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(b) Aerial citizen image in (a) with
dis-placement along both axes
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Fig. 1 Aerial citizen image with displacement along

(a) Aerial citizen image

both axes
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Fig. 2 Phase correlation of the two images in Fig. 1
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Fig. 3 Vibration estimation error of 20 citizen images with
different displacements(when SNR of the image is
equal to 55 dB or 15 dB)
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image adjustment

(c) Image fusion of multi-short-
exposure citizen images

B4 EELEGRKEERM L

Fig. 4 Comparison of short-exposure citizen image and

long-exposure citizen image
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Fig. 6 Vibration estimation error of 20 forest, desert and

seashore images with different displacements(when
SNR of the image is equal to 55 dB or 15 dB)
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Table 1 2-Dimensional vibration estimation mean errors of

different images with different SNR

(a) Image of forest area (b) Image of desert border area SNR—55 dB SNR=15 dB

X Y X Y
Forest area 0.059 6 0.042 2 0.058 0 0.054 8
Desert border area 0.046 9 0.044 4 0.048 0 0.0632
Seashore area 0.089 6 0.1025 0.054 7 0.036 9
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(b) Image fusion of multi-short-
exposure forest images

(a) Long-exposure forest image

a
(c) Long-exposure desert image  (d) Image fusion of multi-short-

exposure desert images

(e) Long-exposure seashore image (f) Image fusion of multi-short-
exposure seashore images

M7 #HEREGKELCEHNERS ZMAERLHEE
ERESLN:d
Fig. 7 Comparison of several kinds of long-exposure images

and multi-short-exposure fusion images
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Vibration Suppression Based on Multiple Integration and Sub-pixel Image
Fusion for Imaging System in Geostationary Orbit

TAO Xiao-ping, XUE Dong-lin, LI Fa-zhi, YAN Feng
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy o f Sciences, Changchun 130033, China)

Abstract: Comparing to the linear scanning space camera in low satellite orbit,images captured by the area
array staring imaging system in geostationary orbit usually emerges more blur because of the satellite
vibration in the relative longer exposure time. To eliminate the motion blur degradation, the paper
proposed to capture multiple short-exposure images and fused them on sub-pixel scale instead. The
imaging system in geostationary orbit includes the feature of staring at the same area for a long time.
Therefore the task mode of time-sharing short-exposure could get multiple less blurred images of the same
area. Next, the sub-pixel displacements between the different frames are estimated by image registration
algorithm with 0. 1 pixel accuracy. And then, the images are fused to improve the low signal-to-noise ratio
because of the short-exposure. Excellent results have been obtained by the sub-pixel image registration and
image fusion in the paper.

Key words: Remote sensing; Geostationary orbit; Vibration estimation; Image registration; Image fusion



