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(57) ABSTRACT

An imaging system is configured for generating vibration
region caused by ultrasound wave thereby to obtain a
plurality of optically-sectioned images. In the imaging sys-
tem, a stage is operable to be moved along a plurality of
scanning imaging positions, and applied to deposit an object
with at least one scattering material. When the object
receives an ultrasound wave, a shear wave is generated to
displace the scattering material thereby to form a vibration
region. A laser generating device is configured to transmit a
laser beam, which penetrates the vibration region to form a
speckle pattern and focused at a focusing position. An
optical imaging device is set at the focusing position to
receive the laser beam to generate a plurality of scanning
optically-sectioned images with respect to the scanning
imaging positions.
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IMAGING SYSTEM FOR GENERATING
VIBRATION REGION CAUSED BY
ULTRASOUND WAVE THEREBY TO OBTAIN
OPTICALLY-SECTIONED IMAGES

[0001] This application claims the benefit of Taiwan Pat-
ent Application Serial No. 106105747, filed Feb. 21, 2017,
the subject matter of which is incorporated herein by refer-
ence.

BACKGROUND OF INVENTION

1. Field of the Invention

[0002] The present invention is related to an imaging
system for generating vibration region caused by ultrasound
wave to obtain optically-sectioned images, and more par-
ticularly is related to an imaging system for generating
vibration region caused by ultrasound wave to obtain opti-
cally-sectioned images and processing these images to gen-
erate the elasticity image.

2. Description of the Prior Art

[0003] With the development of technologies, the
improvement of medical technologies may increase the
lifespan of humans. In many diseases, such as cancer, stiff
nodules were formed in the biological tissue. For this reason,
palpation was widely used in clinical physical examinations
for sensing the degree and distribution of the stiffness of
biological tissues. However, the palpation technique is
highly relied on the experience of the doctor or the physician
and the probability of using such technique for discovering
early stage of a disease may be low. Therefore, there is a
need for improving the sensitivity and specificity of the
stiffness-sensing technique for accurately identifying the
pathological region.

[0004] During past decades, there has been an intensive
development of noninvasive imaging techniques for char-
acterizing the stiffness of biological tissue. These tech-
niques, such as non-invasive elasticity imaging based on
ultrasound, have been exploited in numerous clinical appli-
cations, including the detection of prostate cancer, breast
cancer, and the staging of liver fibrosis.

[0005] However, the imaging sensitivity and resolution of
the current imaging techniques still require improvements in
order to provide better contrast and distinguishable elasticity
imaging result. Thus, there exist the needs to improve the
conventional technology.

SUMMARY OF THE INVENTION

[0006] The common problem of the conventional elastic-
ity imaging techniques is that the imaging resolution is still
relatively poor, and elasticity distribution of the tissue may
not be accurately reconstructed. Accordingly, an imaging
system for generating vibration region caused by ultrasound
wave to obtain a plurality of optically-sectioned images is
provided in the present invention, which uses the ultrasound
wave to generate a vibration region on the object to be
detected, moves the object along a plurality of scanning
imaging positions to generate images corresponds to the
scanning imaging positions, and processes these images to
generate the elasticity image so as to achieve three-dimen-
sional elasticity detection by using the optically-sectioned
images.
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[0007] Accordingly, the main objective of the present
invention is to provide an imaging system for generating
vibration region caused by ultrasound wave to obtain a
plurality of optically-sectioned images. The imaging system
comprises an ultrasound device, a translational stage, a laser
generating device, an optical focusing device, and an optical
imaging device. The ultrasound device is utilized for trans-
mitting an ultrasound wave onto an investigating region
within the object. The translational stage is at least partially
located in the investigating region and is operable to be
moved to a plurality of scanning imaging positions on a
moving path. The translational stage is utilized for carrying
and locating an object contains at least one scattering
material. When the ultrasound wave is delivered into the
object, a shear wave is generated in the object to vibrate at
least one scattering material so as to form a vibration region
in the object. The laser generating device is utilized for
transmitting a laser beam along a beam propagation path.
When the laser beam penetrates the object contains at least
one scattering material, and onto the optical imaging device,
at least one speckle pattern is imaged. The optical focusing
device is located on the beam propagation path to focus the
laser beam, which penetrated the object, at a focusing
position, and an aperture is used to partially block the light
from out-of-focusing position. The optical imaging device is
set at the focusing position to receive the laser beam so as
to generate a plurality of scanning optically-sectioned
images corresponding to the scanning imaging positions,
wherein at least one of the scanning optically-sectioned
images shows the at least one speckle pattern. The optical
imaging device may contain processing unit for reconstruct-
ing the elasticity image of the object from plurality of
scanning optically-sectioned images.

[0008] In accordance with an embodiment of the imaging
system for generating vibration region caused by ultrasound
wave to obtain a plurality of optically-sectioned images of
the present invention, the reduced scattering coefficient of
the scattering material is required to be greater than 0.2
cm™. The aperture of the optical focusing device has a
plurality of hole diameters, which can be used for adjusting
the required interval between the scanning positions.

[0009] In accordance with an embodiment of the imaging
system for generating vibration region caused by ultrasound
wave to obtain a plurality of optically-sectioned images of
the present invention, the imaging system for generating
vibration region caused by ultrasound wave to obtain a
plurality of optically-sectioned images further comprises a
beam expansion device. The beam expansion device is
located on the beam propagation path between the laser
generating device and the translational stage, for expanding
the illumination region of the laser beam. The beam expan-
sion device is a combination of a concave lens and a convex
lens. In addition, the optical focusing device comprises an
aperture stop and at least two lenses. The aperture on the
aperture stop partially allows the light beam to pass. The at
least two lenses are located on the either side of the aperture
stop along the beam propagation path, for adjusting the
focusing position.

[0010] In accordance with an embodiment of the imaging
system for generating vibration region caused by ultrasound
wave to obtain a plurality of optically-sectioned images of
the present invention, the imaging system for generating
vibration region caused by ultrasound wave to obtain a
plurality of optically-sectioned images further comprises a
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control device, which is electrically connected to the ultra-
sound device and the optical imaging device, for controlling
the driving sequence for ultrasound device to transmit the
ultrasound wave and optical imaging device to record opti-
cal image of the object, so as to adjust the effective frame
rate of the imaging system. If the effective frame rate is high,
the propagation speed of the shear wave can be accurately
detected such that the error in the stiffness estimation of the
high elasticity object can be reduced.

[0011] By using the imaging system for generating vibra-
tion region caused by ultrasound wave to obtain a plurality
of optically-sectioned images provided in the present inven-
tion, which uses the ultrasound wave to generate the vibra-
tion region on the object to be detected, moves the object
along a plurality of scanning imaging positions to generate
images corresponding to the scanning imaging positions,
and processes these images to generate the elasticity image,
thereby, the elasticity distribution of the object can be
reconstructed effectively by using the sectioned images. The
ability to detect stiff nodule accurately is helpful and con-
venient for both research and practical applications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present invention will now be specified with
reference to its preferred embodiment illustrated in the
drawings, in which:

[0013] FIG. 1 is a schematic view of an imaging system
for generating vibration region caused by ultrasound wave to
obtain a plurality of optically-sectioned images in accor-
dance with a preferred embodiment of the present invention.
[0014] FIG. 1A is a partially enlarged view of FIG. 1.
[0015] FIG. 2 and FIG. 3 are schematic views of the
scanning optically-sectioned images in accordance with a
preferred embodiment of the present invention.

[0016] FIG. 4 is a schematic view of the elasticity image
in accordance with a preferred embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0017] There are various embodiments of the imaging
system for generating vibration region caused by ultrasound
wave to obtain a plurality of optically-sectioned images
provided in accordance with the present invention, which
are not repeated hereby. Only one preferred embodiment is
mentioned in the following paragraph as an example.
[0018] Please refer to FIG. 1 and FIG. 1A, wherein FIG.
1 is a schematic view of an imaging system for generating
vibration region caused by ultrasound wave to obtain a
plurality of optically-sectioned images in accordance with a
preferred embodiment of the present invention, and FIG. 1A
is a partially enlarged view of FIG. 1.

[0019] As shown, the imaging system 1 for generating
vibration region caused by ultrasound wave to obtain a
plurality of optically-sectioned images in accordance with a
preferred embodiment of the present invention (hereinafter
the “imaging system”) comprises an ultrasound device 11, a
translational stage 12, a laser generating device 13, an
optical focusing device 14, an optical imaging device 15,
and a beam expansion device 16.

[0020] The ultrasound device 11 can be an existing ultra-
sound probe, which is utilized for transmitting an ultrasound
wave U to an investigating region 100. The investigating
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region 100 is defined as the combination of the spaces to
which the ultrasound wave can be transmitted. Concretely
speaking, the aforementioned space is the depth of field of
the ultrasound device, which includes the focusing point of
the ultrasound device. The investigating region is the space
where acoustic radiation force is induced from the transmit-
ted ultrasound wave, which thereby generates a shear wave.
[0021] The translational stage 12 is at least partially
located in the range of the investigating region 100. The
translational stage 12 is operable to be moved to a plurality
of scanning imaging positions P1 and P2 on a moving path
L1, and is utilized for carrying and locating an object 2 to be
detected which includes at least one scattering material 21.
In accordance with a preferred embodiment of the present
invention, the object 2 can be placed in a transparent
container (the container can be omitted in other embodi-
ments, and the transparent container can be made from glass
or acrylic), and the object 2 to be detected can be any
biological tissue or 3D cell culture structure, and the reduced
scattering coeflicient of the scattering material 21 (such as
the light scattering particles), which causes the object to be
semitransparent, is required to be greater than 0.2 cm™ for
producing the necessary speckle pattern. In the preferred
embodiment of the present invention, the reduced scattering
coefficient is 0.97 cm™ as an example. It should be men-
tioned that the reduced scattering coeflicient of the container
should be smaller than that of the scattering material 21,
however, if the thickness of the container is ranged between
1 and 2 millimeters, the reduced scattering coeflicient of the
scattering material 21 is not limited to the aforementioned
value. In addition, a moving path L1 along the X-axis is
provided in the present preferred embodiment as an
example, the moving path can be expanded to include 2D or
3D movement.

[0022] In addition, if the object 2 is a 3D cell culture
structure, the object 2 is required to be in solid phase for
allowing the shear wave to propagate therein. The ingredient
of the object may be the biclogical hydrogel or extracellular
matrix gel (i.e. Matrigel and collagen), and the biological
tissue or cells to be cultured are placed in the extracellular
matrix gel.

[0023] The laser generating device 13 can be any existing
device that can generate and transmit laser beams, and is
utilized for transmitting a laser beam 200 along a beam
propagation path 1.2. The optical focusing device 14 has an
aperture 1411 located on the beam propagation path 1.2.
Concretely speaking, the optical focusing device 14 in
accordance with the preferred embodiment of the present
invention includes a aperture stop 141 and at least two lenses
142 and 1424, the aperture stop 141 has the aforementioned
aperture, and the two lenses 142 and 142a are located on the
beam propagation path 1.2.

[0024] The optical imaging device 15 is located on the
beam propagation path L2. The optical imaging device 15
may include the optical lenses, optical sensing unit 151 (i.e.
charge-coupled device (CCD), the complementary metal-
oxide-semiconductor (CMOS) or any existing optical sen-
sor), and the image processer depends on the design in
practice.

[0025] The beam expansion device 16 is located on the
beam propagation path L2 between the translational stage 12
and the laser generating device 13. The beam expansion
device 16 can be a combination of a concave lens and a
convex lens, a combination of two convex lenses, or a
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diffuser, depends on the design in practice. The beam
expansion device 16 is utilized for expanding the coverage
of the laser beam 200.

[0026] Please refer to FIG. 1 to FIG. 4, wherein FIG. 2 and
FIG. 3 are schematic views of the scanning optically-
sectioned images in accordance with a preferred embodi-
ment of the present invention, and FIG. 4 is a schematic
view of the elasticity image in accordance with a preferred
embodiment of the present invention.

[0027] As shown, when the object 2 to be detected
receives the ultrasound wave U, a shear wave S is generated
in the object 2 to vibrate the at least one scattering material
21 so as to form a vibration region 200 in the object 2. In the
vibration region 200, the shear wave S may cause the
scattering particles in the object to displace and change the
refractive index of the object. The laser beam 200 propa-
gating along the beam propagation path [.2 may generate at
least one a speckle pattern 400 after penetrating the vibration
region 300 (as shown in FIG. 2 and FIG. 3), and the laser
beam 200 is then focused at a focusing location K on the
beam propagation path L2 after the laser beam 200 pen-
etrating the vibration region 300 and the aperture 1411 in a
serial. The aforementioned optical sensing unit 151 is
located at the focusing position K.

[0028] In the present preferred embodiment, the laser
beam 200 penetrates the vibration region 300, the lens 142,
the aperture 1411, and the lens 142a, and consequently
focused at the focusing position K. The position of the lenses
142 and the 142 can be used for adjusting the focusing
position K. In addition, the aperture 1411 can be used for
shielding the unwanted illumination (i.e., the unwanted
portion of the expanded laser beam 200 is shielded), adjust-
ing the thickness of the focusing plane. In the present
preferred embodiment, the aperture 1411 has been adjusted
in advance to show a fixed hole diameter and also a fixed
focusing plane.

[0029] The optical imaging device 15 is set at the focusing
position K to receive the laser beam 200 so as to generate a
plurality of scanning optically-sectioned images 500 and
500a corresponding to the scanning imaging positions P1
and P2. For example, for the scanning imaging position P1,
the optical imaging device 15 receives the scanning opti-
cally-sectioned image 500, for the scanning imaging posi-
tion P2, the optical imaging device receives the scanning
optically-sectioned image 500a, and at least one of these
scanning optically-sectioned images shows the at least one
speckle pattern 400.

[0030] The optical imaging device 15 may process these
scanning optically-sectioned images 500 and 500a to form a
3D elasticity image 600. Concretely speaking, the optical
imaging device 15 may process the scanning optically-
sectioned images 500 and 500a as two 2D elasticity images
then recombine the scanning optically-sectioned images 500
and 500q to rebuild the 3D elasticity image. The elasticity
image 600 includes the speckle pattern 400 and the image
700 of the object (such as the integration of the background
image and the image of the object to be detected). It should
be also noted that the images shown in FIG. 2 to FIG. 4 are
merely the schematic views.

[0031] It should be also mentioned that although only two
scanning optically-sectioned images 500, 500¢ and two
scanning imaging positions P1, P2 are mentioned in the
present preferred embodiment, but in practice, more scan-
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ning optically-sectioned images and scanning imaging posi-
tions can be used, and thus the present invention is not so
restricted.

[0032] In addition, transmission of the shear wave S may
cause displacement of scattering particles in the object 2 to
be detected. When the laser beam 200 passes through the
vibration region 300, phase of the laser beam would be
changed, which resulted in a change of the interference
pattern (i.e. the speckle pattern). The image formed by the
optical imaging device 15 would show the changed in the
interference pattern as local blurring. Therefore, the wave
front of the shear wave S can be detected by measuring the
spatial blurring of the speckle pattern 400. The time differ-
ence between the shear wave S wave front at any two
locations along the shear wave S propagation path can be
used to yield the velocity of the shear wave S, and the
velocity of the shear wave S is related to the elasticity of the
object 2.

[0033] In addition, in the present preferred embodiment, a
scanning gap D is the distance between the neighboring
scanning imaging positions P1 and P2, the aperture 1411 of
optical focusing device 14 has a plurality of hole diameters
(i.e. the aperture 1411 is operable to be expanded or shrunk),
thereby the scanning gap D can be adjusted according to the
size of the hole diameters. For example, by using a small
hole diameter with a small scanning gap D, the precision of
the estimated propagation speed of the shear wave S can be
enhanced. In addition, a smaller hole diameter of the aper-
ture 1411 may increase the size of the speckle pattern 400
and block the multi-scattering light waves exiting from the
object 2, so as to enhance the contrast and clarity of the
speckle pattern 400 in the scanning optically-sectioned
images 500 and 500aq.

[0034] In addition, the imaging system 1 may also include
a control device 17, which is electrically connected to the
ultrasound device 11 and the optical imaging device 15, and
is also electrically connected to the translational stage 12.
The control device 17 can be used for controlling the time
sequence, for example, when the translational stage 12 is
moved to a certain position, the control device 17 would
control the driving sequence for the ultrasound device 11 to
transmit the ultrasound wave U and also control the driving
sequence of the optical imaging device 15, such as control
the optical imaging device 15 to acquire N images, such that,
the optical imaging device 15 may identify the condition of
the shear wave S propagated on the image focusing plane
according to the aforementioned N images, and then the
control device 17 may control the translational stage 12 to
move to the next position and repeat the aforementioned
steps.

[0035] In accordance with another embodiment of the
present invention, for example, after the translational stage
2 is moved to the scanning imaging position P1, the control
device 17 controls the ultrasound device 11 to transmit the
ultrasound wave U, and controls the optical imaging device
15 to take a real-time image. Thereafter, the control device
17 will control the ultrasound device 11 to transmit the
ultrasound wave U again, and controls the optical imaging
device 15 to acquire another real-time image after a time
delay. The aforementioned process can be repeated for
different scanning imaging position. Therefore, the control
device 17 1s utilized for controlling whether the cycle of the
ultrasound wave U transmitted by the ultrasound device 11
is synchronized with the imaging cycle or not, which
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depends on the need in practice, and the wave speed of the
shear wave S can be calculated thereby. It should be noted
that the control device 17 may also control the exposure time
of the optical imaging device 15.

[0036] For example, after the control device 17 triggers
the ultrasound device 11, the control device 17 may wait for
100 microseconds before sending the triggering signal to the
optical imaging device 15, and the optical imaging device 15
would take the image showing the condition after the shear
wave S has been propagated for 100 microseconds, i.e. the
position of the shear wave S wave front after the shear wave
S has been induced and propagated for 100 microseconds.
The propagation of the shear wave S can be fully detected
by modulating the delay time between two trigger signals. If
the adjustable interval of the delay time is 100 microsec-
onds, the effective imaging frame rate of the shear wave S
would be 10000 frames/second.

[0037] In conclusion, by using the imaging system for
generating vibration region caused by ultrasound wave to
obtain a plurality of optically-sectioned images provided in
the present invention, 3D elasticity image can be recon-
structed by utilizing technical features of the laser generat-
ing device, the translational stage, the optical focusing
device, and the optical imaging device. In addition, because
the optical scanning system is used, the contrast of the
elasticity image and the sensitivity can be effectively
enhanced.

[0038] While the present invention has been particularly
shown and described with reference to a preferred embodi-
ment, it will be understood by those skilled in the art that
various changes in form and detail may be without departing
from the spirit and scope of the present invention.

What is claimed is:

1. An imaging system configured for generating vibration
region caused by ultrasound wave to obtain a plurality of
optically-sectioned images, comprising;

an ultrasound device, utilized for transmitting an ultra-
sound wave to an investigating region.

a translational stage, at least partially located in the
investigating region, operable to be moved to a plural-
ity of scanning imaging positions on a moving path,
and being utilized for locating an object with at least
one scattering material, wherein when the object
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receives the ultrasound wave, a shear wave is generated
in the object to vibrate the at least one scattering
material so as to form a vibration region in the object;
a laser generating device, utilized for transmitting a laser
beam along a beam propagation path to have the laser
beam penetrate the vibration region to form at least one
a speckle pattern;

an optical focusing device, having an aperture on the
beam propagation path, to focus the laser beam which
penetrated the object at a focusing position on the beam
propagation path after penetrating the vibration region
and the aperture; and

an optical imaging device, set at the focusing position to

receive the laser beam so as to generate a plurality of
scanning optically-sectioned images with respective to
the scanning imaging positions and process the scan-
ning optically-sectioned images as an elasticity image,
wherein at least one of the scanning optically-sectioned
images shows the at least one speckle pattern.

2. The imaging system of claim 1, wherein a reduced
scattering coeflicient of the scattering material is greater
than 0.2 cm™.

3. The imaging system of claim 1, wherein a scanning gap
is located between the neighboring scanning imaging posi-
tions, the aperture of the optical focusing device is set with
a plurality of hole diameters, and the scanning gap is
adjusted according to the hole diameters.

4. The imaging system of claim 1, further comprising a
beam expansion device, which is located on the beam
propagation path between the translational stage and the
laser generating device, for expanding illumination region of
the laser beam.

5. The imaging system of claim 4. wherein the beam
expansion device is a combination of a concave lens and a
convex lens.

6. The imaging system of claim 1, wherein the optical
focusing device comprises:

an aperture stop, containing an aperture that partially

allows the laser beam to pass; and

at least two lenses, located on the beam propagation path

of the two sides of the aperture stop, for adjusting the
focusing position.
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