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Abstract : In the context of urban autonomous driving, where various types of traffic lights are encountered, traffic

light recognition technology is of paramount importance. We have designed a high-performance traffic light recognition

module tailored to scenarios encountered in domestic urban driving and devised a dataset construction process. In this

paper, we focus on minimizing the camera’s dependency to enhance traffic light recognition performance. The camera
is used solely to distinguish the color information of traffic lights, while accurate location information of the traffic
lights is obtained through localization and a map. Based on the information from these components, camera Rols
(Region of Interest) are extracted and transmitted to the embedded board. The transmitted images are then sent back
to the main system for autonomous driving control. The processing time for one traffic light Rol averages 43.2 ms. We

achieve processing times of average 93.4 ms through batch inference to meet real-time requirements. Additionally, we

design a data construction process for collecting,
semi-annotation-based corrections.

refining, and storing ftraffic light datasets, including

Keywords : Traffic light, Embedded system, Autonomous driving
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Table 1. Requirements for the target scenario
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Table 2. Selected camera model

m) + reaction distance(2 m)

Max. speed | 60 km/h Max. speed according to regulations

38.4° Tilt between TL and FOV of the
VEOV Eq. (2) camera on stop line

59.2° Yaw between TL and FOV of the
HEOV Eq. (2) camera on stop line

2 2. 72t Fovel J(sket 2
Fig. 2. Geometric model of camera FOV
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Fnm size lamp_size,, ’

PT in

traffic, —cam
VFOV = arctan( ifie, h

traffic;,, +bumper 4., " @)
lane width

HFOV=2- arctan(

traffic,,, +bumper 5,

3P 3] 7% Model name BFS-PGE-50S5C-C
Weather - sunny and daytime Resolution (WxH) 2448 x 2048
# of TL 14 Set | TLs with the same signal are counted as one Sensor pixel size (pz ;) 3.45 um/px
Type 6 G, R, Y, Left, Straight-Left, Unknown EPS 10 frame/sec
lamp_size 0.355 m | TL lamp size according to regulations Lens focal length (f,,,) 8 mm
warfia | 63 m Height of the highest TL VFOV A76°
trafficy,, 35 m | Min. distance between stop line and TL HEOV D6
lane g, 33 m Maximum lane width N
cam, 1.7 m | Camera height installed in the vehicle I T @\
bumper y;., 23 m | Distance between bumper and camera @2‘-\: ----- -/--)| Localization |--; foﬁ
The farthest distance between TL and [N \X/ H
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Fig. 3. Architecture of autonomous platform
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Fig. 5. Structure of the proposed traffic light classification model
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Table 3. Parameters of each filter

Confidence threshold (a) 90.0%

Area threshold () 700 px*

Green 0.0%

Red 32.9%

Prob,,.. Yellow 91.5%

e Green Left 70.3%

Red Left 59.8%

Unknown 100.0%
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Table 4. The amount of our dataset

Total Train Test
Data type - ;
count count ratio count ratio
Image 18,033 | 15275 - 2,158
Green 12,695 | 10,764 34.7% 1,931 34.3%
Red 9,022 7,658 24.71% 1,364 24.2%
Yellow 2,491 2,129 6.9% 362 6.4%
Green Left 4,848 4,206 13.6% 642 11.4%
Red Left 6,028 5018 16.2% 1,010 17.9%
Unknown 1,538 1,218 3.9% 320 5.7%
I 5 AHH| GO|E| Moi| CHEF ME& "ot At
Table 5. Quantitative results of our dataset
Metric AP (%) F1 (%) AUC (%)
Green 99% 99% 99.8%
Red 99% 100% 100%
Yellow 98% 99% 98.7%
Green Left 99% 99% 99.5%
Red Left 99% 100% 100%
Unknown 92% 92% 94.1%
Average 98% 98% 98.6%
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Fig. 9. Precision-Recall Curve
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Table 6. Quantitative evaluation results of LISA dataset
*Ours : 570 RolZ batch X2, NVIDIA Titan Xp

* [4] : NVIDIA GTX 1080Ti

AP (%) mAP .

Method Go Stop Warning (%) e
Ours 99.5 99.6 93.9 97.6 19.2
[4] 76.6 91.2 78.2 82.1 33.7
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