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Abstract: To estimate the pose of known rigid objects efficiently in a complex environment, a rigid
object pose estimation method was proposed by combining multiple line hypothesis and iteratively
reweighted least squares. The 1D search was utilized to obtain the corresponding image point along a
normal direction for each model sample point by an equal interval sampling. Then, the weight of a
sample point was calculated according to the local and global appearances of the corresponding image
point for each visible model sample point. The optimized pose parameters were obtained by minimizing
the errors between the sample points and their corresponding image points. To avoid the failure of the
pose optimization caused by the mismatches of the model and image lines, multiple low level

hypotheses were retained for each model sample point in the registration process and they were

W fm B H#3:2015-01-19;1&81T H#H : 2015-03-06.
EE&TR:F%K 973 T A LAk A58 & B 0 % B 3 B (No. 2013CB733100); H % A 2R Bl 2% 3L 4 % 8 Wi B (No.
11332012)



55 6 49 SRR 58 L 25 < 3 T 22 ELZOX I MU A 5/ — R (9 67 2 Ak 1 1723

classified into multiple lines for each potential edge by the Random Hough Transform(RHT). Due to
the use of the property of the sample point as well as the relation to the neighbor points, the
robustness to disordered background and noise was enhanced in the weighting process. Experiments
show the proposed method effectively estimates the poses of freely moving objects in an unconstrained
environment, The precisions of the poses on x, y and z axes are better than 0. 4°, 0. 3° and 0. 1°
respectively; and those of relative positions perpendicular to the optical axis and along the optical axis
are better than 0. 03% and 0.1% respectively. Comparisons with the single hypothesis based method
demonstrate that the proposed method overcomes the influence induced by the complex background

and optimizes the pose parameters in special views.
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Fig. 1 Searching schematic of 1D matching from model

line to image line
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Tab.1 Pose error analysis of proposed method for frame 1
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Tab.2 Pose error analysis of proposed method for frame 2

Fose Truth  Initial value Optimized Error
parameters results

Ax/(®) —161.01 —152.68 —161.32 0.31
Ay/ () 18.99 30. 06 19. 18 —0.19
Az/ (%) 17. 88 14.19 —17.92 0. 04
Tx/mm 400. 35 438. 14 387.18 3.17
Ty/mm 400. 35 521.79 396. 04 4.31
Tz/mm 33 016.60 34 826.78 32 986.11  30.49

Pose Truth Initial value Optimized Error
parameters results

Ax/(®) —172.40 —164.07 —172.73 0. 33
Ay/(® 7.60 18. 67 7.29 0.31
Az/ (%) 21.10 24,78 21.08 0.02
Tx/mm 341. 61 379. 39 330. 50 11.11
Ty/mm 341.61 463. 04 329.57 12.03
Tz/mm 46 078.38 47 888.56 46 113.51  35.13
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Error/le  Ax/(®) Ay/ (") A2/ (®) Tx/mmTy/mmTz/mm
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0.71 0.74 0.13 9.60 7.02 96.84
based method

Our method 0.47 0.68 0.07 8.00 4.17 71.11
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