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Line-Based SLAM Considering Directional Distribution of Line Features
in an Urban Environment
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<Summary> In this paper, we propose a line-based SLAM (Simultaneous Localization and Mapping)
from an image sequence captured by a vehicle in consideration with the directional distribution of line
features that detected in an urban environments. The proposed SLAM is based on line segments detected
from objects in an urban environment, for example, road markings and buildings, that are too conspicuous to
be detected. We use additional constraints regarding the line segments so that we can improve the accuracy
of the SLAM. We assume that the angle of the vector of the line segments to the vehicle’s direction of travel
conform to four-component Gaussian mixture distribution. We define a new cost function considering the
distribution and optimize the relative camera pose, position, and the 3D line segments by bundle adjustment.
In addition, we make digital maps from the detected line segments. Our method increases the accuracy of
localization and revises tilted lines in the digital maps. We implement our method to both the single-camera
system and the multi-camera system. The accuracy of SLAM, which uses a single-camera system with our
constraint, works just as well as a method that uses a multi-camera system without our constraint.
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Fig.8 Results of trajectory estimation in the experiment of line (S)
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Fig.9 Comparison of position error in each frame (dataset 1)
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Fig. 10 Comparison of position error in each frame (dataset 2)
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Table 1 Sum of the position error and the improvement rate
Dataset 1 Dataset 2

Without the With the Improvement [ Without the With the Improvement

constraint [m] | constraint [m] rate [%)] constraint [m] | constraint [m] rate [%]
line (S) 13.57 6.52 52.0 176.11 96.31 45.3
line (M) 6.22 5.54 10.9 205.56 76.50 62.8
line-point (S) 8.45 4.32 48.9 186.18 114.05 38.7
line-point (M) 2.62 1.58 39.7 267.90 109.17 59.3

(a) Dataset 1
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Fig. 11 Digital maps made from detected line segments
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Table 2 The rate of inlier lines
Dataset 1 Dataset 2

Without the With the Without the With the

constraint [%] | constraint [%] | constraint [%] | constraint [%)]
line (S) 28.5 47.5 40.1 43.7
line (M) 35.1 41.6 39.6 44.0
line-point (S) 39.1 49.7 41.5 43.8
line-point (M) 49.6 52.8 42.2 45.2
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Fig. 12 Mapping results describing inlier and outlier lines in the experiment of line
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Table 3 Execution time of the program of Dataset 1

Without the With the
constraint [sec/frame] | constraint [sec/frame] | Improvement rate[%)]
line (9) 0.36 0.18 50.0
line (M) 0.50 0.35 30.0
line-point (S) 1.13 0.59 47.8
line-point (M) 1.53 1.26 17.6
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