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A Calibration Method of Double Line Structured Light for Skin Seam Measurement
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[ABSTRACT] Aiming at the requirement of high-precision calibration of light plane for double-line structured light
skin seam measurement system, a calibration method of two-line structured light plane based on planar target is proposed.
First, take the datum point on the target plane as input, construct the target plane pose solution model, and obtain its plane
equation in the camera coordinate system. Then, according to the line surface model of the camera, the depth of the fitting
control points is reconstructed. Finally, the eigenvalue method is used to fit the denoised fitting control point set to complete
the calibration of double-line structured light plane. Experiments show that this method can simultaneously complete the
calibration of two light planes in the measurement system. After calibration, the repeated measurement accuracy of seam
gap is better than 0.050 mm, and the repeated measurement accuracy of seam flush is better than 0.030 mm.
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Fig.1 Diagram of line structured light reconstruction model
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Fig.2 Diagram of structured light calibration
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Table 1 Comparison of plane fitting parameters
1 I

A | iy 2 | Wi R4
e | 101.36 | 0.9923
P | 23.53 | 0.9991
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Fig.7 Experimental platform
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Table 2 Camera calibration parameters

K [Ivice 2
2433.689 0 1243.248
HE% 0 2438.836 1047.111
0 0 1
Y1) AE 240 K=-0.139, K,=—0.188, K;=—0.108
AR I AR 240 P=0, P,=0
3 MIRAIRRSHEVARRZ BRFIRER

Table 3 Transformation relationship between target coordinate
system and camera coordinate system

(VA" TE 4% 1) £ PRSI

1 [-0.546, -0.520, ~1.505] [-0.616,0.478,-97.292]
2 [-0.544,-0.519, -1.500] [-1.249,-1.811,-97.869]
3 [-0.543,-0.522,-1.507] [-0.120,4.738,91.262]

4 [-0.602,-0.397, ~1.161] [-0.602,-0.014,93.861]
5 [-0.608, -0.371,~1.087] [-0.928,-7.036,98.254]
6 [-0.520,-0.544, ~1.505] [6.915,-6.613,96.546]

7 [-0.521,-0.547,-1.513] [-4.133,-5.041,94.159]
8 [-0.532,-0.561, -1.522] [-5.235,-1.909,90.378]
9 [-0.541,-0.573, ~1.546] [-4.983,-2.913,89.688]
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Table 4 Plane equation of target plane in camera coordinate system

AX+BY+CZ+D =0

firis
A B € D
1 0.014 0.629 0.777 76.880
2 0.016 0.629 0.771 75.879
3 0.013 0.628 0.777 74.964
4 0.014 0.629 0.777 73.907
5 0.014 0.628 0.778 72.993
6 0.012 0.626 0.780 72.223
7 0.014 0.629 0.778 71.007
8 0.013 0.630 0.776 69.871
9 0.012 0.629 0.774 68.932
S FE2

0
-2 _
-4 5 320 10 ‘dm‘“

B8 EFEISE
Fig.8 Picture of fitting results of light plane
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Table 5 Plane equation of structured light

Lo AR5 —REWTTE
1| 0.004X+0.780Y-0.626Z+62.924=0 | 0.006X+0.831Y-0.534Z+64.236=0

2 1 0.001X+0.770Y-0.6372+57.331=0 | 0.003X+0.798Y-0.623Z+59.365=0
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Fig.9 Calculation model of seam gap and seam flush
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Fig.10 Accuracy verification system
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Table 6 Measured data of standard block for seam gap measurement

mm
X2 2H | [i] it B2z
X5E 1 0.494 0.012
Yt4& 2 1.012 0.006
X4 3 2.010 0.492
X4k 4 2.001 0.012
Xit5E 5 0.476 0.501
%l4& 6 1.006 0.505
Yt4E 7 2.011 0.496
%t4E 8 2.003 0.436
0090  —a Ay
0.08 —— XTHII%
g 0.07
#\fﬂ 0.06
K 0.051
E 0.04f
= 0.03F
Z 0.02}
0.01}
0 1 2 3 4 5 6 7 8
X2 J31)
(a) XFg&fmjp
0.06 s
—— X» b
0.05F g T

0.04

0.02+

B 2000 £ 15 2% /mm
j=)
3
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(b) XF8ERY 22
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Fig.11 Measurement error bar of seam gap and seam flush
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Table 7 Seam gap experiment results mm
SFHI{E = FifEzE

gﬁ A X A3 X | A W

Ik | nk | rk | | e
X1 | 0528 | 0.555 | 0.034 | 0.061 | 0.006 | 0.013
XE£2 | 0986 | 1.061 | 0.026 | 0.049 | 0.008 | 0.024
43 | 2.041 | 2.068 | 0.031 | 0.058 | 0.010 | 0.018
X4 | 2034 | 1949 | 0.033 | 0.052 | 0.007 | 0.021
XEES | 0504 | 0542 | 0.028 | 0.066 | 0.009 | 0.019
X6 | 1.038 | 1.062 | 0032 | 0056 | 0011 | 0.016
X7 0 1973 | 1.943 | 0.038 | 0.068 | 0.009 | 0.015

XT4E 8 | 2.039 2.056 0.036 0.053 0.008 0.017

x8 WMEMERBER
Table 8 Seam flush experiment results mm
PR {E R PrifE2E
Xof4E

gl | A3 XMW A | x| A3 Wi
FE | A% | % | A | |

XEE1 | 0.024 | 0035 | 0012 | 0023 | 0.004 | 0012
Y42 | 0.020 | 0.037 | 0.014 | 0.031 | 0.006 | 0.009
XEE3 | 0473 | 0449 | 0019 | 0.043 | 0.003 | 0.016
44 | 0.033 | 0.048 | 0.021 | 0.036 | 0.002 | 0.013
Y45 | 0517 | 0474 | 0016 | 0.027 | 0.005 | 0.011
56 | 0522 | 0538 | 0017 | 0.033 | 0.004 | 0.015
X7 | 0477 | 0470 | 0.019 | 0.026 | 0.008 | 0.017
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