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Vision detection for laser beam collinearity
in thickness measurement
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Abstract: To meet the requirement of the collinearity of laser beams during thickness measurements, a
vision detection method for sensor optical axis position is proposed based on a double-splitting prism.
According to the light propagation path and spot variation rules of a single laser beam in two spectro-
scopic prisms, the mathematical model between the relative positions of the two lasers and the spot
centers is constructed according to the spectroscope coordinate system. With the help of the conver-
sion relationship between the prism coordinate system and image coordinate system, the relative posi-
tions of the laser beams can be quickly calculated using the four fitting spot center coordinates, which
can convert the collinearity measurement of the laser beam into the fitting and provides a comparison

of spot center coordinates. The experimental results show that using the proposed method, the maxi-
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mumangle between the two laser beams is 0. 17°, and the maximum distance is 0. 05 mm in the meas-

uring range. Under these conditions, the measurement of the gauge block before and after adjustment

shows that the thickness measurement error is reduced from 12 pm to 4 pm, which indirectly verifies

the effectiveness of the collinear detection method. The proposed method realizes digitalization and vi-

sualization in the laser beam adjustment process, enables metrological traceability of the measurement

results, and helps to quantitatively analyze the thickness measurement errors caused by the non-coin-

cidence of the measuring lines of the two laser sensors.

Key words: collinearity detection; laser axis; thickness measurement; laser displacement sensor
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F1 BEBLERR XOY THAFR 1 AMPLOHNNELR
Tab.1 Measurement results of spot center of laser 1 in image coordinate XOY (pixeD

B No. 5 mm 10 mm 15 mm 20 mm
HLBE 1 1 1617.12, 537. 60 1616. 73, 536. 85 1616. 85, 536.91 1616. 73, 537.75

2 1616. 94, 537.91 1616.62, 536.93 1616. 33, 537.06 1616. 74, 537.78

3 1616. 80, 537. 89 1616.62, 536.77 1616.41, 536.95 1616. 63, 537.68
HBE 2 1 479,77, 434. 23 480. 01, 433. 28 480. 31, 433. 68 479. 73, 434.93

2 479,73, 434. 37 480. 15, 433.70 480. 15, 434. 46 480.19, 434. 84

3 479.73, 434.37 479.96, 433.53 480. 08, 434.45 480. 17, 434. 88

F2 BEBLRER XOY THAR 2 AHMPOHNNELR
Tab. 2 Measurement results of spot center of laser 2 in image coordinate XOY (pixel)
G BE No. 5 mm 10 mm 15 mm 20 mm

B 1 1 1617.41, 535. 28 1617. 26, 534. 35 1616.42, 533.74 1616. 24, 534. 58

2 1617.46, 533.94 1616. 64, 532. 57 1617.06, 533.53 1617. 04, 534. 26

3 1616. 74, 534. 82 1617. 08, 533. 96 1616.42, 533.65 1616. 74, 533.98
HLBE 2 1 479.69,433. 35 480. 46, 432.41 479. 84, 433.08 480. 64, 433.63

2 480. 14, 433. 36 479.67, 432.52 479. 88, 433.23 480. 23, 433. 68

3 479.57, 433. 25 479. 68, 432. 38 480.41, 433.15 480. 23, 433.76
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Tab. 3 Pose measurement results of laser beams in prism

coordinate o-xyz

NO. oy yﬁ yoz %Zﬁ
Ff/ ) BE/mm  FM/C) HEE/mm
1 0.17 0.02 0.12 0.04
2 0.11 0.05 0.11 0.01
3 0.15 0.01 0.07 0.05
P 0.14 0.03 0.10 0.03

A A% TR 10 1 ) s BE 8 2 0 47 R 3 )
MR . Uk, A SCE %A A 10,0, 5 mm 1
PRl 0 % & B (BE & )5 bR MEBE B {H O 1005
mm) X {% &2 8] B AT T AR E .5 R A 2
T B ER A BE R 9. 908 8 mm, A5 ifE 22 K
0.001 1 mm,

Supporting
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Fig. 7 Thickness measurement based on gauge block
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Tab. 4 Comparison of thickness measurement results be-
fore and after adjusting (mm)
. LERERD) W E
Mg ——— - v -
HUBS(ED B HURS(ED I 22
2 1.9879 —0.0121 1.9977 —0.002 3
6 5.9927 —0.0073 5.9969 —0.0031
10 9.9975 —0.0025 9.9995 —0.000 5
14 14.002 1 0.002 1 13.998 6 —0.001 4
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