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Abstract : This study proposes a model capable of recognizing and making decisions on whether a preceding vehicle will
inevitably cross the center line in challenging road scenarios encountered by autonomous vehicles. In order to validate the
proposed approach, a high-definition road map, based on a 3D point cloud map and a vector map of the Yeungnam
University campus, and a digital twin-based autonomous driving simulation environment were utilized. To detect whether a
preceding vehicle crosses the center line, the recognition model has been combined with a YOLO-based preceding vehicle
detection model and a center line detection model that utilizes both LaneNet and RANSAC. We applied the counterclockwise
algorithm using the position of the detected vehicle and the center line to verify center line violations. The proposed model
was validated through simulations conducted in a digital twin environment. The validation dataset incorporated various
weather and road conditions within the simulation environment. Simulation results achieved an average accuracy of 0.929,

reaching a maximum accuracy of 0.995 under sunny weather conditions on straight road scenarios.
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Fig. 1 Workflow for creating a digital twin
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Table 1 Road infrastructure elements in Yeungnam university

campus
Road environment Unit Value
Drive distance m 20,000
Intersection count 46
Roundabout count 2
Speed bump count 107
Maximum road gradient degree 3.127
Maximum one way lanes count 2
Traffic light count 96
Pedestrian traffic light count 41
Traffic sign count 215
Crosswalk count 95




HE 2 SYH AY A =AY CAY EY 22T AE 0|4 7% Y5 30| HE A7

2.2 3D da AT A2t Table 4 Vector map layer at Yeungnam university campus
3D Mt A= A 2FsH7] 93 MMS 1] Table 29+
2ol LIDAR, 7Hil2h, GNSS, IMU 41415 §Hlshan gl RV .
' | PSS el A A Al _NODE 873
Leica Pegasus: Two Ultlmate_a AFE-35F3 T B B A2 LINK 1,174
22 MMS |7t s AllE Apge = oélﬁ]":? Shal 7 A4_SUBSIDIARYSECTION 128
Eg—zﬁﬁ i AAE o83l A HlolHE
e B AR e Rl —r = ———
’ = =oEE = Bl _SAFETYSIGN 215
1‘4-. @{E— 7(] 2] @ 2H ]+ Table 33 20 5 cm ©]] 9] B2_SURFACELINEMARK 1,325
H A Ao 22 oJHAE EREte] @ AFRSIE 3 B3_SURFACEMARK 581
cm O = FFAIZA T C1_TRAFFICLIGHT 91
C3_VEHICLEPROTECTIONSAFETY 528
Table 2 Sensor used in the mobile mapping system C4 SPEEDBUMP 11
Sensor Model Count C6_POSTPOINT 170
LiDAR Z+F 9012 1
Camera Side camera 4 AZFe WY A== vl F7F 13 o] ohd A&
Fisheye 2 PxieF F3lo] Dot =2 AR 2 F3Y S AR E A
GNSs Novatel ! FAT e At A4, Yene, A5EY e 1
IMU Novatel 1 EANE L =72 g, 5, A E£E 5o ARE ¥
ok glol, AHgFaAel A A8, Hil & A
J SIRRERIE A 1 g v
ATy I F A ool ARE-E 9l
24 GAIY EY Al2201d &F 74
A g E AlEe o] 32 A AlERe Hat A

o} vl A g o] &) THAA, A A wo}
A AEFRN D08 LR sk 0f Aol 3

Fig. 2 Visualization of 3D point cloud map RE zk23 g)on o2 &838te] A4 st 7}
g A P9l A =l @ Tl
Table 3 Error range of the point cloud map 2 ;q] 374 JJr (=3
Mapping method Error range 213l
Point cloud only ~5cm
Point cloud + Drone image ~3cm

2.3 Y R A&t

W] A2 ob Alka 33be A A melA A
o] B Q3 @ AES AT TEARA Y ,] 2
MR A vl Bl 542 F71stel A4
o AUEEAE e BRot 1E 84S Fash
F3 2 :=T(Al NODE), T3 23 (A2 LINK)Z
3 5 14719 S42 olshaL elek Aol
T Table 49} o] Aol EAHA] ZFe TIHA3
DRIVEWAYSECTION), A2 ¥ ~E(C2 KILOPOST), = ey
o] %ol 5(C5_HEIGHTBARRIER)S- #|€] gt 11714] 43 (c) Top view (real road) (d) Top view (digital twin)
2 wE Aol F7hehelet,

Fig. 3 Comparison between real road and digital twin
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Fig. 4 Scenarios of center line violation
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model
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(b) SUV/Truck

Fig. 6 Sample dataset for a preceding vehicle detection

Table 5 Distribution of vehicle classes in the dataset

Class No.
White 512
Sedan
Red 231
White 375
SUvV
Gray 224
White 446
Truck
Gray 284
Total 1,976
1.0
0.9
0.8
iy Ty e
07 ,/-—c'N
%06
£
0.5
0.4
0.3 mMAP@0.5
0.2 —=— mMAP@0.5:0.95
0 10 20 30 40 50

Epoch

Fig. 7 mAP evaluation for the preceding vehicle detection
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Table 6 Distribution of lane classes in the TuSimple training

dataset

Lane class Count
Continuous yellow 1,456
Continuous white 1,914
Dashed 4,926

Double dashed 431
Botts’ dot 4,495

Double continuous yellow 523

Unknown 592
Total 14,337

(a) Lanenet only (day) (b) Lanenet + RANSAC (day)

(e) Lanenet only (rainy) (f) Lanenet + RANSAC (rainy)

(h) Lanenet + RANSAC (foggy)

(g) Lanenet only (foggy)

Fig. 8 Scenarios of center line violation

Table 7 Comparison of center line detection accuracy

Model Accuracy
Lanenet only 0.779
Lanenet+RANSAC 0.875
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(a) Normal driving (night) (b) Center line violation (night)

(c) Normal driving (day)

(d) Center line violation (day)

Fig. 9 Center line violation recognition results
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Fig. 10 validation dataset in a digital twin
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Table 8 Evaluation of the center line violation recognition model

Category Accuracy
Sunny 0.995
Straight Foggy 0.96
Rainy 0.965
Sunny 0.87
Curve Foggy 0.843
Rainy 0.943
Average 0.929

Table 9 F1 score of the center line violation recognition model

Category Precision Recall F1 score
Sunny 0.966 0.934 0.950
Straight Foggy 0.825 0.934 0.876
Rainy 0.844 1 0.912
Sunny 0.787 0.960 0.865
Curve Foggy 0.707 0.881 0.785
Rainy 0.750 0.98 0.850
Average 0.805 0.948 0.871
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