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Research on morphology measurement error compensation method
based on the monocular structure light

Li Maoyue, Ma Kangsheng, Xu Yonghao, Wang Fei
(School of Mechanical and Power Engineering, Harbin University of Science and Technology, Harbin 150080, China)

Abstract: The reconstruction measurement technology based on monocular structured light is widely used in modern measurement field,
especially in the measurement of small and medium-sized low-reflective parts with certain curved surface characteristics, due to its high
accuracy and low cost. The measurement error is an important factor affecting measurement accuracy. Firstly, according to the constructed
monocular structured light reconstruction measurement system, the main sources of errors affecting measurement accuracy are analyzed,
and the quality of the collected structured light pictures is ensured through reasonable setting and adjustment of the parameters of the
hardware equipment. Then, in order to improve the sinusoidal property of the projected structured light, a simple method to reduce the
non-linear gamma response of a common projector is proposed. Finally, a Zhang Zhengyou optimization calibration algorithm based on
circular calibration plate is proposed to improve the calibration accuracy of the system. The experiment results show that the accuracy of
reconstructing the measured point cloud data on the surface of small and medium-sized curved parts is between 0. 3 and 0. 6 mm, and the
reconstruction measurement time of a single projection on the surface of the measured object is within 2 minutes, which verifies that the
compensation method is effective and feasible.

Keywords : error compensation; structure light; morphology measurement; nonlinear response; optimized calibration algorithm
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Fig.1 Monocular structured light measurement model
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Fig.3 Measurement system
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Fig.9 Circle center calibration plate calibration process

F4 BEERSEBRBERTRESER
Table 4 Calibration result of circular calibration plate picture
pixel

IR

&= b 7 1
TS hRERZE i

HHLAZEGE R R

1 0.090 919 6
2 0.118 087 0
3 0.077 721 6
4 0.144 5950

5251.0 0 921.8
5 0. 128 460 0

0. 105 055 0 { 0  5249.4 819.9
6  0.0777825 0 0 1
7 0.080487 4
8  0.1388860

9 0. 088 553 1
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MR 4 BbRE 4 AT LAFE Y, 56T IROE bn 2 B A ok
TEA AR R 7 (AR E 18R 25 35 AR th AR
BLINZ bR AE 45 R 7T R, %07 vk (0 b 2 45 28 5 0 5 1
FESE BRI A, AR SCR I TR EE D 0.01 mm HAFA
AR R ASL (B A AR T T B E A, AP 10 BT 7R, 3 L 2%
BRAEAR B9 5 A~ 37 K 58 [ AR B X s A i 4% — 5 7 1) 3k
Frdere  HEP R I 11 Fs

10 bR BT bRRE R
Fig.10 Standard circular calibration plate
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Fig.11 Marking point sorting effect

SR B RE R bR %E T3k , AR o 58 2 A 5 A )
PR i R I 12 B R RObR E 4 R K 5 PR

K12 bRUEBIE R E b E it

Fig.12  Standard circular calibration plate calibration process
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Table 5 Standard circular calibration plate

calibration results pixel
_ PR E
e bR $ﬁ%m HIBLI SRR R

1 0.0112149
2 0.016 4652
3 0.009 674 5
4 0.0124485 24411 0 10449
5 0.0089500 0.0116928 { 0 24417 754.2}
6 0.0125167 0 0 1

7 0.011354 1

8 0.009 354 4

9 0.013 256 8
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JEHESARALUNE 16 s
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3)

4

(a) RRF M
(a) Left side of the
experiment platform

(b) ERFE AN
(b) Right side of
the experiment platform

E 13 e &

Fig.13  Measurement experiment platform
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Fig.14 Tested RB199 engine blade measurement result compensation
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Fig.18 Partial enlarged view of the measurement results
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Fig.15 Measurement process V: 146884995 mm V: 144365799 mm

Z:35.557140 mm Z:50.571960 mm

OFE—4= DEAR
X:50.186951 mm X: 66.982857 mm

® = ®

453t 3.883506 mm 23t 3712747 mm

(a) FMEEHT (b) #MEJE
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(a) FF SE AR S M fir (b) M P s Fig.19 Gap length information obtained in Geomagic
(a) Continuous phase (b) Continuous phase
of the calibration plate of the blade 16 MATLAB Hh 45 F 2 U b 745 S 77 0 JE 4535 22 b
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Fig.16  Continuous phase & 20 iR
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Fig.20 3D point cloud file opened in MATLAB
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SR AR E B A R A 21 F1 22 FR,

P21 207 i Sh e A

Original picture of the shaver curved shell

Fig.21

@

(a) K& BB
(a) Uncolored point cloud file

(b) BHEFHR
(b) Rendering after coloring

K22 BIAUT T SN R 3
Fig.22 Shaver curved surface shell point cloud file
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Fig.23  Standard solid circle pattern
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Fig.24  The data points picked up in the 3D point cloud of the

circle center calibration plate
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Table 6 3D coordinates of the picked up points

5 = YEARFR HAA/mm
(15.002 3, 58.153 0, 80.1700) ,
d=13.445
(25.887 1, 59.373 4, 72.373 4)
(21.404 2, 14.791 0, 75.881 0) ,
d=15.289
(21.185 4, 30.078 7, 75.857 8)
(42.3351, -26.678 9, 61.9477),
d=17.262
(42.044 6, -9.419 7, 61.900 2)
(33.218 6, 25.407 6, 67.743 8) ,
d=19.051

(48.813 4, 26.391 2, 56.845 1)
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