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Real-time drift angle compensation based on speed vector model

for space camera on circular orbit
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2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Drift angle is an important factor which disturbs image quality of linear array CCD camera in
push broom imaging mode. In order to realize fast calculation to drift angle under limited computational
resource condition on orbit, a drift angle expression applied to remote sensor with straight, forward and
backward sight on circular orbit was constructed, based on character of relative motion between velocity
of camera on round orbit and of ground target which moved with rotation of the earth. Mathematical
expression of angular vibration of the velocity vector of satellite relative to target during satellite’s flight
was given. The real-time adjusting method based on CCD rotating was presented and verified by
constructing imaging testbed of real-time drift compensation. Simulation and test results indicate that
speed vector model has higher calculation efficiency, and calculation accuracy and stability are as much

as method of coordinate transformation and orbital element. MTF degradation can be suppressed to 5%
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with drift compensated by speed vector model. The method can be further used for development of drift

angle real time adjustment mechanism of TDICCD camera and three-line CCD 3-D photography camera.
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Fig.1 Process of coordinate transformations
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Fig.2 Relation of speed vectors about drift angle
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Fig.3 Sketch of speed vector model
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Tab.2 Drift angle precision with models, in the range bounded by 70° N and 70° S

Error respect to coordinate transformation model

Error respect to orbital elements model

Satellite attitude Parameter error

Mean value/(°) RMS/(°) Mean value/(°) RMS/(°)
Front view Error free 1.230 6E-16 3.585 1E-30 -2.632 9E-05 1.894 OE-08
Ai=0.03° 1.203 9E-16 1.202 9E-30 -2.632 6E-05 1.893 4E-08
AH=100 m 1.230 6E-16 1.078 5E-29 —-1.226 7TE-05 1.616 5E-08
Ap=0.03° 9.580 3E-07 3.902 2E-09 —2.632 9E-05 1.894 2E-08
15° foresight Error free 5.693 5E-08 9.769 9E-08 —2.264 0E-05 1.615 2E-07
Ai=0.03° 5.689 5E-08 1.414 2E-07 -2.263 8E-05 2.382 1E-07
AH=100 m 5.694 8E-08 9.782 1E-08 —-8.081 8E-06 1.625 5E-07
Ap=0.03° 1.048 6E-06 1.014 5E-07 -2.262 4E-05 1.631 4E-07
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Tab.3 Drift angle error caused by inputs, in the range bounded by 70° N and 70° S

Coordinate transformation model

Satellite attitude Parameter error

Orbital elements model Velocity vector model

Mean value/(°) RMS/(°) Mean value/(°) RMS/(°) Mean value/(°) RMS/(°)

Front view Ai=0.03° —4.764E-06 9.652E-08 —4.760E-06 9.652E-08 —4.764E-06 9.652E-08
AH=100 m 9.578E-07 3.902E-09 1.502E-05 4.990E-08 9.579E-07 3.902E-09

Ap=0.03° —4.662E-09 1.400E-13 7.922E-07 3.271E-09 4.874E-09 6.878E—-10

15° foresight Ai=0.03° —-4.930E-06 1.034E-07 —4.928E-06 1.035E-07 —-4.931E-06 2.954E-07
AH=100 m 9.913E-07 4.180E-09 1.555E-05 5.348E-08 9.914E-07 4.182E-09

Ap=0.03° 5.308E-06 1.468E-07 6.110E-06 1.946E-07 5.295E-06 1.621E-07
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Fig.5 Imaging testbed for drift compensation
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Tab.4 Image quality under different latitude

North latitude/ MTF MTF
() (before compensated) (after compensated)

0 0.170 0.954

10 0.173 0.976

20 0.174 0.976

30 0.164 0.984

40 0.081 0.975

50 0.153 0.960

60 0.422 0.980

70 0.780 0.964
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