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Abstract: A calculating model based on difference method was proposed to calculate the image motion
velocity vector to compensate precisely the image motion of a space camera. Firstly, the earth imaging
model was established by utilizing coordinate transformation,and the relative motion between the im-
age point and the image plane was analyzed in vertical, roll and pitch attitudes according to the states
of the image motion. Then, a method was proposed to calculate the image motion velocity vector ac-
cording to the law of the relative motion between the image point and the image plane. Finally, the
proposed method was compared with the coordinate transformation method. The result shows that the
error between the two methods is within 0. 1%, which proves the efficiency of this method. The pro-
posed method overcomes the complex compulation from traditional methods and can be used in calcu-
lating the image motion velocity vectors for other space cameras.
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Fig. 1 Transformation relationships among main coordinates in earth imaging system
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Fig. 2 Feature points in focal plane
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Image motion calculation in vertical attitude

time Feature point O Feature point @ Feature point @ Feature point @ Feature point @
/ms Ap Ap. Ap Ap. Ap Aps Apr Aps Ap Ap,
0.0 0.0000 0. 000 0 0. 000 0 0.000 0 0. 000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0
0.2 2.6213 —0.164 14 2.621 3 —0.163 8 2.623 2 —0.164 4 2.621 6 —0.163 8 2.621 6 —0.164 5
0.4 5.2426 —0.3288 5.242 6 —0.327 6 5.246 4 —0.328 9 5.2432 —0.3276 5.243 3 —0.3289
0.6 7.8640 —0.4933 7.8638 —0.4915 7.869 6 —0.493 3 7.864 8 —0.491 4 7.864 9 —0.493 4
0.8 10.4853 —0.6577 10.4851 —0.6553 10.4928 —0.6577 10.4864 —0.6552 10.486 6 —0.657 8
1.0 13.106 6 —0.8221 13.1064 —0.8191 13.1160 —0.8221 13.1080 —0.8189 13.108 2 —0.822 3
®2 WBEXEBEITH
Tab. 2 Image motion calculation in pitch attitude

time Feature point D Feature point @ Feature point @ Feature point @ Feature point ®
/ms Ap Ap, Ap Ap, Ap Ap, Ap Ap, Ap Aps
0.0 0.0000 0.000 0 0. 000 0 0. 000 0 0. 000 0 0. 000 0 0. 000 0 0. 000 0 0.000 0 0.000 0
0.2 2.4091 —0.2536 2.449 0 —0.2551 2,430 6 —0.158 1 2.408 7 —0.060 7 2.448 7 —0.061 9
0.4 4.8183 —0.507 3 4.8981 —0.5101 4.861 2 —0.316 3 4.8173 —0.1215 4.897 3 —0.123 8
0.6 7.2274 —0.7609 7.3471 —0.765 2 7.2918 —0.474 4 7.226 0 —0.182 2 7.346 0 —0.185 7
0.8 9.6366 —1.0145 9.796 2 —1.020 3 9.722 4 —0.632 6 9.634 7 —0.242 9 9.794 6 —0.247 6
1.0 12.0457 —1.2682 12.2452 —1.2753 12.1530 —0.7907 12.0434 —0.3037 12.2433 —0.3095
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Tab. 3 Image motion calculation in roll attitude

time Feature point D Feature point @ Feature point @ Feature point @ Feature point ®
/ms Ap Ap, Ap Ap, Ap Ap, Ap Ap, Ap Ape
0.0 0.0000 0. 000 0 0. 000 0 0. 000 0 0. 000 0 0. 000 0 0. 000 0 0. 000 0 0.000 0 0.000 0
0.2 2.4250 —0.1406 2.423 8 —0.1389 2.5274 —0.152 14 2.6272 —0.1651 2.626 0 —0.164 5
0.4 4.8500 —0.2813 4,847 6 —0.277 8 5.054 9 —0.304 7 5.2543 —0.3301 5.2519—0.3291
0.6 7.2750 —0.4219 7.271 4 —0.416 6 7.582 3 —0.457 1 7.881 5 —0.495 2 7.877 9 —0.493 6
0.8 9.7000 —0.562 6 9.6952 —0.5555 10.1097 —0.6094 10.5087 —0.6603 10.503 8 —0.6581
1.0 12,1250 —0.7032 12.1190 —0.6944 12.6372 —0.7618 13.1359 —0.8253 13.1298 —0.8226
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Fig. 3 Sketch of image motions in vertical attitude
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Fig. 4 Sketch of image motion in pitch attitude
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Fig. 5 Sketch of image motion in roll attitude
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Tab. 4 Results of two methods

Coordinate transformation algorithm

Difference algorithm

feature - - - - - - - -
) velocity velocity velocity drift angle velocity velocity velocity drift angle
ponts /mm=+*s ) /(mme+s ) /(mmes ") /mm=+*s ) /(mme+s ) /(mmes ") /(%)
@ 17.390 0 —0.8117 17.409 0 —2.672 4 17.379 4 —0.811 8 17.398 4 —2.674 4
(@) 17.896 7 —1.378 9 17.949 7 —4.405 9 17.885 5 —1.3737 17.938 2 —4.392 1
©) 17.691 6 —1.093 3 17.725 4 —3.536 2 17.691 6 —1.093 3 17.725 4 —3.536 2
@ 17.495 5 —0.822 4 17.514 8 —2.691 2 17.484 4 —0.819 3 17.503 6 —2.682 7
® 18.002 6 —1.378 0 18. 055 3 —4.377 0 17.991 5 —1.378 1 18.044 2 —4.380 2
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