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Single-camera stereo-digital image correlation (stereo-DIC) techniques have gained increasing attentions and demonstrated
excellent prospects in the experimental mechanics community owing to their prominent advantages of cost-effectiveness,
compactness, and the avoidance of the complicated camera synchronization. Using additional optical devices, e.g. a diffraction
grating, a bi-prism or a set of planar mirrors, pseudo stereo images of a test sample surface can be recorded with a single camera.
By correlating these stereo images using DIC, full-field three-dimensional (3D) shape and deformation can be retrieved. This
review comprehensively summarizes the historical development, methodologies, strengths and weaknesses of the diffraction
grating-based, prism-based, four-mirror-adaptor-based single-camera stereo-DIC techniques, and the recently proposed novel
full-frame single color camera-based stereo-DIC technique for full-field 3D shape and deformation measurement. The optical
arrangements, principles and calibration procedures of these single-camera stereo-DIC techniques are described in detail. Since
high-speed deformation measurement is efficiently achieved by combining the single-camera stereo-DIC with one high-speed
camera, single-camera stereo-DIC techniques show great potential in impact engineering, vibration and other dynamic tests.
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1       Introduction

Stereo- or three-dimensional (3D) digital image correlation
(stereo-DIC or 3D-DIC) using two synchronized digital cam-
eras has been convincingly proven to be a powerful and ver-
satile non-contact optical technique for full-field 3D shape,
motion and deformation measurements in the field of experi-
mental mechanics [1–7]. In this review, to maintain the con-
sistent, the terminology of stereo-DIC is used. Compared
with its 2D counterpart (i.e., 2D-DIC) using a single cam-
era, which can merely measure the in-plane deformation of
nominal planar objects [8], stereo-DIC is more practical and
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powerful since it applies to 3D shape and deformation mea-
surements of both planar and curved surfaces. More specifi-
cally, stereo-DIC provides more accurate measurements than
2D-DIC, because it simultaneously measures three displace-
ment components, rather than being affected by out-of-plane
displacements [9,10].
Nevertheless, in practical applications, the requirement of

two synchronized cameras usually makes the construction of
a regular binocular stereo-DIC system both expensive and
complicated, especially in the cases of measuring transient
deformation using two high-speed or ultra-high-speed cam-
eras [11]. In these cases, the need of using two synchronized
high-speed cameras not only greatly increases the hardware
cost but also involves complexity on the synchronization of
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two high-speed cameras [12,13]. Moreover, the requirement
for two cameras often limits their application due to experi-
mental constraints or physical camera constraints [12]. In ad-
dition, the nonlinear geometric distortions and intensity vari-
ations between the image pairs, which are acquired by two
different cameras with different optical properties and orien-
tations, may inevitably result in difficulty in achieving pre-
cise stereo matching and thus decrease measurement accu-
racy [14]. These limitations stimulate the necessity for the de-
velopment of alternative stereo-DIC methods that solely use
one camera.
Inspired by the basic laws of optics, numerous single-

camera stereovision techniques, including diffraction grat-
ing-based, prism-based and mirror-based approaches, have
been established in the field of machine vision and optical
imaging by incorporating a diffraction grating, a prism or a
set of planar mirrors. With the aids of these additional optical
devices, the incoming scene is equally split into two sub-im-
ages or diffracted into two diffraction images projecting at
different angles on the camera sensor. These sub-images
could be considered as a pseudo stereo image pair recorded
from two different orientations by two virtual cameras.
Recently, these single-camera stereovision techniques have
been successfully combined with DIC for 3D shape and
deformation measurements. For instance, Xia et al. [15] pro-
posed a transmission diffraction grating-based single-camera
stereo-DIC method for 3D displacement measurement of a
small soft membrane. Genovese et al. [13] established a
bi-prism based single-camera stereo-DIC system and verified
its accuracy for 3D shape and deformation measurement.
Pankow et al. [12] combined a four-mirror adapter-assisted
single-camera stereovision system with DIC and successfully
measured the out-of-plane deformations of an aluminium
plate under a shock wave impact. More recently, a novel
color stereo-DIC method using a single three charge-coupled
device (3CCD) color camera was proposed by the authors of
this paper for 3D shape and deformation measurement [16].
Compared with other single-camera stereo-DIC methods,
this newly presented approach enables two images of the ob-
ject surface to overlap each other via different color channels,
which ensures the full application of the spatial resolution of
the camera sensor for obtaining 3D information.
Although plenty of literature regarding single-camera

stereo-DIC techniques have been published recently, a
comprehensive review covering the historical development,
basic principles, fundamental technical details, as well as
strengths and limitations of these techniques is still lack-
ing. Considering the attractive benefits of single-camera
stereo-DIC techniques and their great potential in certain
cases (e.g., measuring transient 3D deformation using a
single high-speed camera, retrieving 3D deformation through
constrained optical configuration), the thorough understand-
ing of these techniques is undoubtedly beneficial to properly

selection and optimal use of a single-camera stereo-DIC
technique. To this end, this paper comprehensively reviews
the current grating-based, prism-based and mirror-based sin-
gle-camera stereo-DIC techniques. The historical overview,
technical specifications (including optical arrangement, prin-
ciples and calibration) and their strengths and limitations are
systematically presented and discussed.

2       Diffraction grating-based single-camera
stereo-DIC methods

2.1       Historical overview

Trivi and Rabal [17] proposed the earliest grating-based sin-
gle-camera stereovision technique, and demonstrated that a
diffraction grating was a useful tool to identify a stereoscopic
pair of an object within a single exposure under monochro-
matic illumination. As shown in Figure 1, a diffraction grat-
ing is vertically placed between the lens and the test object,
and is aligned to be perpendicular to the optical axis of the
imaging system. Then, the object is illuminated through a
quasi-monochromatic light source instead of the conventional
white light source, since the recorded images are significantly
affected by the chromatic dispersion. As a result, high-order
(i.e., positive and negative first-order) diffraction images P+1
and P−1 of the object appear symmetrically replicated on the
ordinary (zero-order) image P0. Note that these twin diffrac-
tion images produced by closer objects are less dispersed than
those produced by far-away objects. By analyzing the opti-
cal model according to the diffraction theory, the distance be-
tween the zero-order and first-order diffraction images can be
deduced as [17]

d
f L L
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=

+
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where λ denotes the wavelength of the illumination light, f0 is
the frequency of the grating, L1, L2 and L3 are the distances
defined in Figure 1.
Inspired by this grating-based single-camera stereovision

technique, the feasibility of 3D deformation measurement
by adding a diffraction grating to the Burch experimental
setup was explored by Henao et al. [18]. The 3D displace-
ment components on the object surfacewere carefully derived
based on the projection relationships. Ordinarily, the derived
equations require a precise determination of the different dis-
tances involved. These distances may be obtained by mea-
suring the distances between the principal planes of the opti-
cal components. An alternative method to determine all the
instrumental constants can be achieved by calibrating the op-
tical system through rigid-body translations. Moreover, Ra-
bal et al. [19] reported a digital speckle pattern shearing in-
terferometer with the assistance of a diffraction grating as a
shearing element. A diffraction grating took the placement of
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Michelson interference devices, which resulted in a relatively
compact optical setup.
Xia et al. [15] combined the diffraction grating-based sin-

gle-camera stereovision with 2D-DIC for measuring full-field
3D deformation [20], however this method can only be uti-
lized to measure 3D deformation of transparent planar sam-
ples. Pan and Wang [21] recently found that the assumed op-
tical imaging model, mathematical derivations and final for-
mulas are not sufficiently rigorous, which may lead to signifi-
cant measurement errors, particularly within the out-of-plane
displacement component. Based on a simple but practical
pinhole imaging model, theoretical formulas for reconstruct-
ing the profile and measuring 3D displacements of the object
surface were modified, and proven to be effective and accu-

rate uponmeasuring 3D deformation of an adhesively bonded
single lap joint (SLJ) (Figure 2) [22]. Thereafter, Xia et al.
[23] developed a novel optical microscope system for full-
field 3D shape and deformation measurements by integrating
the diffraction-assisted DIC with the fluorescent microscopy.
Regardless of these developments and applications, it should
be noted that the diffraction assisted stereo-DIC system is
limited to small objects in a size varying from sub-millimeters
to a few centimeters due to the size constraints of the diffrac-
tion grating.

2.2       Optical arrangement

Figure 3 shows a typical optical arrangement of the grating-
based single-camera stereo-DIC method  for  3D  shape  and

Figure 1         (Color online) Schematic diagram of the single-camera stereovision system using a diffraction grating.

Figure 2         (Color online) (a) Experimental setup with a close-up and schematic geometry of SLJ specimen; (b) measured U, V andW displacement fields of the
SLJ specimen under the load of 60 N (Pan et al. [22]).
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Figure 3         (Color online) Improved optical arrangements of the single-camera stereo-DIC method using a diffraction grating (Pan and Wang [21]).

deformation measurement. This system is composed of
a digital CCD/complementary metal oxide semiconductor
(CMOS) camera, a camera lens, a transmission diffraction
grating and a quasi-monochromatic light source. Similar
as the early reported diffraction assisted single-camera
stereo-imaging technique [17], the diffraction grating is sym-
metrically positioned between the lens and the test object. By
adjusting the distances among the camera lens, the diffrac-
tion grating and the object and illuminating the object using
a monochromatic light source, the zero-order, the positive
and negative first-order diffraction images of the object are
recorded by the camera. Note that, whether in work by Xia
et al. [15] or the improved work by Pan and Wang [21], the
specimens were both illuminated by a quasi-monochromatic
light. Whilst experiments are conducted in a darkroom, the
different ambient light may introduce adverse impact (e.g.,
chromatic dispersion) onto the recorded images. To address
this problem, an effective approach proposed by Pan et al.
[22] outfits an ultra-narrow bandpass optical filter before
the zoom lens and illuminates the specimen with white
light sources instead of using the quasi-monochromatic
source (Figure 3). The ultra-narrow bandpass optical filter
allows only quasi-monochromatic light within its limited
wavelength range to pass through, and thus can skillfully
suppress the potential adverse impact of varying ambient
light and also make the system relatively compact. As shown
in Figure 3, the positive and negative first-order diffraction
images are the desired stereo image pair that encodes 3D
geometric information, located on each side of the zero-order

diffraction image. By processing the positive and negative
first-order diffraction images, the full-field profile and 3D
deformation on the specimen can be obtained.

2.3       Principles

The 3D shape can be commonly retrieved by a pair of im-
ages of the test object using the conventional stereo-DIC al-
gorithm. However, as the imaging model of the grating-
based single-camera stereo-DIC system is greatly different
from that of a conventional stereo-DIC system, significant er-
rors will be introduced into measuring results if using a tradi-
tional stereo-DIC algorithm. Therefore, to accurately deter-
mine 3D shape and deformation from the recorded diffraction
images, the imaging model of the grating-based single-cam-
era stereo-DIC system should be initially established. As
shown in Figure 3, a coordinate system is established with its
origin O (0, 0, 0) located at the intersecting point of the optical
axis and the diffraction grating. With this coordinate system,
the real coordinate of a point on the test object surface is de-
noted as P(X, Y, Z). Then, the coordinates of corresponding
two first-order diffracted points are represented by P−1(X−1,
Y−1, Z−1) and P+1(X+1, Y+1, Z+1), respectively. Assuming the
corresponding image coordinates of these three points are p(x,
y), p−1(x−1, y−1) and p+1(x+1, y+1), respectively, it is necessary
to establish mathematical relationships between the real co-
ordinates and image coordinates to reconstruct the 3D coor-
dinates of the test object. Based on the backward ray-tracing
method, the diffraction theory and the ideal pinhole camera
model, the real 3D coordinates of a point can be derived and
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written as [21]

( )
X x x c

M

Y
y y c

M

Z x x
M

= ( + 2 )
2 ,

=
+ 2

2 ,

= ( )
2 tan ,

x

y

+1 1

+1 1

+1 1

(2)

where (cx, cy) is the center of the recorded image;
M=Limg/(Zobj×Psz) is the magnification factor of the optical
system, which is assumed as a constant and needs to be
calibrated; Limg and Zobj are the image and object distances
of the optical system, respectively; Psz is the pixel size of
the camera; θ=sin−1(λ/p) the first-order diffraction angle with
λ being the wavelength of the quasi-monochromatic light
source and p denoting the pitch of the grating.
As shown in Figure 4, the image coordinates (i.e., (x+1, y+1)

and (x−1, y−1)) correspondence of two diffracted points are ob-
tained by matching the positive first-order and the negative
first-order diffraction images of the test specimen using the
well-established subset-based 2D-DIC algorithm. Once the
image coordinates of two diffracted points and the magnifi-
cation factor are determined, the 3D coordinates of the test
specimen can be obtained.
Then, based on the pinhole imaging model and some ap-

proximations, Pan and Wang [21] derived three displacement
components of the measurement point P(X, Y, Z) as
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where u+1 and v+1 are the x- and y-directional displacements
of the positive first-order diffracted images, respectively; u−1
and v−1 are the x- and y-directional displacements of the neg-
ative first-order diffracted images, respectively; Z is the dis-
tance of each measurement point to the grating, which can be
achieved after shape reconstruction.

2.4       Calibration of the imaging system

As presented in the final formulas given in eqs. (2) and (3),
to determine the profile and 3D deformation of the test spec-
imen, the magnification factor M and the object distance Zobj
must be calibrated in advance. Pan andWang [21] performed
in-plane and out-of-plane translations to determine these two
parameters. By fitting actual displacements with the mea-
sured displacement or average normal strains using linear
least squares, the magnification factor M and the object dis-
tance Zobj can be accurately calibrated.
In addition, in the grating-based single-camera stereo-DIC

system, image distortions may unavoidably exist due to im-
perfections of the diffraction grating, lens distortion and non-
uniform spatial distribution of the sensing pixels. Moreover,
the misalignment between the diffraction grating and camera
also will alter the image model of the imaging system and
further decrease its measurement accuracy. In specific cases,
these image distortions may introduce considerable measur-
ing errors into results. To achieve a high-accuracy shape
and 3D deformation measurement, these distortions should
be calibrated and eliminated as possible. Note that, as in-
dicated in ref. [20], the image distortion caused by the im-
perfection of the diffraction grating is negligible. Thus, lens
distortion, non-uniform spatial distribution of the sensing pix-
els and the misalignment between the diffraction grating and
camera need to be calibrated. In ref. [20],  a  non-parametric

Figure 4         (Color online) Calculation of image displacements for profile and 3D displacement measurement using 2D-DIC (Pan and Wang [21]).
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method of distortion calibration was used to determine the
combined lens and sensor distortion in the established system.

3       Prism-based single-camera stereo-DIC
methods

3.1       Historical overview

The prism-based single-camera stereovision technique was
originally proposed in computer vision by Lee et al. [24] and
Lee and Kweon [25]. In their work, a bi-prism stereo projec-
tion matrix was devised to characterize the relationship be-
tween an object point and its two virtual points, and a ray
tracing method was used to calculate the projection from the
object point to its image points. As shown in Figure 5(a), a
bi-prism is vertically placed between the lens and the test ob-
ject. With the aid of the bi-prism, an arbitrary point on the ob-
ject is transformed into two virtual points. Stereo image pairs
are therefore imaged onto the left and right halves of the real
camera sensor attributable to the refraction of light rays. Dif-
fering from Lee’s virtual point concept, a new understanding
of the single-camera stereovision system was later proposed
by Lim and Xiao [26]. As indicated in Figure 5(b), it was as-
sumed that the stereo image pair acquired by the established
single-camera system was equivalent to the two images si-
multaneously obtained by two virtual cameras. Thereafter,
a series of studies on the bi-prism-based single-camera sys-
tem, including system construction [27–29], parameter error
analysis [30], system calibration [31], and stereo correspon-
dence matching [32,33], were conducted by Lim’s group. It
is postulated that image distortions were negligible in these
studies. However, unlike standard stereovision systems using
two or more independent cameras whose distortions (primar-
ily lens distortions) might not be severe, or could be evaluated
and easily eliminated, the distortion induced by the prism in
front of the camera always exist, even within an ideal sys-
tem setup. To resolve this problem, a parametric bi-prism
distortion model [34] and a fully constrained and model-free
distortion correction method [35,36] for the single-lens stere-
ovision system using a bi-prism were proposed.
In addition to the bi-prism, the tri-prism and the multi-face

prism also have been employed to establish single-camera
stereovision systems. For example, Xiao and Lim [37] estab-
lished a single-camera trinocular stereovision system using a
single CCD camera and a pyramid-like tri-prism. This sys-
tem can simultaneously capture three different views of the
same scene and these views can be regarded as the images
captured by a set of virtual cameras produced by the prism.
Wang et al. [38] proposed a new method for the image recti-
fication of a single-lens stereovision system with a tri-prism.
This approach is based on geometry analysis of ray sketching
and does not require the intricate calibration process. Accord-
ingly, to develop a portable prism-based stereovision system

Figure 5         Schematic diagram of the single-camera stereovision system us-
ing a bi-prism: (a) virtual point concept (Lee and Kweon [25]); (b) virtual
camera concept (Lim and Xiao [26]).

which has a smaller volume and lower weight, Chen et al.
[39] designed a micro-prism array plate to replace the con-
ventional prism. With this micro-prism plate, the established
portable prism-based system can create stereo image pairs
on the camera sensor. Recently, Yang et al. [40] reported a
micro-prism array based compact stereo endoscopic camera
with a single image sensor. This stereo endoscopic camera
can split an image into two stereo images and successfully
demonstrates the binocular disparities between the stereo im-
age pairs for objects with different distances.
Inspired by the prism-based stereovision techniques devel-

oped in other fields, Genovese et al. [13] designed and vali-
dated a single-camera stereo-DIC system using a bi-prism for
3D deformation measurement. In their work, a model-free
image distortion correction scheme was proposed to over-
come the shortcomings related to the utilization of a thick
prism and made it possible to perform high accuracy time-re-
solved 3D deformation measurements on an inflated latex
membrane. Then, based on the principle of light refraction
and a backward ray-tracing method, Wu et al. [41,42] mod-
ified the virtual point model and proposed a novel shape re-
trieval method to improve the accuracy of bi-prism aided sin-
gle-camera stereo-DIC system. Compared with the original
virtual point model, the modified model is somewhat objec-
tive since it does not require the assumption that the virtual
points are symmetric regarding the object point.
Recently, an improved bi-prism-based single-camera

stereo-DIC system using a bilateral telecentric lens was
established by Wu et al. [43] to carefully eliminate the
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systematic errors caused by manufacturing deficiency of the
bi-prism and distortion of the bilateral telecentric lens [44].
With the unique design of the bilateral telecentric lens, the
imaging model of the prism-based single-camera stereo-DIC
system is greatly simplified and the complicated calibration
process is prevented. The accuracy of this system was val-
idated by experiments and proven to be more accurate than
those using a conventional camera lens. The validity of vari-
ous bi-prism-based single-camera stereo-DIC techniques has
been demonstrated by measuring the shape of an aluminum
cylinder (Figure 6), and 3D deformation of a circular latex
membrane in an inflation test. Subsequently, by combining
the idea of active imaging proposed by Pan et al. [45,46] with
the bi-prism-based single-camera stereo-DIC technique,
Wu et al. reported the measurement of high-temperature
3D deformation via a narrow and deep optical observation
window of a high-temperature furnace [47].

3.2       Optical arrangement

The optical arrangements of the single-camera stereo-DIC
system using a bi-prism and a conventional lens are schemat-
ically presented in Figure 7. Similar to the grating-based
single-camera stereo-DIC method, a bi-prism is vertically
placed between the camera and the object. With the aid
of the bi-prism, two different views of the object are si-
multaneously imaged onto the two halves of the camera
sensor after two refractions in the bi-prism. Consequently,
the bi-prism-based single-camera stereo-DIC system can be
recognized as a pseudo stereovision system using two virtual
cameras. For an ideal perfectly aligned system, it is found

that the exact position and orientation of two virtual cameras
are determined as a function of the characteristics of the
bi-prism (e.g., index of refraction and wedge prism angle)
and the relative distances between the camera, bi-prism and
the object [13]. The pan angle of the virtual-stereo system
is directly related to wedge prism angle, while the lateral
separation between two sub-images on two halves of the
sensor depends on the relative distances among the camera,
bi-prism and the object. Moreover, to suppress the chromatic
aberration of the prism and realize a high-accuracy measure-
ment, a monochromatic light source is required.
Differing from the bi-prism single-camera stereo-DIC sys-

tem using a conventional lens, a simplified single-camera
stereo-DIC system was established by Wu et al. [43] by
combing a bilateral telecentric lens with a bi-prism. Upon us-
ing this system, light rays from the objects first deflect from
the original optical path at the front surface of the wedge
prism due to refraction, but directly pass through the inter-
face of the back surface without changing direction. This
significant difference in the imaging model can be attributed
to the differences in imaging mechanisms between a bilateral
telecentric lens and a conventional lens based on the pinhole
model. As described in ref. [43], a mathematical model of
the established single-camera stereo-DIC system was signif-
icantly simplified by using a bilateral telecentric lens. Al-
though a high-quality bilateral telecentric lens has been rec-
ommended in either a 2D-DIC system [45] or a prism-based
single-camera stereo-DIC system to achieve high-accuracy
measurement, it is not generally applicable due to its fixed
field of view, limited depth of focus and high cost.

Figure 6         (Color online) (a) Experimental set-up for 3D shape measurement of a cylinder specimen using a single-camera stereo-DIC system with a bi-prism;
(b) an image recorded to reconstruct the 3D shape; (c) retrieved 3D shape of the cylinder surface (Wu et al. [41]).
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Figure 7         (Color online) Schematic diagram of the single-camera stereo-
DIC system using a bi-prism and a conventional lens.

3.3       Principles

After surface images of the test object are recorded by using
an established single-camera stereo-DIC system, obtained
images can be processed to retrieve the 3D shape, motion
and deformation on the object surface. However, additional
unique distortion in the images is induced by placing a

bi-prism in front of the camera, which cannot be adequately
represented by existing distortion models and thus makes it
difficult to calibrate or correct [36]. Therefore, numerous
errors are incorporated into measuring results when using
a conventional stereo-DIC algorithm, since the calibration
model typically takes three major components of lens distor-
tion (i.e., radial, decentering and thin prism distortions) into
consideration.
To accurately determine the 3D information of the test ob-

ject, two approaches are proposed in the literature. The first
one does not depend upon prior knowledge of any parame-
ters of the bi-prism, as presented by Genovese et al. [13]. A
robust generalized stereo-system calibration framework was
employed, which is insensitive to the camera and bi-prism
misalignments, and a model-free optimization-based proce-
dure was implemented to map and correct the image distor-
tion error induced by the bi-prism over the entire measure-
ment volume. Figure 8 shows the scheme of the optimiza-
tion-based procedure for mapping and correcting the image
distortion adopted by Genovese et al. [13]. By applying
this procedure to the directly recorded images, the distortions
caused by the nonlinear angle variation were eliminated. To
accurately reconstruct 3D shape from each image of the dif-
ferent state, the captured images were first processed using
a standard stereo-DIC algorithm and subsequently corrected
using the proposed procedure. By subtracting the corrected
3D coordinates of the deformed stated from those of the initial
state, 3D full-field displacement fields of different  deformed

Figure 8         (Color online) Scheme of the optimization-based procedure for mapping and correcting the distortion error throughout the measurement volume
(Genovese et al. [13]).
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state can be obtained.
By contrast, a simplified calibration approach based on

the backward ray-tracing method was adopted by Wu et
al. [41]. Analogously to many prism-based single-camera
stereovision systems, this approach needs a prior knowledge
of the parameters of the bi-prism and thus greatly distin-
guishes from Genovese’s approach. Figure 9(a) shows the
imaging model of the single-camera stereo-DIC system using
a bi-prism and a conventional lens. Based on the backward
ray-tracing method and the pinhole imaging model, the
spatial relations between the object point and virtual points,
together with the mathematic relationships between the
virtual points and their corresponding image coordinates,
are first analyzed and derived. Then, for each image with
two different views of the test object, the disparities between
the left virtual points and right virtual points are calcu-
lated using a standard 2D-DIC algorithm. By rearranging
the mathematic relationships with the disparities and then
solving the equations using an iterative approach, the 3D
coordinates of the object points can be retrieved. Similarly,
the coordinates of the object points after deformation are also
obtained by correlating the deformed image coordinates with
the reference ones. Finally, 3D displacement components are
determined by directly evaluating the coordinates’ variations
of these object points. More details about the derivations and
iteration process are found in ref. [41].
In addition, Wu et al. [43] demonstrated a significant sim-

plification in the reconstruction of the 3D coordinates after
replacing the conventional pinhole-model-based lens by a bi-
lateral telecentric lens. As presented in Figure 9(b), light rays
are deflected from the original optical paths only at the front
surface of the bi-prism, but directly pass through the inter-
face without changing direction at the back surface. With
this imaging model, the mathematical expressions between
the virtual points and their corresponding image points are
greatly reduced. After calculating the disparities of image
points using 2D-DIC, the spatial coordinates of the corre-
sponding object point are obtained by solving the mathemati-
cal equations. Similarly, by subtracting the deformed coordi-
nates from the reference ones, the desired displacement com-
ponents are obtained.

3.4       Systematic error calibration and correction
For prism-based single-camera stereo-DIC systems, the
imaging lens and the bi-prism are the most important parts
and usually supposed to be ideal in the imaging model. How-
ever, in practice, both the imaging lens and the bi-prism are
not perfect and contain more or fewer deficiencies due to the
manufacturing errors. Moreover, the misalignment between
the camera and bi-prism will also affect the imaging model.
Without a doubt, the shortcomings of the imaging device and
the misalignment between the camera and bi-prism change
the ideal imaging model and thus inevitably introduce errors

Figure 9         (Color online) Imaging models of the single-camera stereo-DIC
system using a bi-prism and (a) a conventional lens (Wu et al. [41]) or (b) a
bilateral telecentric lens (Wu et al. [43]).

into measuring results. To eliminate the errors caused by
the imperfect imaging system and to achieve high-accuracy
3D shape and deformation measurement, the established
bi-prism-based single-camera stereo-DIC system should be
carefully calibrated.
In Genovese’s work [13], since all kinds of distortions (in-

cluding the distortion induced by the bi-prism and other dis-
tortions due to the imperfect imaging system) are corrected
by the model-free calibration technique, an additional cali-
bration is no longer required. However, for the simplified
calibration approach [43], the deficiencies of the imaging sys-
tem are not considered in the imaging models and thus should
be carefully calibrated. A novel and practical shape retrieval
method was proposed to improve the measurement precision
[42]. In the modified approach, the light refractions in the
bi-prism were considered in 3D space and the errors intro-
duced by the imperfect imagingmodel wasminimized by tak-
ing into account the misalignment between the bi-prism and
the camera and the distortion of the lens.

4       Mirror-based single-camera stereo-DIC
methods

4.1       Historical overview

In contrast to diffraction grating-based and bi-prism-based
single-camera stereovision techniques, mirror-based single-
camera stereovision techniques are more flexible on the sys-
tem structure as it can be realized by combining a single cam-
era with one or a set of mirrors. Zhang and Tsui [48] realized
3D reconstruction of objects using a single camera and a pla-
nar mirror. As shown in Figure 10(a) [49,50], with the aid of
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Figure 10         (Color online) Schematic diagram of the single-camera stereovision system using one mirror or a set of mirrors: (a) Zhang and Tsui [48]; (b)
Goshtasby and Gruver [14]; (c) Gluckman and Nayar [49]; (d) Gluckman and Nayar [49]; (e) Inaba et al. [50].

a planar mirror, the object and its image in the mirror were
both recorded by the camera. By processing these two images
of the object using a 3D reconstruction algorithm, the shape
information of the object was extracted. A similar approach
was also adopted by Shaw et al. [51] to measure the full-field
deformation of a plate under vibration. Feng and Pan [52] es-
tablished the mathematical model of the single-camera stereo
system using a planar mirror and analyzed its system param-
eters and accuracy. The obvious advantage of this system is
its simplicity. However, the application of the system using
one mirror is limited because the obvious optical path differ-
ence between the object and its image in the mirror, and may
results in a blurred image if the depth of field of the camera
is small. To prevent this problem, single-camera stereovi-
sion systems using a set of mirrors, instead of a single one,
are investigated by various researchers. Goshtasby and Gru-
ver [14] developed a single-camera stereovision system using
two planar mirrors. Figure 10(b) shows that stereo image pair
are achieved by viewing the reflections of the object in two
mirrors that have a common axis. A similar stereovision sys-
tem was established by Gluckman and Nayar [49], as shown
in Figure 10(c). The geometry and calibration of the stereovi-
sion system with two planar mirrors were presented to show
how the relative orientation, the epipolar geometry and the
estimation of the focal length were constrained by the planar
motion. Besides, Nene and Nayar [53] proposed single-cam-
era stereovision techniques that use a single camera pointed
toward planar, ellipsoidal, hyperboloidal, and paraboloidal
mirrors. Although a wide field of view was obtained by using
nonplanar reflecting surfaces, the calibration of these systems

with curved mirrors is more complicated than those with pla-
nar mirrors.
The single-camera stereovision systems using three mir-

rors have been also developed. For example, as shown in
Figure 10(d), Gluckman and Nayar [54,55] realized sin-
gle-camera stereovision with the aid of three planar mirrors.
These three mirrors were carefully designed and arranged
with the appropriate size and location. A more flexible
single-camera stereovision system using four mirrors was
first established by Inaba et al. [50] as shown in Figure 10(e).
Four planar mirrors were placed in front of the camera in
a certain arrangement. With this four-mirror adapter, two
views of the object surface via different optical reflection
paths are imaged onto the sensor target of the camera. They
carefully analyzed the optical structure of the single-camera
stereo system and verified its effectiveness in stereo matching
and 3D motion tracking as a stereo viewer of robots. Later,
Seal et al. [56] also developed a similar structure for the
depth perception and proved the system achieved a depth res-
olution of 5.8 cm at a working distance of 2 m. Additionally,
a detailed analysis of the imaging model and in-depth discus-
sion were performed by Wang et al. [57] and Zhu et al. [58].
Recently, more single-camera stereo imaging systems have
been designed and devoted to a larger variety of applications,
such as 3D geometry measurement of the flame surface
[59,60], stereo-photography of streamers in the air [61] and
feature parameters measurement of bubbles in gas [62,63].
Among the above mentioned mirror-based single-camera
stereovision systems, the system using a four-mirror adapter
is commonly preferred owing to  its  greater  flexibility  and
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applicability.
In the DIC community, the mirror-based single-camera

stereo-DIC system has been introduced for 3D shape and
deformation measurements [12,64]. Compared with the
diffraction grating-based and prism-based stereo-DIC sys-
tems, those using a four-mirror adapter not only measure
the objects with larger size but also present negligible dis-
tortion caused by the additional optical device. Pankow
et al. [12] established a single-camera stereo-DIC system,
and successfully measured the out-of-plane deformations
under a shock wave impact. Recently, the single-camera
stereo-DIC system with a four-mirror adapter was optimized
and thoroughly studied by the authors of this paper [65,66].
Specifically, to extend the application range and robustness
of the single-camera stereo-DIC system, the novel idea of
active imaging [46], which combines an actively illuminated
monochromatic blue LED light source and a band-pass
optical filter mounted just before the imaging lens, was com-
pactly integrated to the established DIC system. Moreover,
to get a clear knowledge of its optical model and further fa-
cilitate an optimal design of the optical structure for specific
measurement objects, comprehensive analyses of the struc-
ture parameters, e.g., the baseline distance and valid field of
view of the virtual stereo-DIC system, were conducted [66].
This method was further combined with a single high-speed
camera for full-field 3D transient deformation measurements
of carbon fiber reinforced polymer (CFRP) panels under
impact loading [67] (Figure 11), full-field 3D vibration mea-
surement [68], as well as the investigation of the formation

of adiabatic shear bands [69]. With the aids of the properly
arranged four-mirror adapter, the synchronization problem
of two high-speed cameras can be automatically eliminated,
enabling transient 3D deformation measurement through a
single high-speed camera.
In addition, the four-mirror adapter assisted single-cam-

era stereo-DIC system has also been designed to be com-
pact, portable and miniaturized. For example, López-Alba et
al. [70] established a portable single-camera stereo-DIC sys-
tem that utilized a composite carbon fiber device to place the
mirrors. Shao et al. [71] constructed a compact four-mirror
adapter which used a triangular prismmirror and two exterior
mirrors andwas directlymounted onto the camera. In particu-
lar issues, Eisa et al. [72] established aminiature portable sin-
gle-camera stereo-DIC system using a triangular prismmirror
and two mirrors. Experimental results verified that the estab-
lished system was practicable and efficient for the local 3D
deformation measurement. To properly understand the sin-
gle-camera stereo-DIC system using a four-mirror adapter, its
system structure and principle are reviewed.

4.2       Optical arrangement

Figure 12 schematically shows experimental arrangements
of the four-mirror adapter assisted single-camera stereo-DIC
system [65]. The system consists of a single camera placed
before the test object, a zoom lens mounted on the camera,
a four-mirror adapter located between the test object and the
camera. Note that the four-mirror adapter is composed of a
perpendicular  aluminum  block,  two  mirror  mounts,  four

Figure 11         (Color online) (a) Schematic illustration of the experimental set-up for transient 3D deformation measurement under ballistic impact; (b) a reference
image and a deformed image recorded before and during the test; Measured (c) U, (d) V and (e) W displacement fields on the back surface of the CFRP panel
during the test (Pan et al. [68]).
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Figure 12         (Color online) Schematic diagram of the single-camera stereo-
DIC system using a four-mirror adapter.

planar mirrors (denoted as M1, M2, M3 and M4, two inner
planar mirrors can be replaced by a prism with two reflecting
surfaces) and some fixed rods. Two interior mirrors are fixed
on two sides of the perpendicular aluminum block and form
a 90° angle with each other, while two exterior mirrors are
glued tightly to mirror mounts and then mounted on rotating
stages, which allows two exterior mirrors to rotate around

their axes. The included angle between two interior mirrors
is designed as any angle within a certain range. Then, by
adjusting the posting angles of two exterior mirrors and the
lens of the camera, two views of the test specimen surface via
different optical reflection paths are projected onto two halves
of the camera sensor target. The location and orientation of
these two views on the recorded image are also finely tuned
by adjusting mirror mounts.

4.3       Principles
Differing from the grating-based and prism-based sin-
gle-camera stereo-DIC techniques, the additional image
distortion induced by the planar mirrors is extremely small
and even can be neglected. Thus, the recorded stereo image
pairs can be processed to retrieve the 3D shape and deforma-
tion using the traditional stereo-DIC algorithm. Similarly,
both calibration images of a calibration board and surface im-
ages of a test specimen are required to be captured during the
experiment, as shown in Figure 13(a) and (b). As described
in ref. [65], these images are segmented into two groups of
left and right images, which only contain a single view of the
calibration board or the test specimen with intensities of the
other half image set as zero. The segmented images can be
regarded as those recorded using a conventional two-camera
stereo-DIC system and then are used to calculate the disparity
data of the initial state and deformed states.
To accurately determine the disparity information required

for  3D  profile  reconstruction,  the  well-developed  subset-

Figure 13         (Color online) Schematic showing the procedures for measuring 3D shape profile and deformation.
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basedDIC algorithm is utilized to accurately register the same
physical points imaged in the left and right images. Specif-
ically, a square subset centered at each predefined calcula-
tion point is selected from the left image of the initial state
and used to search its target in the corresponding right one.
To this purpose, a practical zero-mean normalized sum of
squared difference criterion (ZNSSD) [73], combined with a
second-order shape function, is utilized to quantitatively eval-
uate the similarity between the reference subsets and the tar-
get ones. By optimizing the nonlinear ZNSSD criterion using
an inverse compositional Gauss-Newton (IC-GN) algorithm
[74] and the bicubic spline interpolation scheme, the desired
disparity data of the initial state are obtained. Finally, these
disparity data, together with the previously determined cali-
bration parameters, are used to reconstruct the profile of the
ROI at initial state according to the triangulation principle.
Similarly, the profile within the ROI after deformation can
also be retrieved. By subtracting the 3D coordinates of the de-
formed stated from those of the initial state, 3D full-field dis-
placement fields (i.e.,U, V andW) of different deformed state
can be obtained. It should be noted that this stereo-matching
process is the same as the conventional stereo-DIC method
using two cameras.

4.4       Calibration of the imaging system

As the distortion caused by the four-mirror adapter almost can
be neglected, the only calibration needed for this single-cam-
era stereo-DIC systems using a four-mirror adapter is to erect
the world coordinate system of two virtual cameras, which is
similar to the conventional stereovision calibration technique.
The lens distortion is also considered in the calibrationmodel.
According to the above understanding of the single-camera

stereovision system, there exist two methods for the system
calibration. The widely used one is referred as Respective
Calibration Method, which considers the left and the right
halves of the images captured by two different cameras as
a traditional two-camera stereovision system [2,3]. Differ-
ing from this commonly used calibration method, the other
approach was proposed based on the fact that the intrinsic
parameters of two virtual cameras are theoretically identical.
This method originally requires two steps for the calibration
process. First, it needs to remove the mirror adapter, and then
uses the single camera to capture the calibration target and to
calibrate its fundamental parameters. After that, the mirrors
adapter should be put back and the system is calibrated again
using the target to determine structure parameters [75]. How-
ever, the structure parameters of the system may be slightly
changed due to removing and recovering the mirrors during
the calibration, and thus introducing additional artificial er-
rors into the results. To address this problem, Zhou et al.
[76] and Cui et al. [77] proposed a novel calibration method
for the single-camera stereovision system using mirrors. This
approach also considers intrinsic parameters of two virtual

cameras as the same but does not need to remove the mirrors
during the calibration.

5       Full-frame single-camera stereo-DIC using
a color separation apparatus

As described above, the diffraction grating-based, biprism-
based and mirror-based single-camera stereo-DIC systems
enable 3D shape and deformation measurements using a sin-
gle camera. It thus not only eliminates the synchronization
problem of two cameras, but also leads to a cost-effective
and compact experimental setup. However, as two or more
views of the object are separately imaged on non-overlapped
regions of one camera sensor, there are less than half the cam-
era sensor available to define the region of interest (ROI), re-
sulting in a substantial reduction in spatial resolution. For
this reason, a single-camera stereo-DIC technique, which can
make the most of the spatial resolution of the camera sensor,
just like the regular binocular stereo-DIC system using two
synchronized cameras, is highly desirable and undoubtedly
exceptionally useful in practical applications.
Recently, the authors of this paper proposed a novel color

stereo-DIC method using a single color camera for full-frame
3D shape, motion, and deformation measurements without
any sacrifice of the camera sensor spatial resolution. In the
first paper [16], a 3CCD color camera was adopted. With the
aid of a skillfully designed color separation optical device,
color images of a test sample surface can be readily divided
into red and blue sub-images, which view the sample surface
from two different orientations. The efficiency and accuracy
of the color stereo-DIC method were successfully demon-
strated by measuring the shape of a regular cylinder, in-plane
and out-of-plane displacements of a translated plate and 3D
deformation of a centrally loaded circular plastic plate.
Although the performances of 3CCD color cameras are bet-

ter than conventional Bayer filter-based color CMOS cam-
eras in color image separation, color CMOS cameras aremore
commonly used. In the second paper, this method was com-
bined with a color high-speed camera, which was built with
the CMOS sensor for high-speed deformation measurements
[78]. As color crosstalk (also termed as color coupling or
color contamination) problem unavoidably exists in the di-
rectly separated blue and red channel images, considerable
errors will be introduced into the stereo-DIC measurement.
To mitigate these errors induced by color crosstalk, Yu and
Pan adopted a simple but effective color crosstalk correction
method for the image correction [78]. Vibration responses
measurement of a Chinese double-sided drum under the beat-
ing of a wood drumstick convincingly verified the effective-
ness and accuracy of the single color CMOS camera-based
stereo-DIC technique.
To validate the effectiveness and accuracy of the proposed

single-camera stereo-DIC using a single 3CCD color camera
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for 3D deformation measurement, 3D deformation measure-
ments of a centrally loaded circular plastic plate were per-
formed [16]. Figure 14 (a) shows the experimental set-up for
3D deformation measurements. During the test, the plastic
plate was clamped all around the edge and loaded transverse
to the center of the plate by means of a micrometer inden-
ter installed behind the plate. Two images of the specimen
surface were captured before and after deformation. These
two images, together with the calibration images, were pro-
cessed to retrieve the desired deformation according to the
proposed approach. Figure 14(b)–(d) show the measured 3D
full-fieldU, V, andW components of the surface deformation.
The U displacement field presents an antisymmetric distri-
bution with respect to the y axis, while the V displacement
field shows an antisymmetric distribution on the x axis. Fur-
thermore, the W displacement distributions present a perfect
concentric pattern with the center located at the point of the
applied load.

5.1       Optical arrangement
The optical arrangements of the established color stereo-DIC
system are schematically illustrated in Figure 15. This system
consists of a single color camera, a beam splitter prism placed
before the camera lens, two optical bandpass filters with spe-
cific center wavelengths attached on the left and front of the
beam splitter prism, and three planar mirrors (denoted asM1,
M2 and M3) arranged on the two optical paths. By adjust-
ing the posting angles of the planar mirrors and the lens of
the camera two views of the object surface can pass through
the optical bandpass filters via two different optical paths and
then enter into the sensor target of the color camera with the

aid of the beam splitter. As a result, an overlapped color im-
age composed of one blue color image and one red color im-
age is directly captured. Compared with the single-camera
stereovision systems using a biprism or a four-mirror adapter,
it is obvious that this approach allows the left and right im-
ages to overlap each other in one image, which means the
spatial resolution of the camera sensor can be fully utilized.
The color images recorded at different configurations can be
separated into red and blue channel sub-images, which cor-
respond to the left and right images recorded by two virtual
cameras. These separated images can be processed by regu-
lar stereo-DIC to retrieve the full-field 3D shape and defor-
mation.

5.2       Image mechanisms and color crosstalk correction
Before the image separation and color crosstalk correction, it
is desired to figure out the image mechanisms of the 3CCD
and CMOS color cameras, which have been introduced in
refs. [16,78]. As shown in Figure 16(a), a 3CCD color cam-
era is composed of three separate charge-coupled devices
with each one taking an independent measurement of the
primary colors. After coming through the objective lens light
rays are split by a trichroic prism assembly which directs the
appropriate wavelength ranges of the light to their respective
CCDs (https://en.wikipedia.org/wiki/Three-CCD_camera).
Then images from all three image sensors are combined
to form a color image. Figure 16(b) shows the quantum
efficiencies of a 3CCD camera (AT-140CL, JAI Ltd., Japan)
used in ref. [16]. The quantum efficiencies reflect the sen-
sitivities of the camera sensor to incident light at different
wavelengths.  By  placing  blue  and   red  optical   bandpass

Figure 14         (Color online) 3D deformation measurements of a circular plastic plate subjected to a central load normal to the specimen surface: contour plots of
the displacement components: (a) U, (b) V, and (c) W (Yu and Pan et al. [16]).
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Figure 15         (Color online) Schematic diagram of the full-frame single-cam-
era stereovision system using a color camera and three mirrors.

filters in two separate optical paths (Figure 15), only the light
rays of specific wavelengths arrive at the corresponding cam-
era sensor. There is no overlap between these two color chan-
nels, since blue and red channel sub-images from two dif-
ferent optical paths are thoroughly separated without mutual
interference. This means that the directly separated red and
blue channel sub-images are used for stereo matching with-
out any correction.
By contrast, the imaging mechanism of the conventional

CMOS color camera is somewhat complicated. As shown
in Figure 16(c), a sequential pattern of red, green, and blue

filters is arranged in a mosaic pattern and then mounted on
the top of the imaging sensor pixel by pixel. As described
in ref. [78], the demosaicing process results in overlapping
spectra between each or neighboring channels. Figure 16(d)
shows the quantum efficiency curves of the color high-speed
camera (Y3C, Integrated Design Tools, Inc.) adopted in ref.
[78]. Clearly, the spectral responses of red, green and blue
are overlapped. These overlaps are undesirable because they
cause color crosstalk problem in the separated color signals,
and consequently bring considerable errors to DIC measure-
ments. Therefore, for the color images recorded using a con-
ventional CMOS color camera, it is necessary to remove the
color crosstalk from the separated red and blue channel sub-
images before stereo-DIC calculation.
In the recently proposed full-frame single-camera

stereo-DIC method, an easily implemented and effective
color correction method was applied by the authors and
proven to be effective [78]. Note that this color correction
method stemmed from color particle image velocimetry
(PIV) [79,80], which uses multicolor illumination and a color
camera. To remove the color crosstalk in separated sub-im-
ages, McPhail et al. [79] proposed a linear unmixing method
which needs to determine crosstalk coefficient map by the
color calibration. This method was also adopted by Wang et
al. [80] in the triple-exposure color PIV technique. Differing
from McPhail’s work, a parabolic function is employed but
not a linear one to describe the relationships among the
intensity responses of R, G, B channel sub-images. It should
be noted that using a parabolic function spends much more
time than using a linear one due to massive requirements of
nonlinear iterations for each pixel. However, for a high-speed

Figure 16         (Color online) Schematic diagrams of the imaging mechanisms for (a) 3CCD color camera and (c) conventional CMOS-based color camera with
their quantum efficiency curves shown in (b) and (d).
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test  with  thousands  of  images  (e.g., 1 M pixel of each
image), the time spending on the color crosstalk should be
considered.

5.3       Principles

For the 3CCD camera, the separated image pair can be
directly processed to retrieve the profile and deformation
using the regular stereo-DIC algorithm, while those recorded
using a conventional CMOS camera need a color crosstalk
correction before stereo matching. After removing the color
crosstalk, the corrected red and blue channel sub-images
are used to retrieve the shape and deformation on the object
surface using the regular stereo-DIC method. The principle
of the proposed single-camera stereo-DIC method using a
CMOS color camera is briefly described. First, a series of
color images of a planar calibration target with regularly
spaced circular dots, and surface images of the test specimen
with premade speckle patterns are captured at different states
using a color camera, respectively. Then, these recorded
color images, including calibration images and experimental
images, are separated into red and blue channel sub-images.
Afterward, the separated sub-images are corrected using

the color crosstalk correction method. Similar as the sin-
gle-camera stereo-DIC technique using a four-mirror adapter,
the well-developed subset-based DIC algorithm is used to
accurately register the same physical points imaged in the
corrected red and blue channel sub-images. Figure 17 shows
a schematic of the procedure to measure the 3D shape and
displacement. The stereo-matching and system calibration
processes are not repeated herein, since they are similar to
those used in the single-camera stereo-DIC using a four-mir-
ror adapter.

6       Advantages and limitations of various sin-
gle-camera stereo-DIC techniques

In the above sections, historical developments, optical con-
figurations, basic principles, and typical applications of the
diffraction grating-based, bi-prism-based, reflection mir-
ror-based, and the newly presented full-frame single-camera
stereo-DIC techniques are comprehensively reviewed. To
properly understand the disadvantages, limitations and tech-
nical complexity of these technologies, Table 1 lists the key
optical components, the size of available  ROI,  the  size  of

Figure 17         (Color online) The procedure to measure 3D shape profile and deformation.

Table 1        Comparisons of grating-based, prism-based, mirror-based and full-frame single-camera stereo-DIC techniques

Methods Key component Available ROI Measuring object Illumination System calibration

Diffraction
grating-based
single-camera
stereo-DIC

A diffraction
grating ≤1/3 image

Small objects (sub-
millimeters to a few

centimeters)

Quasi-monochromatic
source or white light source
with bandpass optical filter

mounted before lens

Magnification factor, the
object distance and lens

distortion

Prism-based
single-camera
stereo-DIC

A bi-prism ≤1/2 image Limited by the bi-prism size
and working distance

Quasi-monochromatic
source or white light source
with bandpass optical filter

mounted before lens

Bi-prism distortion, lens
distortion and misalignment
between the camera and

bi-prism

Mirror-based
single-camera
stereo-DIC

Four planar
mirrors ≤1/2 image Just as regular binocular

stereo-DIC Normal light source Conventional stereo
calibration

Full-frame
single-camera
stereo-DIC

A color separation
apparatus and a
color camera

≤full frame Just as regular binocular
stereo-DIC

Relatively strong light
source (monochromatic
supplementary light for

certain camera)

Color crosstalk calibration
and conventional stereo

calibration
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measuring object, the illumination source and the calibration
techniques used in these four different kinds of single-camera
stereo-DIC techniques. Compared with regular binocular
stereo-DIC using two synchronized cameras, all these sin-
gle-camera stereo-DIC techniques lead to a simpler, more
compact and cost-effective optical configuration. However,
it should be mentioned that diffraction grating-based and
bi-prism-based single-camera stereo-DIC techniques are
generally limited to small objects with a size of several sub-
millimeter to dozens of millimeters. Otherwise, the overlap
between diffracted or refracted images leads to decreased
image quality. By comparison, the latter two single-camera
stereo-DIC techniques used a four-mirror adaptor or a color
separation apparatus seem to be more practical and promis-
ing, since they offer the same application range just like the
conventional two-camera stereo-DIC technique does.
As far as the size of measuring object is concerned, we con-

sider that diffraction grating-based single-camera stereo-DIC
is suitable for 3D shape and deformation measurement of a
single object with a size of sub- millimeters to a few cen-
timeters. Prism-based ones can be applied to objects with
slightly greater size, with special advantages for the cases
with a small and deep optical window (e.g., a furnace) or us-
ing an endoscopic camera. The strengths ofmirror-based, and
the recently proposed full-frame single-camera stereo-DIC
techniques are highly prominent in high-speed applications
(e.g., transient deformation or dynamic testing) using a sin-
gle high-speed camera.

7       Conclusions

Single-camera stereo-DIC methods have exceptional and at-
tracting strengths over traditional stereo-DIC using two syn-
chronized cameras, which have become an active research
direction in recent several years. Diffraction grating-based,
bi-prism-based and mirror-based single-camera stereo-DIC
techniques have been successfully established by combing
a diffraction grating, a bi-prism, a four-mirror adapter or a
color separation apparatus with DIC, which has proven to
be effective and accurate in numerous applications. This pa-
per systematically reviews existing single-camera stereo-DIC
techniques for full-field 3D shape and deformation measure-
ments. The optical arrangements, basic principles and system
calibrations of these single-camera stereo-DIC techniques are
presented, and their strengths and limitations are discussed
in detail. A brief comparison of grating-based, prism-based,
mirror-based and full-frame single-camera stereo-DIC tech-
niques are outlined. Since each technique has its strengths
and weaknesses, an appropriate selection of optimal single-
camera stereo-DIC should consider the size of the measure-
ment object, experimental conditions and the simplicity of
implementation.
More importantly, a single-camera high-speed (SCHS)

stereo-DIC system can be easily achieved by replacing a
conventional camera with a high-speed camera. The SCHS
stereo-DIC system directly inherits all extraordinary merits
of the standard single-camera stereo-DIC method. Compared
with the common high-speed stereo-DIC system using two
synchronized high-speed cameras, the hardware investment
of an additional high-speed camera and synchronized and
complicated techniques involved in the stringent camera
synchronization are alleviated in the SCHS stereo-DIC sys-
tem. Therefore, it demonstrates great potential in impact
engineering, vibration and numerous dynamic tests.
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