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Pedestrian Recognition Using High-definition LIDAR

Kiyosumi Kidono*!, Akihiro Watanabe*!, Takashi Naito*! and Jun Miura*?

Pedestrian detection is one of the key technologies for autonomous driving systems and driving assistance systems.
To predict the possibility of a future collision, these systems have to accurately recognize pedestrians as far away
as possible. Moreover, the function to detect not only people walking but also people who are standing near the
road is also required. This paper proposes a method for recognizing pedestrians by using a high-definition LIDAR
(light detection and ranging). Two novel features are introduced to improve the classification performance. One is
the slice feature, which represents the profile of a human body by widths at the different height levels. The other
is the distribution of the reflection intensities of points measured on the target. This feature can contribute to the
pedestrian identification because each substance has its own unique reflection characteristics in the near-infrared
region of the laser beam. Our approach applies a support vector machine (SVM) to train a classifier from these
features. The classifier identifies the clusters of the laser range data that are the pedestrian candidates, generated by
pre-processing. A quantitative evaluation in a road environment confirms the effectiveness of the proposed method.
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Scanning rate 10 [scans/s]
Horizontal field of view 360°
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Vertical field of view 26.8°
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40 [m] for pavement

120 [m] for cars and foliage
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Detection range

Range accuracy

Wavelength of laser beam

Fig.1 Sample of 3D range data

Dec., 2011



B L — L — 512 & 55178 965

10 m 20 m 30m 40 m 50m

Fig.2 Sample of a pedestrian over a range of distances
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Fig.3 Procedure of pedestrian recognition
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Table 2 Features for pedestrian classification

No. Description Dim.T
f1 Number of points included the cluster 1
fo The minimum distance to the cluster 1
f3 3D covariance of the cluster 6
fa  The normalized moment of inertia tensor 6
fs 2D covariance in 3 zones, which are the upper 9

half, and the left and right lower halves

fe  The normalized 2D histogram for the main 98
plane. 14 X 7 bins

fr The normalized 2D histogram for the sec- 45
ondary plane. 9 X 5 bins

fs  Slice feature for the cluster 20

fo  Distribution of the reflection intensity, which is 27
composed of the mean, the standard deviation
and the normalized 1D histogram

TDim. is Dimension.
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Fig.5 Reflection intensity profile of a pedestrian and a pole
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Table 4 Condition for evaluation in road environment

Description Total N pos. N neg.
Training data 7,190 3,190 4,000
Evaluating data 78,977 3,190 75,787
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Fig.10 Recognition performance in dynamic road environ-
ments
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(a) Result for a pedestrian crossing the road

(b) Result for an oncoming pedestrian

Fig.11 Examples of the results of pedestrian recognition in the road environment. For (a) and (b), the
upper-left image is the drawn range data as seen from the driver’s viewpoint. The white box shows
the recognized pedestrian. The lower-left image is the video image obtained at the same time as the
range data. The right image is the bird’s-eye-view image of the range scan. The boxes with arrow
show the recognized pedestrians. The white region corresponds to the camera’s field of view and the
gray box on the origin represents the experimental vehicle. The interval of the grid line is 10 [m)]
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