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Calibration method and accuracy evaluation of visual target with

double screen for straight pipe jacking machine

Huang Zhe', Yan Qingde', Li Qian®", Cheng Erjing', Shen Xiaoling', Xu Yeqian'

(1. School of Electronic Information and Automation, Tianjin University of Science and Technology, Tianjin 300222, China;

2. Tianjin Samsung Vision Mobile Co., Ltd., Tianjin 300385, China)

Abstract: Aiming at the problem that it was difficult to calibrate the position and attitude relationship between
the front and rear photosensitive imaging screens of visual target with dual-screen, a method for calibrating the
position and attitude of the photosensitive imaging screen based on points-cloud was proposed. The front and rear
photosensitive imaging screens were respectively divided into grid arrays of n rows and n columns. Combining
the image 2D coordinates which were obtained in real time by industrial cameras and the spatial 3D coordinates
which were measured by a total station to obtain the 2D-3D mapping relationship of each grid corner point on the
photosensitive imaging screen, the coordinate point cloud data were acquired. Next, the 3D coordinates of the
coordinate point cloud data are converted to the target coordinate frame according to the three common point
coordinate frame transformation algorithm, which can determine the positional relationship between the camera

and front/rear photosensitive imaging screen. And then the positional relationship between the front and rear
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photosensitive imaging screens was solved by the grid indexing method. In order to evaluate the accuracy of

target attitude measurement, the static repeatability and the absolute measurement accuracy evaluation

experiments were designed. The experimental results show that the static repeatability accuracy of the coordinates

is 0.13 mm, the absolute accuracy of the coordinates is 0.93 mm, the static repeatability accuracy of the heading

angle is 0.01°, and the absolute accuracy of the heading angle is 0.05°. Therefore, the calibration method can

realize the accurate calibration of the pose of two spatial planes, which has the characteristics of simple operation

and high precision, and can be used for calibration of visual target with double screen.

Key words: vision measurement;

grid calibration
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Fig.1 Measurement model of visual target with double screen
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Tab.1 Parameters of hardware

Name Parameter

Model: Basler acal300-60 gm

Resolution: 1280x1024 pixel

Camera
Pixel size: 5.3 umx5.3 um

Frame rate: 60 fps

Model: Leica TS12

Ranging accuracy: 2 mm=2 ppm

Total station
Angle accuracy: 2"

Repeatability precision: 0.1 mm

Inclinometer Angle accuracy: 0.01°

One dimensional turntable Angle accuracy: 2"
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Tab.2 Experiment data of coordinate accuracy

evaluation
No. Xmm Ymm Z/mm dx/mm dy/mm dz/mm

Po o448 2531 7978 033 026 012
DUOPL ouns 2505 79.66

Po 6087 2530 5030 094 063 073
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Tab.3 Errors analysis

Error type Error source

The error of image recognition

The error of total station
measurement

Calibration errors of dual screen
visual target

The error of coordinate system
conversion

Calculating error of light vector

Measurement errors of attitude —
angles The error of inclinometer

measurement

(1) EgIR R 2 . JEBEEI% i Basler ACA 1300-
60 gm TV AHBLHEATRAE, 43 HF44H 1280x1024 pixel.
BT RIS ] W AR, R R 25 2
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AL, S AR RN RS E 2928 2 mmd2 ppm,

(3) b REHIR 2 . XL A Z IR AR R I
e, ARPE I P15, AL bR R IRIR 222970 0.01 mm,

(4) BB R B RIR 2 . ZA PR O
KB ICIE S s [ 4ot — 3 MDe R m a2
FIARZE, HESE AT, SR EARREEEZ) R 0.01 mm.

(5) A A0 F it 2% . A4 RS Ol SST-460-30,
£ 4331 0.000 1°, W FRSEE A 24 0.01°,

HRAE 1 AR 1R 22 IR 4317, U AL s B A 2 22
PN EMR PR 2E | Al O iR 22 | AR bR R iR 22
FIRZ IR, 5 AR 22 TR, OUFF AL A I A A 0 452
Z/NF 0.1 mm, i F AU REIRE . R B HA
TR AR SO R 2 A TR 3Rl A A A iR
2%, ERGERZE TN AGZIR 22 W5 5, XUFE A58 b 5y
LA RR 22/ T 0.01°, Rk, bR 22 X
PLE RN, i RGORG K
4 & it

SCH R R T AR AR A 0RO UR B A 3
PR Tk o O bR TR 53 R A 41, 25 G
TSRS F A 4R ER A b 5 = 4k 23 ] AL bRk e 2D-
3D WG OC R, T AS B AL bR 8 = Bl . AR — Ak

20210933-7



s

%9

ISk A2

29 www.irla.cn

AR AR R R A A s R ) = R A AR G
— BB EEARAR R R, SRS TR JE RO U AL
BRRMRE, i R R G T B A — s & T
BT e DRSS SC R = 4E AR bR EA TR N & . SCrhis
T T Ak R R MR R T S 0 A 4 X 0 R 32
PROY SR, SCER A R AR W% 5 R B A A
R REAARENE . DRI, 2hm 5 07 1 T SE BT R 2O
TG 0 48 06 R WORS Bl I i, OF B 5 TS L R
7o SRR AL, T T XU AR AR A o

S 3k

(1]

Shao T. Key technology for laser target used in shield attitude
measurement[D]. Wuhan: Huazhong University of Science &
Technology, 2012. (in Chinese)

Gao W H. Research on key technology of optical target for
location measurement of tunnel boring machine[D]. Nanchang:
East China Jiaotong University, 2020. (in Chinese)

Wang X, Zhang L, Wang S, et al. Application of automatic
measurement system for dual-mode shield [J]. Bulletin of
Surveying and Mapping, 2021(1): 161-164. (in Chinese)

Huang Z, Yan Q D, Shao Z Y, et al. Guiding method of linear
pipe jacking machine based on dual-camera [J]. Laser and
Optoelectronics Progress, 2022, 59(4): 0433001. (in Chinese)
Wang H, Li Z M. Calibration method of laser range finder and
camera in information fusion process [J]. Infrared and Laser
Engineering, 2020, 49(4): 0413002. (in Chinese)

Yue Y, Zhao Z C. Calculation method of work piece pose based

[10]

[11]

[12]

[13]

[14]

[15]

20210933-8

on regional point cloud [J]. Chinese Journal of Construction
Machinery, 2021, 19(4): 295-301. (in Chinese)

Jiang M, Wang Y Y, Chen B. Recognition and orientation of
object based on binocular vision [J]. Journal of Mechanical and
Electrical, 2018, 35(4): 414-419. (in Chinese)

Song W S, Zhang Z H, Gao N, et al. Spatial pose calibration
method for lidar and camera based on intensity informati-
on [J]. Laser and Optoelectronics Progress, 2022, 59(2):
0215003. (in Chinese)

Kong X Y, Guo J M, Liu Z Q. Fundamentals of Geodesy[M].
Wuhan: Wuhan University Press, 2006: 43-47. (in Chinese)

Du R J, Ge B Z, Chen L. Texture mapping of multi-view high-
resolution images and binocular 3D point clouds [J]. Chinese
Optics, 2020, 13(5): 1055-1064. (in Chinese)

Zhu J G, Yu Z J. Principles and Methods of Visual Measure-
ment[M]. Beijing: Machinery Industry Press, 2011. (in Chinese)
Sun H T, Li M G. Fast and accurate detection of multi-scale light
spot centers [J]. Optics and Precision Engineering, 2017, 25(5):
1348-1356. (in Chinese)

Wang D J, Wang J L, Yin Y M, et al. Near infrared real-time
penetrating fog imaging based on FPGA [J]. Chinese Optics,
2009, 2(5): 445-451. (in Chinese)

Wu J, Shu Y J, Cao S B, et al. Non-contact wave height
measurement method based on laser incident spot recognition [J].
Optics and Precision Engineering, 2021, 29(9): 2065-2074. (in
Chinese)

YaoJ Q,LiGY, ChenlJ Y, et al. Analysis on the change of GF-
7 satellite laser altimeter spot centroid position [J]. Infrared and

Laser Engineering, 2021, 50(S2): 20210539. (in Chinese)


https://doi.org/10.3969/j.issn.1001-4551.2018.04.015
https://doi.org/10.3969/j.issn.1001-4551.2018.04.015
https://doi.org/10.37188/CO.2020-0034
https://doi.org/10.37188/CO.2020-0034
https://doi.org/10.3788/OPE.20172505.1348
https://doi.org/10.3969/j.issn.2095-1531.2009.05.012
https://doi.org/10.37188/OPE.20212909.2065
https://doi.org/10.3788/IRLA20210539
https://doi.org/10.3788/IRLA20210539
https://doi.org/10.3969/j.issn.1001-4551.2018.04.015
https://doi.org/10.3969/j.issn.1001-4551.2018.04.015
https://doi.org/10.37188/CO.2020-0034
https://doi.org/10.37188/CO.2020-0034
https://doi.org/10.3788/OPE.20172505.1348
https://doi.org/10.3969/j.issn.2095-1531.2009.05.012
https://doi.org/10.37188/OPE.20212909.2065
https://doi.org/10.3788/IRLA20210539
https://doi.org/10.3788/IRLA20210539
https://doi.org/10.3969/j.issn.1001-4551.2018.04.015
https://doi.org/10.3969/j.issn.1001-4551.2018.04.015
https://doi.org/10.37188/CO.2020-0034
https://doi.org/10.37188/CO.2020-0034
https://doi.org/10.3788/OPE.20172505.1348
https://doi.org/10.3969/j.issn.2095-1531.2009.05.012
https://doi.org/10.37188/OPE.20212909.2065
https://doi.org/10.3788/IRLA20210539
https://doi.org/10.3788/IRLA20210539
https://doi.org/10.3969/j.issn.1001-4551.2018.04.015
https://doi.org/10.3969/j.issn.1001-4551.2018.04.015
https://doi.org/10.37188/CO.2020-0034
https://doi.org/10.37188/CO.2020-0034
https://doi.org/10.3788/OPE.20172505.1348
https://doi.org/10.3969/j.issn.2095-1531.2009.05.012
https://doi.org/10.37188/OPE.20212909.2065
https://doi.org/10.3788/IRLA20210539
https://doi.org/10.3788/IRLA20210539

	0 引　言
	1 双屏视觉标靶测量模型
	1.1 坐标系定义
	1.2 位姿测量原理
	1.3 脱靶分析

	2 标定原理
	2.1 网格标定原理
	2.2 网格索引原理

	3 实   &nbsp; &nbsp; 验
	3.1 静态测量重复性精度评价实验
	3.2 绝对测量精度评价实验
	3.2.1 坐标测量精度评价实验
	3.2.2 方位角测量精度评价实验

	3.3 误差分析

	4 结　论

