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Unit quaternion based description of collinearity equations

Yang Huachao'”*, Lu Xiaopan®, Wang Yongbo'*, Yao Guobiao'
1. Key Laboratory for Land Environment & Disaster Monitoring of SBSM , Xuzhou 221116 , China;
2. School of Environmental & Spatial Informatics ,China University of Mining & Technology ,Xuzhou 221116, China

Abstract: Collinearity equations play a very important role in photogrammetry and computer vision. It established the
relationship between three points, that is, the camera projective center, an object point and its corresponding image point. In
collinearity equations, a rotation matrix is usually used to describe the attitude of an image traditionally a rotation matrix is
always represented by three Euler angles because of its vivid describing of the relationships between three axes. However,
since the unit quarternion was presented by Hamilton in 1843, its use has extended into many application fields such as signal
processing, mechanics, and aerospace. In order to discuss the application problem of unit quaternion in photogrammetry,
research was carried out in this paper systemically into rigorous solution of collinearity equations by using unit quarternion
based rotation matrices. Starting from the basic theories and its operations of unit quaternion, rigorous linearized expression of
unit quaternion based collinearity equations are derived in detail and there is no need to derive the rotation matrix. Tests by
using both simulated data and real image data indicate that linearized collinearity equations have many merits such as having a
very simple form, being independent of initial values, and having a high convergent speed compared to two other rotation matrices
orthe Euler angle based rotation matrix. So, unit quaternion based rotation matrix should be used widely in practical application.

Key words: collinearity equation; unit quaternion ; rotation matrix; bundle adjustment
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Table 2  Calculation results by using bundle adjustment
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Table 3 Calculation results of exterior orientation elements
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S, -10.236 2 1.565 3 -19.019 9 30.012 4 19.034 8 87.365 5
S 9.255 8 1.602 2 -16.1357 5.441 4 22.122°8 2.368 0
S, 9.266 5 1. 600 7 -16.092 4 4.230 6 24.727 2 -88.247 5
Ss 26.110 0 1.487 7 -15.336 7 —-29.8812 17.8852 1.336 4
S 26.110 3 1.484 7 -15.321 4 -28.602 3 16.325 4 84.223 9
S, -18.3386 2.084 4 18.245 6 23.559 3 10. 561 0 -3.563 3
Sg -18.330 5 2.102°5 18.214 3 23.087 6 12.641 3 -86.370 1
Sy 12.623 1 2.1336 17.933 2 2.369 8 11.963 0 2.2422
Sio 12. 605 6 2.124 4 17.924 7 2.770 9 10. 884 7 87.642 17
S 37.441 2 0.490 8 21.337 1 -34.637 0 7.361 4 -5.003 6
S 37.414 7 0.486 3 21.3342 -32.450 0 9.802 1 83.684 0

x4 HWELSLRIEER
Table 4 Comparison of coordinates for check points
S A A B AL bR Akt 22
A
X/m Z/m Y/m X/m Z/m Y/m AX/mm AZ/mm AY/mm

2 4.757 -50.119 18.732 4.751 490 —-50. 125 083 18.732 924 5.510 6. 083 -0.924
4 15.593 -50. 152 18.736 15. 591 737 —-50. 153 654 18. 734 235 1.263 1.654 1.765
6 26.363 -50.192 18.742 26.362 114 -50. 189 770 18.738 671 0. 886 -2.230 3.329
10 4.703 -50. 124 14.746 4.703 603 -50. 127 749 14.737 335 -0.603 3.749 8. 665
12 15. 493 -50. 160 14. 737 15. 494 421 -50. 157 905 14.736 533 —1.421 -2.095 0.467
14 26.267 -50. 196 14.736 26. 269 237 -50. 196 979 14.735 683 -2.237 0.979 0.317
18 4. 630 -50. 131 10. 735 4.6309349 -50.129 294 10. 746 245 -0.935 -1.706 —1.245
22 26.261 -50.204 10. 735 26. 260 805 -50.202 138 10. 744 857 0. 195 -1.862 -5.857

BRSSO, 66 T SR B (815
B SRR, SRR R T4, (R I
AT SRR RIS BRE S VD] . HLE LA
TR A 4 T R R 3064 T A4 9
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