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(a) Global calibration scene (b) Principle of coordinate transformation
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(a) Global calibration scene (b) Principle of coordinate transformation
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Fig.7 Multi-view measurement system
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(a) Global calibration scene (b) Principle of coordinate transformation
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Fig.8 The influence of plane constraint on reconstruction
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(a) Plane mirror measurement (b) 4 viewpoint system plane mirror measurement results
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(¢) Spherical mirror measurement (d) 2 viewpoint system spherical mirror measurement results
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Fig.9 Measurement results of multi-view system
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Table 1 Plane mirror measurement results of multi-view system

Number of viewpoints Measuring range/ % Measurement error ( plane mirror)/mm
1 100 0.034
2 192.31 0.042
3 276.92 0.073
4 384.62 0.086

I 25 R B FE R R ST S 5, BT 4 Dy 125 3 el om0 A 0 ol 0 S BT R O U S R R
T R 223 - 98 L 7E 0.1 mm LA o T AE R I BRI 55T, R DN o e AR v L E o S P AR SO TR
SRIB BN TR AR EE

2 L8 F I S PR 51 22 1) I N B [ R 4 AR AR — B R 8.89 mm 1 A B B Tl
25 5 R I A 9 S T 2 T o A T R R R R o PR T o A T AT 0 A R LA A R B
T E 2 28 AT H 5 A SO0 4 1 ] S S4B B R L S bR R i BE AT . PR BE E E  BE IR B S s
mE 10(h),

(a) Standard gauge bl;:k (b) Two mirror measurement results
E10 &MmllEsR

Fig.10 Step surface measurement results

e, WAL 1T, 28 0 B A 0 O B 20, 0 o o B o 5 S B v B AR 22/ T 0.1 mm, [AHZ SR HIE T AR 3C
a7 95 i A
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el Gauge block height=8.890 mm

Experiment number
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Fig.11 Statistics of step surface measurement results
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Highly Reflective Surface Shape Measurement Technology Based on
Multiple Viewpoints and Fringes

WANG Zhizhuo, LU Rongshen
(School of Instrument Seicence and Opto=-electronics Engineering, Hefei University of Technology,

Hefei 230009, China)

Abstract: Nowadays, three-dimensional measurement of highly reflective surface is an important part of
industrial measurement. With the continuous development of automobile assembly, precision polishing,
free-form surface processing and other industries, the demand for measurement of large size, large
curvature and high reflective industrial parts such as aircraft tail, LCD panel, automobile body shell and
windshield is increasingly strong. However, due to the large difference between the optical characteristics
of the surface and the diffuse reflection object, it is difficult to achieve the ideal effect by the traditional
three—dimensional measurement method.

The phase deflection method is a non—contact high reflection surface 3D measurement method
developed in recent years. Its high sensitivity and easy correction of system errors make it popular with
many researchers. Generally, there are two main methods for the above measurement using deflection
method: one is to improve the size of the screen and the field of view of the camera, but it is limited by
accuracy and size. The other common method is to install a single-view system on the manipulator, and
reconstruct a large size surface during the movement. However, the introduced manipulator system error
reduces the accuracy, and the system mostly outputs the relative point cloud coordinates based on the
gradient data, so the point cloud needs to be continuously spliced through the point cloud registration
algorithm during the scanning process, so the calculation cost is high; however, this paper sets the camera
array, and at the same time carries out the reconstruction based on absolute coordinates from multiple
angles. It can effectively ensure the accuracy of local measurement, and realize accurate measurement of
large size, large curvature and high reflection surface faster through the direct splicing of visual angles.

In this paper, the LCD screen is used as the reference plane, and the camera array is used to realize
the accurate reconstruction of the highly reflective surface shape based on multi-viewpoints. First, the
mirror image of the reference plane target in the standard plane mirror is obtained using each camera, the
external parameters of the reference plane and each camera through mirror calibration are obtained, and
then the camera array is globally calibrated using the uniqueness of the reference plane. Then, the phase-
shifting fringe are projected using the display screen to the measured surface, and the reflected modulated
images are collected by each camera to obtain the absolute point cloud coordinates of the surface to be
measured relative to each viewpoint. Finally, through global stitching, a larger size and higher curvature
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highly reflective surface shape measurement can be achieved compared to a single viewpoint system. At the
same time, based on the planarity of the reference plane and the standard plane mirror, this paper proposes
a coplanar constraint to optimize the geometric parameters and global parameters of the viewpoint and
reduce the system error. The validity and accuracy of this method are verified by measuring the standard
mirrors with different shapes.

Key words: Multi-viewpoint; Phase deflection method; High reflective surface measurement; 3D
reconstruction; Camera calibration
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