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(7) ABSTRACT

Disclosed in the application is a handheld three-dimensional
ultrasound imaging system and method, comprising a hand-
held ultrasound probe, used for scanning and obtaining an
ultrasound image; a display, control and processing terminal,
connected to the handheld ultrasound probe wiredly or
wirelessly. The handheld ultrasound imaging system and
method of the application further comprises: a handheld
three-dimensional spatial positioning system, connected to
the handheld ultrasound probe, moving with the movement
of the handheld ultrasound probe, connected to the display,
control and processing terminal wiredly or wirelessly, and
used for independently positioning the three-dimensional
position of the handheld ultrasound probe. By means of the
handheld three-dimensional ultrasound imaging system and
method of the present application, the large spatial position-
ing system in an existing three-dimensional ultrasound
imaging system is changed into a portable spatial position-
ing system that can be used at any time, so that handheld
three-dimensional ultrasound imaging can be widely
applied.
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S1.using a handheld ultrasound probe 100 to scan a part to be tested 600
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corresponding to each ultrasound image through a handheld three-
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S3. performing 3D image reconstruction to the ultrasound image and the
three-dimensional position and angle information and displaying
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HANDHELD THREE-DIMENSIONAL
ULTRASOUND IMAGING SYSTEM AND
METHOD

TECHNICAL FIELD

[0001] The present application relates to the field of medi-
cal devices, in particular to a handheld three-dimensional
ultrasound imaging system and method.

BACKGROUND

[0002] Three dimensional ultrasound imaging has been
widely used in the field of medicine. There are usually three
ways: electronic scanning, mechanical scanning and manual
scanning. Mechanical scanning is to use the motor to drive
the ultrasonic probe for scanning, with the advantage of
good repeatability, but only suitable for small-scale scan-
ning, such as fetus observation. Electronic scanning can give
real-time three-dimensional images, such as the heart, but it
is only suitable for scanning in a smaller range, and it needs
to use two-dimensional transducer display, making the cost
quite expensive. Manual scanning refers to holding the
ultrasonic probe by an operator to scan the interested area of
human body or animal, recording the three-dimensional
spatial position and angle of each ultrasonic image by a
spatial positioning system, and then carrying out three-
dimensional image reconstruction. Its advantage is that it
can do a large range of scanning, but it requires manual
scanning.

[0003] In recent years, the miniaturization of ultrasound
imaging system has developed rapidly. At present, there are
many different types of handheld ultrasound systems. By
using the handheld ultrasound system, the portability can be
greatly improved so that ultrasound imaging can be applied
in more fields. However, at present, there is still no handheld
three-dimensional ultrasound imaging system in the market,
because there are some difficulties in its implementation,
especially the palmtop 3D ultrasound imaging system for
manual scanning of a large range of human body. Because
the traditional ultrasound imaging system requires a large
spatial positioning system, which is not suitable for the
practical palmtop application. For example, the most com-
monly used electromagnetic positioning device needs an
external transmitter and a spatial positioning sensor placed
on the ultrasound probe. It is very difficult to make such a
system completely into the palmtop portable system.
[0004] Therefore, how to improve the huge spatial posi-
tioning system and make the portable handheld three-di-
mensional ultrasound imaging system widely used has
become an urgent technical problem in the industry.

SUMMARY

[0005] The purpose of the present application is to provide
a handheld three-dimensional ultrasound imaging system
and method aiming at the existing technical problems, so
that the handheld three-dimensional ultrasound imaging can
be widely used.

[0006] The technical scheme of the present application for
solving the above technical problems is as follows, provid-
ing a handheld three-dimensional ultrasound imaging sys-
tem, comprising a handheld ultrasound probe, used for
scanning and obtaining an ultrasound image; a display,
control and processing terminal, connected to the handheld
ultrasound probe wiredly or wirelessly: the handheld ultra-
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sound imaging system of the present application further
comprises: a handheld three-dimensional spatial positioning
system, connected to the handheld ultrasound probe, moving
with the movement of the handheld ultrasound probe, con-
nected to the display, control and processing terminal
wiredly or wirelessly, and used for independently position-
ing a three-dimensional position and angle information of
the handheld ultrasound probe.

[0007] Preferably, the handheld ultrasound imaging sys-
tem further comprises a positioning reference device,
located outside the handheld ultrasound probe, used for
providing positioning reference for the handheld three-
dimensional spatial positioning system.

[0008] Preferably, the handheld three-dimensional spatial
positioning system is positioned inside the handheld ultra-
sound probe.

[0009] Preferably, the handheld three-dimensional spatial
positioning system is an accelerometer or a gyroscope
mounted on the handheld ultrasound probe, used for obtain-
ing acceleration or an angular acceleration of the handheld
ultrasound probe, and then obtaining a moving distance and
a rotation angle of the handheld ultrasound probe.

[0010] Preferably, the positioning reference device is a
localization image arranged on a part to be tested, and the
handheld three-dimensional spatial positioning system com-
prises a camera used for detecting a position of the local-
ization image and providing positioning reference, and an
accelerometer or an gyroscope used for obtaining an accel-
eration or an angular acceleration of the handheld ultrasound
probe and then obtaining a moving distance and a rotation
angle of the handheld ultrasound probe.

[0011] Preferably, further comprises a cloud database,
connected to the display, control and processing terminal
communicatively, used for processing the ultrasound image
and the three-dimensional position and angle information
obtained from the display, control and processing terminal
through the wireless or wired data transmission device, and
returning data processing results to the display, control and
processing terminal.

[0012] The present application further provides a hand-
held three-dimensional ultrasound imaging method,
wherein, comprising the following steps:

[0013] S1. using a handheld ultrasound probe to scan a
part to be tested to obtain a series of ultrasound images;

[0014] S2. obtaining a three-dimensional position and
angle information corresponding to each frame of ultrasound
images through a handheld three-dimensional spatial posi-
tioning system;

[0015] S3. performing 3D image reconstruction to the
ultrasound image and the three-dimensional position and
angle information and displaying.

[0016] Preferably, the step S3 is:

[0017] S3. transmitting the ultrasound image and the
three-dimensional position and angle information to a cloud
database through a wireless or wired data transmission
device for image reconstruction, analysis, calculation and
comparison, and the cloud database transmitting results of
image reconstruction, analysis, calculation and comparison
back to the display, control and processing terminal for
display.
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[0018] Preferably, the step S3 is:

[0019] S3. performing 3D image reconstruction to the
ultrasound image and the three-dimensional position and
angle information and displaying through the display, con-
trol and processing terminal.

[0020] Preferably, the handheld three-dimensional spatial
positioning system is an accelerometer or a gyroscope
mounted on the handheld ultrasound probe, used for obtain-
ing an acceleration or an angular acceleration of the hand-
held ultrasound probe, and then obtaining a moving distance
and a rotation angle of the handheld ultrasound probe.
[0021] Preferably, the step S2 of the imaging method
comprises the following steps:

[0022] S2.1 using the three-dimensional spatial position-
ing system to scan a positioning reference device for pro-
viding positioning reference for the handheld three-dimen-
sional spatial positioning system.

[0023] Preferably, the positioning reference device is
arranged on a part to be tested, the step S3 of the imaging
method further comprises the following steps:

[0024] S3.1 the display, control and processing terminal
extracting information of the positioning reference device
from the ultrasound image as positioning information;
[0025] S3.2 the display, control and processing terminal
restoring the ultrasound image to a state without interference
from the positioning reference device, and then performing
3D image reconstruction to the ultrasound image and dis-
playing.

[0026] Preferably, positioning reference device is
arranged on a part to be tested, the step S1 of the imaging
method further comprises the following steps:

[0027] S1.1 when the positioning reference device is
arranged on the part to be tested, using the handheld
ultrasound probe to scan the part to be tested to obtain a first
ultrasound image;

[0028] S1.2 removing the positioning reference device,
and using the handheld ultrasound probe to scan the part to
be tested again to obtain a second ultrasound image;
[0029] the step S3 of the imaging method further com-
prises the following steps:

[0030] S3.6 the display, control and processing terminal
using the first ultrasound image as a reference to determine
the position of the positioning reference device relative to
the second ultrasound image, thus performing 3D image
reconstruction to the ultrasound image and the three-dimen-
sional position and angle information and displaying.
[0031] By means of the handheld three-dimensional ultra-
sound imaging system and method of the present applica-
tion, the large spatial positioning system in an existing
three-dimensional ultrasound imaging system is changed
into a portable spatial positioning system that can be used at
any time, so that handheld three-dimensional ultrasound
imaging can be widely applied.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The application will be further described in com-
bination with the accompanying drawings and embodi-
ments, in which:

[0033] FIG. 1 is the structure diagram of the handheld
three-dimensional ultrasound imaging system of the present
application;

[0034] FIG. 2 is the structure diagram of the handheld
three-dimensional ultrasound imaging system in a preferred
embodiment of the present application;
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[0035] FIG. 3 is the structure diagram of the handheld
three-dimensional ultrasound imaging system in another
preferred embodiment of the present application;

[0036] FIG. 4 is the structure diagram of the handheld
three-dimensional ultrasound imaging system in a third
embodiment of the present application;

[0037] FIG. 5a is the scanning diagram of the handheld
three-dimensional ultrasound imaging system in a fourth
embodiment of the present application;

[0038] FIG. 55 is a schematic diagram of two consecutive
ultrasound images in the fourth embodiment of the present
application;

[0039] FIG. 6 is the structure diagram of the positioning
reference device and the handheld ultrasound probe in a
sixth embodiment of the present application;

[0040] FIG. 7 is the structure diagram of the positioning
reference device in a seventh embodiment of the present
application;

[0041] FIG. 8a is a positioning information diagram
obtained by scanning positioning reference device in the
seventh embodiment of the present application;

[0042] FIG. 85 is another positioning information diagram
obtained by scanning positioning reference device in the
seventh embodiment of the present application;

[0043] FIG. 9 is the structure diagram of the handheld
ultrasound probe of another embodiment of the present
application;

[0044] FIG. 10 is the diagram of the handheld three-
dimensional ultrasound imaging of the present application.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0045] In order to enable those skilled in the art to under-
stand the application more clearly, the application will be
described in further detail below in combination with the
drawings and specific embodiments.

[0046] As shown in FIG. 1, the present application dis-
closes a handheld three-dimensional ultrasound imaging
system, comprising a handheld ultrasound probe 100; a
display, control and processing terminal 300, connected to
the handheld ultrasound probe 100 wiredly or wirelessly; a
handheld three-dimensional spatial positioning system 200,
connected to the handheld ultrasound probe 100, moving
with the movement of the handheld ultrasound probe 100,
connected to the display, control and processing terminal
300 wiredly or wirelessly. In FIG. 1, the handheld three-
dimensional spatial positioning system 200 is mounted on
the handheld ultrasound probe 100. In other embodiments,
as long as it is connected with the handheld ultrasound probe
100, it can move with the movement of the handheld
ultrasound probe 100, without necessarily being installed on
the handheld ultrasound probe 100, and the specific setting
mode is not limited here. The display, control and processing
terminal 300 of the application can be a palmtop terminal or
a desktop terminal, such as a laptop, etc., which can be
connected with the handheld ultrasound probe 100 by wire-
less or wired means. The display, control and processing
terminal 300 stores three-dimensional imaging, image pro-
cessing and three-dimensional display algorithms, which
directly analyzes and processes the image and data infor-
mation returned by the handheld ultrasound probe 100, and
displays three-dimensional images.

[0047] As shown in FIG. 2, since the handheld three-
dimensional ultrasound imaging system is required to be
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small in size and portable, in order to reduce the dimension
of the handheld three-dimensional ultrasound imaging sys-
tem, the handheld three-dimensional ultrasound imaging
system of the present application further includes a cloud
database 400 and a similar processing system. Thus, the
display, control and processing terminal 300 transmits the
three-dimensional position information, angle and recon-
struction result to the cloud database 400 for storage. In the
cloud database 400, the reconstruction results can be clas-
sified and stored, for example, the time can be classified and
stored by the name of the customer, so as to facilitate the
user to compare the changes of the part to be tested 600 in
different time periods, or the classification and storage can
be carried out by the name of different diseases, so that the
user can refer to the changes of the part to be tested 600 to
be detected by other users.

[0048] Further, in order to make the handheld three-
dimensional ultrasound imaging system more miniaturized
and improve its portability, only simple 3D imaging, image
processing and 3D display algorithms are stored in the
display, control and processing terminal 300, and the image
and data information are simply analyzed and processed.
The display, control and processing terminal 300 is con-
nected to the cloud database 400 and similar processing
systems through the network, Bluetooth and other ways. In
the cloud database 400, more advanced and more complex
3D imaging, image processing and 3D display algorithms
can be stored. The display, control and processing terminal
300 uploads the simple processed information to the cloud
database 400 for analysis and processing. The cloud data-
base 400 transmits the results after analysis and processing
back to the display, control and processing terminal 300 of
the handheld ultrasonic instrument for display or further
processing. Even, the display, control and processing termi-
nal 300 may not store three-dimensional imaging, image
processing and three-dimensional display algorithm, just
upload the image and data information returned by the
handheld ultrasound probe 100 directly to the cloud database
400, and process, analyze and process through the three-
dimensional imaging, image processing and three-dimen-
sional display algorithm in the cloud database 400. After
that, the information is transmitted back to the display,
control and processing terminal 300 for display. Similarly, in
the cloud database 400, the reconstruction results can still be
classified and stored, so that customers can retrieve the data
of the reconstruction results from the cloud database 400 for
query. The cloud database 400 can be a remote storage and
computing device.

[0049] The handheld three-dimensional spatial position-
ing system 200 in the application is a device convenient for
moving and installing, which is connected with the handheld
ultrasound probe 100, and can move with the movement of
the handheld ultrasound probe 100. The handheld three-
dimensional ultrasound imaging system can directly obtain
the 3D spatial position of the handheld ultrasound probe 100
through the handheld three-dimensional spatial positioning
system 200, without any other positioning system. Prefer-
ably, the handheld three-dimensional spatial positioning
system 200 is arranged inside the handheld ultrasound probe
100, so that when the handheld three-dimensional ultra-
sound imaging system of the present application is applied,
there will not be a non portable positioning system to affect
the portability of the handheld three-dimensional ultrasound
imaging system. There are six embodiments of how the
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handheld three-dimensional spatial positioning system 200
obtains the 3D position information and angle information
of the handheld ultrasound probe 100.

[0050] As shown in FIG. 3, in order to improve the
accuracy of positioning, the handheld three-dimensional
ultrasound imaging system can further include a positioning
reference device 500, which is located outside the handheld
ultrasound probe 100 and is used to provide positioning
reference for the handheld three-dimensional spatial posi-
tioning system 200.

The First Embodiment

[0051] The handheld three-dimensional spatial position-
ing system 200 includes micro inertial sensors such as
accelerometers and angular velocity meters installed on the
handheld ultrasound probe 100, which are used to obtain the
acceleration and angular acceleration values of the handheld
ultrasound probe 100, so as to calculate the moving distance
and rotation angle of the handheld ultrasound probe 100, and
then independently obtain the 3D spatial position of the
handheld ultrasound probe 100.

The Second Embodiment

[0052] The handheld three-dimensional spatial position-
ing system 200 includes one or more cameras installed on
the handheld ultrasound probe 100 and micro inertial sen-
sors such as accelerometers, angular velocity meters
installed in the handheld ultrasound probe 100. The posi-
tioning reference device 500 is an external environment. The
camera is used to obtain the image of the surrounding
environment, such as the grid on the ceiling, etc. according
to the obtained image changes, the position and angle of the
handheld ultrasound probe 100 can be calculated, and spe-
cial graphics can also be simply added in the environment to
facilitate detection. Accelerometers and angular velocity
meters are used to obtain the acceleration and angular
acceleration values of the handheld ultrasound probe 100, so
as to calculate the moving distance and angle of the hand-
held ultrasound probe 100. The combination of accelerom-
eter, angular velocity meter and camera makes the position-
ing more accurate. Before using the handheld three-
dimensional spatial positioning system 200, it is necessary
to let the handheld ultrasound probe 100 move a known
distance or rotate a known angle to determine the parameters
needed in the positioning algorithm.

The Third Embodiment

[0053] As shown in FIG. 4, the handheld three-dimen-
sional spatial positioning system 200 is a micro inertial
sensor, such as accelerometer and gyroscope, which are
installed on the handheld ultrasound probe 100. The hand-
held three-dimensional ultrasound system further includes a
positioning reference device 500, which is a small reference
system installed on or near the scanning object, i.e. installed
outside the handheld ultrasound probe 100, and is used to
provide positioning reference for the handheld three-dimen-
sional spatial positioning system 200. The miniaturized
reference system is a miniaturized electromagnetic trans-
mitter installed on the scanning object. In addition to the
electromagnetic transmitter, the sound or light transmitting
and receiving system can also be used, that is, the minia-
turization of the traditional light, sound and electromagnetic
handheld three-dimensional spatial positioning system.
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Accelerometers and gyroscope are used to obtain the accel-
eration and angular acceleration values of the handheld
ultrasound probe 100, so as to calculate the moving distance
and angle of the handheld ultrasound probe 100. The com-
bination of accelerometer, angular velocity meter and small
reference system makes the positioning more accurate.
[0054] In addition, the small reference system can also be
one or more micro cameras placed on the scanning body,
recording the rotation angle of the micro camera to track the
movement and angle of the probe.

The Fourth Embodiment

[0055] The handheld three-dimensional spatial position-
ing system 200 in the fourth embodiment is a micro inertial
sensor such as an accelerometer, a gyroscope, etc. The
handheld three-dimensional ultrasound system further
includes a positioning reference device 500, which is the
ultrasound image itself.

[0056] As shown in FIG. 5a, when the handheld ultra-
sound probe 100 moves, the left and right ultrasound images
in FIG. 5b are obtained successively. The two ultrasound
images have continuity and some overlapped patts, that is,
the content of the ultrasound images obtained sequentially
has great similarity. When the image sampling speed is very
high, but the moving speed is not very fast, the difference
distance d between the two images can be obtained by the
way of image matching, and the moving distance can be
obtained by the difference between the successively
obtained ultrasound images. In the same way, the rotation
angle of the handheld ultrasound probe 100 in this plane can
also be obtained. However, when the ultrasound image itself
is used alone, the limitation is that the handheld ultrasound
probe 100 can only move or rotate in one direction. When
the handheld ultrasound probe 100 moves or rotates in the
reverse direction, it is easy to cause the calculation error of
the collected three-dimensional position information or
angle information.

[0057] Therefore, in this embodiment, micro inertial sen-
sors such as accelerometers and angular velocity meter are
used in combination with ultrasound images, and micro
inertial sensors such as accelerometers and angular velocity
meter are used to obtain the acceleration and angular accel-
eration values of the handheld ultrasound probe 100, so as
to calculate the moving distance and angle of handheld
ultrasound probe 100, which can supplement the data
obtained from the images, making the positioning method
more accurate.

The Fifth Embodiment

[0058] The difference between the fifth embodiment and
the fourth embodiment is that the handheld ultrasound probe
of the fifth embodiment uses a compound probe, that is, a
sub probe in different directions is installed in one handheld
ultrasound probe 100, which is used to measure the moving
distance and rotation angle of the handheld ultrasound probe
100 in both directions at the same time. The handheld
three-dimensional spatial positioning system 200 is still a
micro inertial sensor such as accelerometer and gyroscope.
It is used to obtain the acceleration and angular acceleration
values of the handheld ultrasound probe 100, and calculate
the moving distance and angle of the handheld ultrasound
probe 100. Thus, the handheld three-dimensional spatial
positioning system 200 can detect the amount of movement
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and rotation in the third direction besides the direction
provided by the compound probe, and then calculate the 3D
position information and angle of the handheld ultrasound
probe 100 more accurately.

The Sixth Embodiment

[0059] As shown in FIG. 6, the handheld three-dimen-
sional ultrasound imaging system further includes a posi-
tioning reference device 500, in this embodiment, the posi-
tioning reference device 500 is a localization image 501 set
on the surface of the scanning object. The handheld three-
dimensional spatial positioning system 200 includes a cam-
era 201 mounted on the handheld ultrasound probe 100.
When the handheld ultrasound probe 100 moves, the camera
201 tracks the moving distance and rotation angle of the
handheld ultrasound probe 100 according to the change of
the localization image 501. Preferably, the handheld three-
dimensional spatial positioning system 200 also includes
micro inertial sensors such as accelerometers and gyroscope
installed on the handheld ultrasound probe 100 for further
providing information about the moving distance and rota-
tion angle of the handheld ultrasound probe 100. The
localization image 501 may be a specially designed image
temporarily pasted on the surface of the scanning object, and
they are pasted beside the part to be tested 600 of the object
to be scanned, so as to avoid the interference of the local-
ization image 501 on the ultrasonic signal. In this embodi-
ment, the localization image 501 is a lattice attached to the
part to be tested 600, and the distance between the points in
the lattice is a pre-designed value, which is known. Prefer-
ably, the lattice can also be designed as points with large and
small intervals, which can be used to provide a clearer
positioning reference.

[0060] In this embodiment, the camera 201 is used to
record the localization image 501 for positioning. In other
embodiments of the application, other similar methods can
be applied, for example, the localization image 501 with the
characteristics of sound, light, electrical, magnetic, etc. is
designed and pasted on the scanning object, and a detector
is installed on the handheld ultrasound probe 100 to record
the localization image 501 located outside the part to be
tested 600 for positioning.

The Seventh Embodiment

[0061] The difference between the seventh embodiment
and the sixth embodiment is that the localization image 501
of the sixth embodiment is temporarily attached to the part
to be tested 600 of the object to be scanned, that is, the
ultrasound will not scan the localization image 501 to avoid
interference of the localization image 501 with the ultrasonic
signal. However, in the sixth embodiment, the interference
of the localization image 501 with the ultrasonic signal is
used for positioning,

[0062] As shown in FIG. 7, the localization image 501 is
a lattice, of course, in other embodiments of the application,
the localization image 501 can also be of other shapes, such
as lattice, wave shape, etc., as long as it can provide
positioning reference. The localization image 501 in the
embodiment is pasted on the part to be tested 600, and the
distance between the points in the lattice is a pre-designed
value, which is known. Preferably, the setting mode can be
a mode with one big point for every five small points to
provide positioning information more clearly. Further,
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according to the material of the localization image 501, each
point on the lattice has different degrees of influence on the
ultrasonic signal. As shown in FIG. 8a, the reflection signal
can be a point, as shown in FIG. 85, and the reflection signal
can also be a point with a shadow area, which is used to
distinguish the position of each row or column of points, so
as to make the positioning more accurate. Preferably, the
localization image 501 is integrated with the ultrasonic
coupling paste, which makes the use and attachment on body
surface easier and the operation process more concise.

[0063] Therefore, in this embodiment, there are two posi-
tioning methods. The first method is to extract the informa-
tion of the localization image 501 from the obtained ultra-
sound image as positioning information, then recover the
ultrasound image to a state without interference of the
localization image 501 after image processing, and then
reconstruct the three-dimensional image of the ultrasound
image.

[0064] Another positioning method is to scan the part to be
tested 600 once when the localization image 501 is attached
on the part to be tested 600 to obtain the first ultrasound
image, the scope of the first ultrasound image may include
the localization image 501 and the scope beyond the local-
ization image 501; then take away the localization image
501, and then scan again to obtain the second ultrasound
image; the display, control and process terminal determines
the position of the localization image 501 relative to the
second ultrasound image according to the obtained first
ultrasound image as a reference, so as to obtain a three-
dimensional image which is completely free from the influ-
ence of the localization image 501 and has positioning
information of the localization image 501.

[0065] As shown in FIG. 9, the above localization image
501 is used in the embodiment to interfere with ultrasonic
wave for positioning. In other embodiments of the applica-
tion, other similar methods can be applied, such as designing
localization image 501 with optical, electrical, magnetic and
other characteristics, attaching it to the scanning object, and
installing optical, electrical, magnetic and other detectors on
the handheld ultrasound probe 100 as the palm of the system
The localization image 501 is detected by the handheld
three-dimensional spatial positioning system 200, and the
installation mode of the handheld three-dimensional spatial
positioning system 200 is shown in the figure.

[0066] It can be understood that in the first to seventh
embodiments, all the handheld three-dimensional spatial
positioning system 200 installed on the handheld ultrasound
probe 100, i.e. camera, sound, light, electrical, magnetic
detector, etc., may not be installed on the handheld ultra-
sound probe 100, as long as they can move with the
movement of the handheld ultrasound probe 100, there is no
limit here.

[0067] As shown in FIG. 10, the present application
further discloses a handheld three-dimensional ultrasound
imaging method, comprising the following steps:

[0068] S1.using a handheld ultrasound probe 100 to scan
a part to be tested 600 to obtain a series of ultrasound
images;

[0069] S2. obtaining a three-dimensional position and
angle information corresponding to each frame of ultrasound
images through a handheld three-dimensional spatial posi-
tioning system 200;

May 7, 2020

[0070] S3. performing 3D image reconstruction to the
ultrasound image and the three-dimensional position and
angle information and displaying.

[0071] In the handheld three-dimensional ultrasound
imaging method, the step S2 comprises the following steps:
[0072] S2.1 arranging a positioning reference device 500
on the scanning objects for providing positioning reference
for the handheld three-dimensional spatial positioning sys-
tem 200.

[0073] The positioning reference device 500 is an electri-
cal, magnetic, acoustic, optical and other transmitters
installed on the scanning object, and the transmitted elec-
trical, magnetic, acoustic, optical and other signals can be
received by the corresponding receiver installed on the
handheld ultrasound probe 100 for positioning reference; or
place the localization image 501 with electrical, magnetic,
acoustic and optical characteristics on the surface of the
scanning object, so that it can be detected by the ultrasonic
transducer on the handheld ultrasound probe 100, or the
electrical, magnetic, acoustic and optical detectors, and then
used for positioning. For specific embodiments, please refer
to the first to sixth embodiments, which will not be described
here.

[0074] In the handheld three-dimensional ultrasound
imaging method, the step S3 comprises the following steps:
[0075] S3.1 performing 3D image reconstruction to the
ultrasound image and the three-dimensional position and
angle information and displaying through the display, con-
trol and processing terminal 300.

[0076] In order to realize the miniaturization of the hand-
held three-dimensional ultrasound imaging system, when
the handheld three-dimensional ultrasound imaging system
further includes the cloud database 400 for storing data, step
S3 further includes:

[0077] S3.2 The display, control and processing terminal
300 transmits the reconstruction result to the cloud database
400 for storage.

[0078] In the cloud database 400, the reconstruction
results can be classified and stored, for example, the time can
be classified and stored by the name of the customer, so as
to facilitate the user to compare the changes of the part to be
tested 600 in different time periods, or the classification and
storage can be carried out by the name of different diseases,
so that the user can refer to the changes of the part to be
tested 600 by other users.

[0079] In order to realize further miniaturization and por-
tability of the handheld three-dimensional ultrasound imag-
ing system, the handheld three-dimensional ultrasound
imaging system further includes a cloud database 400 for
data processing, and the steps S3 of the imaging method
include:

[0080] S3.3 the display, control and processing terminal
300 transmits the ultrasound image and the three-dimen-
sional spatial information and angle to the cloud database
400;

[0081] S3.4 the cloud database 400 performs 3D image
reconstruction of the ultrasound image and the 3D spatial
information and angle, and transmits the reconstruction
result back to the display, control and processing terminal
300;

[0082] S3.5 the display, control and processing terminal
300 displays the reconstruction result.

[0083] Similarly, in the cloud database 400, the recon-
struction results can be classified and stored, so that cus-
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tomers can retrieve the data of the reconstruction results
from the cloud database 400 for query.

[0084] The handheld three-dimensional spatial position-
ing system 300 in the method can be any of the handheld
three-dimensional spatial positioning system in the first to
seventh embodiments, and the positioning reference device
500 of the application can be any of the positioning refer-
ence devices in second to seventh embodiments; when the
positioning reference device 500 is the material shown in the
seventh embodiment, which is a material that can interfere
with ultrasound imaging, and is disposed on the part to be
tested 600, the step S3 of the imaging method further
includes the following steps:

[0085] S3.1 the display, control and processing terminal
300 extracting information of the positioning reference
device 500 from the ultrasound image as positioning infor-
mation;

[0086] S3.2 the display, control and processing terminal
300 restoring the ultrasound image to a state without inter-
ference from the positioning reference device 500, and then
performing 3D image reconstruction to the ultrasound image
and displaying.

[0087] In the seventh embodiment, there is another posi-
tioning method. Step Si of the imaging method further
includes the following steps:

[0088] S1.1 when the positioning reference device 500 is
arranged on the part to be tested 600, using the handheld
ultrasound probe 100 to scan the part to be tested 600 to
obtain a first ultrasound image;

[0089] S1.2 removing the positioning reference device
500, and using the handheld ultrasound probe 100 to scan
the part to be tested 600 again to obtain a second ultrasound
image;

[0090] Meanwhile, step S3 of the imaging method further
includes the following steps:

[0091] S3.6 the display, control and processing terminal
300 vusing the first vltrasound image as a reference to
determine the position of the positioning reference device
500 relative to the second ultrasound image, thus performing
3D image reconstruction to the ultrasound image and the
three-dimensional position and angle information and dis-
playing.

[0092] To sum up, a handheld three-dimensional ultra-
sound imaging system and method disclosed by the appli-
cation do not use the traditional large-size and bulky spatial
positioning system to locate the handheld ultrasound probe,
instead use the portable handheld three-dimensional spatial
positioning system and positioning reference device, or even
the handheld three-dimensional spatial positioning system
alone. It is convenient for users to carry and use the handheld
three-dimensional ultrasound imaging system disclosed by
the application at any time, and a miniaturized and portable
handheld three-dimensional ultrasound imaging system is
achieved.

[0093] It should be understood that for those of ordinary
skill in the art, improvements or transformations can be
made according to the above description, and all of these
improvements and transformations belong to the scope of
protection of the appended claims of the application.

1. A handheld three-dimensional ultrasound imaging sys-
tem, comprising a handheld ultrasound probe (100), used for
scanning and obtaining an ultrasound image;
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a display, control and processing terminal (300), con-
nected to the handheld ultrasound probe (100) wiredly
or wirelessly;

wherein, further comprising:

a handheld three-dimensional spatial positioning system
(200), connected to the handheld ultrasound probe
(100), moving with movement of the handheld ultra-
sound probe (100), connected to the display, control
and processing terminal (300) wiredly or wirelessly,
and used for independently positioning a three-dimen-
sional position and angle information of the handheld
ultrasound probe (100).

2. The handheld three-dimensional ultrasound imaging
system according to claim 1, wherein, further comprises a
positioning reference device (500), located outside the hand-
held ultrasound probe (100), used for providing positioning
reference for the handheld three-dimensional spatial posi-
tioning system (200).

3. The handheld three-dimensional ultrasound imaging
system according to claim 1, wherein, the handheld three-
dimensional spatial positioning system (200) is positioned
inside the handheld ultrasound probe (100).

4. The handheld three-dimensional ultrasound imaging
system according to claim 1, wherein, the handheld three-
dimensional spatial positioning system (200) is an accelet-
ometer or a gyroscope mounted on the handheld ultrasound
probe (100), used for obtaining an acceleration or an angular
acceleration of the handheld ultrasound probe (100), and
then obtaining a moving distance and a rotation angle of the
handheld ultrasound probe (100).

5. The handheld three-dimensional ultrasound imaging
system according to claim 2, wherein, the positioning ref-
erence device (500) is a localization image (501) arranged
on a part to be tested (600), and the handheld three-
dimensional spatial positioning system (200) comprises a
camera (201) used for detecting a position of the localization
image (501) and providing positioning reference, and an
accelerometer or an angular velocity meter used for obtain-
ing an acceleration or an angular acceleration of the hand-
held ultrasound probe (100) and then obtaining a moving
distance and a rotation angle of the handheld ultrasound
probe (100).

6. The handheld three-dimensional ultrasound imaging
system according to claim 1, wherein, further comprises a
cloud database (400), connected to the display, control and
processing terminal (300) communicatively, used for pro-
cessing the ultrasound image and the three-dimensional
position and angle information obtained from the display,
control and processing terminal (300) through a wireless or
wired data transmission device, and returning data process-
ing results to the display, control and processing terminal
(300).

7. A handheld three-dimensional ultrasound imaging
method, wherein, comprising following steps:

S1. using a handheld ultrasound probe (100) to scan a part
to be tested (600) to obtain a series of ultrasound
images;

S2. obtaining a three-dimensional position and angle
information corresponding to each frame of ultrasound
images through a handheld three-dimensional spatial
positioning system (200);

S3. performing 3D image reconstruction to the ultrasound
image and the three-dimensional position and angle
information and displaying.
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8. The handheld three-dimensional ultrasound imaging
method according to claim 7, wherein, step S3 is:

S3. transmitting the ultrasound image and the three-
dimensional position and angle information to a cloud
database (400) through a wireless or wired data trans-
mission device for image reconstruction, analysis, cal-
culation and comparison, and the cloud database (400)
transmitting results of image reconstruction, analysis,
calculation and comparison back to the display, control
and processing terminal (300) for display.

9. The handheld three-dimensional ultrasound imaging

method according to claim 7, wherein, step S3 is:

S3. performing 3D image reconstruction to the ultrasound
image and the three-dimensional position and angle
information and displaying through the display, control
and processing terminal (300).

10. The handheld three-dimensional ultrasound imaging
method according to claim 7, wherein, the handheld three-
dimensional spatial positioning system (200) is an acceler-
ometer or a gyroscope mounted on the handheld ultrasound
probe (100), used for obtaining an acceleration or an angular
acceleration of the handheld ultrasound probe (100), and
then obtaining a moving distance and a rotation angle of the
handheld ultrasound probe (100).

11. The handheld three-dimensional ultrasound imaging
method according to claim 7, wherein, step S2 of the
imaging method comprises the following steps:

S2.1 using the three-dimensional spatial positioning sys-
tem (200) to scan a positioning reference device (500)
for providing positioning reference for the handheld
three-dimensional spatial positioning system (200).

12. The handheld three-dimensional ultrasound imaging
method according to claim 11, wherein, the positioning

May 7, 2020

reference device (500) is arranged on a part to be tested
(600), step S3 of the imaging method further comprises the
following steps:

S3.1 the display, control and processing terminal (300)
extracting information of the positioning reference
device (500) from the ultrasound image as positioning
information;

S3.2 the display, control and processing terminal (300)
restoring the ultrasound image to a state without inter-
ference from the positioning reference device (500),
and then performing 3D image reconstruction to the
ultrasound image and displaying.

13. The handheld three-dimensional ultrasound imaging
method according to claim 11, wherein, positioning refer-
ence device (500) is arranged on a part to be tested (600),
step Si of the imaging method further comprises the follow-
ing steps:

S1.1 when the positioning reference device (500) is
arranged on the part to be tested (600), using the
handheld ultrasound probe (100) to scan the part to be
tested (600) to obtain a first ultrasound image;

S1.2 removing the positioning reference device (500), and
using the handheld ultrasound probe (100) to scan the
part to be tested (600) again to obtain a second ultra-
sound image;

step S3 of the imaging method further comprises the
following steps:

S3.6 the display, control and processing terminal (300)
using the first ultrasound image as a reference to
determine the position of the positioning reference
device (500) relative to the second ultrasound image,
thus performing 3D image reconstruction to the ultra-
sound image and the three-dimensional position and
angle information and displaying.

* ok %k
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