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Parking Space Detection based on Camera and LIDAR
Sensor Fusion

GG FE A DA A

Kyujin Park!, Gyubeom Im?, Minsung Kim?®, Jaeheung Park '

Abstract: This paper proposes a parking space detection method for autonomous parking by using the
Around View Monitor (AVM) image and Light Detection and Ranging (LIDAR) sensor fusion. This
method consists of removing obstacles except for the parking line, detecting the parking line, and
template matching method to detect the parking space location information in the parking lot. In order
to remove the obstacles, we correct and converge LIDAR information considering the distortion
phenomenon in AVM image. Based on the assumption that the obstacles are removed, the line filter
that reflects the thickness of the parking line and the improved radon transformation are applied to
detect the parking line clearly. The parking space location information is detected by applying template
matching with the modified parking space template and the detected parking lines are used to return
location information of parking space. Finally, we propose a novel parking space detection system that
returns relative distance and relative angle from the current vehicle to the parking space.

Keuwords: Around View Monitor (AVM), Parking Assist System, Parking Space Detection, Sensor Fusion
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[Fig. 1] Experimental vehicle

[Table 1] Sensor specification

Field of view (azimuth) | 360 deg
Field of view (elevation) | 26.8 deg
Velodyne HDL-64E S2
Range 50-120 m
Number of lasers 64

Field of view 360 deg

Omnivue 360 AVM Camera|  Resolution (rows) 640 pixel
Resolution (columns) | 480 pixel

Ivelodyne_points

camera

/parking_space_location
(Polar coordinate location from vehicle heading)

Javm_parking_space_detector_node

[Fig. 2] Robot Operating System
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Selection Algorithm

&

J
Parking Space
Template Matching

[Fig. 3] Parking space detection logic

[Fig. 4] Image Distortion in AVM
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(@) (b)

[Fig. 7] Line filter result of parking line
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(a) angle = 0°

(b) angle = 40°

[Fig. 9] Dynamic obstacle detection area
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recall 2} 2] (11)9] precisionrz: A8

recall = TP _ _No. of correctly detected spaces
TP+FN No. of existing spaces (10)

TP _ No. of correctly detected spaces
TP+FP No. of detected spaces an

precision =
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o
[
=
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[Table 2] Experiment result of all parking space detection

#of | Avg. | Avg

Detection Method spaces | TP+FP| TP recall | precision
Case 1/wo S.F 58 65 58 |100.0%| 89.2%
Case 2/wo S.F 42 52 42 |100.0%| 80.8%

Case 1/radonwS.F | 58 61 58
Case 2/radonwS.F | 42 44 42

100.0%| 95.1%
100.0%| 95.5%

Case 1/proposed 58 59 58
Case 2/proposed 42 43 42

100.0% | 98.3%
100.0% | 97.7%




[Table 3] Experiment result of vacant parking space detection

#of | Avg. | Avg
spaces | TP+FP| TP

Case 1/radonw S.F | 45 59 43 195.6% | 72.9%
Case 2/radonw S.F | 14 15 13 192.9% | 86.7%

Detection Method recall | precision

Case 1/proposed 45 49 43 | 95.6% | 87.9%
Case 2/proposed 14 15 13 192.9% | 86.7%
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