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Abstract The three-dimensional (3D) texture information of asphalt pavement is important information for characterizing
its skid resistance. To mitigate the problem of interference to information acquisition due to the high matching error rate in
the weak-textured and non-textured areas of the asphalt pavement, this paper proposes a pavement 3D texture information
acquisition method using a binocular vision stereo matching algorithm. First, the binocular vision measurement platform is
built, and the internal and external parameters of the binocular camera are obtained using Zhang Zhengyou’s checkerboard
calibration method. Second, for the digital images collected by the binocular camera, the stereo matching algorithm that
introduces the cross-scale cost aggregation model is used to get a better parallax map. Finally, we obtain the 3D model of
the pavement texture using reverse reconstruction, and then the pavement texture information is obtained. The
experimental results show that the proposed method reconstructs a more accurate 3D model of the road surface with the
relative error within 5% and has a high accuracy and a good robustness for obtaining road texture information.

Key words binocular vision; stereo matching; 3D reconstruction; pavement texture; image processing
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Table 1 Detailed equipment parameters of the binocular vision measurement platform

Equipment Parameter Content
Camera model MV-VDM200SM/SC
Imaging resolution /(pixel X pixel) 16001200
Pixel size /(pum X pm) 4.4X4.4
Camera Sensor type CCD
Frame rate /(frame-s ') 20

Exposure method

Power /W

Frame exposure
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Fig. 3 Working flow chart of binocular vision measurement system
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Relative
Sample Measurement method  MTD /mm
error / %
3D laser scanner 0.6788 5 15
Proposed algorithm 0.6574 o
3D laser scanner 1.203

2 ) 2.99
Proposed algorithm 1.167

4 45 B

W58 T AU W858 7 1A DG e 580 v 0 B B, &5 4 B R
FEAR M T A AR AY 2 — L T X H W E 7 4R DE ()
Wi B AR SO BRI I R A A A A
B, I % AR 8 47 40 0 T S Ak 21 R0 B o 6 LU B 3 N
BT B A M DOG B & F I R B 4
Br B gl A B R E R G BB, R H OpenCV Al
MATLAB Bk A % F2 55 B = 2 & 2 A0 0 7 3% i a0 B
MTD A B3 . SL 545 F R W, BT 32 Jr vk 35 B i
SURRfE BRTEE, HERE A8 45 R B ko A 2y
FEAK . FEJG 2Rk — 2 B aE b R 4R i A BL A R LU
Ko Ak B2 A Ak ST R DG JE B3 8 R 1 R AT RORG B
R S IS A R R RS B U0 I T AR S

Z % x #

(1] o, &R . e B2 B B e i 0 5 3¢l ge il o g ik

Srpr(T] 2 B SCE L, 2006, 23(8): 72-75.
Wen B, Cao D W. Statistical analysis of traffic accident
and skid-resistance of expressway pavement[J]. Journal of
Highway and Transportation Research and Development,
2006, 23(8): 72-75.

[2] Han S, Liu M M, Fwa T F. Testing for low-speed skid
resistance of road pavements[J]. Road Materials and
Pavement Design, 2020, 21(5): 1312-1325.

[3] Wideze, HARAM, XU . W T K R R WA S BT

L RE ] 19 0GR [T]. JE 3T Tolk K22 2240, 2011, 37(4):
547-553.
Miao Y H, Cao D W, Liu Q Q. Relationship between
surface macrotexture and skid resistance of asphalt
pavement[J]. Journal of Beijing University of Technology,
2011, 37(4): 547-553.

[4] B, =05, XOGZE, 45 W55 M 3R S0 i K g
S5 R HERELT]. B4R TS, 2020, 49(4): 1025-1030.

(5]

(6]

(9]

(10]

[11]

[12]

[13]

1415026-8

$£59%5 F 14H/2022 F 7 A/ ESBFFHE

Geng J G, Lan Q, Liu G J, et al. Research progress on

surface texture measurement and repair methods of
asphalt pavement[J]. Applied Chemical Industry, 2020,
49(4): 1025-1030.

BT TS TR R i R A R [T]. AR 4L
ARBFFE, 2020, 5(11): 66-67.

Li Y. Depth detection technology of expressway asphalt
pavement structure[J]. Engineering and Technological
Research, 2020, 5(11): 66-67.

T, BB, EMSE, SE W B T R T s = A
e R O I i SRR T [T). P R S 0E K E SRR
2020, 55(4): 758-764.

Ding S H, Yang E H, Wang C P, et al. Three-
dimensional high-precision laser non-contact detection of
asphalt pavement surface texture[J]. Journal of Southwest
Jiaotong University, 2020, 55(4): 758-764.

T, BOAC, BHBUE, AE ST R LSO T I e
B I TR MUTD 0k [T, AR K 24 (A A B2 1D,
2020, 50(1): 137-142.

Ding S H, Zhan Y, Yang E H, et al. MTD
measurement of asphalt pavement based on high precision
laser section elevation[J]. Journal of Southeast University
(Natural Science Edition), 2020, 50(1): 137-142.
TR, A, TS, SF L HLAE LS AR b RS I b
BiF 58 BUIR K % e fa # (D). HLIR 5 WK, 2019, 47(23):
183-189.

Zhang M H, Wang J W, Zhang W, et al. Research
status and development trend of machine vision in bearing
inspection[J]. Machine Tool &. Hydraulics, 2019, 47
(23): 183-189.

[T, BB, TR, AR . HLER A 0 B S K H B
e H ). LB 5 i3, 2020(10): 281-283, 287.
He X Y, Zhao S L., Zhang Z, et al. Development trend
of the research and application of machine vision[J].
Machinery Design &. Manufacture, 2020(10): 281-
283, 287.

KL, LA WG 5k R ERIR 7). %64 i
#HA, 2019(6): 213-216.

Song C H, Peng X Z. Research and development of
machine vision[J]. Equipment Manufacturing Technology,
2019(6): 213-216.

JRE SR, CERENT, Sexede A BEAR N F AL R % D
FRLEAR[T]. 24, 2018, 38(8): 0815003.

Zhou F Q, Wang Y X, Chai X H, et al. Review on
technology based on mirror
Acta Optica Sinica, 2018, 38(8):

precise measurement
binocular vision[J].
0815003.

WHET, SE R AL XU H L0 2R AR [T]. B 4L B
i, 2007, 5(34): 150-151.

Shen H Y, Chai Y. A review of binocular vision in
computer vision[J]. Science &. Technology Information,
2007, 5(34): 150-151.

EE L HAE, RSN HE A R IIE S IZ ) S8R
7RI e R, 2021, 41(3): 0311001,

Wang J, Huang W, Zhang J Y, et al. Motion parameters
of space validator relay videometrics method[J]. Acta
Optica Sinica, 2021, 41(3): 0311001.



$£59%5 F 14H/2022 F 7 A/ EBFFHE

[14]

Redt, 22300k, FHEOE . WCH PMP 9056 I 4 v 7 44 DG i
kst 5B B LA TR, 2013, 24(19):
2635-2640, 2646.

Xiong W, Li W L, Yin Z P. Design and implementation
of a stereo matching method in binocular PMP vision
measurement[J]. China Mechanical Engineering, 2013,
24(19): 2635-2640, 2646.

MR, FHE, 2K, ST RCE L6E 1 5 S B
JE T RO I 4 [T]. 306 506 i 52+ kg, 2020, 57
(18): 181511.

Lei J F, Wei W, Li Y L,
measurement of weak texture hydraulic components

et al. Dimensionality

based on binocular vision[J]. Laser &. Optoelectronics
Progress, 2020, 57(18): 181511.

AL, BIE T EE, 5 ET Z4ERERG M XH L
A DG I Bk B SR (). WOk 5o T aE ik R 2020, 57
(16): 161501.

Gong W, Qin L., Ren G F, et al. Binocular stereo
matching algorithm based on multidimensional feature
fusion[J]. Laser &. Optoelectronics Progress, 2020, 57
(16): 161501.

SAE, kAR, IR . AG ZRHIE RS B R R L
f X H L AR DS RE (D], S AL LA S R, 2020, 56(1):
216-223.

Guo Q, Zhang F Y, Sun N L. Binocular stereo matching
with  multi-feature

representation  and  super-pixel

optimization[J]. Computer Engineering and Applications,

(18]

[19]

[20]

(21]

1415026-9

2020, 56(1): 216-223.
Zhang K, Fang Y Q, Min D B, et al. Cross-scale cost

matching[C]/2014 IEEE
Conference on Computer Vision and Pattern Recognition,
June 23-28, 2014, Columbus, OH, USA. New York:
IEEE Press, 2014: 1590-1597.

L, I, 3%k, 45 BT B0 Census 28 4 5 8 4 il
AL R R T] OGSt T2 Bk, 2021, 58
(2): 0215008.

Xiao H, Tian C, Zhang Y, et al. Stereo matching
algorithm based on improved census transform and

aggregation for  stereo

gradient fusion[J]. Laser &. Optoelectronics Progress,
2021, 58(2): 0215008.

Milanfar P. A tour of modern image filtering: new
insights and methods, both practical and theoreticallJ].
IEEE Signal Processing Magazine, 2013, 30(1): 106-128.
o) 51l , gR R, R SC . ORI A AR g R AR T
= R BB R [T] EOE SO0t R T e b, 2021,
58(18): 1811018.

Xiang Z L, Zhang Q C, Chen C W. Texture mapping of
3D point clouds with freely recorded 2D images[J]. Laser &.
Optoelectronics Progress, 2021, 58(18): 1811018.

fif 3. TR0 E WL Y 95 TR E - i T 0 A 1 B Y
[D]. HPK: A A%, 2019: 18-30.

He L. Study on surface texture structure of asphalt
based
Chongging: Chongqing Jiaotong University, 2019: 18-30.

concrete  pavement on binocular vision[D].



	1　引言
	2　双目视觉算法原理
	2.1　立体匹配

	2.1.1　图像金字塔
	2.1.2　匹配代价计算
	2.1.3　多尺度代价聚合
	2.2　逆向重建

	3　实验与分析
	3.1　实验台搭建
	3.2　相机标定
	3.3　图像预处理
	3.4　结果与分析

	4　结论

