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Fig. 5 3D reconstruction of corner points based on common

vertical midpoint method
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Fig. 6 Diagram of experimental setup. (a) Mirror-assisted binocular DIC measurement system; (b) physical picture of coin; (¢) physical

picture of five-edge aluminum column; (d) heating furnace
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Table 1 Two mirror equations and reflection transformation matrix

Left mirror R,

Right mirror R,

Mirror equation

0.4403 —0.0185 0.8977
—0.0185 0.9994 0.0297
Transformation matrix
0.8977 0.0297 —0.4399
0 0 0

0.5290x + 0.0175y — 0.8485z + 422.3261 =0

—0.6315x + 0.0131y — 0.7753z 4 368.8289 =0

446.8210 0.2024 0.0165 —0.9792  —465.8309
14.7814 0.0165 0.9997 0.0203 9.6633
—716.6875 —0.9792 0.0203 —0.2022  —571.9061
1.0000 0 0 0 1.0000
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Fig. 8 Physical picture of game coins
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Fig. 9 3D reconstruction of game coins. (a) Reconstruction effect of proposed method; (b) reconstruction effect of method of spraying

diffuse spots on mirror surface
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Fig. 10 Reconstruction results of outer surfaces of aluminum

S
a) y /mm
. I 455
= 0.16
0.12
0.08
0.04
0
T
before

deformation deformatlon

column

Displacement

Displacement

Y /mm
0.28
0.24
l I -

BT R A A R i OB AR 25 2 . (a) AT s (b) BT ;
(¢) CHfi;(d) D s (e) ETfi

Fig. 11 Thermal deformation results of five outer surfaces

(®)

of aluminum column. (a) Surface A; (b) surface B;
(c) surface C; (d) surface D; (e) surface E
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Table 2 Heights of different surfaces at starting and ending

temperatures of aluminum column  unit: mm
Surface 330 °C 20 °C Displacement
A 70.2646 70.0044 0.2602
B 70.2657 69.9996 0.2661
C 70.2623 69.9927 0.2696
D 70.2630 70.0041 0.2589
E 70.2639 70.0071 0.2568
70.30
70.25 -
70.20 -
g 70.15 -
Eb 70.10 -
70.05 -
70.00 -
69.95 (I) 1(;0 260 360 460 5(I)O 660 7(I)0 8(I)0 9(I)0 1(;00
Image number
12 WA RE A 0 6 25 T R

Fig. 12 Height variation trend of plane A to E during

temperature reduction
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Fig. 13 Deviation values of height changes during temperature

reduction for both methods
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'School of Electrical Engineering and Automation, Anhui University, Hefei 230601, Anhui, China;
*School of Mechanical and Electrical Engineering, Anhui Jianzhu University, Hefei 230601, Anhui, China

Abstract

Objective Digital image correlation (DIC) technology is a processing method commonly employed for image matching,
and meanwhile after nearly forty years of development, its accuracy, efficiency, practicality, and other aspects have
yielded significant improvement. With the development and progress of science and technology, DIC technology for three-
dimensional (3D) measurement should also be economical and practical, with the utilization of relatively simple devices for
a full range of functions. DIC measurement systems with the assistance of the camera and external equipment can also be
realized with multiple viewpoints and multi-directional measurements, on which many scholars have carried out thorough
research. Among them, the single camera system has a flexible field of view adjustment and simple optical path, but
features poor stability and low accuracy. The multi-camera system requires the adoption of multiple cameras, and the
calibration process is complicated. Although the multi-camera measurement system can improve the range and accuracy of
3D measurement, it is difficult to be widely leveraged in 3D full-field measurement due to the high requirements of
environmental conditions and the expensive cameras. Given the shortcomings of the existing single-camera and multi-

camera systems, we propose a dual-camera 3D reconstruction method assisted by a dual-plane mirror.
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Methods We put forward a visual 3D measurement method assisted by a dual-plane mirror, which is to analyze the

virtual and real correspondences of the corner points in the mirror surface and thus obtain the reflection transformation
matrix. Meanwhile, the virtual and real transformations of the object surface are completed by the reflection transformation
matrix, and the 3D full-field measurements are realized finally. Additionally, this method avoids spraying diffuse spots on
mirrors to take up the spatial resolution of the camera, making the solution of the reflection transformation matrix easy and
efficient. Firstly, the image information of the front surface and the back side surface of the object is acquired
simultaneously by the dual-camera DIC measurement system (Fig. 1). Secondly, the calibration plate is placed in front of
the plane mirror, and the dual cameras can observe the real calibration plate and the virtual image in the mirror at the same
time (Fig. 4). The midpoint method based on the common vertical line is adopted to determine the 3D coordinates of the
corner points in space (Fig. 5), and the specific positions of the dual-plane mirrors are finally determined by changing the
position of the calibration plate several times. Finally, the reflection transformation matrix is solved by the mirror position

equation, and then the 3D reconstruction of the object is completed.

Results and Discussions To verify the accuracy of the proposed method, we conduct static and dynamic experiments on
the measured parts respectively. In the static experiments, the 3D contour of the game coin is reconstructed, and in the
dynamic experiments, the thermal deformation of the five-side aluminum column is investigated (Fig. 6). By employing the
proposed method, the dual-mirror equation and reflection transformation matrix can be obtained under the mirror angle of
108" (Table 1). The front and back contours of the ordinary game coin are reconstructed in three dimensions, the
theoretical thickness of the game coin is 1.80 mm, and the measured thickness is around 1.75 mm (Fig. 9). The
reconstruction method of spraying diffuse spots on the mirror surface is compared to verify the 3D reconstruction accuracy
of the proposed method (Fig. 9), and the 3D reconstruction of the game coin by the proposed method is found to be better
than that of spraying diffuse spots on the mirror surface. Meanwhile, the proposed method avoids taking up the spatial
resolution of the camera by spraying diffuse spots on the mirror surface, with higher accuracy.

Aluminum column 3D reconstruction and thermal deformation measurement results are shown. Firstly, the
reconstruction results of the surface profile of the five-side aluminum column are obtained by the proposed method
(Fig. 10), the real height of the aluminum column is 70.00 mm=+0.01 mm, and the average measurement height is
70.0035 mm, which is a sound measurement effect. Secondly, the average height change of the five outer surfaces of the
aluminum column can be obtained during thermal deformation (Table 2). The thermal deformation displacement cloud map
of the outer surfaces is shown in Fig. 11 and the height change of different surfaces in the cooling process is illustrated in
Fig. 12. To more intuitively demonstrate the accuracy of the proposed method of real-virtual transformation, we compare
and analyze the deviation values of the height change obtained by the two methods at each node (Fig. 13), which shows that

the proposed method has higher measurement accuracy.

Conclusions We propose a dual-plane-mirror assisted visual DIC 3D full-field measurement method. The static
experiment results indicate that the proposed method is better than the reconstruction method of spraying diffuse spots on
mirrors for the 3D reconstruction of game coins with higher accuracy. The results of dynamic thermal deformation
experiments indicate that when the temperature of the five-side aluminum column is reduced from 330 to 20 °C, the height
change of the outer surfaces of the column is basically consistent with the simulation results of the finite element software,
and the deviation values of the height change measured by the proposed method are smaller than those of the method of
spraying diffuse spots on mirrors. Since the proposed method can avoid spraying diffuse spots on mirrors to take up the
spatial resolution of the camera, it features simple operation, high measurement accuracy, and sound application

perspectives.

Key words measurement; dual camera; digital image correlation; full-field measurement; hot deformation
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