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Abstract: According to the imaging principles and characteristics of a shutter CMOS image sensor, the shut-
ter effect introduced by a shutter CMOS image detector operating on a star map is analyzed, and an image
shift compensation method is proposed to rectify the image distortion introduced by this kind of imaging
method. With the known frame frequency of the star images and the exposure time interval of the adjacent

rows of the CMOS graphic sensor, this method can achieve high-speed calculation of star motion by extract-
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ing and matching the centroid of the star points in an adjacent star map. The centroid of the star points in a

global image is calculated by combining the speed value with the row exposure time interval of the CMOS

image sensor. The effect of the algorithm is tested on actual star images. The experimental results show that

with the compensated star map, angle errors between the star sensors are smaller than 0.5” when a satellite is

in non-maneuver mode, and angle errors between either of the star sensors are about 0.6” when the satellite is

in maneuver mode. The experimental results not only prove the effectiveness of the algorithm, but also

broaden the applications of shutter CMOS detectors to some extent, especially in aerospace engineering.

Key words: CMOS image sensor; rolling shutter; star map; star extraction; star point matching
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Fig. 1 Framework of a typical CMOS sensor
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Fig. 2 Imaging process of a rolling shutter CMOS sensor
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Fig. 4 Flow chart of image shift compensation
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Tab.1 Angle error between the star-camera and star

sensor a in non-maneuver mode

e WA DEEfe FMERTIR 2 1o/ AMEE IR 2E 10/

1 0.549 -6.516 4.353 0.540
2 0.051 ~36.699 5.424 0.439
3 0.152 ~16.769 7.147 0.768
4 0.334 12.903 6.284 0.702
5 0 -5.542 4.177 0.377
6 0 8.672 4.491 0.384
7 0 12.284 5.261 0.546
8 -0.231 10.533 5.535 0.231
9 -0.370 ~24.558 4.225 0.300
10 3.023 -25.764 5.360 0.481

FHIE 5.249 0.476

=2 JEHERTEANHS b EHZEHRBIRE
Tab.2 Angle error between the star-camera and star

sensor b in non-maneuver mode

Feis MiHmsme MBS FMERTDRZE Lo/ AMER IR 10/

1 0.549 -6.516 5.607 0.420
2 0.051 -36.699 5.186 0.317
3 0.152 -16.769 4375 0.211
4 0.334 12.903 3.876 0.361
5 0 —5.542 3.968 0.249
6 0 8.672 3.233 0.297
7 0 12.284 5.261 0.567
8 -0.231 10.533 2.984 0.185
9 -0.370 —24.558 3.889 0.266
10 3.023 —25.764 3.960 0.202

T 4234 0.308
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Tab.3 Angle error between the star-camera and the

star sensor a in maneuver mode

FPis RHA/C)  DHBMAC) AMERTIRZE Lo/ FMER IR 0/

1 0 -18.191 7.754 0.818
2 0 -31.961 6.686 0.532
3 0 2.597 5.914 0.318
4 0 5.154 7.387 0.714
5 0 3.855 7.996 0.734

M 7.147 0.623

i A 3 ORI 4 H R Rl A TR LS
BN, TR Ly 0.2/, i A2 Y 2
P S AR LG R -5 P AR M IR IR
F A AR O TE R B D W 3, BT R iR 2
ML L 2 0.6" A A, Sl 1)K BE O A5

S 3CHk:

REERR R — IR R . UL RS R L
PR RITCH WSR2, TR TR A

F4 NHEATEENAHS b EHZERHIRE
Tab.4 Angle error between the star-camera and star

sensor b in maneuver mode

Fei5 MfHmsae MBS FMERTRRZE 1o/ MR IR2E 10/

1 0 -18.191 8.134 0.543
2 0 -31.961 6.563 0.392
3 0 2.597 4.782 0.241
4 0 5.154 5973 0.616
5 0 3.855 6.189 0.932
SEEE 6.328 0.545
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