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High-Precision Line Laser Three-Dimensional Measurement Method
Based on Telecentric Imaging

Meng Yayun, Deng Huiwen, Zhang Guofeng, Ge Lingyu, Lin Kailiang, Yang Shuming
State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University,
Xi’an 710049, Shaanxi, China

Abstract High accuracy three-dimensional (3D) imaging of precision components is vital for industrial manufacturing and
inspection. To address the low efficiency and low accuracy of the existing line laser measurement system, a line laser three-
dimensional measurement system using telecentric imaging is proposed herein, and the calibration method of the system is
analyzed. First, target images of different positions and the same position under laser irradiation are obtained, and the
relationship between the internal parameter matrix coefficient and external parameter pose of the camera is calibrated via
telecentric orthogonal imaging. Subsequently, the geometric relationship between the line laser projection and calibration
target planes is established, the laser line direction vectors under different target planes are solved, and the equation of the
light plane is obtained via the least-squares method. The Levenberg-Marquard nonlinear optimization algorithm is used to
accurately calculate the optimal solution of calibration parameters under the maximum likelihood criterion. Additionally, a
test system and a calibration program are developed. Experimental results show that under a 60 mm X 48 mm field of
view, the designed system can achieve a measurement accuracy of 18 pum; furthermore, it can rapidly and accurately
reconstruct the three-dimensional geometric model.
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Fig. 1 Schematic diagram of line laser measurement system for

telecentric imaging
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Table 1 Telecentric camera calibration results

P Distortion 4, Distortion k,,  Reprojection
Magnification . L .
(X107 (X107 error /pixel
0.199719 4.26091 —2.52496 0.271447
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Table 2 Telecentric camera calibration results

Point No. Laser line direction vector

1 [0.181871, 0.982846, —0.014553]"
2 [0.189028, 0.977347, —0.024117]"
3 [0. 188845, 0.977098, —0.023485]"
4 [0.188770, 0.980917, —0.018678]"
5 [0.169291, 0.980011, —0.022408]"
6 [0.139874, 0.986097, —0.089592]"
7 [0.173615, 0.982375, 0.005284]"

8 [0.166604, 0.977990, —0.027501]"
9 [0.207611, 0.972565, —0.072362]"
10 [0.222349, 0.969022, —0.107222]"
11 [0. 2253088, 0.947963, —0. 120007]"
12 [0.251250, 0.947922, —0.183600]"

13 [0.182562, 0.979764, —0.016613]"
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Fig. 8 Laser stripe and light plane fitting
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Table 3 Measurement results of standard gauge block

Measured region / Standard Measured Accuracy /
mm X mm value /mm  value /mm mm
64X 48.2 1 0.982 0.018
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Fig. 10 Sample reconstruction results. (a) Physical drawing of industrial part; (b) industrial part 3D reconstruction result;

(c) physical drawing of ceramic model; (b) ceramic model 3D reconstruction result
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Table 4 Comparison with other methods

Method Equipment Measured region /mm>Xmm Accuracy /mm Frame rate /(frame-s ')
Yang"” pinhole camera, line laser projector 120X 90 0. 090 15
Zhang " two telecentric cameras 21X 17 0.020 15

Shi-*" telecentric camera, digital projector 18X16 0.011 20

I 0 5 oK
:|: N
4 4 e
Z £ XX W

PR T — PR T I O SR Y R A O — 4R D
W7 A BT TERBOLIR R, XA SR
FEWOE K A A (CCD AL IO B2 2k DL %z 3 fir
WA E . HE, X RGBS E T ik AT BRI, £ — b
BT O BB B LR BOE R E T7 %, T RLPR O B b o2
bR AE L vE e 1 H T O A AL I O il ) TR A AR A B
SR B 6 T b5 IR HE . SRS T & T R A&
FHRSHERR 7, LASE 0 E & 3D AR . SCH 4 R W 78
64 mm X 48 mm HY W 7 5 [Bl A, FRAFIE T 18 pm A9 =
2 00 R RS B, RE A% T N TR R A e R

[1] Zheng F, Kong B. Calibration of linear structured light
system by planar checkerboard[C]//International Conference
on Information Acquisition, June 21-25, 2004, Hefei,
China. New York: IEEE Press, 2004: 344-346.

[2] Sun Q C, Hou Y Q, Tan Q C, et al. A flexible
calibration method using the planar target with a square
pattern for line structured light vision system[J]. PLoS
One, 2014, 9(9): e106911.

[3] Walch A, Eitzinger C. A combined calibration of 2D and
3D sensors-a novel calibration for laser triangulation

sensors based on point correspondences[C]//Proceedings

0312022-6



B R IL

% 605%E 3H/2023 F2 B/HMAERBFEHE

(6]

(8]

(9]

[12]

of the 9th International Conference on Computer Vision

Theory and Applications, January 5-8, 2014, Lisbon,
Portugal. Settbal: SCITEPRESS-Science and Technology
Publications, 2014: 89-95.

JlE s, SRS SE T YR SAR 19 45 4 06 I A% SRS AR
FELT] BLB AR 244, 2010, 46(18): 7-12.

Zhou F Q, Cai F H. Calibrating structured-light vision
sensor with one-dimensional target[J]. Journal of Mechanical
Engineering, 2010, 46(18): 7-12.

Bel, RIEZ, . T B b SR ER Y 2 454 6 0L oE
it ARG bR E U] ML TR, 2016, 33(9): 1066-1070.
Yang K, YuH Y, Yang C. Calibration of line structured-
light vision measurement system based on free-target[J].
Journal of Mechanical & Electrical Engineering, 2016,
33(9): 1066-1070.

Zhang Z. A flexible new technique for camera calibration
[J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2000, 22(11): 1330-1334.

Wei Z Z, Li C Q,Ding B O. Line structured light vision
sensor calibration using parallel straight lines features[J].
Optik, 2014, 125(17): 4990-4997.

Li B W, Zhang S. Flexible calibration method for
microscopic structured light system using telecentric lens
[J]. Optics Express, 2015, 23(20): 25795-25803.

Chen Z, Liao H Y, Zhang X M. Telecentric stereo
micro-vision system: calibration method and experiments
[J]. Optics and Lasers in Engineering, 2014, 57: 82-92.
Li D, Tian J D. An accurate calibration method for a
camera with telecentric lenses[J]. Optics and Lasers in
Engineering, 2013, 51(5): 538-541.

Liu H B, Lin HJ, Yao L. S. Calibration method for
projector-camera-based  telecentric  fringe  projection
profilometry system[J]. Optics Express, 2017, 25(25):
31492-31508.

Qi L, Zhang Y X, Zhang X P, et al. Statistical behavior

analysis and precision optimization for the laser stripe

[13]

[14]

[16]

[17]

(18]

[19]

[20]

0312022-7

center detector based on Steger’s algorithm[J]. Optics
Express, 2013, 21(11): 13442-13449.

Song L. M, Sun S'Y, Yang Y G, et al. A multi-view
stereo measurement system based on a laser scanner for
fine workpieces[J]. Sensors, 2019, 19(2): 381.

Izquierdo M A G, et al. Sub-pixel measurement of 3D
surfaces by laser scanning[J]. Sensors and Actuators A:
Physical, 1999, 76(1/2/3): 1-8

Steger C. An unbiased detector of curvilinear structures
[J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 1998,20(2).

B, A BRI Ty AR I S5 RO AR ST A
W75 0] AL TS B, 2002(11):59-60.

Hu B,Li D H,Jin G.New method for obtaining the center
of structured light stripe center by direction template[J].
Computer Engineering and Applications, 2002(11):59-60.
XE SC, BRI . — 56 T 2 25 F0 56 1% = 4 v il 1 o)
OTIET] B AR, 2005, 31(4): 554-556.

LiuG W, Yan D Y. A method to measure curved surface
of line structured light three-dimension vision system[J].
Optical Technique, 2005, 31(4): 554-556.

Zhu F P, Liu W W, Shi H G, et al. Accurate 3D
measurement system and calibration for speckle projection
method[J]. Optics and Lasers in Engineering, 2010, 48
(11): 1132-1139.

Zhang S F, Li B, Ren F J, et al. High-precision
measurement of binocular telecentric vision system with
novel calibration and matching methods[J]. TEEE
Access, 2019, 7: 54682-54692.

SORERE, XBAREE, ERE, AL AT AL A sk
S BN W R I R e LT BT O %, 2019, 40(6):
1120-1125.

Shi Y Q, Deng L. J, Wang Z X, et al. Micro-objects
measurement system based on structured light fringe
projection[J]. Journal of Applied Optics, 2019, 40(6):
1120-1125.



	2　远心成像的线激光测量基本原理
	2.1　系统设计
	2.2　系统标定方法

	2.2.1　远心相机标定
	2.2.2　激光平面标定
	2.2.3　运动方向标定
	2.3　三维测量点云拼接
	2.4　条纹中心提取

	3　实验与结果分析
	3.1　相机标定实验
	3.2　激光平面标定实验
	3.3　精度验证


