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Abstract : In this paper, we studied an autonomous vehicle driving system at an intersection equipped with traffic lights. We

proposed deep learning based traffic light recognition algorithm, crossing/stop decision algorithm, path generation, and path
following method. In addition, we implemented the proposed systems into a real vehicle environment. The main contribution of this
paper is a crossing/stop decision algorithm to determine whether a test vehicle will pass through an intersection or stop in
accordance with the recognized traffic light condition. This algorithm was designed based on vehicle speed and the distance
between the position of the stop line and the vehicle. Ioniq PHEV, a vehicle equipped with sensors for autonomous driving, was
used in order to evaluate the performance of the proposed system. The test vehicle drove through the intersection at the proving
ground located in Ochang Campus, Chungbuk National University. The experimental results showed that the test vehicle
successfully passed through the intersection in accordance with the traffic light status with a maximum speed of 30 kph on a straight

course and a maximum speed of 10 kph on a 90° corner course.
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[ System Operating ]

[ Driving Path Generation ]

Localization Algorithm

after(5ms)

Traffic Light Recognition
Algorithm
after(100ms)
Driving ilignathudgmenl v
gorithm
after(5ms) Path Following Algorithm after(10ms)

(x, y, theta)

EP : Coordinate Map
EP : Stop Line

after(100ms)
EP : End Point

Fig. 1 Total system block diagram
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/ Traffic Light Recognition Algorithm \

—P[ Front Camera Image Inserting

through YOLO v3

{ Traffic Light size and signal detection J

[ Closest Signal Detection by comparing
the Traffic Light size

[ Class Integration for the same signal ]

Signal Detection based on probability ]
\ through accumulation of the result

after(100ms)

Fig. 2 Traffic light recognition system block diagram

Table 1 Specification cameera(a) and lens(b)
(a) BFS-U3-32S4C-C USB3 Blackfly
1/1.8" Camera sensor format
2048 X 1536 Pixels (H X V)
3.2 Mega pixels resolution
118 Frame rate (fps)
3.45 X 3.45 Pixel size (um)
(b) 16mm UC Series fixed focal length lens
16 mm Focal length FL
1/1.8" Maximum camera sensor format
25.36° Field of view
/1.8 - f/11 Aperture (f/#)
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Table 2 GT DB Information

Type Class name Total
0 3 Signal block / Red 370
1 3 Signal block / Yellow 242
2 3 Signal block / Green 1119
3 4 Signal block / Red 4029
4 4 Signal block / Yellow 96
5 4 Signal block / Green 1914
6 4 Signal block / Left Arrow / Green 1101
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T
Fig. 3 The result of TLR(Traffic light recognition). The method of
naming is TR [ B] [ C]. TR mean Traffic Recognition. [ B ]

mean the number of circle in Traffic Light. And [ C ] mean
signal of traffic light(R : Red, LG : Left arrow and green, Y :

Yellow)
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Localization Algorithm \

Is the GPS renewaled?

YES
Localization based on GPS coordinate ]

Localization based on Dead Reckoning
depending on previous GPS coordinate.

/

after(5ms)

Fig. 4 Localization system block diagram
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Fig. 8 Coordinates map made by RTK GPS
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Following up the End Point
“|__of the Coordinate Maps
a : Distance between the Ego Vehicle and the Stop Line of Traffic Light.
b : Travel distance for 3 seconds based on the current speed of vehicle.

after(5ms)

Fig. 11 (a) Shows Chungbuk National University proving ground
Fig. 10 Decision algorithm block diagram and (b) Shows traffic light intersection
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Table 3 The result of the TLR. The confusion matrix is used for the
performance evaluation, and it is defined as one sequence
from the distance of 85 m to the moment when the vehicle
passes through the traffic lightsm

nxZ FAolM e X2

Type Sequence Result
Red / Yellow 15 15TP
Green 15 15TP
Green — Yellow 6 6TP
Red — Green 3 3TP
Recall, Precision 100 %
(a) ——- Velocity (kph) A
—— Stanley Distance Error (m) =7
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Fig. 12 The result of vehicle path following according to vehicle's
velocity. (a) means straight course. and (b) means corner
course. At (b) course, The two dotted boxes means corner
section

Table 4 The final result of intersection driving of autonomous

vehicle
Corner section speed Attempts Success Failure
10 kph 35 35 0
15 kph 35 31 4
20 kph 35 7 28
Straight section speed Attempts Success Failure
10 kph 35 35 0
20 kph 35 35 0
30 kph 35 35 0
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