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Motion Estimation Using 3-D Straight Lines

ol AF, F A, NLEF

Jin Han Lee', Guoxuan Zhangz, I Hong Suh’

This paper proposes a method for motion estimation of consecutive cameras using 3-D
straight lines. The motion estimation algorithm uses two non-parallel 3-D line correspondences to
quickly establish an initial guess for the relative pose of adjacent frames, which requires less
correspondences than that of current approaches requiring three correspondences when using 3-D
points or 3-D planes. The estimated motion is further refined by a nonlinear optimization technique
with inlier correspondences for higher accuracy. Since there is no dominant line representation in 3-D
space, we simulate two line representations, which can be thought as mainly adopted methods in the
field, and verify one as the best choice from the simulation results. We also propose a simple but
effective 3-D line fitting algorithm considering the fact that the variance arises in the projective
directions thus can be reduced to 2-D fitting problem. We provide experimental results of the proposed
motion estimation system comparing with state-of-the-art algorithms using an open benchmark dataset.

3D line representation, Motion estimation with lines, Visual odometry
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Table 1. Simulation Results

Anchor Point Plus Direction, N= 10

w
5 10 20 40
€, €, T t €, €, T t €, €, T t €, €, T t
0.2 [253.97| 0.634 | 9.93 | 39.73 |309.63| 0.774 | 9.92 | 49.47 | 85.36 | 0.213 | 9.88 | 74.83 | 10.76 | 0.026 | 9.06 [134.40
04 [231.81] 0.579 | 9.93 | 39.07 | 64.65 | 0.161 | 9.88 | 48.55| 9.64 |0.024 | 9.73 | 72.89 | 9.86 | 0.024 | 9.26 [136.97
% 0.6 [125.09] 0.321 | 991 | 39.98 |116.54| 0.291 | 9.92 | 49.38 | 30.93 | 0.077 | 9.80 | 74.04 | 3.49 | 0.008 | 9.37 [139.03
0.8 [148.22] 0370 | 9.92 | 39.25 |111.17| 0.277 | 9.87 | 47.79 | 8.00 | 0.020 | 9.63 | 73.33 | 1.89 | 0.004 | 8.78 [133.55
1 |26.17|0.065| 990 | 3831 | 9.72 |0.024 | 9.89 |47.60 | 7.55 | 0.018 | 9.64 | 72.92 | 891 | 0.022 | 9.06 |136.13
Anchor Point Plus Direction, N= 1000
w
5 10 20 40
€, » T t € €, T t €, €, T t € » T t
02 | 5.71 | 0.014 |217.71]265.27| 3.19 | 0.007 |105.28|237.21| 2.31 | 0.005 | 50.34 |251.94| 1.18 | 0.002 | 23.61 |270.59
04 |1091 | 0.027 {310.20{367.70| 13.31 | 0.033 |111.80|250.54| 5.29 | 0.013 | 52.23 |258.20| 2.25 | 0.005 | 20.46 |245.29
% 0.6 [168.62] 0.421 |316.79|376.40|222.30| 0.555 |105.79|234.45| 24.08 | 0.060 | 29.50 {137.35| 3.50 | 0.008 | 13.53 {166.20
0.8 [146.98| 0.367 {320.91|379.45|105.72| 0.264 |107.93|243.37| 5.94 | 0.014 | 32.56 {170.06| 1.92 | 0.004 | 14.03 |175.66
1 |23.81|0.059 |261.70|315.30| 15.18 | 0.037 | 86.48 [202.65| 7.54 | 0.018 | 34.42 [180.00| 8.85 | 0.002 | 14.25 |181.19
Orthonormal Representation, N= 10
w
5 10 20 40
€, €, T t € €, T t €, €, T t €, €, T t
02 | 5.88 [ 0.014| 2.34 | 33.04 | 3.55 | 0.008 | 2.21 | 3698 | 2.32 | 0.005 | 1.46 | 4246 | 1.16 | 0.002 | 1.14 | 55.70
04 [10.79]0.026 | 3.97 | 3493 | 13.16 | 0.032 | 3.38 | 39.51 | 5.19 | 0.012 | 2.27 | 47.00 | 2.28 | 0.005 | 2.10 | 66.59
70 0.6 |16.03]0.040 | 5.70 | 37.99 | 9.28 | 0.023 | 4.27 | 4227 | 410 | 0.010 | 3.19 | 51.95| 3.49 | 0.008 | 2.28 | 67.75
0.8 [ 15.75]0.039 | 6.81 |38.44|12.94|0.032 | 4.85 | 4322 | 571 |0.014 | 3.48 | 5291 | 1.87 | 0.004 | 3.06 | 77.06
1 |28.06|0.071 | 7.49 | 39.12 | 15.64 | 0.039 | 535 [44.41 | 7.55 | 0.018 | 4.05 | 5540 | 8.89 | 0.022 | 3.24 | 78.33
Orthonormal Representation, N= 10
w
5 10 20 40
€, €, T t € €, T t € €, T t € €, T t
02 | 553 {0013 | 2.37 | 31.96 | 3.55 | 0.008 | 2.24 | 35.85| 2.32 | 0.005 | 1.47 | 4145 | 1.16 | 0.002 | 1.14 | 54.40
04 |10.86|0.027 | 420 | 3422 | 13.16 | 0.032 | 3.36 | 38.30 | 5.19 | 0.012 | 2.30 | 4590 | 2.28 | 0.005 | 2.13 | 65.20
70 0.6 |16.09 | 0.040 | 598 |36.30| 9.26 | 0.023 | 448 | 4221 | 410 | 0.010 | 3.28 | 50.89 | 3.49 | 0.008 | 2.38 | 66.81
0.8 [ 1570 ]0.039 | 7.48 | 3845|1294 |0.032 | 523 | 43.54| 570 | 0.014 | 3.60 | 52.71 | 1.87 | 0.004 | 3.15 | 77.86
1 |2847|0.071 | 852 | 41.05|15.74 | 0.039 | 6.00 |46.64 | 7.56 | 0.018 | 426 | 56.99 | 8.89 | 0.022 | 3.32 | 79.59
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Table 2 Experimental Comparison Results

Methods z[m] o, 0[] Ty

DVO 0.024 0.012 0.982 0.512
Realtime

NDT 0.024 0.015 1.228 0.735
CCNT 0.020 0.012 0.762 0.457
DEMO 0.023 0.015 0.997 0.628
Fovis 0.012 0.007 0.526 0.307
Ours 0.013 0.008 0.565 0.296
Ours + LBA 0.012 0.007 0.542 0.287
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