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Abstract: According to the image blurs caused by platform vibration in a staring imaging system in the
geostationary orbit, a vibration suppression method based on multiple integration was proposed to e-
liminate the motion blur degradation . A 1D vibration platform with a high-speed CMOS image captu-
ring system was built to collect image sequences with different vibration frequencies under different
exposure conditions. Next a phase correlation method based on the energy area center was proposed to
calculate the relative drift of each image in sub-pixels. Then, The sub-pixel displacements between the
different frames estimated by image registration algorithm were compared with the motion data meas-
ured by the displacement sensor ,which proved that the algorithm precision was better than 0. 1 pix-
els. Furthermore, several sharpest short-exposure frames were chosen for sub-pixel image fusion.
Compared with long-exposure images, the motion blur in the fusion image has been weakened. It has
proved that the method of multiple integration and sub-pixel image fusion is suitable for the vibration

suppression of staring imaging systems in the geostationary orbit.
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(a) Top view of one-dimensional vibration platform
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Fig. 1 Schemadic diagram of one-dimensional vibra-

tion platform
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Tab.1 Calibration data of magnification of imaging system

Object Image
Distance A B Distance  Beta
/mm /Pixels

20 (126.03,47.95) (216.06,47.98)

90.04 1/(15.866)
30 (103.05,182.97) (236. 96,184, 05) 133.921/(16.001)
40 (78.95,316.93) (258.95,318.00) 180.01 1/15.872
50 (55.93,451.95) (280.97,453.00) 225.041/(15.870)
60 (33.95,587.06) (304.08,588.08) 270.131/(15.865)
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Fig. 2 Point-pair target group for magnification calibration
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Fig. 3 Registration curves of 30 still images when vi-

bration platform is stopped
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Fig. 4 Vibration detection curve of displacement sensor
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Fig. 5 Registration curves of image sequence with

different vibration inputs
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(a) Peak image with vibration input of 5 Hz
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(¢) 10 Hz ¥& sl A W H K%

(c¢) Peak image with vibration input of 10Hz

(b) 5 Hz $ik sh A (1%

(b) Median image with vibration input of 5 Hz
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(d) Median image with vibration input of 10 Hz
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Fig.6 Peak image and median image with vibration
inputs of 5 Hz, 10 Hz and exposure time of

16 ms
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(a) Peak image with vibration input of 5 Hz
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(d) Median image with vibration input of 10 Hz
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Fig.7 Peak image and median image with vibration

inputs of 5 Hz, 10 Hz and exposure time of

11 ms
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Fig. 8 Sharpness curves of image sequence
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(O IRENIAFN 5 Hz, K BRI 16 ms B BLWUR 4 KR
(a) Single frame of 16 ms long-exposure image with 5

Hz vibration

(b) FRBYIRNy 5 Hz FIRIE 11 ms B 2 Wik 5 E1{R
(b) Image fusion of 11 ms short-exposure image se-

quence with 5 Hz vibration

(o) FRBNMAN 10 Hz, KBRS 16 ms I HLMITR 42 5]
%
(b) Single frame of 16 ms long-exposure image with

10 Hz vibration

(DI Hy 10 Hz, HEE 11 ms B 2 WiR& KR
(b) Image fusion of 11 ms short-exposure image se-
quence with 10 Hz vibration
P9 BT BT MR 5 2 WU B LRl PR AT L
Fig. 9  Comparison of single long-exposure images

and fusion of short-exposure images sequence
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