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Fig. 1 Road markings extraction algorithm flow
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Pl 8 () Ay fift FH S5 N 10 1 4 1k AR A5 14 43 K
S5 LR 1R 0 A O B 6 o o A b R Ok T
AER ) 22 0 s 2 5 R B BB Ofe o e I AR 8 SR 1 IR
J2 e N B A 43 0 3 2 — B 4 R I 4 Bk T
T 3 B 43 A AN 857 5 ) — W) R AR AS TR A 1y o
22 SRR ME LR B — > 4 JR B T A B 4 S I
T 53 0 FF o J B de N 11 53 30 12 7 e R0 180 41 3
R B LA BT S PR X EL T 8 (b) AT & B
SER R 58 559 0] ) R 4 s 2 B 43 R g R R {1 1 1k
PEEH SR, B 8 (o) AT /i, 33X 156 B 43 B R 06 A7 s 2%
it B BE 43 A AN ST ) R, H Y 4 B RS T

UGS & bR, 43 #5035 A7 2 6 7 R 2R 47 9 1
THEL, T s ) F B b B — R B 5 2
33X — g A G ) B 2K, T K T R 1L
HFREE L DT 72 A A TR 8 (o) v BT 75 1) e opR Mg 7 5 o
O3 MR 538K D) TR A v i ) — 0 1 o B2 473 47 7
Ly N =3 N V7 07 2 o T N s < S 1
Pl 8Cd) Sy 3 7 o {3 350 5 3k 1 43 S 45 2R a0 vk
L AR AR N AR R SOk TR
S0 B B TE 5 DL T R 3R A R A B T A
FBR S S, 2 B AR B4, W B 8 () v K i b 2K
(1 4 B8 B PEARGF 5 {H Y AR 3 — o Y 1Y D

0710001-7



$£49% £78/2022 F 4 A/HERK

DAy S8 TR i R K N S MR A 3 N Y SR
AR R AR A 2y N TR — i P 8 () iz
8 ZR KRR o3 O B T A DR IR B ) 7 Sk A e A
FAEW R BRG  BEAL . 5 B0 A O R D 5% &
ARESBGREA FEOEM LG5 SRR LR
PR F AR

Bl 8Ce) HA SN AB BMEIT LM FIA5 R . M
FEZ T o AR ST 95 3 HAR S S s S I A 0 R o K
7 A R MR R /D AR SCRIT 1 B0 2 B A B T R E
K B o3 AL/ N ) - AR R A7 A B U6 /) 4 5 TR
Borp R — Wy U i i B2 22 S, DA % i 0 J3E o A1 A
SR TR s U B X AR 3 6 2 0 ] — W (A
BLAY R H R) R 51 A fe K 8] T7 22 %1 B AR AT
R A EA—LKYR T RGeS 2k
YR i ER 5 g Ze e, X T 2l e, AR R4 R4

(8 JBE X0 R 7 2 W 2 0 R R 25, DT sl £ 0 %
b I ) — W A 3 kg TR 285 S0 A W M 1 1
B, A& 8 Co) v |y Btk M 7 A& 8 () v i 7 Sk ik
R X F A A AN & 258 5 0 B4l e
R T Z BT 08 SN KBRS BREAH
HEAT R TEA, Tk T R 8 (D AR R A
Xof (5 {4 B 25 R R 52 )

F 1 R DU R4y E TR A I bR 4R AR OCHE R
o R 0 1B 43 B0 A — MBS 2 1A R R ok
JUT LA 0] 3848 B5 YRG5 43 e i KM 1] 1 4 50 3k 1 42
Bt S vl T K 1 BOIR W 7 BT DL B R 48 B
A% s A 58. 3% I8 I B 3 B 1k 1 = 48 b
PR F R & . A 2o $8 A5 B0 #0290 %60 5 AR SC Ty
A R ME R R ZE AP AR b DA T
92% » BT HA T AR S

F 1 ORI BE ST 5 25 038 R 2R 6

Table 1 Identification accuracy of road marking under different threshold segmentation methods

Threshold segmentation method r /% » /% F /%
Maximum entropy segmentation 88.5 71.0 78.8
Block maximum entropy threshold 89.5 58.3 70. 6
Adaptive threshold 89. 86.1 87.6

Our method 92. 96. 8 94. 8
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Fig. 9 Extraction results of road marking point cloud. (a) Extraction result of section 3; (b) extraction result of

section 2; (c) extraction result of section 1
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Table 2 Identification accuracy of road marking

Section No. N 1p Ny p /% r /% F /%
1 130613 10164 4310 96. 8 92.8 94. 8
2 118743 13254 11691 91.0 90.0 90.5
3 81000 6360 1020 98. 8 92.7 95.6
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Fig. 10 Extraction results of road marking of section 1. (a) Road surface point cloud; (b) method proposed by Yao et

al; (¢) method proposed by Yu ea al; (d) our method; (e) manually labeling

it — 2 5 VA S [ 7 1 B B B A9 18 B
LB R T N TR B 2 25 Hd . T R e
BRMEE S AR AR IH AR ISR 3 s . AL

FER = PEM AR E 2 )ik 3 92, 8% .96. 8% Al
94. 8%, H i F X L i O FE A, E— A B IE T AR S
WA B,

K3 AIETTEIE IR AR

Table 3 Quantitative evaluation results of different methods

Method p /% r/% F /%
Method proposed by Yao et al 86. 1 89. 2 87.6
Method proposed by Yu et al 95.7 91.9 93.8
Our method 96. 8 92.8 94. 8
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Abstract

Objective Road markings provide a wealth of guidance information to their drivers on daily basis, and they are also
the fundamental of lane-level navigation maps used in advanced driver assistance systems and unmanned driving
technologies. With the rapid development of autonomous driving technology, swift and accurate identification and
extraction of road markings are essential. Traditional methods use total station measurement to obtain information
about road marking. This method has low collection efficiency and high personnel costs, making it unsuitable for
acquiring road marking information quickly. Many researchers have attempted to extract road markings from images,
but the effect is highly dependent on image quality. Vehicle-mounted mobile laser scanning, as a high-tech surveying
technology that has developed rapidly in recent years, can efficiently and accurately obtain three-dimensional spatial
information and echo intensity information of roads and surrounding features, thereby providing a new method for
obtaining road marking information. In this paper, combining the characteristics of the road structure and the
intensity information of the point cloud echo, a road marking extraction algorithm based on the vehicle-mounted laser
point cloud is proposed.

Methods Firstly, the cloth simulation filtering (CSF) algorithm is used to obtain the ground point cloud from the
original point cloud; secondly, the pavement point cloud is extracted using the normal vector-based area growth
method; then, the inverse distance weighted interpolation method is used to project the pavement point cloud into an
intensity feature image, dividing it into multiple subimages, using the largest interclass variance to divide the
subimages into pure blocks and miscellaneous blocks. The pure block determines the segmentation threshold based on
the relative size of the gray average value of the original image, while the miscellaneous block determines the
segmentation threshold based on the Otsu algorithm. Finally, the road marking point cloud is obtained after threshold
segmentation, morphological filtering and denoising, and point cloud back projection.
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Results and Discussions CSF algorithm and normal vector-based area growth method are used to generate the
pavement point cloud. The only difference between pavement points and nonpavement points is the presence of
curbs, indicating that the pavement point cloud is correctly extracted (Fig. 5). To test the performance of the
dynamic threshold segmentation method proposed in this paper, it is compared to the maximum entropy threshold
segmentation method, the block maximum entropy threshold segmentation method, and the adaptive threshold
segmentation method. The comparison results show that the dynamic threshold segmentation method proposed in this
paper can simultaneously solve the problem of uneven intensity distribution and the size of image blocks, the
extracted road markings are more accurate and complete with less noise (Fig. 8 and Table 1). The test results on
three sets of data show that the recall rate, accuracy, and comprehensive evaluation index of the road markings
extracted by the method in this paper are all greater than 90% , and the effect of extracting the markings is better
(Fig. 9 and Table 2), and it has some advantages over methods proposed by Yu and Yao et al (Fig. 10 and Table 3).

Conclusions This paper proposes a road marking extraction algorithm based on a vehicle-mounted laser point
cloud. Based on the ground attributes of road markings, CSF algorithm is used to obtain ground point clouds,
eliminating the influence of nonground point clouds on the extraction of markings; according to the difference of
normal vectors on both sides of the road, the area growth method is used to segment and extract road points from the
ground point cloud, eliminating the interference of curbs and ground objects on both sides of the road; to speed up
the processing efficiency of the algorithm, the pavement point cloud is projected to generate intensity feature
images; for the uneven intensity distribution in the extraction of markings, the intensity feature images are divided
into multiple subimage to reduce the incident angle and range of the image. To avoid misclassifying subimages that
are all roads or markings, the proposed algorithm use the largest interclass variance to classify the subimages and
select different thresholds based on the subimage category. Dynamic threshold segmentation is used by the
calculation method. Finally, three actual road sections’ point cloud data are chosen for experimental verification in
this paper. The results show that the recall rate, accuracy rate, and comprehensive evaluation index of road marking
extraction are 92.8% ., 96.8%, and 94.8% , respectively, suggesting that the algorithm in this paper is effective
and feasible, has some practical application value, and supports the production of high-precision maps in unmanned
driving.

Key words remote sensing; road marking extraction; mobile laser scanning; intensity feature image; dynamic
threshold segmentation
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