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Fig. 2 3D imaging model
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Abstract

Objective The conventional single-camera digital-image correlation (DIC) system can only measure the in-plane
deformation information of the measured object. 2D-related information cannot meet the need for high-precision
measurements owing to a continuous improvement in measurement requirements. A common DIC measurement
method is to use a binocular or multicamera DIC system. The binocular DIC system can obtain the measured object’s
in-plane and out-of-plane deformation information, as well as 3D coordinates for stereo reconstruction. Owing to the
limited field-of-view of the binocular system, it can only measure a part of the surface, and the conventional
binocular DIC system does not have the capability of panoramic measurement. The multicamera DIC system can
realize the panoramic deformation measurement under multiple viewpoints. However, the multicamera system
increases the system’s size and makes the calibration process difficult. Further, it results in high application costs,
which has a significant impact on the use of the multicamera DIC system. Therefore, a 3D panoramic measurement
solution that is easy to use, simple to calibrate, and low in application cost is required.
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Methods This paper proposed a mirror-assisted single-camera DIC system to realize 3D panoramic measurement,
and the principles of plane mirror imaging and conversion of virtual and real images were derived. The single-camera
DIC system utilized the imaging principle of multiplane mirrors with the assistance of six plane mirrors, allowing the
front and rear surfaces of the measured object to be imaged in a common field-of-view. The left and right optical
paths were imaged simultaneously, and each optical path contained two images of the front and back surfaces of the
measured object. Consequently, this method divided a single camera into four virtual cameras, achieving the
necessary conditions for 3D panoramic-related measurement. To better complete the conversion of virtual and real
images, the projected speckle pattern was used to perform 3D reconstruction on the surface of the mirror before
experiments. The feasibility and precision of the method were verified by implementing dynamic and static
experiments, respectively.

Results and Discussions The optical path device (Fig. 6) is used for dynamic and static related experiments, and
the conventional bone-shaped metal specimen is selected for the tensile test. As shown in Fig. 7, the four subregions
are imaged in a camera field-of-view. The strain change trend of the four subregions in the same subregion is
observed during 0—90 s stretching time (Fig. 8). Simultaneously, strains in the four subregions are relatively close.
Further analysis is performed for the moments with larger fluctuations, and the cloud map in Fig. 9 shows that the
strain differences in the four subregions are still small, with strains generally distributed at approximately 0.0125.
The displacement changes in Fig. 10 and Fig. 11 show that the calculation precision of this method is higher, and as
the number of displacements increases, the accuracy of the method increases continuously.

The decision currency for 3D reconstruction is chosen in a static experiment. The thickness cloud and 3D
reconstruction effect of the decision currency are depicted in Fig. 12 and Fig. 13, respectively. The contour is
clearer following reconstruction, and the calculated thickness value is closer to the theoretical value. The
experimental effect of the four-camera DIC system is compared and analyzed with the 3D reconstruction effect of this
method. Both methods can reconstruct the 3D shape of the decision currency, as illustrated in Fig. 13 and Fig. 15.
The comparison reveals that the reconstruction effect of the four-camera DIC system does not have a particularly
prominent advantage, which further indicates the stronger performance of the method.

Conclusions Herein, a planar mirror-assisted single-camera DIC system is proposed, which expands a single-
camera DIC system to a four-virtual-camera DIC system. The plane’ s mirrored images can perform panoramic
imaging on the front and back surfaces of the measured object from different angles, and both optical path systems
can perform panoramic imaging on the front and back surfaces of the measured object. The optical path separation
allows for 3D stereo measurements, which compensates for the common single-camera DIC system’s ability to only
measure in-plane deformation. In the tensile experiment of the metal specimen, the four subregions have similar
strain changes, strain is generally distributed at approximately 0.0125, and the displacement precision increases as
the tensile value increases; the 3D reconstruction experiment of the decision currency has good 3D stereo
reconstruction effect, and there is no obvious difference compared with the traditional four-camera DIC system. The
system has a simple structure, meets the requirements for 3D panoramic dynamic deformation measurement, and has
a promising future application. Meanwhile, future works will implement the optical path system to better adapt to the
needs of various application environments.
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0904004-9



