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Abstract

The use of acoustic waves to detect the internal structure of non-transparent objects is a common
technical approach, but the inherent defects of acoustic waves and the inadequacy of imaging
algorithms have led to unsatisfactory results of acoustic imaging for practical engineering
applications. Digital holographic inspection techniques enable high-resolution imaging of the surface
of objects, but hologram recording systems based on visible wavelength light sources do not provide
direct access to the interior of non-transparent objects. Digital acousto-optic holography combines
the advantages of good penetrability of acoustic waves, the high-resolution capability of optical
holography, and digital imaging and processing technology, making it possible to image or detect
the internal structure of non-transparent objects at high resolution. In this paper, the basic definition,
key theories, experimental systems, and problem-solving of digital acousto-optic holography are
fully elaborated, analyzed, and discussed. A review of the related technologies and their research
development is presented.

Keywords: digital acousto-optic holography; digital holography; shearography; TV holography;
nondestructive testing

1. Introduction

The internal structure and composition of the object directly affect the physical and chemical
properties of an object. How to obtain the information of the internal structure or composition of the
object has always been a hot issue. Visualization is the most effective and intuitive way. However,
most objects in nature are opaque to light, and only the surface of an object is usually visible therefore
leading to significant difficulties for visualization of object internal structure. Sound is a wave and
has good penetrability of opaque objects. When the sound waves propagate inside the object, they
are affected by the object’s internal structure. The acoustic amplitude and phase distribution
subsequently have a corresponding change, namely deformation and the acoustic signal can reflect
the internal information of the object. Indeed, acoustic imaging is one of the earliest nondestructive
testing technologies.

According to the method of acquisition of the deformation of acoustic signals, acoustic
nondestructive testing techniques can be divided into two main categories. The first type is to directly
collect acoustic signals and reconstruct the internal structure of the object by using acoustic
parameters transmitted from the object to the surface, such as the traditional ultrasonic imaging [1-
4] and acoustic tomography [5-8]. This type of technology uses acoustic sensors to obtain the
distribution of the sound field containing the internal information of the object and then converts the
obtained distribution into a visual image. However, the acoustic impedance mismatch between the
acoustic sensor and the measured object may lead to distortion of the obtained sound field
distribution, giving low accuracy. The second type is indirect acquisition of acoustic signals. The
vibration or deformation of the signal caused by the acoustic wave transmitted to the surface of the
object is detected by optical interference, thereby revealing the internal information of the non-
transparent object. Because digital holography can simultaneously reconstruct the intensity and
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phase information of 3D objects with lateral resolution and longitudinal resolutions reaching the
submicron level and the nanometer level, respectively, it is a hot technology in the quantitative
detection research of microstructure, morphology and deformation [9-20]. In this paper, the
techniques using acoustic excitation, and digital holography recording and numerical reconstruction
are called digital acousto-optic holography. Digital sound-light holography technology is actually
developed from traditional liquid surface acoustic holography [21,22]. With the development of
digital imaging device CCD and digital processing technology, digital sound-light holography
technology has been applied to the detection of internal defects of objects in manufacturing,
aerospace and other fields [23-26]. Acoustic excitation is mainly through the use of a PZT vibrator
with controllable and adjustable acoustic parameters [27]. Optical imaging modalities are mainly
based on interference laser holographic speckle pattern recording [28-45], shear digital hologram
recording [46-63] and conventional digital hologram recording. Numerical reconstruction methods
include speckle hologram reconstruction algorithm, shear hologram reconstruction algorithm and
sound wave diffraction algorithm.

To sum up, digital acousto-optic holography is an important technology to obtain internal
defects or structural information of objects. The technology includes two core problems: 1) acquisition
(or recording) of surface vibration or signal deformation caused by disturbed acoustic waves; 2)
reconstruction (or demodulation) of information about internal defects or structures of objects. This
paper provides a comprehensive review on the two core problems. In Section 2, commonly used laser
holographic speckle interference recording and shear hologram recording are discussed and
compared. In Section 3, we discuss internal defect detection and reconstruction algorithms including
the speckle hologram reconstruction algorithm, shear hologram reconstruction algorithm and sound
wave diffraction reconstruction algorithm. In Section 4, we discuss the important issues of digital
acousto-optic holography, such as resolution, quantifiable reconstruction of internal information of
objects. Finally, in Section 5, summary of the review is provided.

2. Deformation Acoustic Parameter Recording System

When acoustic waves are transmitted inside an object, the excitation signal causes a small
deformation on the surface of the object, which reflects the internal defects or structure of the object.
Usually, the surface of the object under test is diffusely reflective and laser holographic scattering
interference systems and shear holographic interference systems can be used to record the small
deformations on the surface of the object.

2.1. TV Holography

A schematic diagram of a laser TV holographic scattering interference system is shown in Figure
1. The same laser light source is divided into two light waves, one being the reference light wave and
the other forming an object light wave after irradiating the surface of the object under test. Since the
roughness of the surface of the object under test is random, the object and reference light waves
converge and interfere to form a speckle pattern. When the object is deformed by a loading force, the
speckle pattern changes slightly. Calculating the difference between the two scattergrams produces
a stripe map depicting the surface displacement. There are two key design aspects here: 1) the use of
a laser as a coherent light source and 2) the choice of an optical configuration where the illumination
is almost parallel to the observation. This is because illuminating an object with a highly coherent
laser makes the reflected light at every point on the object's surface coherent, creating interference
conditions for scattered interference. The beam reflected by the object is almost parallel to the
reference beam. The speckle pattern with low spatial frequency is generated, which provides
conditions for grabbing the frames.
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Figure 1. Schematic diagram of TV holography.

The Spanish research group of C. Trillo, A.F. Doval and others have had some success in using
TV holography to detect defects inside objects. They proposed a method which allows the acoustic
complex amplitude of the surface of an object to be obtained [64,65]. The propagation of acoustic
waves inside a solid is extremely complex. To simplify the study, they assumed that 1) only
longitudinal waves propagate inside the object, 2) the size of the defects inside the object is smaller
than the wavelength of the acoustic wave, and 3) the thickness of the object is smaller than the width.
When these conditions are met, the complex amplitudes of the acoustic wave at the surface of the
object are obtained by the TV holography and the Fourier transform. The acquisition of the acoustic
complex amplitude is carried out in several steps as follows.

1. A sequence of speckle patterns on the surface of the object is achieved by a synchronous control
circuit.

2. Fourier transform of the scatter pattern sequence in time and spatial domains is carried out to
obtain the spectral distribution.

3. One of the conjugate terms is obtained by band-pass filtering.

4.  The inverse Fourier transform of the conjugate term is carried out, and the resulting mode and
inverse tangent values are found respectively to obtain the complex amplitude.

The experimental TV Holography system is shown in Figure 2. The TV holography system is
combined with a synchronous control system to achieve synchronous excitation of the acoustic wave
and recording of a sequence of speckle patterns. The DRV drives the piezoelectric transducer (PZT),
which excites the acoustic waves (AW). The laser beam from the pulsed laser is passed through a
beam splitter to form an object beam (OB) and a reference beam (RB). The OB is expanded and shone
through a mirror (M) onto the surface of the specimen. With the aid of the camera objective (OB]) and
aperture (AP), the OB, which carries information about the specimen surface, and the RB form a
speckle pattern in the camera.

Sync
electronics

M OBJ /AP
DRV Specimen (10 %L Camera

M
—= =
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Pulsed laser I Wi f
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Figure 2. Experimental TV Holography setup.
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2.2. Shearography

As illustrated in Figure 3, the underlying principle of shearography is closely aligned with that
of TV holography. A key distinction, however, lies in the fact that shearography eliminates the need
for a reference surface; instead, its interference pattern is generated through mutual interference
between adjacent points on the surface of the object under investigation. Analytical results indicate
that shearography enables the direct measurement of the derivative of surface displacement. Given
that strain is mathematically defined as a function of displacement derivatives, shearography can be
employed to determine strain without relying on numerically differentiated displacement data.
Conventional shearography systems utilize photographic film as the recording medium, an approach
that is not only time-consuming but also associated with high operational costs. Moreover,
interpreting fringe patterns necessitates subsequent Fourier filtering, which further delays the
availability of test results. In common with TV holography, modern shearography implementations
adopt video-based recording techniques. This computerized processing method is capable of
generating fringe patterns at video rates, significantly enhancing operational efficiency.
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Figure 3. Schematic diagram of shearography.

With reference to Figure 3, the birefringent crystal serves as the key to the entire experimental
system. The crystal makes the two non-parallel beams scattered from points adjacent to the surface
of the object co-linear or approximately co-linear. As a result, the speckle pattern obtained by shearing
holography has the same low spatial frequency contents as the speckle pattern obtained by scattering
interference. In this process, the image-shearing video camera picks up two types of shearing
scattergrams before and after the object is deformed. These scattergrams are digitized using a frame
grabber into a computer.

A birefringent prism induces the interference of light rays scattered from two adjacent points, P
(x, y) and Q (x + 0x, y), on the image plane. The superposition of all such point pairs across the
specimen yields a pair of images that are laterally displaced —or sheared —relative to each other along
the x-direction. When the shear is applied along the x-axis, the resulting fringe pattern corresponds
to the partial derivative of the displacement field with respect to x. Conversely, if the shear is oriented
parallel to the y-axis, the image shearing occurs along the y-direction, wherein adjacent points
separated in y interfere on the image plane. In this configuration, the fringe pattern characterizes the
partial derivative of the displacement with respect toy.

For shearography, stress loading is required to detect defects, and the traditional loading
methods are mechanical loading, thermal loading and vacuum loading. However, the effect of these
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loading methods is not obvious for metal objects. Acoustic waves have better penetration than the
traditional loading method of shearography. This results in a larger detection area. An experimental
setup is designed [45], which is used to detect and characterize the defects of complex shapes in metal
plates. Figure 4 is a schematic diagram of the principle. This experimental setup is a combination of
a shearography and an ultrasonic excitation device. The acoustic waves are loaded onto the tested
object (TO). The wave surface shear is realized through a Wollaston prism (WP), and the low-
frequency sound wave generated by the exciter is used for stress loading. Finally, the speckle pattern
of the TO before and after deformation is recorded by the CMOS image collector.

Laser beam Lens2(L2)

(LB) Wollaston prism Polarizer
(WP) ®

Lens1(L1)

PZT ’\/] :

Aperture(AP)

Fourier plane
(FP)

Tested object dil d2 !
(TO) d

Imaging plane
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Figure 4. Arrangement of a single-aperture common-path speckle interferometer with unlimited minimal

shearing amount.

Figure 5 shows another type of shearography using acoustic excitation. The results of this study
show that surface fatigue cracks as short as 3 mm and subsurface fatigue cracks as long as 10 mm at
a depth of 10 mm in aluminum plates were successfully detected using acoustic waves as a stress
loading method. It is found that this stress loading method is more effective in practical industrial
applications because one can determine the driving frequency according to the characteristics of the
piezoelectric transducer instead of searching for the unknown resonant frequency of the defective
structure.

Laser source

/@ L

Power Function
Amplifier Generator

Tran

Figure 5. Schematic drawing of shearography setup using acoustic wave as stress loading.
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In short, the method of using acoustic excitation as stress loading makes full use of the good
penetration of acoustic wave, so that shearography can quickly detect defects on the surface of objects
with high rigidity and fast heat conduction and at a certain depth below.

3. Digital Acousto-Optic Holography Defect Reconstruction

TV holography and shearography can be used to obtain information about surface or sub surface
defects, while acoustic inverse diffraction can be used to obtain information about defects at arbitrary
locations within the object.

3.1. TV Holography Reconstruction
The speckle pattern light intensity distribution can be expressed mathematically as
I =1,(1+cosg) 1)

I, is the light intensity distribution of the object image and @ is a random phase angle. Since
the roughness of the object surface is generally irregular, the value of @ can be assumed to be
random. Equation (1) shows that the light intensity distribution of the speckle pattern is expressed as
the object image modulated by (1 + cos®), which represents a random interference pattern, which
we call a speckle pattern.

When no external action is applied, we obtain a speckle a pattern of the objects I. when an
external action is applied, the object is slightly deformed and the light range from the light source to
the surface of the object and then to the sensor changes. However, the range of the reference beam
remains the same, so the relative phase between the object beam and the reference beam also changes.
The intensity distribution of the corresponding speckle pattern changes slightly and is expressed as

I'=1,(+cos(¢+A)) (2)

where [ is the light intensity distribution after deformation and A is the phase change due to
deformation of the object.

By subtracting the two scattered images before and after the deformation, the resulting
difference Is can be described as

I, =1,(cos(¢+ A)—cosgp) (3)

Using the properties of trigonometric functions, equation (3) can be expressed as

. A . (A
I, =2l = =
q 0sm(¢5+ 2)3”1(2) (4)

Equation (4) shows that there are dark fringes when

(A
sin| = [=0 5
(2) 5)

The orders of fringes are determined by the following equation.
A=2nr (6)

where +n=0, 1, 2, 3, ...are fringe orders.

From the above derivation, it can be seen that the result obtained by subtracting the speckle
interferogram before deformation from the speckle interferogram after deformation is a fringe
pattern with a bright and dark distribution. This is the speckle interference fringe. The relationship
between A and the object surface displacement (u, v, w) in scattering interference can be expressed
as
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A:%(Au+bv+Cw) )

Here 2 is the wavelength of the incident light and A, B, C are the sensitivity factors associated
with the light source position S (xs, ys, zs) and the sensor position O (Xo, Yo, Zo)

X—X, X—X,
= +
RO RS
Y=Y, , YV
B=—"="+ = 8
R R 8)
col7% 2-1
RO RS

Here R, = x2 + yZ + zZ and R; = xZ + y? + zZ, where z = z (x, y) represents the surface profile
of the object. Consequently, z is not an independent variable over the surface. In non-destructive
testing applications, the optical setup is typically configured such that both illumination and
observation directions are approximately aligned with the z-axis. Under these conditions, the
sensitivity factors A and B become negligible, while C is approximately equal to 2. Thus, as indicated
by Equation (7), the measurement system is primarily sensitive to the out-of-plane displacement
component w, that is, the displacement normal to the surface.

3.2. Shearography Reconstruction

The mechanism of fringe formation in shearography closely resembles that of laser holography.
In both techniques, two scattered wavefronts —corresponding to the undeformed and deformed
states of the object—are digitized. Subsequent subtraction of one image from the other yields an
interference fringe pattern. The mathematical formalism presented in Equations (7) — (14), which
describes the formation of laser holographic interference fringes, remains applicable to shearography,
with the notable distinction that in shearography, the intensity I is related to the derivative of surface
displacement rather than to the displacement itself.

A:Z—”[ @+Bﬂ+Cﬂj5X 9)
A OX OX OX

Since du, dv, Ow are small, we have

5u~6u 5v~6v 5W~8W

= -~ —_— (10)
OX OX OX OX OX  OX
Equation (9) can be reduced to
A:Z—” Aa—u+8@+ca—W oX (11)
A\ OX oOx  OX

Egs. (9) and (11) illustrate that by pre-setting the desired direction, e.g., along any k-axis, then
the resulting stripe pattern contains information related to the first order displacement derivatives
about k, i.e., 0u/0k, ov/dk, ow/0k. Thus, with the aid of a multimodal image shearing interferometer,
the stress field can be determined.

3.3. Acoustic Back-Propagation Algorithms

Both TV holography and shearography are limited to the characterization of superficial or near-
surface defects within an object. These techniques exhibit considerable limitations in detecting
internal flaws. In contrast, digital acousto-optic holography entails acquiring the complex optical
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amplitude on a designated plane, followed by numerical reconstruction of the complex amplitude on
any arbitrary plane via the Rayleigh-Sommerfeld diffraction formula. This approach enables the
detection of internal defects through a process known as the acoustic back-propagation algorithm,
which has been demonstrated in prior research.

The complex amplitude of the wavefront is obtained through the following procedure. First, a
three-dimensional spatiotemporal Fourier transform (two spatial dimensions and one temporal
dimension) is applied to the sequence of N optical phase change maps. Subsequently, a three-
dimensional band-pass filter is employed to isolate the spectral components corresponding to the
acoustic waves. Finally, a set of N complex-valued maps—containing both the amplitude and phase
information of the acoustic wavefront—are generated via a three-dimensional inverse Fourier
transform.

When the amplitude and phase of the wavefront are known or measured at the plane zo =0, the
wave field at any parallel plane z can be analytically reconstructed using the Rayleigh-Sommerfeld
diffraction formula.

ACD(X’V’Z<>+O"tn)ZHH}OACD(X',y',zo+d,tn)><[ 1! JdEXp(Jkar)

2zr  jA r dxdy’(12)

Where A® is the complex amplitude, d is the distance between the plane zo and z, Aa is the wavelength
of the acoustic wave, ka = 27/Aa is the wavenumber, and

N2 N2 1/2
r= (—X‘Xj +(—y‘yj +1 (13)
d d

Figure 6 illustrates the geometric configuration employed for numerical reconstruction. In this
example, the measurement plane coincides with the surface of the sample, where the mechanical
amplitude and phase are acquired prior to wave arrival. The reconstruction surface is situated within
the material interior (where z < 0) through which the wave propagates.

y
A

//

,y'z0)

L

= Z

p (X-Y-Zo-d) //

Reconstruction plane (z=z0-d) Measurment plane (z=z0)

Figure 6. Geometry of the numerical reconstruction process with digital holography.

Eq. (12) can be mathematically interpreted as the convolution operation between the measured

AD(X,Y,z,,t,)

phase field, , and a specific impulse response function.
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2 2 1/2
dexp! jk.d (X) +(VJ +1
1 1 d d (14)
h(x,y,z,+d) = +—
(%.y:2, +0) {27z(x2+y2+d2)1’2 jA, * X2 +y?+d?
i "> A , Eq. (19) is approximated by

2 2 1/2
dexps jk,d KX) +(yj +1}
d d (15)

jA (X% +y?+d?)

h(x,y,z,+d) =

Corresponding to the approximate Rayleigh-Sommerfeld diffraction formula

) .1 dexp(zjkar) ix'dy’
14, r

AD(X,y,z,+d,t,)

AD(X,y,2,+d,t,) zjjj:AQ(X', Y2yt (16)

By the convolution theorem, the field can be computed as a sequence of
Fourier positive and inverse transforms

AD(X,Y,z,+d,t,) =AD(X, Y, z,,t, ) (X, y,z, +d)

(17)
= FY{F[AD(X, Y, 2,,t,)]F[N(X, ¥, 2, +d)]}

In this equation, the symbol * signifies the convolution operation, while F represents the Fourier
transform operator. The evaluation of this transform is performed numerically via the Fast Fourier
Transform (FFT) algorithm, which provides computational efficiency.

4. Detection Performance and Outlook

4.1. Detection Performance

Single-pulse subtraction TV Holography has better fringe visibility, while double-pulse TV
Holography can detect deformation of a larger area of the object without exceeding the resolvable
fringe density. Multiwavelength microscopic TV Holography uses multiple wavelengths to measure
deformation and shape in quantitative deformation and 3D surface profile analysis with variable
measurement sensitivity [66]. High-speed TV Holography is not only able to analyze the multi-modal
vibration of plate-like structures, but also obtain its complex amplitudes [67]. A pulsed TV
holography system enables the acquisition of a two-dimensional map of the instantaneous out-of-
plane displacement [68].

The visibility of fringes in shearography is not as good as that in TV Holography, but the
application of shearography is suitable for both rough and smooth surfaces [69]. Applications of
shearography also include delamination studies of composites, evaluation and characterization of
mechanical properties of materials [70]. Especially, a polarization digital shearing system based on
two Mach-Zehnder interferometers has been developed, which can generate two orthogonal shearing
directions and record the shearing patterns of the two orthogonal directions simultaneously. This
allows simultaneous bidirectional nondestructive testing during continuous loading [71].

Digital acousto-optic holography uses TV Holography or shearography as the underlying
optical scheme to obtain the information of complex amplitude, and then combines the law of sound
propagation and Rayleigh-Sommerfeld diffraction theorem to reconstruct the complex amplitude on
an arbitrary plane and realize the imaging of the internal structure of the object which thus offers
significant advantages in reconstructing structure information on an arbitrary plane.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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4.2. Advantages of Digital Acousto-Optic Holography

Firstly, the shearography and laser holographic scattering interference techniques associated
with digital acousto-optic holography can directly reflect the hazard of defects.

Secondly, shearography can measure strain directly, and the stress distribution is accordingly
obtained, which makes shearography extremely practical. Since defects usually produce strain
concentrations, it appears easier to relate defects to strain anomalies.

Thirdly, inadvertent rigid body movements during loaded external force testing do not generate
strain and therefore the shearography technique is insensitive to such movements. This indicates that
the shearography technique is less sensitive to interference.

Fourthly, shearography does not require a reference beam, which means that systems applying
the technique do not have high requirements for vibration isolation. Fifthly, the surface deformation
caused by loading acoustic excitation with digital acousto-optic holography is well reproducible.

4.3. Disadvantages of Digital Acousto-Optic Holography

Both TV holography and shearography detect flaws by comparing two deformation states of the
test object. Ideally, the applied stress should replicate in-service conditions so that only defects within
regions of high stress are highlighted, while superficial imperfections are disregarded. However,
accurately reproducing real-world loading conditions is challenging due to difficulties in controlling
the motion of the test object during loading. Both techniques exhibit very low tolerance to rigid-body
movement, which induces speckle decorrelation and degrades fringe visibility.

Material defects typically induce localized strain concentrations under stress. TV holography
identifies defects by detecting anomalies in displacement fields, whereas shearography reveals
defects through strain anomalies. The sensitivity of both methods decreases when defects are located
at considerable depths. Consequently, shearography and TV holography are particularly well-suited
for inspecting plate-like and shell-like structures, where defects are typically situated near the
surface.

There is no standardized interpretative framework for analyzing fringe patterns obtained via
shearography. A major limitation of this technique is the considerable difficulty in characterizing
defect types other than delamination.

4.4. Problems and Outlook

Although digital acousto-optic holography enables the detection of opaque objects, the
shortcomings of the technique are also evident. From the current literature, the reconstruction
resolution of the technique is generally in the millimeter range, and practical applications for
reconstructing the internal structure of objects with high accuracy have not yet been achieved.
Moreover, the propagation pattern of acoustic waves inside solids is extremely complex, and there
are not only longitudinal and transverse acoustic wave modes in solids but also various modes of
surface waves [72]. How the various modes of acoustic waves can be identified and how useful
information can be extracted in the context of complex signals remains to be explored. Although the
technique of collecting longitudinal wave information alone for defect and structure detection is
relatively mature, the contrast of the images obtained is not satisfactory. In contrast, the collection
and processing of transverse wave information that has emerged in recent years has brought better
contrast and discrimination to acoustic imaging, which is a promising trend.

The resolution limit of acoustic imaging is largely limited by the wavelength of the acoustic wave
and the complexity of acoustic wave propagation within a solid [73]. According to the classical
Rayleigh criterion, the minimum angle of resolution satisfies the relationship:

A=12241D (18)

where 2 is the incident wavelength and D is the observation aperture diameter. From this criterion
alone, it is easy to see that there are two paths to increasing resolution: either reduce the incident
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wavelength or increase the aperture diameter. As sound waves travel faster in solids and liquids, the
wavelengths are longer at less high frequencies. Assuming a sound wave frequency of 1 MHz and a
speed of sound of approximately 1000 m/s, this corresponds to a wavelength of 0.001 m, which is
approximately 103 times the wavelength of visible light. The resolution of the resulting image is
comparable to that obtained by several of the techniques described earlier. From the perspective of
near-field acoustic holography [74,75], however, it is possible to break the classical Rayleigh criterion
by collecting swiftly passing waves with a high-frequency spatial component without changing the
incident wavelength. The limitations of the classical Rayleigh criterion are well illustrated by the fact
that scanning near-field ultrasonic holography can achieve a resolution of about 10 nm at a frequency
of 2.2 MHz

Fourier chromatography microscopy and synthetic aperture techniques can improve spatial
resolution. Fourier chromatography microscopy repeatedly stitches together many low-resolution
intensity images of variable illumination in Fourier space to produce wide-field, high-resolution
images of complex samples. While Fourier chromatography microscopy improves the resolution by
varying the angle of illumination, synthetic aperture technique improves the resolution by collecting
signals from different distances in different directions, both in a sense of increasing the effective
viewing aperture [76-78]. The above super-resolution imaging techniques show that the richer the
information obtained from the tested object, the higher the resolution of the resulting reconstructed
image.

5. Summary

Digital acousto-optic holography fully utilizes the penetrating nature of acoustic waves and the
high precision recording and flexible reconstruction of TV holography, shearography, and digital
holography, which can be used for the non-destructive detection of the internal structure of objects.
Its main ideas are: 1) acoustic waves are affected by the internal structure of an object, and so the
acoustic waves on the surface of the object must contain the information about the internal structure
of the object; 2) The recording of acoustic complex amplitudes was achieved by holography, and the
complex amplitudes in arbitrary planes were reconstructed by the Rayleigh-Sommerfeld diffraction
formula. The development of digital acousto-optic holography has promoted the cross integration of
acoustics, optics, and information disciplines, deepening the links between them.
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