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Laser tracking attitude measurement based on improved
visual orthogonal iterative method
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Abstract: Aiming at the requirement of precise attitude measurement in the fields of aerospace, automobile and ship, and robot
application, a laser tracking attitude angle measurement method based on visual weighted accelerated orthogonal iteration ( WAOI) is
studied. Firstly, the composition of system is described, the mathematical measurement model is established, and the main error sources
of system are analyzed. Secondly, on the basis of orthogonal iteration (OT), the weight coefficient of reference point was set by the
object square reprojection error, and a WAOI algorithm was proposed to integrate the redundant calculation in the iterative process by
introducing constant coefficient matrix, and the performance of the algorithm was verified by experiment. Finally, an experimental
platform is built, and a precision two-dimensional turntable is used to evaluate the accuracy of the attitude angle measurement based on
WAOI. The results show that within the angle range of —20° ~20° and within the measurement range of 3~ 15 m, the azimuth accuracy
can reach 0. 11° and the pitching accuracy can reach 0.26°. Compared with the proportional orthogonal projection iterative change
(POSIT) , the accuracy of azimuth and pitch angle is improved by more than 75%. The WAOI algorithm proposed in this paper
effectively improves the accuracy of laser tracking attitude measurement system.
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Fig. 1 Laser tracking attitude measurement system
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Table 1 Error term definition and corresponding value
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Table 2 Correlation coefficient and corresponding
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Table 3 Correlation coefficient between attitude angle

error and input error corresponding (°)
o HHME R PSD il OG5
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IS 0.800 6 0.8137 0.003 0 0.047 8
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Table 4 The significance level of the input error to

the attitude angle error (°)
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Fig.2 Reprojection experiment verification device
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Table 5 Algorithm reprojection error and time consuming

RS A R FR R/ pixel LUK AEI/ ms
o1 2.417 0. 056

WAOI 2.342 0.014
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Fig.4 Experimental verification device for laser tracking

attitude measurement system
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Fig.5 Experimental results of repetitive attitude measurement
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Table 6 Deviation between azimuth and turntable value

at different distances (°)

WAOL i 5877 57 £ T 2 i 22 B B 25 284k

A

3m 6 m 9 m 12 m 15 m
20 19.94 19.94 19.95 19.91 19. 89
18 17.94 17.93 17. 96 17. 86 17. 80
16 15.95 15.94 15.96 15.85 15. 84
14 13.96 13.94 13.95 13.91 13. 82
12 11.96 11.94 11. 94 11. 88 11. 85
10 9.96 9.95 9.96 9.93 9.83
8 7.97 7.96 7.98 7.96 7.95
6 5.98 5.96 5.96 5.92 5.89
4 3.98 3.97 3.99 3.96 3.95
2 2.00 1.99 1.98 1.98 1.99
0 0.01 0 0.02 -0.01 -0.04
-2 -1.99 -1.98 -1.99 -1.98 -1.98
-4 -3.98 -3.97 -3.94 -3.96 -3.96
-6 -5.97 -5.96 -5.93 -5.95 -5.97
-8 -7.96 -7.96 -7.91 -7.96 -7.98
-10 -9.91 -9.95 -9.94 -9.99 -9.94
-12 -11.90 -11.87 -11.93 -11.95 -11.91
-14 -13.93 -13.94 -13.85 -13.92 -13.99
-16 -15.92 -15.94 -15.93 -15.90 -16.00
-18 -17.91 -17.93 -17.91 -17.92 -18.01
=20 -19.91 -19.95 -19.90 -19.90 -19.92
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Table 7 Deviation between pitch angle and turntable

value at different distances (°)
WAOT fife - ARFAM £ D) 5k i 2 BB 1 285 78 £k
A
3m 6 m 9 m 12 m ISm
20 19. 88 20. 06 19. 94 19. 58 19.72
18 17.87 17.90 17.92 17.74 17.83
16 15.91 15.92 15.91 15. 80 15. 86
14 13.93 13.94 13.94 13.83 13. 89
12 11.93 11.96 11. 96 11. 84 11.92
10 9.94 9.99 9.97 9.90 9.93
8 7.94 8. 00 7.98 7.91 7.93
6 5.95 6. 04 6.01 5.95 5.97
4 3.96 4.03 3.97 3.97 3.96
2 1.97 2.01 1.99 1.98 2.02
0 -0.05 -0.03 -0.06 -0.19 -0.20
-2 -1.99 -2.00 -1.96 -2.09 -2.10
-4 -4.03 -4.01 -4.06 -4.18 -4.15
-6 -6.02 -6.02 -6.07 -6.22 -6.19
-8 -8.02 -8.06 -8.07 -8.27 -8.16
-10 -10. 03 -10. 06 -10.09 -10.33 -10.27
-12 -12.02 -12.05 -12.07 -12.39 -12.30
-14 -14.02 -14. 04 -14. 11 -14.28 -14.52
-16 -16.01 -16.03 -16. 10 -16.23  -16.49
-18 -18.01 -18.03 -18.10 -18.22 —-18. 46
-20 -20. 02 -20.19 -20.13 -20. 06 -20.36
MR LRI A5 R U 6 (6 0 SLE T A [R] I B

IO R B A R R G AR T A S AR AR B35 T
M2, 55 SCHk[ 18 1 #5512 (POSIT) X L, 5 2 P Fh
DT L AR M X AR IR 22 3R 8 i, i T 4k
B 5 TCIR TR AR AT G B8 0 2, AR ST T 157 F FRAREALD
FAE T MRIR 220K ) 5 O C IR S S R RGNS,
FAFVIRAR ARG FE QL 6 IR

®8 FAAMEMAHARIRE

Table 8 Azimuth and pitch rms error (°)
i i YA R 22 IREAM AR 17 A e 2
Nz
WAOI POSIT WAOI POSIT
3m 0. 06 0.24 0. 06 0.29
6 m 0. 06 0.42 0. 06 0.41
9 m 0.07 0.99 0.08 1.03
12 m 0.08 1.01 0.23 1.08
15 m 0.11 1.15 0.26 1. 11
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