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Lane-Level Positioning based on 3D Tracking Path of
Traffic Signs

P t =1
Mg, AR

Soon-Yong Park ', Sung-ju Kim'

Abstract Lane-level vehicle positioning is an important task for enhancing the accuracy of in-vehicle
navigation systems and the safety of autonomous vehicles. GPS (Global Positioning System) and DGPS
(Differential GPS) are generally used in navigation service systems, which however only provide an
accuracy level up to 2~3 m. In this paper, we propose a 3D vision based lane-level positioning technique
which can provides accurate vehicle position. The proposed method determines the current driving lane
of a vehicle by tracking the 3D position of traffic signs which stand at the side of the road. Using a
stereo camera, the 3D tracking paths of traffic signs are computed and their projections to the 2D road
plane are used to determine the distance from the vehicle to the signs. Several experiments are
performed to analyze the feasibility of the proposed method in many real roads. According to the
experimental results, the proposed method can achieve 90.9% accuracy in lane-level positioning.

Keywords Lane-level vehicle positioning, Driver assistant, Traffic sign, Stereo vision
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Fig. 1. Lane-level positioning of a vehicle using the 3D tracking
path of a traffic sign
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Fig. 4. Extraction of traffic sign candidates from a binary image
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Fig. 6. Feature images of traffic sign detection (a) vertical edge
(b) horizontal edge (c) diagonal edge (d) red channel

(e) normalized V channel
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Table 1. Pseudocode of traffic sign ID tracking algorithm

Algorithm. Pseudocode of inheritance of traffic sign ID
GiveID(P, T, n);
Input: P /A Set of previous detected traffic signs
T //A new detected traffic sign
n //NewID
output: Identification number
max_ sameness = (
result Id=n
for i < 1 to NumberOfTrafficSign(P) do
pre = P[i] /I P[] is i th previous traffic sign
new=T
sameness < 1.0 - normalize(SAD(new, pre))
If sameness > 0.8 and sameness > max_ sameness then
max_ sameness = sameness
result 1D = GetID(pre)
return GetID(pre)

LR AN LI o

: end for
: return result_ID
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Fig. 9. 3D position of a traffic sign with respect to the left camera
coordinate system
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Fig. 10. Intersection points of 2D curve of sign tracking path
and the X-axis of the camera coordinate system
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Table 4. Results of lane-level positioning in each scene

Scene Total |Ground truth| Estimated Edsitslgizd
lane lane lane
(m)
1 2 1 1 2.42
2 2 2 2 3.46
3 2 1 1 5.66
4 2 2 2 4.01
5 2 2 2 4.28
6 2 1 1 6.95
7 2 1 1 7.75
8 2 2 2 4.31
9 2 2 2 3.77
10 2 2 2 3.69
11 3 3 3 348
Fig. 11. Stereo visi ted on the front wind = = = = -
ig. 11. ofe;e(\)/e\ﬁiscllfan camera mounted on the front window 5 2 5 5 35
14 4 3 4 (Fail) 1.64
Table 2. Training data of traffic signs 15 3 2 2 5.65
Circle Triangle | Invert Triangle Negative 16 3 2 2 5.91
402 229 156 1,164 17 3 2 2 332
18 2 1 1 9.09
Table 3. Performance of traffic sign detection (TP: True Positive, 19 2 1 1 6.64
FP. False Positive, FN: False Negative) 20 5 1 ) 6.95
TP FP FN Precision Recall 21 2 2 2 4.14
1,754 51 307 0.9717 0.8510 22 3 1 3 (Fail) 1.27
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Table 5. Accuracy of lane-level positioning

Total Scene Correct Fail Accuracy (%)

22 20 2 90.9

21 21 21

X X X
(b)

Fig. 12. Road image and lane-level positioning result (a) road

image with position result (b) 2D tracking positions of
the detected traffic sign
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Fig. 13. Result image of lane-level positioning in various road
environment
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