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Abstract 

The objective of this study was to establish a high-precision virtual stereo DIC for the 3D 
measurement of dynamic full-field deformation. In our experiment, dynamic deformations in a thin 
cantilever plate were measured under the harmonic forces applied by a shaker at an eccentric location 
on the thin cantilever plate. A single high-speed camera and a set of mirrors were used to measure 
dynamic full-field deformation by stereo DIC. A fotonic sensor was also employed to measure single-
point displacement. Conventional methods generally require two calibrated cameras to record the 
object image from different angles and then the stereo DIC is applied to simultaneously obtain in-
plane and out-of-plane deformations of an object. This study employed a single high-speed camera 
and a set of mirrors to achieve 3D measurement with stereo DIC in order to ensure precision and 
synchronicity between the left and right images during dynamic measurement as well as to reduce the 
cost of the measurement system. 

Keywords: Digital Image Correlation, Vibration Analysis, Non-traditional NDT Techniques and 

Applications, Signal and Image Processing in NDT/NDE 

1  Introduction 

Digital image correlation retrieves displacement field and strain field on a deformed surface by 

applying search and track algorithms to digital images captured in different loading step. The process 

of DIC experiment contains four steps, and the work of 2D DIC is quite similar to those of 3D DIC, 

which are (a) spraying speckle on the specimen surface if the characteristic pattern is not clear 

enough; (b) selecting a proper combination of optical lens and digital camera, and then calibrating the 

field of view using check board; (c) recording the experiment using the camera system with 

simultaneous trigger; (d) analyzing the full-field displacement on the surface, and retrieving global 

strain using numerical differentiation. The universal unit of DIC metrology is image pixel which 

enables multi-field application for the measurement ranging from reinforced concrete to nano-

structure, and the embodied program provides quantitative result after converting pixel unit to real 

length. DIC system also gives high flexibility for the different size of specimen and various distance 
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of inspection, and the technology has been successfully combined with telescope, focused ion beam 

(FIB) microscopy and scanning electron microscopy (SEM). DIC was first conceived and developed 

in the early 1980s, and this technique has been extensively investigated in recent decades.  

The experimental setups involving DICs can be two-dimensional (2D) or three-dimensional (3D). The 

2D approach employs a single camera to capture displacements and deformations on the surface of 

specimens, whereas the 3D approach requires two cameras to use stereo DIC images in order to 

capture displacements and deformations in 3D. However, stereo DIC necessitates synchronous control 

with a high degree of precision over the shutters of both cameras. Any differences in response or 

exposure time would lead to a timing error in the resulting images, thereby affecting the precision 

with which the high-speed dynamic deformations can be measured. This study proposes the use of a 

single high-speed camera in conjunction with a set of mirrors to enable the 3D full-field measurement 

of high-speed deformation using stereo DIC. 

2  Experimental setup  

In this study, we applied stereo DIC to measure static bending deformation in a thin cantilever beam. 

As shown in Fig. 1 (a), a precision platform was used to move the beam a fixed distance to cause 

bending deformation in the beam. 2D DIC was used to measure internal deformation in the beam from 

the side and stereo DIC was used to measure external deformation in the beam from the front. The 

precision platform pushed the beam a total of 10 times. Following each push, a two-camera system 

(Point Grey, 1920×1200 pixels) and a single-camera system (Nikon D800, 7360×4912 pixels) were 

used to record images for DIC calculation. Measurement for the 2D DIC and stereo DIC were 

obtained at A, B, C, and D in Fig. 1(b) and 1(c). Fig. 1(d) presents the results showing a high degree 

of consistency between the measurement results obtained from the 2D DIC and stereo DIC 

approaches. In the following, we will present how to measure dynamic deformations using stereo DIC 

with only one camera. 

 

Figure 1: (a) Setup for static flexing experiment of thin cantilever beam; (b) Measurement points in 2D DIC; (c) 

Measurement points in stereo DIC; (d) Displacement results from 2D DIC and stereo DIC 
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Figure 2: (a) Virtual stereo DIC method; (b) Calibration image for virtual stereo DIC method 

Fig. 2(a) illustrates the proposed single-camera system with Mirrors 1 and 4 respectively reflecting to 

the high-speed camera the images of the object from angles different from those obtained using 

Mirrors 2 and 3. This approach makes it possible to use a single high-speed camera to obtain images 

from two virtual cameras at different angles for stereo DIC analysis. Fig. 2(b) presents images of 

calibration boards obtained from two different angles prior to measurement. The calibration method 

used for the two virtual cameras is the same as that used for two real cameras, wherein a program is 

used to divide images into left and right images in order to obtain the internal and external parameters 

of the two cameras as well as the matrices of rigid-body translations and rotations between the two 

cameras. 

Fig. 3(a) illustrates the experiment setup. The thin cantilever plate was made of aluminum 6061 with 

the following dimensions: length (90 mm), width (60 mm), and thickness (2 mm). The plate was fixed 

to an optical table with an aluminum jig. A high-speed camera was paired with a set of mirrors to 

capture images of the thin cantilever plate, and a computer program the back-end analysis of stereo 

DIC for the generation of results. The high-speed camera used in this experiment captured 6,504 

images per second at a resolution of 800 times 600 pixels. A fotonic sensor simultaneously measured 

the displacement in the thin cantilever plate from the other side; however, this device is only able to 

measure single-point displacement. The analog signals obtained from the fotonic sensor were sent to 

an oscilloscope, which displayed and recorded the signals. Fig. 3(b) presents the excitation and 

measurement points on the thin cantilever plate. A function generator was used to set the excitation 

frequency of the shaker at 30 Hz. The shaker applied harmonic excitation to the side edge of the thin 

cantilever plate 60 mm from the fixed end. The direction of excitation across the thin cantilever plate 

was 80o   from the horizontal, as shown in the figure. The measurement point for the fotonic sensor 

was at 10 mm from the edges of the plate and 80 mm from the fixed end. We employed the proposed 

virtual stereo DIC for full-field measurement.       
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Figure 3: (a) Setup for dynamic deformation experiment of thin cantilever plate; (b) Excitation and measurement 

points on thin cantilever plate 

3  Experimental results 

Fig. 4(a) presents the measurement results obtained from the fotonic sensor and the proposed virtual 

stereo DIC. The vibration amplitudes at the measurement point peaked at approximately 0.1mm, 

which means that they are, for the most part, at the micron scale. Due to the fact that the fotonic 

sensor is limited to single-point measurement, we compared the results from the fotonic sensor and 

the virtual stereo DIC approach using images on the same point. As shown in Fig. 4(a), the results 

between the two systems are relatively consistent with regard to low-frequency vibrations and 

dynamic characteristics. After confirming the accuracy of the proposed method, these images were 

used to perform full-field measurement. Fig. 4(b) displays the region of interest, and Fig. 4(c) exhibits 

the 12 time points used for analysis. Fig. 5 present the deformation fields in the W direction at the 12 

time points. 

 

Figure 4: (a) Measurement results of fotonic sensor and virtual stereo DIC approach; (b) Measurement region in 

virtual stereo DIC approach; (c) Time points analyzed in virtual stereo DIC approach 
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Figure 5: Deformation full fields in the W direction at the 12 time points  
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