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A new calibration method for laser plane with double virtual circles is put forward. This method creates

double virtual circles in the image coordinate using the corners of chessboard. Position relationship is established

between the virtual circles and the laser stripes. The feature point coordinates of the laser stripe in the camera

Key words

feature points are fitted to an ideal plane by the least square method (LSM). The experimental results indicate that
and suits for calibration on spot.
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coordinate system are calculated according to the principle of cross-ratio invariance. The chessboard position is
the precision is obviously higher than the actual circle target. The root mean square (RMS) error of the laser plane

changed for several times within the field of the camera vision aiming to calculate more feature points. All these

calibration is 0.04 mm and the target is easier to make. It concludes that the calibration process is simple, reliable
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Fig. 1 Mathematical model of laser scanning probe
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Fig. 3 Constructing double virtual circles using the extracted chessboard corners. (a) Extracted chessboard corners;

(b) double virtual circles
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Table 1 Calibration result of the camera intrinsic and distortion parameters

Focus Focus Principle Principle Radial Radial Tangential ~ Tangential
Parameter
length = length y point u, point v, distortion 4, distortion k, distortion p; distortion p,
Value 1867. 8957 1867.5961 769. 2698 540. 8618 —0.1129 0.1738 0. 0001 0. 0006
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Fig. 6 Intersections of line and circle at different positions. (a) Position A; (b) position B; (¢) position C
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Table 2 Feature points in the camera coordinate system

Point No. x./mm y./mm z./mm Point No. x./mm y./mm z./mm
1 41.76539 —52. 42478 287.76862 9 53.41188 —57. 26204 314.54834
2 41.97819 —37.10756 287. 78209 10 53.79611 —40. 53045 314. 54753
3 42.40675 —21. 81428 287.73085 11 54. 25410 —23.82271 314.54273
4 42.68542 —6.53614 287.75172 12 54. 28716 —7.11128 314.53909
5 43.05077 8.73996 287.74873 13 54. 89115 9. 54470 314. 54280
6 43. 38597 24.04182 287. 74846 14 55. 26161 26. 25584 314. 54558
7 43.56172 39. 35561 287. 77815 15 55.46613 42.98057 314.54164
8 43. 88228 54. 67515 287. 76509 16 55.72144 59.71056 314.54432
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1 2 3 4 5 6 Average /mm Max /mm
AB /mm 5.994438 6.028827 5.989548 6.016531 5.998487 5.991531 6.003227 6.028827
|[AB—6| /mm 0.005562 0.028827 0.010452 0.016531 0.001513 0.008469 0.011892 0. 028827

5 4% g7

P& T — i BE R A0 R S AR 1 06 - AR
Tk o BRI R B SR IBURAAE AR R . B
FE R TR S5 AT« 38 3 52 360 UF B b iR TE A B
YibroE . Lo a5 R R UL 6T AR i RMS #3#
27 0. 04 mm., il FROKS B2 e K2 2554 0. 029 mm, 5
13207 1 LA B B b o R

& X X #

1 S Seokbae, P Hyunpung, H L. Kuanh. Automated laser scanning
system for reverse engineering and inspection [J]. International
Journal of Machine Tools & Manufacture, 2002, 42(8). 889 —
897.

2 Chen Hui, Mi Baoxiu, Gao Zhigiang. Calibration of 3D

structured light measurement system based on the properties of

lens distortion [J]. Acta Optica Sinica, 2013, 33(12): 1215002.

B &, AT, mARTR. LT RN S 4 AR B RS

FrRE[l]. JesEsE4k . 2013, 33(12) . 1215002,

Liu Chang. Two parallel planes calibration for two-dimensional

98]

object vision measurement [ J]. Acta Optica Sinica, 2013, 33
(11): 1115004.

XA e B AR SE DU S B SO AT AR L. g R iR,
2013, 33(11): 1115004.

Sun Changku. Laser Measurement Technology [ M]. Tianjin:
Tianjin University Press, 2008. 138—139.

IR, OB R B R LM Kt RHEER % A, 2008,
138—139.

Liu Zhen, Zhang Guangjun, Wei Zhenzhong, e al.. An accurate

.

w

calibration method for line structured light vision sensor [ J].
Acta Optica Sinica, 2009, 29(11): 3124—3128.

XU RE, R, BUIRIE. S — R AR A M e 1L IR AR
(LRI br s ik D], Je2e244, 2009, 29(11) 3124 —3128.

6 ] Santolaria, J-J Aguilar, D Guillomia, et al.. A crenellated-
target-based calibration method for laser triangulation sensors
integration in articulated measurement arms []J]. Robotics and
Computer Integrated Manufacturing, 2011, 27(2);: 282—291.

7 Wu Qinghua, He Tao, Shi Tielin. A calibration method for line
structured-light vision sensor based on a plane target [J]. Journal
of OptoelectronicseLaser, 2013, 24(2): 297—301.

RRAE, ] U, SRR, — Bl T AR HE 1 2k 45 4 R L e %
R bRE T ] S T ok, 2013, 24(2) . 297301,
8 Liu Zhen, Shang Yanna. Novel calibration method for stereo

vision sensor using flexible target [J]. Acta Optica Sinica, 2013,

33(3): 0315001.
X A2, ML, ST AL AL IR AR Y — b ST BB AR R AR T vk
[J]. J622E4% . 2013, 33(3): 0315001.

9N V Gestel, S Cuypers, P Bleys, e al.. A performance
evaluation test for laser line scanner on CMMS [J]. Optical and
Lasers in Engineering, 2009, 47(3-4): 336—342.

10 F Zhou, G Zhang. Complete calibration of a structured-light
stripe vision sensor through planar of unknown orientations [ J].
Image and Vision Computing., 2005, 23(1): 59—67.

11 Duan Fajie, Liu Fengmei, Ye Shenghua. A new accurate method
for the calibration of line structured light sensor [J]. Chinese
Journal of Scientific Instrument, 2000, 21(1). 108—110.

BER WY XURAME, il A, — P B 2R 45 0 D A% Sk 45 45 1 2 B0
E L] AN F 23]k, 2000, 21(1): 108—110.

12 D Q Huynh. Calibrating a structured light stripe system: A novel
approach [J]. Internal ] Computer Vision, 1999, 33(1); 73—
86.

13 Wei Zhenzhong, Zhang Guangjun, Xu Yuan. Calibration
approach for structured lighted stripe vision sensor [ J]. Chinese
Journal of Mechanical Engineering, 2005, 41(2): 210—214.
BRI K)E, R L — A5 O B A% R AR T ik
[J]. HUBT 24, 2005, 41(2): 210—214.

14 Chen Xinyu, Ma Zi, Wang Yang, et al.. A simple method to
calibrate parameters of the line structured light [J]. Journal of
OptoelectronicseLaser, 2013, 24(3): 563—568.

Mopd. & . W, B REWES BT S bR w ik
[J]. JeHT#ot, 2013, 24(3): 563—568.

15 Zhou Fugiang, Cai Feihua. Calibrating structured-light vision
sensor with one-dimensional target [ ]J]. Chinese Journal of
Mechanical Engineering, 2010, 46(18): 7—12.

JE R, AR, BT — YR M AR 09 45 A O B AL IR AR e LT .
HLBE T R4 4. 2010, 46(18) . 7—12.

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

17 A Garrido, N Blanca, M Vente. Boundary simplification using a
multiscale dominant-point detection algorithm [ J ]. Pattern
Recognition, 1998, 31(6): 791—804.

18 G Bradski, A Kaehler. Learning OpenCV [M]. New York: O
Reilly Media Press, 2008. 416—419.

19 Cui Xijun, Yang Chuan, Liu Baohua, e al.. Self-adaptive
iterative method of extracting center of linear-structured light
stripe [J]. Journal of Xi'an Jiaotong University, 2007, 41(1):
73—176.

WHEHE. N, XA, S LSS HE.0 M A S Y % AR PR IR
LT P2 B R 24240, 2007, 41(1): 73— 76.

EEFE: kg

1015005-7



