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Graph-based Segmentation for Scene Understanding

of an Autonomous Vehicle in Urban Environments
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Bo Gil Seo', Yungeun Choe?, Hyun Chul Roh®, Myung Jin Chung'

Abstract In recent years, the research of 3D mapping technique in urban environments obtained by
mobile robots equipped with multiple sensors for recognizing the robot’s surroundings is being
studied actively. However, the map generated by simple integration of multiple sensors data only
gives spatial information to robots. To get a semantic knowledge to help an autonomous mobile robot
from the map, the robot has to convert low-level map representations to higher-level ones containing
semantic knowledge of a scene. Given a 3D point cloud of an urban scene, this research proposes a
method to recognize the objects effectively using 3D graph model for autonomous mobile robots. The
proposed method is decomposed into three steps: sequential range data acquisition, normal vector
estimation and incremental graph-based segmentation. This method guarantees the both real-time
performance and accuracy of recognizing the objects in real urban environments. Also, it can provide
plentiful data for classifying the objects. To evaluate a performance of proposed method, computation
time and recognition rate of objects are analyzed. Experimental results show that the proposed
method has efficiently in understanding the semantic knowledge of an urban environment.

Keywords: graph-based segmentation, semantic mapping, scene understanding, real-time, urban environment,
autonomous vehicle, normal vector estimation, range data
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Fig. 1. Process of obtaining sequential range data using LIDAR
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Feature Information

fi Max value of X-coordinate in a cluster
£y Min value of X-coordinate in a cluster
fs Max value of Y-coordinate in a cluster
f4 Min value of Y-coordinate in a cluster
fs Max value of Z-coordinate in a cluster
fs Min value of Z-coordinate in a cluster
fr Size of a cluster

fs X-coordinate of a point

fo Y-coordinate of a point

fio Z-coordinate of a point
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Table 2. Specification of sensor system

Sensor Specification
Resolution 0.5m
DGPS
Update Speed Rate 1Hz
Resolution 0.5° - Roll, Pitch, Yaw
MU
Update Speed Rate 100Hz
Scanning Angle 180°
LRF | Angular Resolution 0.5°
Update Speed Rate 37.5Hz
CPU Quad Core 3.40GHz
PC
RAM 8GB

KAIST, right :

Malaga)

Fig. 7. Experimental environments (left :
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Fig. 9. Experimental result (Malaga) (The segmented objects are
marked with different colors)
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Table 3. Processing rate and time according to data set

Time (ms) Processing rate (Hz)

KAIST Malaga KAIST Malaga

min 10.622 13.091 27 28.46
max 37.047 35.133 94.14 76.39
Average 18.327 19.408 54.56 51.53
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Table 4. Result of matching score according to &,

k 0 0.2 0.4 0.6 0.8 1

s

KAIST 0.54 0.81 0.65 0.48 0.21 0.14

Mélaga | 0.65 0.86 0.73 0.62 0.78 0.23
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Fig. 10. Changes in matching score according to &, (KAIST)
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Table 5. Score and processing rate according to neighbors

Neighbor Time (ms) Matching score
5-NN 18.33 0.8121
14-NN 57.66 0.8347
27-NN 166.5 0.7892
44-NN 393.6 0.7144
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Fig. 11. Changes in matching score and processing rate according to

the number of neighbor (KAIST)
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Table 6. Comparison between proposed method and previous works

Proposed | Strom Zhu Golovinskiy
Method (2010) (2010) (2009)
2D/3D 3D 2D 2D 3D
Accuracy | 81~86% - 86~89% | 50~78%
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