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a b s t r a c t

In this paper we present and test a Digital Image Correlation (DIC)-based single camera pseudo-stereo

system that uses a biprism in front of the camera objective to split the scene into two equivalent lateral

stereo views in the two halves of the sensor. Such optical arrangement simplifies image pairs matching

and, more importantly, makes possible a compact set-up suitable for miniaturization. To correct the

image distortion caused by the refraction through the biprism, a proper optimization-based procedure

is used to map the 3D reconstruction error function over the entire measurement volume. The inverse

of the volumetric distortion function is then applied to the double-image of a spherical sample placed

in an arbitrary position to evaluate the shape reconstruction accuracy. Finally, the capability of the

proposed system to accurately track deformation in real-time is tested via an inflation test on a circular

latex membrane.

& 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Stereo Digital Image Correlation (Stereo-DIC) is a well-
assessed non-contact optical technique capable of performing
shape and 3D deformation measurements on length scales
ranging from microns to meters with a time resolution up to
nanoseconds [1–7]. A series of image pairs captured from two
different views of the object are used to locate and track a given
set of surface points during motion and/or deformation. To
correlate the two stereo-views, DIC requires the object surface
to be provided with a random pattern of dark and light features.
This allows finding the best match between corresponding points
in the two images by comparing the local grey scale distribution
of square pixel subsets on the basis of the normalized cross
correlation coefficient [1]. An efficient matching operation
requires the two images to be similar in terms of speckle pattern
appearance. This can be achieved by using a pair of ‘twin’ cameras
(with identical settings) and proper illumination, or by capturing
both views simultaneously with one single camera and additional
external optical devices. The latter option strongly facilitates
correspondence-searching reliability and further eliminates the
need for hardware and software synchronization entailed in time-
resolved measurements.
ll rights reserved.
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Several designs of compact pseudo-stereo systems using one
single camera have been proposed in literature. Two virtual
stereo-views of the same object can be captured by a single
camera by using two differently angled planar mirrors, a glass
plate at two different rotational positions, two fixed mirrors and a
third rotating mirror, ellipsoidal, hyperboloidal and paraboloidal
mirrors, etc. (see e.g. [8] and references therein for an extensive
review of some representative single-camera stereo systems
along with their performances and limitations).

In this paper we present a single-camera stereo system that
uses a biprism in front of the objective to split the image in two
sub-images corresponding to two virtual lateral stereo-views in
the two halves of the sensor. Similar basic designs for binocular
and trinocular stereovision systems using prisms have been
already proposed in the computer vision literature [9,10]. How-
ever, these systems present two main limitations: (i) image
formation scheme is formulated on the basis of simplifying
assumptions on the relative position and orientation between
camera and prism, and (ii) the significant amount of image
distortion introduced by the prism is ignored.

Our work aimed to overcome these two limitations by devel-
oping and testing a biprism-single camera (BSC) system suitable
for highly accurate time-resolved deformation measurement via
DIC. In particular, we adopted a robust generalized stereo-system
calibration framework that is insensitive to camera/biprism mis-
alignments and we implemented a model-free optimization-
based procedure to map and correct the image distortion error
introduced by the biprism over the entire measurement volume.
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A large variety of model-based approaches have been pro-
posed in literature to deal with image distortion removal when
using optical systems with low-cost video optics or wide-angle
and fish-eye lenses [11–15]. Using a lens distortion model implies
the definition of a global rule to correct the entire image. Most
commonly the distortion is modeled as a parametric non-linear
polynomial function of the distance r of the generic point of the
image to the distortion center. The typical formula combines the
three major components of lens distortion: the radial, the decen-
tering and the thin prism distortions [12]. The distortion para-
meters can be estimated along with the intrinsic and extrinsic
parameters of the camera model via non-linear optimization
schemes, or, alternatively, they can be calculated after the camera
has been calibrated according to an idealized pin-hole model
(see [16] for a more detailed survey and a quantitative compar-
ison performances of the most frequently used calibration and
model-based distortion correction techniques).

More recently, model-free approaches based on local correction
of the distortion have been presented in literature in an attempt to
improve the performances of existing model-based methods [17]
or for dealing more accurately with complex imaging systems such
as stereo optical microscopes [18] and scanning electron micro-
scopes [19,20]. In fact, although the classical parametric model-
based methods have been demonstrated to be a sophisticated
approach for common digital cameras and off-the-shelf objectives,
they appear to be inadequate when strong local gradients of
distortion are present [1,18–20].

In this work, a visual inspection of the original and after-
distortion-correction images revealed that the biprism induces a
distortion pattern which does not corresponding to any of the
pre-defined parametric functions commonly used for correcting
lens distortion. Hence, we chose to implement a model-free
approach by calculating a ‘piece-wise’ function describing the
local character of the image deformation over the entire measure-
ment volume. To this end, a 3D set of fiducial points was
generated through multiple acquisitions of a planar target
sequentially positioned in order to ‘scan’ the entire volume of
interest. In this way, along with the distortion induced by the
biprism, other kinds of distortion effects depending on the depth
(e.g. in the case of high-magnification view, as will be the case for
the future development of a hand-held 3D optical probe for the
examination of skin lesions) are automatically included and
corrected.
Fig. 1. Image formation scheme for the biprism-single camera (BSC) pseudo-stereo

system.
2. Materials and methods

2.1. Experimental set-up

Fig. 1 schematically illustrates the rationale behind the pro-
posed pseudo stereo-system. When a biprism is placed in front of
a single CCD camera, two different views of the object behind the
biprism are simultaneously imaged on the two halves of the
sensor (Fig. 2). In an ideal perfectly aligned system, by performing
a simple ray-tracing procedure, it is possible to find the exact
position and orientation of the two virtual stereo-cameras as a
function of the characteristics of the biprism (index of refraction
np, angle a, thickness s) and of the relative distances of object-
biprism (dO) and camera-biprism (dC) [9]. The stereo-angle of the
virtual-stereo system is directly related to a, while the lateral
separation between the two sub-images on the two halves of the
sensor depends on s, dO and dC. In this work, the theoretical
formulation of the image formation [9] was used only during the
preliminary stage of the system design to find the geometry of the
biprism best suited for the camera characteristics and the dimen-
sion of the sample of interest. Indeed, one of the objectives of this
work was to establish a calibration procedure that does not rely
on prior knowledge of any of the above mentioned parameters to
find the position and orientation of the two virtual cameras of the
BSC system.

Fig. 3 shows a picture of the final experimental set-up. A
biprism (np¼1.4585, a¼161.41, s¼30 mm, surface quality¼
40/60, surface accuracy¼l/4, Centro de Investigaciones en Óptica,



Fig. 2. A cube target with a regular dot pattern as seen by the BSC system.

Fig. 3. Picture of the experimental set-up.
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León, Gto., MX) is fixed on the top of two lab jacks stacked in
order to allow vertical adjustment through a total distance of
84 mm. A 1280�1024 8-bit B/W CCD camera equipped with a
zoom 7000 macro NAVITAR objective (focal length 18–108 mm,
F-stop 2.5-28C) is placed onto a series of mounts that allows the
camera to be translated, rotated and tilted for fine adjustment
with respect to the biprism. The object (in Fig. 3 a cube target
with a regular square dots pattern on two adjacent faces) is
placed onto a motorized rotational mount (range¼3601,
resolution¼0.011) fixed to a motorized long travel translation
mount (travel range¼100 mm, resolution¼2.5 mm). Lighting is
provided by a dual gooseneck fiber optic illuminator equipped
with a red filter (centered on l¼630 nm, bandwidth Dl¼20 nm)
to reduce the chromatic aberration introduced by the biprism. An
auxiliary twin-camera is placed at an angle of about 201 with
respect to the primary camera. This served to provide a standard
lateral stereo-system used as reference for set-up and evaluation
of the relative merits of the BSC system.
2.2. BSC system alignment and calibration

The first step of the experimental procedure consisted of
aligning the primary camera with the biprism. First, the two
cameras were set on identical parameters, positioned at the same
height and pointed at the object from two angled views. Then, the
biprism was positioned in order to be fairly centered to the lens
objective of the primary camera. Finally, by operating the multi-
axial mounts, both the primary camera and the biprism were
finely adjusted such that the front edge of the biprism split the
camera field of view in two halves and the back face of the
biprism and camera sensor were reasonably parallel (according to
the layout in Fig. 1). Since the system calibration procedure
proposed here is not based on the knowledge on the mutual
position and orientation of camera and biprism, this preliminary
alignment is not strictly required although it is recommended
for obtaining evenly symmetric sub-images thus improving the
overall accuracy of the measurement.

The second step of the experimental procedure consisted in
calibrating the BSC system. In computer-vision-based measure-
ment, camera calibration allows the 3D information to be inferred
from the 2D information coded into the images. The camera
model here considered is the pin-hole model, i.e. the camera is
assumed to perform a perfect perspective transformation. As a
matter of fact, the images are affected by a serious distortion
caused by the nonlinear angle variation and to the varying optical
path of the non-collimated light rays through the biprism. Hence,
a post-calibration procedure is needed to find the transformation
(i.e. the un-distortion function) that maps the actual images onto
a distortion-free image data set following the perspective
camera model.

The calibration/distortion correction procedure was performed
through the steps described below.
2.2.1. Standard stereo-system calibration and reference points data

reconstruction

The biprism was lowered by adjusting on the lab jacks in order
to clear the field of view of the two cameras. The corner of a cube
with a regular square dots pattern on it (pitch¼2 mm, labeled
with G in Fig. 3) was imaged from the standard stereo-system in a
position along the y axis, hereafter referred to as POS.0. This
served to calibrate the two cameras by using the Direct Linear
Transformation (DLT) method described in detail in [21]. Briefly,
the DLT method uses a set of control points whose 3D coordinates
in a arbitrary global reference system are known with high
accuracy (i.e. the dot calibration pattern on the two faces of the
cube) to find a set of 11 coefficients that are functions of the
intrinsic and extrinsic parameters of each camera. In particular,
these coefficients are the unknowns of the overdetermined
system built on mapping each 3D control point world coordinates
(x,y,z) into its corresponding 2D image coordinates (Z,x) through a
perfect perspective transformation as follows:

ðZ�Z0Þ ¼ lUsZ
ðMxxxþMxyyþMxzzþdxÞ

ðMzxxþMzyyþMzzzþdzÞ

ðx�x0Þ ¼ lUsx
ðMyxxþMyyþMyzzþdyÞ

ðMzxxþMzyyþMzzzþdzÞ
ð1Þ

where l ðmmÞ(focal length), Z0,x0 ðpixelÞ (coordinates of the
center C of the sensor) and sZ,sx pixel=mm

� �
(scale factors) are

the intrinsic parameters of the camera, while Mrs (r, s¼x, y, z)
(components of the rotation matrix) and dr ðmmÞ (components of
the translation vector) are the extrinsic parameters i.e. they
define position and orientation of the camera with respect to
the global reference system. By introducing the DLT parameters
Li(i¼1,y,11) that are functions of the unknown intrinsic and
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extrinsic parameters of each camera system, Eq. (1) can be
rearranged as:

Z¼ L1xþL2yþL3zþL4

L9xþL10yþL11zþ1

x¼
L5xþL6yþL7zþL8

L9xþL10yþL11zþ1
ð2Þ

Each control point provides two equations, thus a minimum of
n¼6 control points are needed to extract the entire set of DLT
parameters and hence to calibrate each camera. Usually, n is
chosen to be much larger than six in order to get an over-
determined system and thus to reduce the effect of experimental
errors through a linear least-squares based approach.

Once the two cameras were calibrated, the standard stereo-
system was used to retrieve the 3D position of a new set of more
than 3000 points evenly distributed over a volume of 18�46�
34 mm3 (width�height�depth, along the x, z and y direction of
Fig. 3, respectively). This 3D control points grid was obtained by
first rotating the cube target about the z axis to orient one face
parallel to the primary camera sensor. Then, the target was
translated through 17 evenly spaced increments of 2 mm around
POS.0 (POS.�8, POS.�7,y, POS.þ7 and POS.þ8 hereafter); for
each position, the 3D coordinates of a set of 23�9 control points
on the target face was reconstructed via the previously calibrated
stereo-system. A LabVIEW code allowed for automatic rotation
and translation of the target by means of the two high-precision
motorized mounts (labeled with N and M, respectively, Fig. 3,
maximum error of repeatability in repositioning¼l/10 evaluated via
interferometry) and for automatic capture of images at each config-
uration of interest.

Although the retrieved position is not the ‘error-free’ position
of the volumetric point cloud (due to the reconstruction error d of
the standard Stereo-DIC measurement d¼0.021 mm70.032 mm
calculated as the Eucledian distance between reconstructed and
theoretical point positions), it served to build a volume of
m¼207�17 evenly spaced control points (207 dots over the
target face—xz plane—and 17 positions of the target along the
depth—y axis-) to be used as a reference in the subsequent phase
of retrieval of the volumetric distortion function.
Fig. 4. Plot of the error d between theoretical 3D position of calibration points in Fig. 2 a

distortion correction (b).
2.2.2. Evaluation of the volumetric distortion function

The biprism was raised back by adjusting the lab jacks in order
to fill the field of view of the primary camera. A series of
configurations identical to step-1 were considered but, this time,
for each target position, a single image was captured from the
primary camera through the biprism. Each image contained two
sub-images (see Figs. 1 and 2) that were virtually equivalent to
the two views of a lateral stereo-system. Analogously to step-1,
the collected images were processed first by calibrating the
virtual stereo system (with the cube target in POS.0), and then
reconstructing the control grid of one single face sequentially
moved through POS.�8 to POS.þ8. As expected, the images
captured with the BSC system present an evident distortion
(visible with naked eye, see Fig. 2). Hence, when these images
are processed by using an idealized pin-hole projection scheme,
the 3D reconstruction is affected by a significant error. As an
example, Fig. 4a shows the reconstruction error (calculated as the
Euclidean distance d between reconstructed points and corre-
sponding theoretical points) for the calibration target in POS.0.

In this work we implemented a post-calibration procedure
that first maps the 3D distribution of the reconstruction error and
later corrects it on the basis of a local approach. In particular, the
proposed methodology results in a data error reduction by
evaluating the displacement induced by the distortion for each
control marker in the image through an optimization-based
approach (see scheme in Fig. 5). The optimization problem is
formulated into the Matlab environment, by using the function
fmincon, as follows:
�

nd i
the reference position of the jk-th point out of the m volumetric
cloud in the global coordinate system (retrieved with the

procedure described in Section 2.2.1) is PT
jk ¼ ðx

T
jk, yT

jk, zT
jkÞ (mm,

mm, mm) (with j¼ 1,:::,207 and k¼ 1,:::,17);

�
 the erroneous position of the m control points calculated from the

uncorrected BSC system images on the basis of a perfect perspec-
tive transformation is PDIST

jk ¼ ðxDIST
jk ,yDIST

jk , zDIST
jk Þ (mm, mm, mm)

(see Fig. 5.4);

�
 the image of the j-th control marker on the calibration target

face in the POS.k has coordinates IDIST
R_jk ¼ ðZDIST

R_jk ,xDIST
R_jk Þ (pixel,

pixel) in the k-th virtual right image of the BSC system.
ts experimental counterpart measured with the BSC system before (a) and after
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Analogously, the position of the image of the j-th control

marker in the k-th virtual left image is IDIST
L_jk ¼ ðZDIST

L_jk ,xDIST
L_jk Þ

(pixel, pixel);

�
 the unknown positions of the j-th control marker in the

distortion-free k-th right and left images are ICORR
R_jk ¼ ðZCORR

R_jk ,

xCORR
R_jk Þ and ICORR

L_jk ¼ ðZCORR
L_jk ,xCORR

L_jk Þ, respectively;
�
 the distortion due to the biprism introduces a displacement
uR=L_jk(pixel) and vR=L_jk (pixel) between IDIST

R=L_jk and ICORR
R=L_jk along

the Z and x directions, respectively (see Fig. 5.5);

�
 at each iteration, given uR=L_jk and vR=L_jk as variables of the

optimization, the corrected position of the jk-th control mar-
ker in the virtual right image is hence defined as:

ZCORR
R_jk ¼ Z

DIST
R_jk þuR_jk ðpixelÞ

xCORR
R_jk ¼ xDIST

R_jk þvR_jk ðpixelÞ ð3Þ

and similarly for the virtual left image.

�
 the objective function to be minimized is the Euclidean distance

d between PT
jk and PCORR

jk where the 3D coordinates of PCORR
jk

are calculated at each iteration from ICORR
R_jk ¼ ðZCORR

R_jk ,xCORR
R_jk Þ and

ICORR
L_jk ¼ ðZCORR

L_jk ,xCORR
L_jk Þ, through a perfect perspective transforma-

tion scheme.

The non-linear optimization procedure yields four volumetric
maps of error: uR, vR, uL and vL. For each error component (e.g., for

uR x,y,zð Þ), the Matlab function griddata3 xDIST ,yDIST ,zDIST , uR, x, y, z
� �

is used to fit the m non-uniformly spaced vectors ðxDIST
jk ,yDIST

jk ,

zDIST
jk ,uR_jkÞ with a hypersurface and, at the same time, to inter-

polate the value of uR at any point (x,y,z) of interest over the entire
Fig. 5. Scheme of the optimization-based procedure for mapping and co
measurement volume with a tessellation-based linear interpola-
tion scheme that uses the ‘local’ information from the nearby
control points. Fig. 6 shows two of the four distortion maps
obtained from the BSC calibration procedure (only a few sections
of the volumetric data have been plotted for clarity of
representation).

It is worthwhile to point out here that the corrected images of
the virtual BSC stereo-system do not correspond to the images of
the standard stereo-system since the two systems possess differ-
ent intrinsic and extrinsic parameters.
2.2.3. Validation of the distortion correction procedure

The volumetric error maps in Fig. 6 can be practically con-
sidered as the un-distortion functions to be applied to a given
object point (x,y,z) reconstructed with the BSC system within the
measurement volume. For example, if these un-distortion func-
tions are applied to the virtual right and left images of the
calibration target in the POS_0 (Fig. 2) the reconstruction error
drops from 0.1770.10 mm (Fig. 4a) to 0.0970.05 mm (Fig. 4b),
i.e. the distortion correction procedure allows 3D measurement
with an accuracy comparable to that of the standard Stereo-DIC
system.

To verify that the above derived volumetric un-distortion
functions are not target-dependent and that they can be effec-
tively applied to whatever object is arbitrarily placed within the
measurement volume, a portion of a ping-pong ball with a
sprayed speckle pattern on it, was imaged by the BSC system
(Fig. 7a) and reconstructed after matching the two virtual views
via DIC [1]. Fig. 7b,c reports the deviation from the reference
geometry of the sample (radius¼18.26570.065 mm, measured
with a spherometer in three points) for the uncorrected and
rrecting the distortion error throughout the measurement volume.



Fig. 6. 3D plot of the distributions of uR(x,y,z) and vR(x,y,z) obtained by processing the set of virtual right-hand images of the calibration pattern from POS.�8 to POS.þ8.

Due to the symmetry of the BSC system, the data processing for the set of virtual left-hand images yields a similar 3D distributions for uL(x,y,z) and vL(x,y,z).
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corrected reconstructed shapes, respectively. Significantly, appli-
cation of the un-distortion procedure reduced the error from
0.3270.10 mm (Fig. 7b) to 5.6 10�470.08 mm (Fig. 7c). It is
interesting to notice how the pattern of distortion in the case of
the ping-pong ball is less evident than that observed for the
calibration target (compare Fig. 4a with Fig. 7b). This could be
explained by considering that, conversely to the case of the
calibration target where the dots are located through a
centroid-searching procedure, for the DIC-based measurement,
control points matching was performed by employing pixel
subsets of fixed dimension (in this work we used a 21�21 pixel2

template window and a 41�41 pixel2 analysis window, see
Ref. [1] for further details on the DIC technique). This fact very
likely acts as a ‘smoothing’ effect that mitigates the local character
of the distortion without, however, affecting the effectiveness of
the subsequent error correction procedure.

2.3. Inflation test on a circular latex membrane

The aim of this work was to develop and test a compact
pseudo-stereo system for high accuracy full-field 3D-DIC defor-
mation measurement. Thus, the last step of the experimental
procedure consisted of using the validated BSC system for track-
ing via DIC the 3D deformation of a latex circular membrane
under inflation. The choice of the test case was based on the fact
that the proposed system was conceived as a large-scale proto-
type of a future miniaturized handheld optical probe to be used
for biomechanical applications. In-vitro inflation (bulge) experi-
ments are in fact a common protocol adopted for testing quasi-
spherical biological parts e.g. [22,23] and biological membranes
e.g. [24–26].

A piece of commercial white latex from a glove (thick-
ness¼0.16 mm) was first sprayed with black paint by using a
fine-tipped airbrush in order to provide the random speckle
pattern needed for the DIC-based measurement. The membrane
was then clamped with an O-ring to the circular window
(f¼30 mm) of a pressurization chamber and then progressively
inflated over a pressure range from 0.05 kPa to 16 kPa. During
pressurization, the single camera of the BSC system recorded a
frame sequence at 11 fps to be used for subsequent deformation
data processing. The BSC system later allowed for extracting the
shape of the inflated membrane from each single image of the
sequence as well as for tracking deformation with respect to
the reference configuration (at p¼0.05 kPa). Due to the large
deformation undergone by the membrane, a serial approach was
implemented to track the deformation through the sequence of
images captured with the BSC system [27,28].

Fig. 8a–c shows the distortion-free 3D full-field maps of the u,
v and w components of the surface displacement of the inflated
latex membrane (at p�13 kPa) along the x0 z0 and y0 directions of
a reference system centered with the undeformed circular mem-
brane (with x0 and y0 axes lying in the membrane plane and
z0 oriented outward, see Fig. 8). In this reference system, as
expected, the u and v maps show zero-displacement along the
vertical and horizontal central axes respectively due to the
geometry/load/constraint symmetry and to the fact that the test
sample is an isotropic, homogenous membrane of constant
thickness. Furthermore, the w map presents the characteristic
polar-symmetrical pattern [24] with a maximum out-of-plane
displacement of about 6 mm in the central region. Since only one
image is needed to perform the 3D reconstruction, analogous
deformation maps can be extracted from each image of the frame
sequence, i.e. the time resolution of the measurement is equal to
the frame acquisition rate of the video-system.
3. Discussion

In this paper, we presented and discussed a biprism/one-
camera arrangement as an effective alternative to a traditional
two camera stereo-system. The advantage of the proposed
approach is the capability to perform 3D-DIC measurements with
a single camera. This implies that the matching efficiency of
stereo-pairs is optimized (since the two virtual cameras have
identical settings) and that camera synchronization is not an issue
for time-resolved measurements. On the other hand, the area of
analysis on the test sample is greatly reduced (44% for a circle
imaged into a sensor with a 3:2 aspect ratio and 70% when using a
sensor with a square aspect-ratio). Decreasing the spatial resolu-
tion of an image inevitably brings a degraded resolution of the
DIC-based measurement [29,30]. However, this optical arrange-
ment has been conceived to be later miniaturized to serve for a
very specific application that is the development of a handheld
probe for 3D inspection in dermatology. The BSC-based optical
probe will perform skin examinations on circular areas through
in-vivo suction-tests (this motivated the adoption of a spherical
target in par. 2.2-3 and of the inflation test in Section 2.3). Hence,
given the smoothness of the geometry of interest and the large



Fig. 7. 3D reconstruction of a portion of a spherical target with the DIC-BSC

system: image of the sample (a), reconstruction error d (with respect to the ideal

shape) before (b) and after distortion correction (c). Fig. 8. 3D DIC-BSC deformation measurement on a circular latex membrane

subjected to inflation: plot of the displacement components u (a), v (b) and w (c).
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deformation involved in this kind of measurement, it is expected
that the above mentioned loss in resolution will not significantly
affect the overall quality of the measurement.

In contrast to previous similar works in the literature [9,10],
the measurement procedure developed is insensitive to camera/
biprism misalignment and takes into account the significant
distortion introduced by the biprism. In particular, we proposed
a completely generalized two-step approach for calibrating the
system and mapping the reconstruction error over the entire
given volumetric domain. Without assuming any pre-defined
distortion model, but using an optimization-based routine and a
subsequent interpolation process, all points in the measurement
volume are mapped into the virtual, distortion-free counter
parts that follow the perfect perspective model. The distortion
correction possesses a strong local character since the error
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interpolation is done in a ‘piece-wise’ fashion by using informa-
tion only from nearby control points. This feature is expected to
become of increasing importance in the presence of a high local
distortion gradient as in the case of high-magnification measure-
ments [18]. Moreover, the un-distortion function was demonstrated
to be independent from the target used for calibration [17]. This
implies that, once the system has been calibrated, if the relative
position/orientation of camera and biprism remains unaltered (as in
the case of the future BSC-based optical probe), the test sample can
be placed arbitrarily within the measurement volume without
affecting the measurement accuracy (a plastic spacer could serve
to insure that the area of examination is within the calibrated
volume).
4. Conclusion

Digital image correlation is currently the method of choice for
dealing with a large variety of engineering problems since it
permits acquisition of 3D-deformation information with high
spatial/temporal resolution and with relatively modest invest-
ment in hardware and software requirements. In this study, we
have investigated the feasibility of a compact stereo-DIC system
with potential for further miniaturization and use in an optical
probe for in-vivo biomechanical 3D measurements. In particular,
we have designed and validated a single camera pseudo-stereo-
system that uses a biprism to obtain two virtual lateral stereo-
views. A model-free image distortion correction scheme demon-
strated to overcome the problems related to the use of a thick
prism and made it possible to perform high accuracy time-
resolved 3D deformation measurements on an inflated latex
membrane. The results obtained in this study are encouraging
and clearly demonstrate the feasibility of the proposed approach.
The capability to measure full-field 3D deformation can be
particularly useful when employing inverse characterization pro-
cedures for biological membranes which may possess a consider-
able degree of anisotropy [24–26]. For this reason, the general
feasibility of the proposed methodology for investigations in
biomechanics merits further study.
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Assessment of digital image correlation measurement errors: methodology

and results. Exp Mech 2009;49/3:353–70.


	Stereo-Digital Image Correlation (DIC) measurements with a single camera using a biprism
	Introduction
	Materials and methods
	Experimental set-up
	BSC system alignment and calibration
	Standard stereo-system calibration and reference points data reconstruction
	Evaluation of the volumetric distortion function
	Validation of the distortion correction procedure

	Inflation test on a circular latex membrane

	Discussion
	Conclusion
	Acknowledgments
	References




