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Based on Quaternion Differential Equation
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Abstract: According to analyzing the imaging mechanism of high-resolution satellite imagery, a solution of exterior
orientation parameters based on quaternion differential equation is presented. In this solution the unit quaternion is
used to describe the attitude of the image, and then the rigorous geometric model based on quaternion differential
equation is established. In order to solve this rigorous geometric model, three independent parameters are
introduced to this solution. So that, it is not should to solve the unknown quaternion directly, but these three
independent parameters, and the unknown number keeps the same as the existed method in photogrammetry. In
addition., Tikhonov regularization theory is also used to solve the rigorous geometric model. Experimental results
indicate that this solution, which can avoid computation of trigonometric functions completely, is right, stable and
adaptive. and the orientation precision can be improved when these three independent parameters are used.

Key words: quaternion differential equation; independent solution parameters; high-resolution satellite imagery;

exterior orientation parameters; rigorous geometric model; Tikhonov
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Tab.1 Root mean square error of image coordinate reprojection error with different GCPs
z/ v/
LS GR YM QDE LS GR YM QDE
6 - 0.034 - 0.097
7 0. 306 0.261 0. 081 0. 559 0.491 0. 447
13 0.696 0. 486 0.152 0.263 0. 569 0.514
20 11.103 0. 289 1. 741 0. 281 2.343 0.548 1. 315 0.592
27 0.685 0.629 0.352 0.791 0.652 0.671
21 - 0. 340 — 1. 203
20 0.902 0.824 0.493 1.119 0.982 1.002
14 0.659 0.843 0.253 0.442 0. 803 0.828
7 11.788 0.291 2.051 0.295 2.365 0.696 1. 407 0.731
0 - - — — — — — —
6 - 0.029 - 0.074
7 0.117 0.104 0. 249 0.377 0.487 0. 464
13 0.584 0. 467 0. 581 0. 431 0. 464 0.457
20 1. 569 0.563 0.565 0.593 1.527 0.535 0.519 0.534
27 0.620 2.081 0.654 0.555 1. 434 0.572
21 - 0.903 — 1. 045
20 1.171 1.412 0. 904 0.775 0.975 0. 885
14 0.703 1.043 0.736 702 0. 669 0.748
7 1. 813 0.819 0. 880 0. 806 1.663 0. 665 0.674 0.667
0 — — — — — — - —
:LS ,GR ,YM [14] QDE (
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Tab.2 Root mean square error of object space coordinate residuals with different GCPs

X/m Y/m
LS GR YM QDE LS GR YM QDE
6 — 0.594 — 1.512
7 3. 685 3.127 3. 857 8.953 7.883 8.322
13 6.231 5.264 4. 827 7.996 9.562 9. 368
20 45. 686 5. 345 10. 636 5.469 27.448 10. 903 14. 645 11.148
27 6.529 14.012 5.708 14. 271 23.023 12. 289
21 9. 391 — 19. 064
20 6.609 10. 628 7.793 16. 928 16. 410 15. 607
14 5.210 7.651 5.219 9. 466 10. 551 9.512
7 25. 721 3.826 8.353 4.143 13. 826 6.922 8. 665 7.052
0 _ _ _ _ _
/m Z/m
LS GR YM QDE LS GR YM QDE
6 — 1.624 - 1. 241
7 9.682 8. 480 9.172 7.638 6. 212 5.968
13 10. 137 10. 915 10. 538 7.700 7.908 7.532
20 53.297 12. 143 18. 101 12.417 38. 385 8.308 16. 724 7.787
27 15. 694 26.952 13.551 9.918 11.161 9.507
21 21.251 — 14. 249
20 18.173 19. 551 17. 445 14.594 12.116 11.719
14 10. 805 13.034 10. 849 8.580 8. 244 8.654
7 29.201 7.909 12. 036 8. 179 19. 873 4.966 8. 850 5.159
0 _ _ _ _ _
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