e KAB K B, 78 W5 b 4 780 T 350 Jile
R BLAGAE TR L R Bl 4] 1% 20 253 ) A AL AR 1
REARA 2 5, HR L SEBR A A5 1 O B[R] 2
INTF SRR PEBE) 30 s, B RO AR B A
A BB BT /N T G0 T 0 d K AE L OF B R
ZIRFAAEAEA TR 22 5. b, R% R G i e KME
3R T 1% 70 43 ) FH S 36 B30 S Mk LA BT S PR 9 B
B

ik — 25 58 WORAE BB 5 B IO OB N =
A8 EE RN 9 iR, Hoh, B9 Ca) o 5 as SR
9L FE 9CH 4 BN MA T 1 AT 2 4%
BRI B0 R . BV LR 3 RS ILF B R
AR, FE AR BRI 10 ASALE Y I X
AT MTF A, 15 21 7 46 B R 038 MTF b
0.390, INA T 1 AT 2 4 B 50HE )5 005 2L 1K %
fF- 4 MTF 4351k 0.371 F1 0.380, #H )% 1) MTF
TR TR 0.951.0.974, HRE R AR BLG 15 B 0 45

R LU % 8 2 AR BLE P A 28 T B 25 F T
PR 3 5| 4 3l 2545 B8 T 5 B0y B8 5 B 1 B+
IO AT AT R Z

4 4k 1w

P it T AR Bl ok 23 1] AR BILOE 27 22 58 WA T 1Y
T S 5 8 A o o R 0L AR L O e 1 R d e e T
Ly SEBL T X I 30 50 KA 1 3l Ak B R R A AR
i R OF EAEANL . B R Y A £ 3 23 Br 5 SR R B
WM SE AT R RO B AR R i
B2 (A AR BILLE 4 255 DF $ A AN 0 JE i IX 30
BEPIR TO0T & &L T s B3 % . 5 BOR R
IR AL (R AR AR BE RN b T AT A2 L R
BRI AR Z BT A B R A AR v 4l 15 B
& S50 43 B DN B 23 8] AR AL Y B O G A L X L
R S R WA A A B R B T AR R BRI . A
Nt N7 25 A 2 2% 4R o A o AR B R I R B
oK AT M I IR B S A RE E S e S
FERE L

0612001-5



(1]

(2]

(3]

(4]

ARSI |”

M

o im0

B9 RAE AR H KA

aby

(a) JFIR G s (b) IMA LS 1 AR K 5 145 FL AR 5

(o) A TBL 2 BB B )5 09 05 H R

Fig. 9 Simulation results of sampled imaging. (a) Original image; (b) simulation image after adding image

motion of load condition 1; (c¢) simulation image after adding image motion of load condition 2
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