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Abstract: This research paper is focused on the development of a digital holography system for
simultaneous dual-resolution measurements. Digital holography has been widely used for deforma-
tion measurements and non-destructive testing (NDT) due to its advantages of high sensitivity, high
accuracy, and whole-field, non-touch measurements. A traditional test only has one spatial resolution,
which can cause a big deformation to be indistinguishable or minor defects to be ignored. Both large
and small fields of view should be observed to reach a multi-spatial resolution measurement. Usually,
multiple separate tests are used to observe the different sized fields of view, resulting in higher costs
and longer required testing times. Furthermore, these tests may not be repeatable in some cases. This
paper presents research on a novel digital holography system that achieves dual spatial resolution
measurements simultaneously by testing different-sized fields of view with a single camera. The
novel system has two optical channels with two optical layouts of holography to measure deforma-
tion. By changing the combined focus length, the two holographic setups have different fields of
view, i.e., one has a large and the other has a small field of view. To realize a simultaneous test, the
polarization technique is used to avoid cross-interference between the two optical layouts. Finally,
spatial carrier fringes with different orientations are introduced into the two holographic setups by
appropriately adjusting the reference beam of each setup. The different oriented spatial carrier fringes
enable the spectrums of the two interferograms to be separated after a FT (Fourier transform) and
the phase distributions of the two interferograms can be extracted and separated by windowing the
spectrum to perform an IFT (inverse Fourier transform). The phase distributions can then be used to
analyze and calculate the deformations. The experiment using this system is described in this paper
and the practicability of this method is verified by the obtained experimental results.

Keywords: dual spatial resolution; speckle pattern interferometry; holographic interferometry;
spatial phase shift method; polarization technology

1. Introduction

The digital holography interferometry technique is a non-contact, full-field, and highly
sensitive optical measurement method. It is widely used in a variety of industrial areas,
including the automotive and aerospace industries, for deformation/strain measurements
and non-destructive testing (NDT) [1–6]. For this technique, one laser beam is split into
two beams. One, called the object beam, illuminates the object’s surface, while the other,
called a reference beam, goes to a reference object, such as a mirror. These two beams meet
at the CCD and interfere with each other on the CCD plane to produce an interferogram.
The intensities of the interferograms can be recorded by a digital camera before and
after loading. A visible fringe pattern, also called a hologram, that includes the object
deformation information can be obtained to subtract the different intensity information
and obtain deformation due to the applied load [7–10].
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Currently, most optical inspection systems use a single camera with a fixed field of
view to record images, resulting in only one resolution being obtained per measurement.
However, some small defects may also be found without increasing the spatial resolution
by improving the stability and the contrast of phase maps and avoiding air disturbances
and environmental vibrations by a real-time phase processing method with high-frequency
synchronizing trigger technology [11]. A high-spatial-resolution setup in combination with
this technology would be even better for measuring smaller defects. Usually, one-resolution
systems suffer from some disadvantages: (1) when measuring the deformation of an object
with a strain concentration in some locations, the fringe pattern may be too dense to be
resolved by the measurement system, which can cause the measurement to fail; (2) when
conducting non-destructive testing, small-sized inner defects may be ignored due to a low
spatial resolution. Measurements using different spatial resolutions would be necessary
to solve these issues. Usually, separate multiple tests are used to observe different-sized
fields of view. However, this will not only increase the labor costs and testing time, but also
complicate the measurement operation. Furthermore, multiple measurements may not be
achievable in some cases. Therefore, if a measurement is not repeatable, a simultaneous
dual-resolution measurement system with different fields of view is helpful. To reach this
goal, two optical channels with large and small fields of view are required to achieve a
simultaneous dual spatial resolution measurement using one experimental setup.

Research on simultaneous measurement with two-channel systems has been reported,
but almost all of the existing methods use the same spatial resolution, i.e., the same field
of view, to measure two targets. Examples of these are listed as follows: (1) Two-channel
systems with the same spatial resolution which measure the first derivative in the x- and y-
directions. In these systems, the two channels correspond to two shearographic systems,
one in the x-shearing direction to measure the first derivative of deformation in the x-
direction and one in the y-shearing direction to measure the first derivative of deformation
in the y-direction. Three methods have been reported to separate the information from
these two channels in the final results. The first one is to use a two-camera system to
record the information of the two channels separately [12]. The second method is to
observe different channels on one color camera using RGB channels in combination with
different laser wavelengths [13]. The last method is to use one black/white camera based
on the polarization technology to avoid cross-interference [14,15]. These types of two-
channel digital shearographic systems can be useful for NDT because some defects are
sensitive to different directions of the first derivative of deformation. (2) The second
example is a two-channel system with the same spatial resolution that simultaneously
measures the deformation and its first derivative. For these systems, one channel is related
to a holographic/electronic speckle pattern interferometry (ESPI) system and the other
is related to a shearographic system [16–18]. Such kinds of systems are used if both
the deformation and its derivative are needed at the same time. (3) Our last example is
two-channel systems with the same spatial resolution that simultaneously measure both
out-of-plane and in-plane strains. In these systems, one channel is used for an out-of-plane
shearographic system and the other for an in-plane shearographic system [19,20]. They are
usually utilized for 3D strain measurements.

Another application of two-channel systems is to test only one measurement target,
but with different spatial resolutions. A Sagnac interferometer-based digital shearography
system has been reported by Boyang Zhang et al. [21]. They used a Sagnac interferometer-
based optical layout to enable a dual spatial resolution shearography system to measure the
first derivative of deformation. It was the first recorded report of a system that allows two
shearograms, one for a large field of view and one for a small field of view, to be obtained
simultaneously. The development of this technology advanced digital shearography for
NDT. However, a deficiency of the developed technology is the phenomenon of spectrum
aliasing because the two shearograms have the same shearing direction, e.g., in the x-
shearing direction, and all the spectra lie on the x-axis. In shearography, the orientation and
separation of the spectrum are determined by the shearing direction and shearing amounts,
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respectively. Avoiding the spectrum aliasing of the two shearograms requires careful
selection and adjustment of the shearing amount of the two channels, which complicates
the measurement. Xiaowan Zheng reported an improved method to place one spectrum
on the x-axis and the other on the y-axis to avoid the overlap [22]. However, this system is
a two-target measurement, i.e., one channel measures the x-direction derivative and the
other channel measures the y-direction derivative.

As described above, almost all of the simultaneous two-channel systems are based
on digital shearography and for two target measurements because shearography can
easily create two measurement targets, e.g., the first derivatives in the x- and y- directions,
respectively. While the measurement of the first derivative of deformation has benefits for
NDT, measuring deformation is as important as measuring the first derivative in the area
of experimental mechanics, sometimes even more important because deformation is the
basic behavior of an object after loading. Measuring a large-sized object with a high spatial
resolution is always desired in the areas of experimental mechanics and non-destructive
testing. In the past few years, a technology to enhance the spatial resolution by continuous-
wave terahertz high-resolution imaging via synthetic technology has been achieved [23–25].
This technology can reach an extremely high spatial resolution with dozens of micrometers
and has been proven to improve the reconstructed image quality and resolving power.
Although the proposed technique can be employed in numerous domains, its application
to experimental mechanics and non-destructive testing for processing directly recorded
images in holographic and speckle interferometry with a close to real-time measurement
speed for relatively large objects (one hundred to several hundred millimeters in diameter)
is limited due to the complicated synthetic and reconstructing technologies. Another
approach to reach a high spatial resolution is to use a dual-spatial-resolution shearographic
system based on the Sagnac interferometer to measure the derivative of deformation as
already described above. However, the Sagnac interferometer is relatively complicated in
optics; furthermore, the system reported is not very practical due to the phenomenon of
spectrum aliasing.

In this paper, we will present a novel dual-spatial-resolution holographic system to
measure deformation, which has a relatively simple optical setup and can easily separate
the spectra from two channels. By changing the combined focus length, the two holographic
setups can observe different fields of view, i.e., one has a large and the other has a small
field of view. To realize a simultaneous measurement, the polarization technique is used to
avoid cross-interference between the two optical layouts [26]. Finally, based on the spatial
carrier frequency technique [27], the reference beam is adjusted to introduce a different
carrier frequency to obtain the spatial carrier fringes with different orientations in one
speckle pattern image captured from the two holographic setups. The different oriented
spatial carrier fringes enable the spectra of the two interferograms to be easily separated
after a FT (Fourier transform), thus overcoming the main deficiency of spectrum aliasing
reported in the dual-spatial-resolution shearographic system. The phase distributions of
the two interferograms can be extracted and separated by windowing the spectrum to
perform an IFT (inverse Fourier transform). The phase distributions can then be used to
analyze and calculate the deformations. Different applications will be presented, and the
practicability of this method is verified by the obtained experimental results.

2. Principle and Method

Our objective to develop a dual-resolution system is to obtain full and local measure-
ment results simultaneously. Figure 1 shows the advantages of a dual-spatial-resolution
system for NDT applications. From Figure 1a, a whole field can be observed under the
large field of view, but minor defects that can be detected under the small field of view
(Figure 1b) cannot be found under the large field of view.
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Figure 1. Measuring results under different fields of view. (a) Fringe pattern under large field of view.
(b) Fringe pattern under small field of view.

Figure 2 shows an optical setup to achieve simultaneous dual-resolution sensitivity
measurements. The setup consists of a holography system using the multiple-carrier-
frequency spatial-phase-shift method combined with the polarization technique. The laser
beam is split by beam splitter 1 (BS1) into two beams, an object beam and a reference beam.
The object beam goes to the object’s surface, then is expanded through a beam expander
(BE). Here, L1 to L4 are lenses with different focus lengths. Lens 1 (L1) is the image lens.
Lens 2 (L2) and Lens 3 (L3) have the same focal length and are used to enlarge the field of
view [28–30]. Lens 4 (L4) can enlarge the image to obtain a small field of view. The aperture
(AP), placed just before the image lens (L1), is used to control the speckle size and spectrum
pattern size on the Fourier domain. Beam splitter 2 (BS2) and beam splitter 3 (BS3) are beam
splitters with a 50:50 ratio. Polarized beam splitter 1 (PBS 1) is a polarized beam splitter
which can generate two non-coherent polarized object beams. Polarized beam splitter 2
(PBS2) is used to obtain two non-coherent polarized reference beams. The quarter-wave
plate (QWP) can convert linearly polarized light to circular polarized light. A single-mode
optical coupler (SOC) 50:50 splitter is used to split the reference beam into two beams that
are both circular lights.
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A frequency-doubled Nd: YAG laser (532 nm green) is used in the system. The laser
is separated into an object beam and reference beam by using beam splitter 1 (BS1). The
object beam is expanded by a beam expander (BE), and illuminates the object. The diffused
object’s light is reflected from the object, which is a circular light represented by a black line,
then goes through the aperture (AP), image lens (L1), and lens L2 before arriving at the
PBS. Here, the object beam is divided into two non-coherent polarized beams represented
in red and blue, respectively. The red beam, or S-polarized light, is reflected by the PBS and
goes through L4. It is then reflected by Mirror 1 (M1) before going into PBS1 again. After
being reflected by PBS1 and BS2, the light goes through L3 and BS3 and is received by the
CCD camera. The blue beam, or P-polarized light, goes through PBS1, then is reflected by
mirror 2 (M2) before going into PBS1 again. The light is reflected by BS2, then goes through
L3 and BS3 before arriving at the CCD camera.

The reference beam goes through a quarter-wave plate (QWP) and is converted into
circular lights. It then goes into a single-mode optical coupler splitter fiber (OCS), in which
the reference light is split into two identical circular lights represented by black lines. These
two beams propagate through two optical fibers, then arrive at polarized beam splitter 2
(PBS2). Here, these two circular lights are converted to two non-coherent polarized lights
which are represented by red and blue lines. These two polarized reference beams are
independent. Different carrier frequencies can be introduced by adjusting the reference
beams separately. The red line, or S-polarized light, is reflected by PBS2 and goes into BS3,
where it is reflected before being received by the CCD camera. The blue line, representing
P-polarized light, goes through PBS2 and is reflected by BS3 before arriving at the CCD
camera. Here, the blue, P-polarized object and reference beams interfere with one another,
and the red, S-polarized object and reference beams interfere with one another.

Through the design described above, the first two main goals of this research paper
are been realized: (1) Two in-coherent holographic setups without cross-interference have
been built in a multiplexed measurement setup, with each setup being independent and
consisting of an object beam and reference beam which are split into two pairs of polarized
beams; (2) the two optical channels have different fields of view, large and small. The
red-S-polarized light goes through one more lens (L4) than the blue-P-polarized light, and
the fields of view between the two channels can be adjusted by the focus length of L4. Next,
we will discuss how to separate the measuring results from a single image recorded by
one camera.

The carrier frequency used to obtain the frequency shift on the Fourier domain can
be introduced by adjusting the two reference beams to change the incident angle from
the normal of the CCD plane [30]. The hologram of the large field of view is generated
by interference between the blue polarized object beam and reference beam, which both
represent P-polarized light. The hologram of the small field view is also obtained through
interference between the red polarized object beam and the red reference beam, both S-
polarized light. The holograms of the large and small fields of view are simultaneously
recorded by the CCD camera in the form of an intensity difference.

These two reference beams and two object beams’ wave fronts can be represented by
Equations (1)–(4):

ur1 = |ur1(x, y)|exp
{

i
[
2π
(

f1x x + f1y y
)]}

(1)

ur2 = |ur2(x, y)|exp
{

i
[
2π
(

f2x x + f2y y
)]}

(2)

uo1 = |uo1(x, y)|exp[iφ1(x, y)] (3)

uo2 = |uo2(x, y)|exp[iφ2(x, y)] (4)

where ur1 is the wave front of the red polarized reference beam, ur2 is the wave front of
the blue polarized reference beam, uo1 is the wave front of the red polarized object beam,
and uo2 is the wave front of the blue polarized object beam. The values f1x, f1y, f2x , and f2y

represent the components of the spatial frequency. f1x and f1y are introduced by angle α2
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between the red polarized reference beam and the normal of the CCD plane, while f2x and
f2y are introduced by angle β2 between the blue polarized reference beam and the normal
of the CCD plane. These components can be expressed as Equations (5)–(8), where λ is the
laser wavelength:

f1x =
sinα2x

λ
(5)

f1y =
sinα2y

λ
(6)

f2x =
sinβ2x

λ
(7)

f2y =
sinβ2y

λ
(8)

The intensity image of both large and small fields of view can be recorded on the CCD
camera simultaneously. ur1 and ur2, as well as uo1 and uo2, are non-coherent polarized lights.
ur1 and uo1 are both S-polarized lights, represented by red lines, that interfere together to
obtain the hologram for the small field of view, while ur2 and uo2 are P-polarized lights,
represented by blue lines, that result in the hologram of the large field of view when they
interfere with each other. The intensity recorded can be expressed as follows:

IS = (ur1 + uo1)(ur1
∗ + uo1

∗) = ur1ur1
∗ + uo1uo1

∗ + ur1uo1
∗ + uo1ur1

∗ (9)

IL = (ur2 + uo2)(ur2
∗ + uo2

∗) = ur2ur2
∗ + uo2uo2

∗ + ur2uo2
∗ + uo2ur2

∗ (10)

I = ur1ur1
∗ + ur2ur2

∗ + uo1uo1
∗ + uo2uo2

∗ + ur1uo1
∗ + uo1ur1

∗ + ur2uo2
∗ + uo2ur2

∗ (11)

The * denotes the complex conjugate of ur1, ur2, uo1, and uo2. IS and IL are the intensity
of the small field of view and the large field of view, respectively, while I is the total
intensity recorded by the CCD camera. The intensity image is converted to the Fourier
domain to obtain the phase information by applying a Fourier transform to I. Equation (11)
is transformed into the following form:

FT(I) = Ur1⊗Ur1
∗ +Ur2⊗Ur2

∗ +Uo1⊗Uo1
∗ +Uo2⊗Uo2

∗ +Ur1⊗Uo1
∗ +Uo1⊗Ur1

∗ +Ur2⊗Uo2
∗ +Uo2⊗Ur2

∗ (12)

Here ⊗ is the convolution operation, Ur1 = FT(ur1), Ur2 = FT(ur2), Uo1 = FT(uo1),
and Uo2 = FT(uo2).

Figure 3 shows a sketch of the Fourier spectrum of the intensity images. Five spectra
are distributed on the Fourier domain, corresponding to the eight terms in Equation (12).
Sections A contains Ur1 ⊗Ur1

∗ + Ur2 ⊗Ur2
∗ + Uo1 ⊗Uo1

∗ + Uo2 ⊗Uo2
∗, which are low-

frequency components that represent the background in the spatial domain. Sections B and
C represent the Ur2 ⊗Uo2

∗ and Uo2 ⊗Ur2
∗ parts, respectively, which contain information

of the hologram for the large field of view. Sections D and E represent the Ur1 ⊗Uo1
∗ and

Uo1 ⊗Ur1
∗ parts, respectively. These two parts contain information of the hologram for the

small field of view.
uo1ur1

∗ can be obtained by employing an inverse Fourier transform to window the
spectrum of Uo1 ⊗Ur1

∗. Similarly, uo2ur2
∗ can be obtained using the same method. These

results are shown in the following equations:

φ1(x, y)− 2π
(

f1x x + f1y y
)
= tan−1 Im

[
uo1u∗r1

]
Re
[
uo1u∗r1

] (13)

φ2(x, y)− 2π
(

f2x x + f2y y
)
= tan−1 Im[uo2u∗r2]

Re
[
uo2u∗r2

] (14)
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Using the same method, after the object deforms, the distribution of an additional two
phases can be obtained, as described in the following equations:

φ1
′(x, y)− 2π

(
f1x x + f1y y

)
= tan−1 Im

[
uo1u∗r1

]
Re
[
uo1u∗r1

] (15)

φ2
′(x, y)− 2π

(
f2x x + f2y y

)
= tan−1 Im[uo2u∗r2]

Re
[
uo2u∗r2

] (16)

The relative phase difference in the large and small fields of view due to a deformation
resulting from an applied load can then be calculated as follows:

∆φS = φ1
′(x, y)− φ1(x, y) (17)

∆φL = φ2
′(x, y)− φ2(x, y) (18)

Through the operation described above, our last goal, i.e., to separate the phase
information from the two holographic setups recorded in a single image by a Fourier
transform and inverse Fourier transform, is attained, and the deformations of the large
and small fields of view resulting from the applied load can then be calculated by the
determined phase distribution. It should be emphasized that the direction of the carrier
frequency in the holographic system determines the orientation of the spectrum of the
hologram after the Fourier transform. A special advantage of holography is that a direction
change in the carrier frequency can easily be implemented by adjusting the incident angle
of the reference beams; therefore, the spectrum aliasing reported in the shearographic
system [20] can be solved easily in the dual-channel holographic system.

3. Experiments and Results

Figure 4 shows a simultaneous dual-spatial-resolution digital holography measure-
ment system. This system utilizes a Verdi G5 laser as well as a 2453 × 2056-pixel grayscale
CCD camera. The pixel sizes of the CCD camera in the horizontal direction and the vertical
directions are both 3.45 µm. L1, L2, L3, and L4 are the lenses. The focal lengths of the
imaging lens, L1, is 35 mm (f1 = 35 mm). The focal lengths of L2 and L3, placed on the
two sides of the beam splitter, are 100 mm (f2 = f3 = 100 mm), and the focal length of L4 is
150 mm (f4 = 150 mm). The normal beam splitter and polarized beam splitter both have
split ratios of 50:50. The single-mode optical coupler splitter is 50:50.
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Figure 4. Experiment setup.

The measurement procedure is as follows: (1) to take an image before the loading,
(2) to load the object, and (3) to take an image again after the loading, then, to conduct an
evaluation of the measured result by Fourier and inverse Fourier transforms. The time for
the measurements is determined by steps 1 to 3. Taking two images requires just dozens of
milliseconds and the loading can be conducted within dozens of seconds, therefore, the
whole measurement can be performed within one minute.

A 100 × 100 mm square aluminum plate was tested to verify the feasibility of the
method. The plate was fixed along its four edges. A screw micrometer was used to apply
a load to the center of the plate, and images before and after loading were captured for
evaluation. A spectrum distribution was obtained, as shown in Figure 5a, by applying a
FT. Then two holograms of two resolutions, as shown in Figure 5b,c, were obtained by
using an IFT to obtain the phase information and subtracting the phase value before and
after loading.
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To verify the functionality of the digital holography system presented in this paper,
an NDT application was performed on a round aluminum plate with a small-sized defect
inside. The round plate had a thickness of 10 mm and was fixed on a 150 mm diameter
sealed chamber. The sealed chamber was connected to a vacuum to load the round plate.
The defect was a small circle with an 8 mm diameter and 0.6 mm of thickness to the surface.
A 10 KPa pressure difference was applied to detect the defect, the result of which is shown
in Figure 6. From the image, we can find that the whole area can be observed using the large
field of view, but, as shown in Figure 6a, the small-sized defect may be ignored. However,
the small-sized defects can be found under the small field of view, as shown as Figure 6b.
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Figure 6. Hologram with defect using different field of view sizes. (a) Hologram of large field of
view, (b) Hologram of small field of view.

Another deformation test was completed using this system and a defect-free square
aluminum plate. The plate was fixed all around with screws, and the plate size was
100 × 100 mm. Figure 7 shows the phase map for the large field of view and small field
of view, respectively. A load was applied at the center of the plate by a screw micrometer.
Under the large field of view, the phase map, shown in Figure 7a, was very unclear because
the large magnitude of the load caused the fringes to be too dense; as a result, it cannot be
used to calculate the deformation. However, under the small field of view, the phase map,
shown in Figure 7b, was clearer and could be used to calculate the deformation.
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4. Discussion
4.1. Adjustment of the System

Figure 8 shows the optical layouts of the two holographic setups. Figure 8a shows the
setup for the large field of view and the Figure 8b shows the setup for the small field of
view. The difference between them is L4, as L4 is introduced to enlarge the image to obtain
the small field of view. The size of the small field of view can be changed by adjusting the
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position and changing the focus length of L4, and while the size of the large field of view
can be adjusted by adjusting the position and changing the focus length of L1.
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Figure 8. Sketch of two optical channels for two fields of view. (a) Optical channel for large field of
view, and (b) Optical channel for small field of view.

The image with the large field of view must be adjusted first to make both of the
different fields of view form clear images on the image plane. Adjusting the image with the
large field of view is relatively easy. Adjusting the image with the small field of view on
the same image plane is more challenging. It can be performed by adjusting the position of
L4 in combination with that of mirror 1. Thus, it is important that mirror 1 should be able
to be moved in the left and right directions.

4.2. Separate the Spectrums

After adjusting the two images with different fields of view into clear images on the
image plane, it is also very important to adjust the reference beam of the two holographic
setups to appropriate incident angles and planes. This is performed by introducing carrier
fringes into the holograms. The two spectra transferred from the intensity images of the
holograms should be separated to obtain good-quality phase maps. The orientation of the
spectrum is determined by the direction of the carrier frequency. The advantage of the
holographic system is the ease in changing the directions of carrier frequency; changing the
direction is performed by adjusting the plane of the incident angle of the reference beam.
The directions of the two carrier fringes should be checked before the Fourier transform is
conducted. They should be orientated in different directions with a separation of at least
30 degrees. Figure 9 shows an ideal adjustment, in which the separation of the directions of
the two carrier fringes is almost 90 degrees, resulting in two perfect mutually perpendicular
spectrums. The phase distributions of the two holograms can then be easily separated by
the inverse Fourier transform.

The size of the aperture of the camera is also important. A big aperture size leads to
more light intensity going through the lens, allowing a relatively large object to be tested.
This is desired in practical applications. However, a big aperture size results in a small
speckle size. According to the sampling theorem, the speckle size should cover at least
two pixels theoretically [31] and two to three times more practically, or at least four to six
pixels [32]. Therefore, the aperture of the camera cannot be too big. Two adjustments can
be performed to ensure a good measuring result with the small aperture: (1) enhancing
the laser power to increase the light intensity to allow a relatively small aperture size to be
used, and (2) using a CCD camera with a high resolution that has a relatively small pixel
size to allow speckling, which results in covering more pixels.
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Figure 9. (a) Intensity image of an interferogram with carrier fringes, the area of the rectangle is
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5. Conclusions

A multiplexed holographic system for simultaneous dual-spatial-resolution measure-
ments of deformation is presented in this paper. The main innovation of our research is we
are the first to enable the digital holographic system to take simultaneous measurements
with both the large and small fields of view and to observe whole-field deformations as
well as local information, such as in the areas of strain concentration. The developed
system is beneficial for deformation and strain measurements as well as for non-destructive
testing, especially if the loading is not repeatable. The polarization technique is used to
obtain two polarized holographic setups with two different-sized fields of view, large and
small, by changing the combined focus length. The phase distributions of two holograms
have been successfully extracted from one image containing two holograms recorded by a
single camera through the spatial carrier fringes’ phase shift method. The optical setup is
relatively simple and the spectrums of two holograms can be separated easily by adjust-
ing the orientation of the carrier fringes. This along with the good measurement results
obtained from the setup increase its utility for practical applications. The special advantage
of the system developed is its capability to perform simultaneous and dual-resolution
measurements. This is particularly meaningful for some experiments which cannot be
repeated; additionally, this can also lead to reduced labor and time costs associated with
testing. The experiments conducted have demonstrated that the developed system is an
effective tool to measure both whole and local information, especially in cases in which
more detailed information is required for areas with a strain concentration and in cases in
which smaller defects need to be found.
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