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ABSTRACT

This paper deals with the construction of a sensor fusion system for vehicle detection. radar sensor and vision
sensor has its advantages and disadvantages. First, the radar sensor has a high detection rate and is resistant to
environmental changes such as light, rain, and snow. However, the price is expensive, the index is not intuitive,
and erroneous detection due to diffuse reflection sometimes occurs. Vision sensors, on the other hand, are
sensitive to environmental changes such as light, rain, and snow, but they are cheap, intuitive to detect, and easy
to install and manage. Therefore, this paper deals with a system that overcomes the problems of each sensor and
fuses two sensors for higher vehicle detection. The radar sensor uses the Kalman filter to increase the detection
rate. The vision sensor detects the vehicle using the gradient - based histogram model. In this case, the detection
results of the two sensors are significantly better than those of the conventional sensor alone. Recall was increase
from 0.63 for radar sensor and 0.69 for vision sensor to 0.78 for two sensor, Precision was increased from 0.66
for radasr sensor and 0.84 vision sensor to 0.92 for two sensor. In addition it can be seen by comparing FPS

that the speed is improved by about 22% compared with the case of using the Gaussian Mixture Model
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Table 1. Strengths and weaknesses about each sensor
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2.1.1 8ol 7= ¥ SAlEH

A ZAAE 918F #He|r] AlA+E continental A2
ARS-308 -5 AR8-815ict ARS-308 222 200m
7 RAA7Y 7Fedt Fub WF ALSI(FEMCW,
Frequency Modulated Continuous Wave) #H|o|ti0]
t}h ol AlAe}e] EAlLS CAN(Controller Area
Network) S &-83lt}l 18] 1S 3% ARS-308 #o]

Radar Sensor that collides with the object.

Strong against weather
environment occur

Character Strength Weakness
Multi lane detection with Sensitive to sensing angle and
Detection using reflected wave | single sensor width

Interference and EMI can

Detection in a ROI that is
specified by utilizing image
information.

Vision Sensor

Multi lane detection with
single sensor

Real-time monitoring of traffic
information

Sensitive to weather
environment

Detection rate of day and
night is different
Sensitive to light

Detection using the loop coil,
the inductance changes when
the vehicle passes.

Loop Sensor

Reliability of detection
information

Limited information
road damage

Traffic control during
installation, maintenance

Detection using the laser
sensor that returns the
distance.

Laser Sensor

Classification of vehicles
Not sensitive to light

Sensitive to weather
environment
Limited area of detection
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Table 2 Ghost removal parameter
parameter meaning

Sv Speed vertical
Sh Speed horizontal
Dv Distance vertical
Dh Distance horizontal
RCS var RCS variance
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Fig. 12. Radar sensor wrong detection in ROI Fig. 13. Vision sensor detection
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Fig. 15. Vision sensor wrong detection in ROI
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Table. 5. Vision sensor experimental result
Vision Precision Recall F-MEASURE
videol 0.87 0.5 0.64
video2 0.8 0.74 0.77
video | 076 065 07 38l 17, el AKX WA AN BARAE B 9
video4 0.86 0.75 0.8 W 2A3x] AA
B Fig. 17. Removal wrong detection in ROI using radar
video5 0.9 0.81 0.85 and vision sensor fusion
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Table. 6. Radar and Vision sensor experimental result

\ljfs(iig; Precision Recall F-MEASURE
videol 1 0.67 0.8
video2 1 0.83 091
video3 0.85 0.73 0.79
video4 0.86 0.87 0.86
video5 0.9 0.82 0.86
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Table. 7. Comparison of exprimental results by sensor

Precision Recall F-MEASURE
Radar 0.66 0.63 0.6
Vision 0.84 0.69 0.75
Radar 092 0.78 0.84
Vision

Precision, Recall, F-MEASURE for each sensor

o
P

Precision Recall F-MEASURE
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Fig. 19. Precison, Recall, F-MEASURE for each sensor
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Table. 8. Comparison of FPS of GMM and HOG
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FPS GMM HOG
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video3 11.6 15.5
video4 12.4 13.7
video5 13.7 17.8
average 11.5 14.76

GMM, HOGFPS H| 11

18
16

2 /b—-—.______‘-______._-o-'_'"-'-.-“

videol video2 video3 videod video5

.

—y G HOG

2 20. GMM, HOG FPS H]xL
Fig. 20. FPS comparison of GMM, HOG
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