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[Abstract]

In this paper, we developed a 100% detection system for entering and leaving vehicles by improving
the detection rate of existing detection cameras based on the LiDAR sensor, which is one of the core
technologies of the 4th industrial revolution. Since the currently operating parking lot depends only on the
recognition rate of the license plate number of about 98%, there are various problems such as
inconsistency in the entry/exit count, inability to make a reservation in advance due to inaccurate
information provision, and inconsistency in real-time parking information. Parking status information should
be managed with 100% accuracy, and for this, we built a parking lot entrance/exit detection system using
LIDAR. When a parking system is developed by applying the LIDAR sensor, which is mainly used to
detect vehicles and objects in autonomous vehicles, it is possible to improve the accuracy of vehicle
entry/exit information and the reliability of the entry/exit count with the detected sensing information. The
resolution of LIDAR was guaranteed to be 100%, and it was possible to implement so that the sum of
entering (+) and exiting (-) vehicles in the parking lot was 0. As a result of testing with 3,000 actual

parking lot entrances and exits, the accuracy of entering and exiting parking vehicles was 100%.

» Key words: LIDAR sensor, vehicle detection, vehicle number recognition, parking entry/exit count,

smart parking lot
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I. Introduction
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II. Related Works

1. LIDAR Sensing Technology for Vehicle Detection
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4. Smart Parking Lot Development Technology
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Table 2. The excellence of the proposal system
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1. Development of Vehicle Detection System
Through LIDAR Sensor
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2. Development of Vehicle Number
Recognition System Through Deep Learning
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3. Development of Integrated System for
Vehicle Detection and Number Recognition
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Fig. 9. After detecting LIDAR, image shooting and
number recognition
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IV. Development of Smart Parking
Control System
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Fig. 11. The system configuration diagram of smart
parking control system
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V. System Testing and Performance
Evaluation
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1. Test Environment
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Table 3. System test environment

Cat. Designation Specification Qnty
LIDAR 360°, 32CH 1set
LPR
LPR Camera (Entrance, Exit) 2sets
Dome Camera LPR (D|§abled 2sets
HW Parking)
Equipment AII.Vldeo Iset
Case equipment
+RAM : 16GB
Server +CPU :i9 1set
+ SSD : 256GB
0S Windows 10 64bit 1set
Detector CH# 1set
Sw Recognizer C, C# 1set
Smart Parking .
SW java, C# 1set
NW LAN TCP/IP 1set
Sample | Vehicle Images | Steal Cut images 3,000
cases
Test Public Parking Test-Bed Jsites
Site Lot at Incheon City

2, Test Scenario
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Table 4. Test scenario definition

(a) Test Case 1

(c) Test Case 3

ID

Expected

Test Item Result

TC1

X =100
(Unit © %)

LiDAR Detection Rate
Measurement

1D Test Item 2R
Result

TC3 Disabled Parking aArea X =100

Recognition Rate (Unit * %)

Test
Goal

o

LiDAR Detection Rate 100%

When a vehicle enters or exits the parking
lot, it detects the vehicle entering or
exiting the parking lot using the pulse
emitted by LIDAR and its reflected wave
and performs counting.

Test
Goal

o Recognition rate of whether parking is
possible on the disabled parking area 100%

Test
Details

Condition : Measurement of detection rate
for 3,000 vehicle number images adding
parking lot entry and exit
Parking lot entry/exit :
Duplication of vehicle number is allowed
as it measures the detection and
detection rate of the front ~ rear of the
vehicle passing through the LiDAR sensor.
Actual vehicle number or random vehicle
number, and only applies to domestic
standard vehicle license plates
Equation Measure the vehicle detection
rate that passes through the LiDAR sensor
X = A/B * 100
+ X : Detection Rate
+ A : The number of vehicles detected
by LiDAR
* B : The number of vehicles entered

o Condition 2 parking areas for the
disabled. Duplicate license number 3,000
cases

o Equation : Check the presence or absence
of vehicles in the existing parking areas for
disabled vehicles

- It is determined whether or not the

disabled area is currently available by

checking the presence of a vehicle or
license plate in the actual parking area
for the disabled.

X = B/A * 100
+ X 1 Recognition Rate
+ A : The number of shots taken by the camera

(vehicles, empty parking areas)
+ B : Recognition result (vehicle, empty parking
area)

Test
Details

(b) Test Case 2

ID

Expected

Test Item Result

TC2

LiDAR Recognition Rate X =100
Measurement (Unit @ %)

Test
Goal

(]

LiDAR Number Recognition Rate 100%
When a vehicle enters or exits a parking
lot, a trigger is generated at the same
time as the pulse of LIiDAR to operate the
image recognition camera to perform
vehicle number recognition.

Test
Details

Condition Measurement of recognition
rate for 3,000 vehicle number images
adding parking lot entry and exit
After detection by LiDAR, trigger to
recognize vehicle number
Parking lot entry/exit :
Duplication of vehicle number is allowed
as it measures the detection and
detection rate of the front ~ rear of the
vehicle passing through the LiDAR sensor.
Actual vehicle number or random vehicle
number, and only applies to domestic
standard vehicle license plates
Equation : After detecting a vehicle passing
through the LiDAR sensor, a trigger is
generated to recognize the vehicle number.
X = B/A * 100
+ X : Recognition Rate
+ A : The number of vehicles detected
by LiDAR
+ B : The number of vehicles recognized
as normal

3. Performance Evaluation
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Table 5. The comparison of performance evaluation

Test conditions Result
) With LIDAR 100%
Detection
Rate i
Imaging or. 95%
geomagnetic sensor
With Deep Learning
100%
Recognition | “YOLO, CNN °
Rate Without Deep Learning 0
. 95%
-Repeated use of images
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Comparison of detection rates with or without
LIDAR (Unit : times)
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(a) Comparison of detection rates with or without LIDAR
Comparison of recognition rates with and

without deep learning (Unit : times)
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(b) Comparison of recognition rates with or without deep
learning

Fig. 13. The result of performance evaluation comparison

VI. Conclusion and Future Research
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