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(57) ABSTRACT

A 3D ultrasound imaging device including an ultrasound
probe assembly and echo analyzer. The ultrasound probe
assembly includes a housing and an acoustic window abut-
ted against the housing to form a sealed chamber, wherein
the surface of the acoustic window contacts with the breast
of the human body to be examined; an ultrasound transducer
moves at a first speed back and forth within the sealed
chamber and performs high-speed pre-scanning through the
acoustic window to obtain initial ultrasound signals; the
echo analyzer analyzes the initial ultrasound signals to
determine a quality of a ultrasound image acquired by the
high speed pre-scanning; and the ultrasound transducer then
moves at a second speed to perform another scan to acquire
new ultrasound signals. A 3D ultrasound imaging method is
also disclosed.
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ULTRASOUND IMAGING DEVICE AND
IMAGING METHOD THEREOF

TECHNICAL FIELD

[0001] The present disclosure relates to the medical tech-
nology field and particularly to an ultrasound imaging
device and method thereof.

BACKGROUND

[0002] Ultrasound is one of the most important imaging
tools in breast screening. The ultrasound examination has no
radiation, it is convenient to use, and the cost is low. The
ultrasound examination is beneficial and does not cause
damage to people with large glands or dense glands and
young women, especially near the pectorals.

[0003] The technology of automatic breast scanning has
developed in recent years. It scans the breast tissue using a
mechanical scanning device and then constructs models,
thereby allowing doctors to observe the breast tissue in
coronal planes and obtain results normal ultrasound imaging
cannot achieve.

[0004] The technical idea of full breast scanning includes
a water immersion method and direct contact method. The
water immersion method further includes supine type and
prone type. With the water immersion method, a patient’s
breast is immersed in water directly or separated by an
ultrasound transparent layer when the patient is at a supine
position, or the patient’s breast is covered by a water bag
when the patient is at a prone position and a ultrasound
probe in the water rotates around and scans the breast. An
advantage of the supine position is that the breast has no
deformation during the scanning process, and a disadvan-
tage is that the peripheral mammary gland cannot be
scanned. A disadvantage of the prone position is that the
breast is not easy to be fixed due to the flowing water, and
the breast deformation can affect image reconstruction error
during the scanning process. Another disadvantage is that
the upper surface and lower surface of the water bag may
form a reverberation, which leads to artifacts. In addition,
the water immersion method has disadvantages, such as the
thickness of the liquid (water) between the ultrasound probe
and the tissue may affect image quality, region of interest
may not be in the physical focus area, and bubbles produced
by the rotating ultrasound probe in the water may affect the
image quality.

[0005] The direct contact method can be further classified
into splint type and press down type. The splint type is
similar to a molybdenum target splint type scanning method,
wherein the mammary gland of the patient is held and fixed
by two splints from two sides. A contact surface of one of the
splints contacting the mammary gland is an acoustic plane.
The ultrasound probe can move along the contact surface in
the splint at a constant speed and scan the breast. Some
disadvantages of the splint type scanning may include: a
scanning position is different with an operation position, the
peripheral mammary gland cannot be scanned, the patient
feels uncomfortable, and it is not suitable for patients with
small breasts.

[0006] The press down type of the direct contact method
refers to when the ultrasound probe covers the breast of a
patient in a supine position, or refers to when a patient stands
and moves her breast to press the ultrasound probe, wherein
the ultrasound probe’s scanning surface is orientated
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upward. The characteristic of the press down type is suitable
for thin and small people, and the scanning position is
identical to the operation position such that the patient does
not need to change the position to continue an automated
whole breast scanning after a hand-held probe scanning.
[0007] The press down type is the most widely used
method. A commercialization implementation thereof is
using porous net cloth to cover the mammary gland tissues
and the ultrasound probe scanning on the net cloth.

[0008] However, the current press down type automated
mammary gland scanning method has certain disadvantages.
[0009] For example, as the reconstruction is performed
after mechanical scanning, if some area has pool contact
with the body tissue and is separated by air, a shadow will
be generated and thus will seriously affect the quality of the
images. Because the scanning time is usually long, whether
the contact situation is desirable cannot be known in
advance, so the success rate of data collecting will be
affected.

SUMMARY

[0010] Aiming at the above-described drawbacks in the
prior art, ultrasound imaging devices and methods are pro-
vided in this disclosure.

[0011] According to one embodiment of the present dis-
closure, an ultrasound imaging method is provided. The
ultrasound imaging method includes: performing a first
scanning to a target object by using an ultrasound transducer
of the ultrasound probe assembly at a first speed to obtain
first ultrasound signals, wherein the ultrasound probe assem-
bly includes an acoustic window, and at least a part of a
lower surface of the acoustic window contacts with the
target object; determining a quality of the first scanning
according to the first ultrasound signals; scanning the target
object by using the ultrasound transducer at a second speed
to obtain second ultrasound signals, and acquiring a second
ultrasound image of the target object according to the second
ultrasound signals; and displaying the second ultrasound
image.

[0012] According to one embodiment of the present dis-
closure, an ultrasound imaging device is provided. The
ultrasound imaging device may include an ultrasound probe
assembly, a signal processor and a display.

[0013] The ultrasound probe assembly may include a
housing, an acoustic window disposed at the bottom portion
of the housing and of which at least a part of a lower surface
may contact with a target object, an ultrasound transducer
disposed above the acoustic window and configured to scan
the target object, and an ultrasound transducer driving
mechanism which may be connected with the ultrasound
transducer and may drive the ultrasound transducer at a first
speed to perform a first scanning to the target object to obtain
first ultrasound signals.

[0014] The signal processor may receive and analyze the
first ultrasound signals to determine a quality of the first
scanning according to the first ultrasound signals, where the
ultrasound transducer driving mechanism may further drive
the ultrasound transducer at a second speed to perform a
second scanning to the target object to obtain second ultra-
sound signals based on the analysis of the first ultrasound
signals, and the signal processor may further receive the
second ultrasound signal and generate a second ultrasound
image based on the second ultrasound signals.
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[0015]
image.

The display may display the second ultrasound

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] For illustrating embodiments of this disclosure or
technical solutions in the prior art more clearly, some figures
for describing the embodiments or the prior art will be
briefly described below. It is apparent that the figures in the
following descriptions are only some examples of this
disclosure. The ordinary skilled person in the art can obtain
other figures according to these figures without contributing
any creative efforts or new matter based on this disclosure.
[0017] FIG. 1 is a schematic diagram illustrating a struc-
ture of a 3D ultrasound imaging device according to a first
embodiment of the present disclosure;

[0018] FIG. 2 is a schematic diagram illustrating a struc-
ture of a 3D ultrasound imaging device according to a
second embodiment of the present disclosure;

[0019] FIG. 3 is a schematic diagram illustrating a struc-
ture of an ultrasound probe assembly according to a first
embodiment of a 3D ultrasound imaging device according to
an embodiment of the present disclosure;

[0020] FIG. 4 is a schematic diagram illustrating location
indication and real-time reconstruction during a data collec-
tion process by an ultrasound probe assembly of a 3D
ultrasound imaging device according to an embodiment of
the present disclosure;

[0021] FIG. 5 is a schematic diagram illustrating a struc-
ture of an ultrasound probe assembly according to a second
embodiment of a 3D ultrasound imaging device according to
an embodiment of the present disclosure;

[0022] FIG. 6 is a schematic diagram illustrating a struc-
ture of an ultrasound probe assembly according to a third
embodiment of'a 3D ultrasound imaging device according to
an embodiment of the present disclosure;

[0023] FIG. 7 is a schematic diagram illustrating a struc-
ture of an ultrasound probe assembly according to a fourth
embodiment of a 3D ultrasound imaging device according to
an embodiment of the present disclosure;

[0024] FIG. 8 is a schematic diagram illustrating a struc-
ture of an ultrasound probe assembly according to a fifth
embodiment of a 3D ultrasound imaging device according to
an embodiment of the present disclosure;

[0025] FIG. 9 is a schematic diagram illustrating a 3D
ultrasound imaging device employing a rotary encoder to
detect displacement of a slider according to an embodiment
of the present disclosure;

[0026] FIG. 10(a) and FIG. 10(5) are schematic diagrams
illustrating a 3D ultrasound imaging device employing a
proximity sensor to detect displacement of a slider according
to another embodiment of the present disclosure;

[0027] FIG. 11(a), FIG. 11() and FIG. 11(c) are sche-
matic diagrams of echo signals obtained when an ultrasound
probe assembly of a 3D ultrasound imaging device contacts
with a different medium;

[0028] FIG. 12 is a schematic diagram of a structure of an
echo analyzer according to a first embodiment of a 3D
ultrasound imaging device according to embodiments of the
present disclosure;

[0029] FIG. 13 is a diagram illustrating classification of an
echo characteristic of a near field skin layer according to
embodiments of the present disclosure;
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[0030] FIG. 14 is a schematic diagram of a structure of an
echo analyzer according to a second embodiment of a 3D
ultrasound imaging device according to embodiments of the
present disclosure;

[0031] FIG. 15(a) and FIG. 15(b) are schematic diagrams
of a contact effect indicator of a 3D ultrasound imaging
device according to an embodiment of the present disclo-
sure;

[0032] FIG. 16 is a schematic flow chart of a 3D imaging
method according to a first embodiment of the present
disclosure;

[0033] FIG. 17 is a schematic flow chart of a 3D imaging
method according to a second embodiment of the present
disclosure;

[0034] FIG. 18 is a schematic flow chart of a 3D imaging
method according to a third embodiment of the present
disclosure;

[0035] FIG. 19 is a schematic flow chart of a 3D imaging
method according to a fourth embodiment of the present
disclosure;

[0036] FIG. 20 is a schematic flow chart of a 3D imaging
method according to a fifth embodiment of the present
disclosure;

[0037] FIG. 21 is a schematic flow chart of an ultrasound
scanning preparation stage using a 3D ultrasound imaging
device according to an embodiment of the present disclo-
sure; and

[0038] FIG. 22 is a schematic flow chart of an ultrasound
scanning preparation stage using a 3D ultrasound imaging
device according to another embodiment of the present
disclosure.

DETAILED DESCRIPTIONS

[0039] Inview ofthe problems in the prior arts, such as the
discomfort of the patient caused by the mechanical move-
ment of the probe and low success rate of data collecting, at
least one embodiment of the present disclosure provides a
new ultrasound imaging technology. According to one
embodiment of the present disclosure, an ultrasound imag-
ing device can employ a housing to encapsulate a mechani-
cal probe, and a unique process of high-speed pre-scanning
may ensure good contact of probe surface with the patient.
Meanwhile, the mechanical movement may not be applied
to body tissues directly, thus both the patient and the
physician may have a better experience.

[0040] In some embodiments, an ultrasound imaging
method is provided. The method may include:

[0041] performing a first scanning to a target object by
using an ultrasound transducer of an ultrasound probe
assembly at a first speed to obtain first ultrasound signals,
wherein the ultrasound probe assembly comprises a acoustic
window, and at least a part of a lower surface of the acoustic
window contacts with the target object;

[0042] determining a quality of the first scanning accord-
ing to the first ultrasound signals;

[0043] scanning the target object by using the ultrasound
transducer at a second speed to obtain second ultrasound
signals, and acquiring a second ultrasound image of the
target object according to the second ultrasound signals; and
[0044] displaying the second ultrasound image.

[0045] Insome embodiments, determining a quality of the
first scanning according to the first ultrasound signals may
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include generating a first ultrasound image according to the
first ultrasound signals and displaying the first ultrasound
image.

[0046] In some embodiments, determining a quality of the
first scanning according to the first ultrasound signals may
include extracting a characteristic quantity from the first
ultrasound signals, categorizing the first ultrasound signals
according to the characteristic quantity extracted to obtain a
category of the first ultrasound signals, and determining the
quality of the first scanning according to the category of the
first ultrasound signals.

[0047] In some embodiments, determining the quality of
the first scanning according to the category of the first
ultrasound signals may include generating a quality evalu-
ation of the quality of the first scanning according to the
category of the first ultrasound signals and displaying the
quality evaluation of the quality of the first scanning.
[0048] Insome embodiments, determining a quality of the
first scanning according to the first ultrasound signals may
also include comparing the first ultrasound signals with a
pre-stored characteristic quantity and determining the qual-
ity of the first scanning according to a result of the com-
parison between the first ultrasound signals and the pre-
stored characteristic quantity.

[0049] In some embodiments, performing a first scanning
to the target object by using the ultrasound probe at a first
speed may include:

a. scanning the target object by using the ultrasound probe
at a first speed to obtain a first group of first ultrasound
signals, and scanning the target object again by using the
ultrasound probe at a first speed to obtain a second group of
first ultrasound signals; or

[0050] scanning a target area of the target object by using
the ultrasound probe at a first speed to obtain a first group of
first ultrasound signals, dividing the target area into a first
area and a second area according to the first group of first
ultrasound signals, and scanning the first area by using the
ultrasound probe at a first speed to obtain a second group of
first ultrasound signals.

[0051] In these embodiments, determining a quality of the
first scanning according to the first ultrasound signals may
include determining the quality of the first scanning accord-
ing to the first and/or second group of first ultrasound
signals.

[0052] In some embodiments, determining the quality of
the first scanning according to the first and/or second group
of first ultrasound signals may include generating a first
ultrasound image according to the second group of first
ultrasound signals and displaying the first ultrasound image.

[0053] In some embodiments, determining the quality of
the first scanning according to the first and/or second group
of first ultrasound signals may include extracting character-
istic quantity from the second group of first ultrasound
signals, categorizing the second group of first ultrasound
signals according to the extracted characteristic quantity to
obtain a category of the second group of first ultrasound
signals, and determining the quality of the first scanning
according to the category of the second group of first
ultrasound signals.

[0054] In some embodiments, determining the quality of
the first scanning according to the category of the second
group of first ultrasound signals may include generating a
quality evaluation of the quality of the first scanning accord-
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ing to the category of the second group of first ultrasound
signals and displaying the quality evaluation of the quality
of the first scanning,

[0055] In some embodiments, determining the quality of
the first scanning according to the first and/or second group
of first ultrasound signals may also include obtaining a first
section image data in a pre-set plane from the first group of
ultrasound signals, obtaining a second section image data in
the pre-set plane from the second group of ultrasound
signals, comparing the first section image data with the
second section image data, and determining the quality of
the first scanning according to the comparison between the
first section image data and the second section image data.
[0056] In some embodiments, determining the quality of
the first scanning according to the comparison between the
first section image data and the second section image data
may include generating a quality evaluation of the quality of
the first scanning according to the comparison between the
first section image data and the second section image data
and displaying the quality evaluation of the quality of the
first scanning.

[0057] Insome embodiments, the first area may be an area
where the acoustic window contacts with the target object
and the second area may be an area where the acoustic
window contacts with the air.

[0058] In some embodiments, the quality of the first
scanning may include a contact degree between the acoustic
window and the target object, a degree of bubble appearing
in a first ultrasound image acquired by the first scanning
and/or an image quality of the first ultrasound image
acquired by the first scanning.

[0059] In some embodiments, the second speed may be
slower than the first speed.

[0060] In some embodiments, the method may further
include detecting a position of the ultrasound transducer
relative to the acoustic window to acquire position informa-
tion of the position of the ultrasound transducer relative to
the acoustic window, and displaying the position informa-
tion.

[0061] In some embodiments, an ultrasound imaging
device is provided. The ultrasound imaging device may
include an ultrasound probe assembly, a signal processor and
a display.

[0062] The ultrasound probe assembly may include a
housing, an acoustic window disposed at the bottom portion
of the housing and of which at least a part of a lower surface
may contact with a target object, an ultrasound transducer
disposed above the acoustic window and configured to scan
the target object, and an ultrasound transducer driving
mechanism which may be connected with the ultrasound
transducer and may drive the ultrasound transducer at a first
speed to perform a first scanning to the target object to obtain
first ultrasound signals.

[0063] The signal processor may receive and analyze the
first ultrasound signals to determine a quality of the first
scanning according to the first ultrasound signals, where the
ultrasound transducer driving mechanism may further drive
the ultrasound transducer at a second speed to perform a
second scanning to the target object to obtain second ultra-
sound signals based on the analysis of the first ultrasound
signals, and the signal processor may further receive the
second ultrasound signal and generate a second ultrasound
image based on the second ultrasound signals.
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[0064] The display may display the second ultrasound
image.
[0065] In some embodiments, the signal processor may

include a first image processing unit which may receive the
first ultrasound signals and generate a first ultrasound image
according to the first ultrasound signals, and the display may
further display the first ultrasound image.

[0066] In some embodiments, the signal processor may
further include an echo analyzer. The echo analyzer may
include a characteristic quantity extracting unit which may
extract characteristic quantity from the first ultrasound sig-
nals, a categorizer which may categorize the first ultrasound
signals according to the characteristic quantity extracted by
the characteristic quantity extracting unit to obtain a cat-
egory of the first ultrasound signals, and a quality determin-
ing unit which may determine a quality of the first scanning
according to the category of the first ultrasound signals
determined by the categorizer.

[0067] Insome embodiments, the quality determining unit
may further generate a quality evaluation of the quality of
the first scanning according to the category of the first
ultrasound signals from the categorizer, and the display may
further display the quality evaluation of the quality of the
first scanning.

[0068] In some embodiments, the ultrasound transducer
driving mechanism may drive the ultrasound transducer at a
first speed to scan the target object to obtain a first group of
first ultrasound signals, and drive the ultrasound transducer
at a first speed to re-scan the target object to obtain a second
group of first ultrasound signals, and the signal processor
may determine the quality of the first scanning according to
the first and/or second group of first ultrasound signals.
[0069] In some embodiments, the signal processor may
include an echo analyzer. The echo analyzer may include a
section image acquiring unit which may generate a first
section image data of a predetermined section according to
the first group of first ultrasound signals and generate a
second section image data of the predetermined section
according to the second group of first ultrasound signals, a
comparator which may compare the first section image data
with the second section image data, and a quality determin-
ing unit which may determine the quality of the first scan-
ning according to a comparison result of the comparator.
[0070] Insome embodiments, the quality determining unit
may further generate a quality evaluation of the quality of
the first scanning according to the comparison result of the
first section image data and the second section image data,
and the display may further display the quality evaluation.
[0071] In some embodiments, the display may further
include a sub-display unit which is disposed on the housing
and displays a first ultrasound image obtained by the first
ultrasound signals and/or the second ultrasound image.
[0072] In some embodiments, the ultrasound imaging
device may further include a position indicator which moni-
tors a position of the ultrasound transducer relative to the
acoustic window to acquire a position information of the
position of the ultrasound transducer relative to the acoustic
window.

[0073] In some embodiments, in the ultrasound imaging
device, the quality of the first scanning may include a
contact degree between the acoustic window and the target
object, a degree of bubble appearing in a first ultrasound
image acquired by the first scanning and/or an image quality
of the first ultrasound 1mage acquired by the first scanning.
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[0074] In some embodiments, in the ultrasound imaging
device, the second speed may be smaller or slower than the
first speed.

[0075] The ultrasound imaging device and method pro-
vided by embodiments of the present disclosure obtains
ultrasound data by way of a pre-scanning (scanning at a first
speed/the first scanning) performed by the ultrasound probe,
to evaluate the quality of the contacting or coupling between
the ultrasonic window surface of the probe and the body
tissue, and then performs regular formal scanning after
adjustment if necessary. Therefore the success rate of breast
scanning can be improved.

[0076] According to one aspect of the present disclosure,
one embodiment of the present disclosure provides an
ultrasound imaging method which includes the following
steps.

[0077] Step 1: Performing a first scanning with an ultra-
sound transducer of an ultrasound probe assembly at a first
speed to obtain first ultrasound signals. In one embodiment
of the present disclosure, besides the ultrasound transducer,
the ultrasound probe assembly may further include an acous-
tic window. At least a part of the lower surface of the
acoustic window contacts with a target object, that is, an
object/a body to be examined. The target object can be any
object applicable for ultrasound examination or scan, for
example, human tissues or body tissue such as breast, animal
tissues, etc.

[0078] In the embodiments of the present disclosure, the
ultrasound probe assembly may have a detailed structure
described in the following descriptions and the correspond-
ing schematic diagrams, and also may have a detailed
structure identical with that described in Chinese patent
Application No. 201310351863.9, titled An ultrasound
probe assembly, or Chinese patent Application No.
201310351756.6, also titled An ultrasound probe assembly,
each of which applications and their translations are incor-
porated by reference in their entireties.

[0079] Step 2: Determining a quality of the first scanning
according to the first ultrasound signals. In one embodiment
of the present disclosure, the quality of the scanning (e.g. the
first scanning herein) refers to a collection of any factors that
affects the scanning process and/or the quality of the images
acquired by the scanning and/or the final result of the
scanning to the target object. For example, the quality of
scanning may include, but not limited to, a contact degree
between the acoustic window of the ultrasound probe assem-
bly and the target object during the scanning, a degree of
bubble appearing in the ultrasound image acquired by the
scanning and/or the image quality of the ultrasound image
acquired by the scanning, etc.

[0080] Step 3: Scanning the target object with the ultra-
sound transducer at a second speed to obtain second ultra-
sound signals, and generating a second ultrasound image
according to the second ultrasound signals.

[0081] In Step 2, the quality of the first scanning may be
determined according to the first ultrasound signals. A user
may determine, according to the first ultrasound signals,
whether it is necessary to adjust one or more working
parameters (e.g. the position of the ultrasound probe assem-
bly relative to the target object, the contact condition
between the acoustic window assembly and the target object,
the settings of imaging parameters, etc.) during the current
scanning. For example, the user can determine whether it is
necessary to adjust one or more working parameters accord-
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ing to the quality of the first scanning. If not necessary, then
the user can maintain the working parameters; if necessary,
then the user can adjust the related working parameter(s)
according to the quality of the first scanning and practical
needs.

[0082] Thereafter, scanning the target object with the
ultrasound transducer at a second speed to acquire second
ultrasound signals, and generating a second ultrasound
image of the target object according to the second ultrasound
signals.

[0083] In the embodiments of the present disclosure, the
first scanning at the first speed may be a pre-scanning, which
can be used to preliminarily judge the current working
parameters and/or working environment and/or working
status such as the position of the ultrasound probe assembly
relative to the target object, the contact condition between
the acoustic window assembly and the target object, or the
settings of imaging parameters, so as to determine whether
there is a need of an adjustment. Scanning at the second
speed may be used as a normal scanning process to the target
object for acquisition of formal ultrasound images such as
B-mode images, blood flow images, contrast images, and/or
spectrum images.

[0084] Step 4: Displaying the second ultrasound image.
After acquisition of the second ultrasound image of the
target object in Step 3, the second ultrasound image can be
displayed on the display.

[0085] In one embodiment of the present disclosure, the
step of determining a quality of the first scanning according
to the first ultrasound signals includes: generating a first
ultrasound image according to the first ultrasound signals
and displaying the first ultrasound image. In this embodi-
ment, besides acquiring the second ultrasound image, it
further includes acquiring a first ultrasound image according
to the first ultrasound signals and displaying the first ultra-
sound image, thereby enabling the user to determine the
quality of the first scanning through observing the first
ultrasound image.

[0086] In one embodiment of the present disclosure, the
step of determining a quality of the first scanning according
to the first ultrasound signals can include: comparing the
first ultrasound signals with a pre-stored characteristic quan-
tity; and determining a quality of the first scanning accord-
ing to a result of the comparison between the first ultrasound
signals and the pre-stored characteristic quantity. In various
embodiments, the pre-stored characteristic quantity can be a
characteristic describing desired signal characteristics and/
or image characteristics such as mean value, variation,
and/or gradient. Those pre-stored characteristic quantities
may be written in the ultrasound imaging device before
leaving the factory, or stored in storage of the ultrasound
imaging device automatically by the ultrasound imaging
device or manually by a user before the ultrasound exami-
nation.

[0087] In another embodiment of the present disclosure,
the step of determining a quality of the first scanning
according to the first ultrasound signals may include:
extracting characteristic quantity from the first ultrasound
signals; categorizing the first ultrasound signals according to
the characteristic quantity; and determining a quality of the
first scanning according to a category of the first ultrasound
signals. The details of this embodiment can be understood
by referring to the examples described hereinafter.
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[0088] In one embodiment of the present disclosure, the
step of determining a quality of the first scanning according
to the first ultrasound signals may include: generating a
quality evaluation of the first scanning according to the
category of the first ultrasound signals; and displaying the
quality evaluation of the first scanning. The quality evalu-
ation measures the quality of the first scanning and may refer
to any identification or indication, qualitatively or quantita-
tively, of the quality of the scan, e.g. a numerical value,
colors, graphs, lines, combination of lines, etc.

[0089] In another embodiment of the present disclosure,
the step of performing the first scanning to the target object
at a first speed includes: scanning the target object by using
the ultrasound transducer at a first speed to obtain a first
group of first ultrasound signals and scanning the target
object again with the ultrasound transducer at the first speed
to obtain a second group of first ultrasound signals; and the
step of determining a quality of the first scanning according
to the first ultrasound signal includes: determining a quality
of the first scanning according to the first and second group
of first ultrasound signals.

[0090] In other words, in this embodiment, during the first
scanning, the ultrasound transducer scans the target object at
least twice, and acquires at least the first group of first
ultrasound signals and second group of first ultrasound
signals. That is, the first ultrasound signals include at least
two groups of ultrasound signals.

[0091] In another embodiment of the present disclosure,
the step of performing a first scanning to the target object
with the ultrasound transducer at a first speed may include:
scanning the target object in a scanning area at a first speed
by using the ultrasound transducer to obtain a first group of
first ultrasound signals, dividing the scanning area into a first
area and a second area according to the first group of first
ultrasound signals, and scanning the first area by using the
ultrasound transducer at a first speed to obtain a second
group of first ultrasound signals; and the step of determining
a quality of the first scanning according to the first ultra-
sound signals includes: determining a quality of the first
scanning according to the first and second group of first
ultrasound signals.

[0092] That is, in this embodiment, during the first scan-
ning, the scanning area scanned by the ultrasound transducer
at the first time (i.e. the area the ultrasound transducer
sweeps across during the first scanning) is divided into two
areas, and when performing the second scanning at the first
speed, it may only be necessary to scan one of the at least
two areas, and not the other one, which may not need to be
scanned again. Therefore, it may enhance the speed of the
first scanning and save time.

[0093] For example, in one embodiment of the present
disclosure, the first area can be an area where the acoustic
window contacts with the target object, while the second
area can be an area where the acoustic window contacts with
the air. So, during the second scanning at the first speed, only
the first area need be scanned, rather than the second area.
[0094] In the aforementioned embodiments, the step of
determining a quality of the first scanning according to the
first and second group of first ultrasound signals may
include: generating a first ultrasound image according to the
second group of first ultrasound signals, and displaying the
first ultrasound image. That is, besides the aforementioned
generation of the second ultrasound image, the first ultra-
sound image is also generated according to the second group
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of first ultrasound signals and displayed, thereby allowing
the user to determine the quality of the first scanning through
observing the first ultrasound image.

[0095] In another embodiment of the present disclosure,
the aforementioned step of determining a quality of the first
scanning according to the first and second group of first
ultrasound signals may include: extracting characteristic
quantity from the second group of first ultrasound signals;
categorizing the second group of first ultrasound signals
according to the characteristic quantity; and determining a
quality of the first scanning according to a category of the
second group of first ultrasound signals. In this embodiment,
the step of characteristic quantity extracting, the step of
categorizing and the step of determining a quality of the first
scanning according to a category are similar to the afore-
mentioned embodiments and the similar embodiments
described in detail below.

[0096] In another embodiment of the present disclosure,
the step of determining a quality of the first scanning
according to the category of the second group of first
ultrasound signals may include: generating a quality evalu-
ation of the first scanning according to the category of the
second group of first ultrasound signals; and displaying the
quality evaluation of the first scanning. Herein, the quality
evaluation measuring the quality of the first scanning refers
to any identification or indication that qualitatively or quan-
titatively describes the quality of the scanning, including a
numerical value, colors, graphs, lines, combination of lines,
etc.

[0097] In another embodiment of the present disclosure,
the aforementioned step of determining a quality of the first
scanning according to the first and second group of first
ultrasound signals may include: obtaining a first section
image data from the first group of ultrasound signals;
obtaining a second section image data from the second
group of ultrasound signals; comparing the first section
image data with the second section image data; and deter-
mining a quality of the first scanning according to the
comparison between the first section image data and the
second section image data.

[0098] In another embodiment of the present disclosure,
the aforementioned step of determining a quality of the first
scanning according to the comparison between the first
section image data and the second section image data
includes: generating a quality evaluation of the quality of the
first scanning; and displaying the quality evaluation. Herein,
similar to the descriptions above, the quality evaluations
measuring the quality refer to any identification or indication
that qualitatively or quantitatively describes the quality of
the scanning, including numerical values, colors, graphs,
lines, combination of lines, etc.

[0099] In the aforementioned embodiments, the quality of
the first scanning may include: a contact degree between the
acoustic window and the target object, a degree of bubble
appearing in the first ultrasound image acquired by the first
scanning and/or an image quality of the first ultrasound
image acquired by the first scanning, etc.

[0100] According to some embodiments of the present
disclosure, the second speed is slower than the first speed, or
the first speed is faster than the second speed. Therefore in
some embodiments of the present disclosure, the first scan-
ning may be a high speed scanning that is a pre-scanning at
a higher speed compared to the second speed.
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[0101] In another embodiment of the present disclosure,
the aforementioned ultrasound imaging method further
includes: detecting the position of the ultrasound transducer
relative to the acoustic window to acquire position informa-
tion representing position of the ultrasound transducer rela-
tive to the acoustic window, and outputting the position
information. Herein, the position information can be out-
putted in any applicable type, for example, in visual style,
through displaying on a display device (i.e. displaying on a
sub-display unit disposed on the ultrasound probe assem-
bly), or in other styles such as indicator light and sound.
[0102] In one embodiment of the present disclosure, an
ultrasound imaging device is provided. The ultrasound
imaging device includes: an ultrasound probe assembly, a
signal processor and a display.

[0103] The ultrasound probe assembly may include:
[0104] a. a housing;
[0105] b. an acoustic window disposed at the lower sur-

face of the housing, wherein at least a part of the acoustic
window contacts with a target object;

[0106] c. an ultrasound transducer disposed above the
acoustic window and configured to scan the target object;
and

[0107] d. an ultrasound transducer driving mechanism
connected with the ultrasound transducer and configured to
drive the ultrasound transducer at a first speed to perform a
first scanning to the target object to obtain first ultrasound
signals.

[0108] The signal processor is configured to receive and
analyze the first ultrasound signals to determine a quality of
the first scanning according to the first ultrasound signals.

[0109] The ultrasound transducer driving mechanism is
further configured to drive the ultrasound transducer at a
second speed to perform a second scanning to the target
object to obtain second ultrasound signals.

[0110] The signal processor is further configured to
receive the second ultrasound signals and generate a second
ultrasound image according to the second ultrasound sig-
nals.

[0111] The display is configured to display the second
ultrasound image.

[0112] In one embodiment of the present disclosure, the
signal processor includes a first image processing unit
configured to receive the first ultrasound signals and gener-
ate the first ultrasound image according to the first ultra-
sound signals; and the display is further configured to
display the first ultrasound image.

[0113] In other embodiments of the present disclosure, the
signal processor includes an echo analyzer, which includes:
[0114] a characteristic quantity extracting unit configured
to extract characteristic quantity from the first ultrasound
signals;

[0115] a categorizer configured to categorize the first
ultrasound signals according to the extracted characteristic
quantity; and

[0116] a quality determining unit configured to determine
a quality of the first scanning according to a category of the
first ultrasound signal.

[0117] In other embodiments of the present disclosure, the
quality determining unit is further configured to generate a
quality evaluation of the first scanning according to the
category of the first ultrasound signal; and the display is
further configured to display the quality evaluation.
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[0118] In other embodiments of the present disclosure, the
ultrasound transducer driving mechanism is configured to
drive the ultrasound transducer at a first speed to scan the
target object to obtain a first group of first ultrasound signals
and drive the ultrasound transducer at a second speed to
re-scan the target object to obtain a second group of first
ultrasound signals; the processor is further configured to
determine a quality of the first scanning according to the first
and second group of first ultrasound signals.

[0119] In other embodiments of the present disclosure, the
signal processor includes an echo analyzer, wherein the echo
analyzer includes: a section image acquiring unit, configured
to generate first section image data of a predetermined
section according to the first group of first ultrasound signals
and generate second section image data of the predetermined
section according to the second group of first ultrasound
signals; a comparator, configured to compare the first section
image data with the second section image data; and a quality
determining unit, configured to determine the quality of the
first scanning according to the comparison result of the
comparator.

[0120] According to one embodiment of the present dis-
closure, the quality determining unit is further configured to
generate a quality evaluation of the quality of the first
scanning according to the comparison result of the first
section image data and the second section image data, and
the display is further configured to display the quality
evaluation.

[0121] In other embodiments of the present disclosure, the
display further includes: a sub-display unit disposed on the
housing and configured to display the first ultrasound image
and/or the second ultrasound image.

[0122] In other embodiments of the present disclosure, the
device further includes: a position indicator configured to
monitor the ultrasound transducer’s position relative to the
acoustic window and acquire the position information of the
ultrasound transducer’s position relative to the acoustic
window.

[0123] In other embodiments of the present disclosure, the
position information can be displayed through the afore-
mentioned display.

[0124] In other embodiments of the present disclosure, the
position information can be displayed through the afore-
mentioned sub-display unit.

[0125] In the aforementioned embodiments of the present
disclosure, the quality of the first scanning includes: a
contact degree between the acoustic window and the target
object, or a degree of bubble appearing in the first ultrasound
image acquired by the first scanning and/or an image quality
of the first ultrasound 1mage acquired by the first scanning.
[0126] In the aforementioned embodiments of the present
disclosure, the second speed is slower than the first speed.

[0127] In one embodiment of the present disclosure, the
aforementioned ultrasound imaging method can be a method
of normal 2D ultrasound imaging, or method of 3D ultra-
sound imaging. And correspondingly, the ultrasound imag-
ing device may be a 2D ultrasound imaging device or 3D
ultrasound imaging device.

[0128] Some embodiments of the present disclosure are
described in detail taking an example of a 3D ultrasound
imaging method and device. It should be understood that
these embodiments are only exemplary and should not limit
the scope of the present disclosure.
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[0129] Referring to FIG. 1, it is a schematic diagram
illustrating a structure of a 3D ultrasound imaging device
according to a first embodiment of the present disclosure.
[0130] The 3D ultrasound imaging device of the first
embodiment includes an ultrasound probe assembly 1 and a
signal processor, and the signal processor may include an
echo analyzer 2.

[0131] The ultrasound probe assembly 1 may include:

a. a probe housing 10;

b. an acoustic window 11, which is located under and
abutted against the probe housing 10 to form a sealed
chamber, wherein the sealed chamber is filled with coupling
oil, and surface of the acoustic window 11 contacts with the
breast of the body to be examined; and

[0132] an ultrasound transducer 12 which includes an
acoustic head and a vertical shaft, wherein the acoustic head
is immersed in the coupling oil in the sealed chamber, and
the acoustic head moves back and forth repetitively at a first
speed to pre-scan the breast of the body to be examined
through the surface of the acoustic window 11, thus to obtain
initial ultrasound signals.

[0133] It should be noted that, the acoustic window 11
may use acoustic window material having relative high
mechanical strength, thus the mechanical movement of the
ultrasound transducer 12 will not be applied to the body
through the acoustic window 11, the acoustic window 11
will not produce deformation, and a scanning track of the
probe is fixed. Therefore the collection process is stable, and
can avoid a situation of “first tight and loosen afterwards” or
“first loose and tight afterwards” due to inappropriate initial
placement angle of the probe.

[0134] The echo analyzer 2 may be used to analyze the
initial ultrasound signals obtained from the ultrasound trans-
ducer 12 to determine the quality of the ultrasound image
acquired by the high-speed pre-scanning executed by the
ultrasound transducer 12.

[0135] The ultrasound transducer 12 moves back and forth
in the sealed chamber at a second speed to re-scan for
obtaining ultrasonic signals.

[0136] The echo analyzer 2 will be further described in the
following embodiments.

[0137] Referring to FIG. 2, it is a schematic diagram
illustrating a structure of a 3D ultrasound imaging device
according to a second embodiment of the present disclosure.
[0138] Comparing to the first embodiment, the device
according to the second embodiment further includes:
[0139] an image processor configured to process the ultra-
sound signals acquired by moving the ultrasound transducer
back and forth repetitively at the second speed in the sealed
chamber, and analyze the ultrasound signals collected at a
depth and reconstruct a 3D coronal plane image.

[0140] Referring to FIG. 3, it is a schematic diagram
illustrating a structure of an ultrasound probe assembly
according to a first embodiment of a 3D ultrasound imaging
device according to an embodiment of the present disclo-
sure.

[0141] The third embodiment will focus on a detailed
structure of the ultrasound probe assembly 1 of the 3D
ultrasound imaging device. The ultrasound probe assembly
1 may include:

[0142] a probe housing 10;

[0143] an acoustic window 11, which is located under and
abutted against the probe housing 10 to form a sealed
chamber, wherein the sealed chamber is filled with coupling
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oil, and surface of the acoustic window 11 contacts with the
breast of the body to be examined; and

[0144] an ultrasound transducer 12 which includes an
acoustic head and an vertical shaft, wherein the acoustic
head is immersed in the coupling oil in the sealed chamber,
and the acoustic head moves back and forth repetitively at a
first speed to pre-scan the breast of the body to be examined
through the surface of the acoustic window 11, to obtain
initial ultrasound signals; the ultrasound transducer 12 also
can move back and forth repetitively at a second speed to
perform a re-scanning to obtain ultrasound signals.

[0145] In this embodiment, a display unit 13 may be
included at the top of the probe housing 10. The display unit
13 may be configured to display in real-time the initial
ultrasound signals obtained by moving the ultrasound trans-
ducer 12 back and forth repetitively, and the 3D coronal
plane image reconstructed by the image processor 3.
[0146] Optionally, a handle 14 may be located at one or
both sides of the probe housing 10 of the ultrasound probe
assembly 1 to facilitate the user’s operation.

[0147] The display unit 13 can be fixed to the top of the
probe and corresponds to an actual scanning surface in a
physical location. The user can know the scanning condi-
tions of the probe through the display unit 13, which is
similar to a “perspective” effect and more intuitive, as shown
in FIG. 4.

[0148] The surface of the acoustic window 11 is a plane in
FIG. 3, but in other embodiments, the surface of the acoustic
window 11 may also be an arc surface or a closed cylindrical
shape. which can be shown as FIG. 5 and FIG. 6, and its
working principles are similar and include the use of the
ultrasound probe assembly shown in FIG. 3, thus will not be
described in detail again.

[0149] Referring to FIG. 7, it is a schematic diagram
illustrating a structure of an ultrasound probe assembly
according to a fourth embodiment of a 3D ultrasound
imaging device according to an embodiment of the present
disclosure.

[0150] FIG. 7 is a side view schematic diagram, and the
ultrasound probe assembly of the fourth embodiment may
further include:

[0151] alead screw sliding rail formed by a lead screw 141
and two sliding rails 142, and a motor 15, wherein

[0152] the lead screw 141 is connected to the vertical shaft
of the ultrasound transducer 12 through a slider 1410; and
[0153] the motor 15 pulls the lead screw 141 to move
along the sliding rail 142 horizontally, and drives the ultra-
sound transducer 12 moving horizontally in the sealed
chamber.

[0154] Referring to FIG. 8, it is a schematic diagram
illustrating a structure of an ultrasound probe assembly
according to a fifth embodiment of a 3D ultrasound imaging
device according to an embodiment of the present disclo-
sure.

[0155] The device of the fifth embodiment further
includes:

[0156] An acoustic head position indicator 4 configured to
monitor the position of the lead screw sliding rail and obtain
position information of the acoustic head in the sealed
chamber when the ultrasound transducer moves back and
forth in the sealed chamber at the first speed or the second
speed.

[0157] A position indicating unit 5 configured to label a
current scanning position of the ultrasound transducer
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according to a received labeling instruction. Specifically, if
the user stops collecting and restarts, or the user is interested
in a certain ROT (Region Of Interest) of a newly collected
image and intends to re-collect the region, he or he can enter
instructions through a touch screen of the display unit 13,
and then the position indicating unit 5 labels the region and
the ultrasound probe assembly can re-collect the specific
region.

[0158] In detailed implementations, the acoustic head
position indicator 4 may be a resistance sensor, an inductive
sensor, a rotary encoder or a proximity sensor. The mechani-
cal movement of the slider 1410 can be converted to voltage
or current through one of these sensors.

[0159] Referring to FIG. 9, it employs a rotary encoder to
detect displacement of the slider. The rotary encoder is
linked with the lead screw, and can detect the quantity and
direction of the displacement of the slider by using pulse of
phase difference between two outputs.

[0160] According to another embodiment, a proximity
sensor may also be employed to realize the localization. A
metal body may be fixed with the slider 1410 and move
horizontally along with the ultrasound transducer, and the
proximity sensor can be fixed to inner surface of the cham-
ber. When the slider 1410 and the metal body move closely
to the proximity sensor, the proximity sensor responds, and
the response may be delivered to a processor through a lead
wire. As shown in FIG. 10(a), two proximity sensors A and
B may be mounted at two sides of a moving route of the
ultrasound transducer. As shown in FIG. 10(b), assuming the
two proximity sensors A and B' position is fixed, and a
distance between them is L millimeters. The slider moves D
millimeters with each pulse of the stepper motor, assuming
that n=L./d, that is, the slider moves from a position A to a
position B requires n steps.

[0161] When using proximity sensor and step motor for
localization, the entire moving route can be quantified
according to a single step displacement d millimeter of the
slider. Assuming the entire moving route is in (m>=n), and
the sensor position A and B are located at position K1 and
K2. It can count according to pulse number of the step motor
during the movement of the slider. When the slide passes A,
the proximity sensor acts and an internal count value should
be K1. If it is not equal to K1, that means the localization has
an error and needs to be corrected. A similar correction also
can be applied to the position B.

[0162] It can be understood from the above description
that, when using two proximity sensors, each time the slider
returns, two iterations of correction may be performed, but
when using only one proximity sensor, each time the slider
returns, one time of correction may be performed.

[0163] The following will focus on the implementation of
the echo analyzer 2.

[0164] When an acoustic window with greater area is
moved to contact with the body, it is possible that the contact
is not good due to angle and location; therefore the angle and
position need to be adjusted. The technology in the prior art
needs to complete the whole 3D data collection to know
where the contact is not good, so that the success rate of a
single data collection is reduced.

[0165] Generally speaking, three situations may occur
during the scanning process of the ultrasound probe assem-
bly:
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[0166] A, contacts with air or minor coupling agent;
[0167] B, only contacts with major coupling agent; and
[0168] C, has good coupling with the human body.
[0169] Physicians do not want to see situations a and b, so

when a or b occurs, they need to adjust to situation ¢ to start
a normal data collection.

[0170] A function of the echo analyzer 2 provided by the
present disclosure is to identify these three situations a, b
and c.

[0171] When the ultrasound probe assembly (hereinafter
referred to as the probe) of the acoustic window directly
exposed to the air or a very small amount of the coupling
agent, the ultrasound signals received by the probe (herein-
after referred to as the echo) can be shown as FIG. 11(a). The
near field echo vibrates periodically but decays rapidly due
to reverberation of the surface of the probe. At this time, the
characteristic of the echo is: the echo has certain strength
within certain near fleld range, with the increase of the
depth, the strength decays rapidly, with the increase of the
depth, and a near field artifact disappears, which is close to
a noise background of an unloaded probe.

[0172] When there is a great amount of coupling agent on
the probe, and the coupling agent has no contact with the
human body, the ultrasonic wave will be reflected many
times in the range of the thickness of the coupling agent, thus
forming the reverberation. As the coupling agent brings
small attenuation to the ultrasonic wave, the near field echo
of the echo is weak, and arrives at irregular interfaces
between the coupling agent and the air to form a stronger
echo, and then retracts to form the reverberation. The
reverberation will propagate a long distance, thus the
strength of a far field echo is uniform, the variance decays
gradually, as shown in FIG. 11(5).

[0173] When the probe is in contact with the human body,
as the body tissue is complex, the regularity of the echo is
not as good as the two cases described above, as shown in
FIG. 11(c). In this case, hyperechoic echo may appear in the
near field skin layer, a plurality of hyperechoic spots may
exist in the depth under the skin layer, or may decay rapidly
after a hyperechoic spot, and the variance of the echo is
majorly large.

[0174] A basic method of distinguishing the above three
cases can be described as follows:

(1) Medium echo exists in the near field, and attenuates
rapidly in the form of oscillation, so there is a great
possibility that the probe contacts with the air directly;

(2) A layer of hypoechoic echo area exists in the near field
(echo of the coupling agent), and may include a hyperechoic
spot, strong echo appears subsequently and attenuates in the
form of oscillation slowly, thus it is more likely that there is
a great amount of coupling agent and does not contact with
the human body. Because the coupling agent interface
forming the reverberation is irregular, the echo signal ampli-
tude becomes more uniform after several times of reflection;
and

(3) Medium echo exists in the near field (echo of the skin
layer), and without the above-described characteristics of (1)
and (2), the variance of the echo is relatively large, so there
is a great possibility that the probe contacts well with the
body.

[0175] When distinguishing these situations, it may be
helpful to analyze the characteristic of the echo for catego-
rization. The categorization is not limited to either-or cat-
egorization. It allows for the introduction of the concept of
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“fuzzy” to define measurement of the contact quality.
Assuming contacting well with the body is set to output
indication 1, contacting with air directly is set to 0, and the
other cases can be attributed between 0 and 1 according to
a contact degree. The measurement may be displayed in the
display unit 13 to guide the interactive operation of the
physician. The mode of display of the measurement can be
a gray level difference or distinguished by color.

[0176] When the probe directly contacts with the air or the
coupling agent is inadequate, it can be judged easily by the
echo analysis. Assuming the echo signal is almost fixed
when the probe contacts with the air directly, which is
represented by Eair, it can be judged according to match the
similarity between an actual echo signal collected repre-
sented by E and the Eair. The similarity can be defined
relating to distance, such as the Euclidean distance:

AlirSimilarity(E, Eair)=1/(E-Eair) T(E- Eair)

[0177] The greater the similarity, the greater the possibil-
ity of directly contacting with the air.

[0178] It is difficult to distinguish the cases the coupling
agent is plenty or contacts with the human body. In order to
distinguish these kinds of situations, the characteristic of the
echo may be extracted, and a first embodiment of the echo
analyzer is provided in the present disclosure.

[0179] Referring to FIG. 12, it is a schematic diagram of
a structure of an echo analyzer 2 according to a first
embodiment of a 3D ultrasound imaging device according to
embodiments of the present disclosure. The echo analyzer 2
includes:

[0180] a characteristic quantity extracting unit 20, config-
ured to extract characteristic quantity from initial ultrasound
signals obtained by the ultrasound transducer 12;

[0181] a categorizer 21, categorizing the initial ultrasound
signals obtained by the ultrasound transducer 12 according
to the extracted characteristic quantity obtained by the
characteristic quantity extracting unit 20; and

[0182] a quality determination unit 22, determining a
contact degree between the breast of the body to be exam-
ined and an acoustic head of the ultrasound transducer 12
through the acoustic window 11, or a degree of bubble
appearing in the ultrasound image according to a category
output by the categorizer 21.

[0183] Wherein the characteristic quantity extracted by
the characteristic quantity extracting unit 20 can be the
Buclidean distance described above:

AirSimilarity(E, Eair)=1/(E-Eair) T(E-Eair), or

[0184] it can be near field echo characteristics SkinLay-
erMean and SkinLayerStd, or far field echo characteristic
DetrendFarfieldStd.

[0185] One of the near field echo characteristics refers to:
when the coupling agent is plenty, the near field attenuation
is less and appears hypoechoic echo; the coupling agent may
contain small bubbles, and appears as hyperechoic spot in
the hypoechoic echo; overall speaking, it is low echo signal,
large variance; in contrast, near field echo of the tissue is
medium or hyperechoic and the signal distribution is rela-
tively stable. As shown in FIG. 13, the horizontal axis
represents the mean value of the near field signal and the
vertical axis represents the variance of the near field signal,
o represents there is plenty of coupling agents on the surface
of the probe surface that the mean value is relatively small,
and the variance is relatively large; x represents the probe
contacts with the body tissue and the coupling is good, the
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near field echo amplitude is relatively large and stable. The
dotted line in the middle is a boundary between the two
cases. Generally, data within 2~3 millimeters can be selected
for data analysis. and the characteristic quantity can be
written as:

[0186] SkinLayerMean, SkinLayerStd,

[0187] Wherein the far field echo characteristic refers to:
the reverberation formed by the low attenuation of the
coupling agent will last for a relatively long time, which can
be shown in FIG. 2(b). The characteristic quantity of the far
field echo may be variance of the mediate-far field echo; thus
the amplitude variety of the far field reverberation of the
coupling agent is relatively small. Because of the influence
of internal gain, the mediate-far field echo may be analyzed
through a time series to perform a detrending analysis; after
that a calculated variance may more accurately reflect the
characteristic. The detrend variance characteristic quantity
of the far field echo can be recorded as (analyzing echo
signals below a fixed depth, such as 2 cm to deeper regions):
[0188] DetrendFarfieldStd

[0189] As shown above, a characteristic vector of distin-
guishing the three types of situations/events can be recorded
as:

x=[AirSimilarity,SkinLayerMean,SkinLayerStd,De-
trendFarfieldStd]T"

[0190] The characteristic quantity extracting unit 20 can
further use principal component analysis or a depth learning
method to extract characteristic quantity/value/vector from
the initial ultrasound signals obtained by the ultrasound
transducer 12.

[0191] Categorizer 21 establishes categorizing through the
above four characteristic quantities and classifies the echo
signals into three categories. It should be noted that the
categorizer 21 may have a variety of embodiments of
realization. For example, it can be a categorizer based on
Bayesian statistical or a categorizer based on kernel func-
tion, or a categorizer supporting vector machine.

[0192] First, a categorizer based on Bayesian statistical
will be introduced in the following.

[0193] Counts a prior probability of occurrence of the
three types of events, wherein a=directly contacts with air,
b=with plenty of coupling agents and has no contact with the
human body, and c=contacts well with the human body. That
is, probabilities of P(w=a), P(w=b) and P(w=c) can be
calculated. It can be obtained through the user’s random
experimental statistics, such as statistics of area ratio of the
three types of events when placed on the human body. For
example, p(w=a)=0.35, p(w=b)=0.1, p(w=c)=0.55.

[0194] Calculates conditional probabilities p(xIw=a),
p(xlw=b) and p(xIw=c). Calculation of the conditional prob-
ability also has strong operability, for example, calculates
probability distribution of the characteristic vector x when
the three types of events occur, by way of pre-set experi-
ments and with the help of a visual.

[0195] Analyzes the current collected echo characteristic
vector X and calculating posterior probability p(w=alx),
p(w=bIx) and p(w=clx) of each type. Calculation formulas
can be the following:

p(w=alx)=p(xlw=a)*p(w=a)/pix),
p(w=blx)=p(xIw=b)*p(w=b)/p(x),

plw=clX)=p(xlw=c)*p(w=c)/p(x).
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[0196] Use a minimum error rate Bayesian categorizer to
determine: choose a category having maximum posterior
probability to complete the discriminant.

[0197] There are many other categorizers such as those
based on Bayesian statistical or kernel function, which can
realize the category through maximizing decision boundary.
Or it may use a decision tree, multilayer feed forward neural
network, etc., and will not be described in detail herein.
[0198] In addition, there is an echo analyzer which judges
based on the current echo and the adjacent echo signals
through analyzing a section image, for example, texture
features of images in a certain region (there is a big
difference between texture characteristics of the body tissue
and the texture of coupling agent reverberation), which also
can achieve the object of measurement.

[0199] Specifically, referring to FIG. 14, it is a schematic
diagram of a structure of an echo analyzer according to a
second embodiment of a 3D ultrasound imaging device
according to embodiments of the present disclosure, the
echo analyzer including:

[0200] an image dividing unit or cross-sectional image
acquisition unit 23 configured to acquire adjacent images of
a section according to the initial ultrasound signal acquired
by the ultrasound transducer 12;

[0201] a comparator 24 configured to compare the adja-
cent images of the section; and

[0202] a quality determination unit 25 configured to deter-
mine a contact degree between the breast of the body to be
examined and an acoustic head of the ultrasound transducer
12 through the acoustic window, or a degree of bubble
appearing in the ultrasound image according to the com-
parison result of the comparator 24.

[0203] Directly displaying the image, or reconstructing
and displaying a certain coronal plane in real-time, is
another approach without utilizing scalar measurement.
Although the image quality may be relatively poor, the user
can roughly learn the present contact condition and estimate
the expectation of the image quality.

[0204] As described above, the purpose of the echo ana-
lyzer 2 may be providing a quantitative indicator of the
current image quality through the analysis of the ultrasound
signal.

[0205] In one embodiment of the present disclosure, when
a doctor is placing the ultrasound probe, it will not take a
long time for the 3D ultrasound imaging device to acquire
the entire 3D data. In one embodiment of the present
disclosure, the employment of sparse sampling in data
acquisition may significantly reduce the time consuming of
the preparation during the placement of the ultrasound
probe. In the present disclosure, when performing normal
scan and 3D reconstruction, it may cost about 30 seconds to
acquire about 200 frames of data within an area of 10 cm,
i.e. 6-7 frames of data per second. During the detection of a
contact condition, it is possible to finish scanning the entire
data within 3 seconds, with a sampling rate of 15 frames per
second and a total frame number of 45 in each scanning, i.e.
2-3 mm per frame. Such sampling frequency is relatively
fast enough for the detection of a contact condition. Actually,
during the detection, it is usually feasible to employ a higher
pulse repetition rate in the detection, because there is no
need for deeper echo data. Therefore the precision of the
detection and the sampling rate may be further improved.
[0206] The ultrasound transducer repetitively collects data
within the entire scanning plane at a relatively high speed,
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and displays the collection results analyzed and recon-
structed on a screen of the display unit; thus the physician
can observe a general morphology of the whole image in a
short period from the screen and judge the pool contact
regions, and can adjust the angle and position of the acoustic
window of the probe in real-time to reach a best status. As
shown in FIG. 15(a), the orientation of the probe is deflected
to the left. After about 2-3 seconds of data collection, the
echo analyzer of the 3D ultrasound imaging device analyzes
the echo data, then judges and displays the contact area and
noncontact area. The black area is a region where the probe
contacts well with the tissue and the white area is a non-
contact area. When the user observes the area, he or she can
adjust the position of the probe to move to the left as shown
in FIG. 15(5), and the position will be displayed to the user
in the next 2-3 seconds.

[0207] Once the user the depth of coronal plane data
collecting, for example, 1 cm, the computation of real-time
3D reconstruction is relatively small, because the computa-
tion is incremental algorithm, the image has been recon-
structed will not be recalculated. When the user changes the
depth or the effect, it is may have to update the reconstruc-
tion of the data been collected.

[0208] Correspondingly, the present disclosure also pro-
vides a 3D ultrasound imaging method which can be imple-
mented by the above-described 3D ultrasound imaging
device.

[0209] Referring to FIG. 16, it is a schematic flow chart of
a 3D imaging method according to a first embodiment of the
present disclosure. The method includes:

[0210] Step 100: placing an acoustic window of an ultra-
sound scan probe to contact directly with the breast of a
body to be examined,

[0211] Step 101: moving an ultrasound transducer of the
ultrasound scan probe in the sealed chamber back and forth
repetitively and pre-scanning the breast of the body under
examination at a high speed through a surface of the acoustic
window to obtain an initial ultrasound signal;

[0212] Step 102: analyzing the initial ultrasound signal by
an echo analyzer and determining a quality of an ultrasound
image obtained through the pre-scanning by the ultrasound
transducer; and

[0213] Step 103: moving the ultrasound transducer repeti-
tively back and forth in the sealed chamber at a second speed
in the sealed chamber to re-scan the breast to obtain ultra-
sound signals.

[0214] Referring to FIG. 17, it is a schematic flow chart of
a 3D imaging method according to a second embodiment of
the present disclosure, which includes:

[0215] Step 200: placing an acoustic window of an ultra-
sound scan probe to contact directly with the breast of a
body to be examined;

[0216] Step 201: moving an ultrasound transducer of the
ultrasound scan probe repetitively back and forth at a first
speed in the sealed chamber and pre-scanning the breast of
the body at a high speed through a surface of the acoustic
window to obtain an initial ultrasound signal;

[0217] Step 202: analyzing the initial ultrasound signal by
an echo analyzer and determining a quality of an ultrasound
image obtained through the pre-scanning by the ultrasound
transducer;

[0218] Step 203: moving the ultrasound transducer repeti-
tively back and forth at a second speed in the sealed chamber
to re-scan the breast to obtain ultrasound signals; and
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[0219] Step 204: processing the ultrasound signals
obtained by moving around the ultrasound transducer repeti-
tively at the second speed in the sealed chamber, analyzing
the ultrasound signals collected at a depth and reconstructing
a 3D coronal plane image.

[0220] Referring to FIG. 18, it is a schematic flow chart of
a 3D imaging method according to a third embodiment of
the present disclosure, the third embodiment mainly describ-
ing a first method of echo analyzing by the echo analyzer.
The method includes:

[0221] Step 2020: extracting a characteristic quantity from
the initial ultrasound signal obtained by the ultrasound
transducer;

[0222] Step 2021: categorizing the initial ultrasound sig-
nal obtained by the ultrasound transducer according to the
extracted characteristic quantity; to be specific, one can
utilize various categorizers to categorize the initial ultra-
sound signal acquired by the ultrasound transducer; the
categorizers can be a Bayesian categorizer, categorizer
based on kernel function, categorizer supporting the vector
machine, or the like; and

[0223] Step 2022: determining a contact degree between
the breast of the body to be examined and an acoustic head
of the ultrasound transducer through the acoustic window, or
a degree of bubble appearing in the ultrasound image
according to a category of the initial ultrasound signal.
[0224] Referring to FIG. 19, it is a schematic flow chart of
a 3D imaging method according to a fourth embodiment of
the present disclosure, the fourth embodiment mainly
describing a second method of echo analyzing by the echo
analyzer. The method includes:

[0225] Step 2023: obtaining adjacent images of the same
plane from the initial ultrasound signal obtained by the
ultrasound transducer;

[0226] Step 2024: comparing the adjacent images of the
plane; and
[0227] Step 2025: determining a contact degree between

the breast of the body to be examined and an acoustic head
of the ultrasound transducer through the acoustic window, or
a degree of bubble appearing in the ultrasound image
according to the comparison result of Step 2024.

[0228] Referring to FIG. 20, it is a schematic flow chart of
a 3D imaging method according to a fifth embodiment of the
present disclosure, wherein the fifth embodiment specifi-
cally includes:

[0229] Step 300: placing an acoustic window of an ultra-
sound scan probe to contact directly with the breast of a
body to be examined;

[0230] Step 301: moving an ultrasound transducer of the
ultrasound scan probe repetitively back and forth at a first
speed in the sealed chamber and pre-scanning the breast of
the body at a high speed through a surface of the acoustic
window to obtain an initial ultrasound signal;

[0231] Step 302: analyzing the initial ultrasound signal by
an echo analyzer and determining a quality of an ultrasound
image obtained through the pre-scanning by the ultrasound
transducer;

[0232] Step 303: moving around the ultrasound transducer
repetitively at a second speed in the sealed chamber to
re-scan the breast to obtain ultrasound signals;

[0233] Step 304: processing the ultrasound signals
obtained by moving around the ultrasound transducer repeti-
tively at the second speed in the sealed chamber, analyzing
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the ultrasound signals collected at a depth and reconstructing
a 3D coronal plane image; and

[0234] Step 305: displaying in real-time the quality of the
ultrasound image obtained through the pre-scanning by the
ultrasound transducer and the 3D coronal plane image.

[0235] Where, the method further includes:

[0236] acquiring the position of the acoustic head in the
sealed chamber when the ultrasound transducer is moving
repetitively back and forth at the first speed or the second
speed in the sealed chamber; the detailed embodiment of the
acquiring process is similar to the process acquiring the
position of the ultrasound transducer by employment of a
sensor in the above-mentioned embodiment of a 3D ultra-
sound imaging device, therefore to repeat no more here; and

[0237] indicating the current scanning position of the
ultrasound transducer according to an indicating command;
the detailed embodiment of the indicating process is similar
to the aforementioned position indicating process by utiliz-
ing the position indicating unit, therefore to repeat no more
here.

[0238] Referring to FIG. 21, it is a schematic flow chart of
an ultrasound scanning preparation stage using a 3D ultra-
sound imaging device according to an embodiment of the
present disclosure: first, the 3D ultrasound imaging device
enters a preparation stage and scans at a first moving speed,
for example, finishes one round of scanning in 2 or 3
seconds. At this time, the echo analyzer inside the 3D
ultrasound imaging device analyzes the collected echo sig-
nals, calculates the contact degree of the surface, and dis-
plays an indication on a corresponding display. The process
is repeated until the user exits the loop.

[0239] Referring to FIG. 22, it is a schematic flow chart of
an ultrasound scanning preparation stage using a 3D ultra-
sound imaging device according to another embodiment of
the present disclosure. The condition of exiting the prepa-
ration stage may be the user’s recognition of the current
placement of the probe. The user observes the contact
indication and adjusts the probe position, then decides
whether to enter the data collection stage.

[0240] One or more advantages of implementing the
embodiments of the present disclosure may include the
followings:

[0241] The 3D ultrasound imaging device and method
employs an ultrasound probe acoustic with a window struc-
ture having relative high mechanical strength, and having
good acoustic transparency, so it can keep good stability
with the breast of the body to be examined.

[0242] In addition, the 3D ultrasound imaging device
provided by the present disclosure uses an ultrasound probe
to obtain ultrasound data quickly by way of pre-scanning, to
evaluate the quality of the contacting or coupling between
the ultrasonic window surface of the probe and the body
tissue, and then performs regular formal scanning after
adjustment if necessary. Therefore the success rate of breast
scanning can be improved.

[0243] It should be understood for the ordinary skilled
person in the art that all or partial processes in the above-
described exemplary methods can be realized by instructions
of computer programs on the relevant hardware. These
programs can be stored within computer readable storage
media. During their execution process, there may be some
processes mentioned in the embodiments of those methods
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above. The storage medium can be a magnetic disk, compact
disk, read only memory (ROM) or random access memory
(RAM).
[0244] The foregoing embodiments with detailed descrip-
tions represent several implementations of the present dis-
closure, but they should not be construed as limiting the
scope of the present disclosure. It should be noted that, for
those skilled in the art, a number of modifications and
improvements can also be made without departing from the
idea of the present disclosure, which is within the claimed
scope of the present disclosure.
1. An ultrasound imaging method comprising:
performing a first scanning to a target object by using an
ultrasound transducer of an ultrasound probe assembly
at a first speed to obtain first ultrasound signals,
wherein the ultrasound probe assembly comprises an
acoustic window, and at least a part of a lower surface
of the acoustic window contacts with the target object;

determining a quality of the first scanning according to the
first ultrasound signals;

scanning the target object by using the ultrasound trans-

ducer at a second speed to obtain second ultrasound
signals, and acquiring a second ultrasound image of the
target object according to the second ultrasound sig-
nals; and

displaying the second ultrasound image.

2. The ultrasound imaging method according to claim 1,
wherein determining a quality of the first scanning according
to the first ultrasound signals comprises: generating a first
ultrasound image according to the first ultrasound signals
and displaying the first ultrasound image.

3. The ultrasound imaging method according to claim 1,
wherein determining a quality of the first scanning according
to the first ultrasound signals comprises:

extracting a characteristic quantity from the first ultra-

sound signals;

categorizing the first ultrasound signals according to the

characteristic quantity extracted to obtain a category of
the first ultrasound signals; and

determining the quality of the first scanning according to

the category of the first ultrasound signals.

4. The ultrasound imaging method according to claim 3,
wherein determining the quality of the first scanning accord-
ing to the category of the first ultrasound signals comprises:

generating a quality evaluation of the quality of the first

scanning according to the category of the first ultra-
sound signals; and

displaying the quality evaluation of the quality of the first

scanning.

5. The ultrasound imaging method according to claim 1,
wherein determining a quality of the first scanning according
to the first ultrasound signals comprises:

comparing the first ultrasound signals with a pre-stored

characteristic quantity; and

determining the quality of the first scanning according to

a result of the comparison between the first ultrasound
signals and the pre-stored characteristic quantity.

6. The ultrasound imaging method according to claim 1,

wherein performing a first scanning to the target object by

using the ultrasound probe at a first speed comprises:
scanning the target object by using the ultrasound probe
at a first speed to obtain a first group of first ultrasound
signals, and scanning the target object again by using
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the ultrasound probe at a first speed to obtain a second
group of first ultrasound signals; or

scanning a target area of the target object by using the

ultrasound probe at a first speed to obtain a first group
of first ultrasound signals, dividing the target area into
a first area and a second area according to the first
group of first ultrasound signals, and scanning the first
area by using the ultrasound probe at a first speed to
obtain a second group of first ultrasound signals;

and wherein determining a quality of the first scanning

according to the first ultrasound signals comprises:
determining the quality of the first scanning according to
the first and/or second group of first ultrasound signals.

7. The ultrasound imaging method according to claim 6,
wherein determining the quality of the first scanning accord-
ing to the first and/or second group of first ultrasound signals
comptrises:

generating a first ultrasound image according to the

second group of first ultrasound signals; and
displaying the first ultrasound image.

8. The ultrasound imaging method according to claim 6,
wherein determining the quality of the first scanning accord-
ing to the first and/or second group of first ultrasound signals
comprises:

extracting characteristic quantity from the second group

of first ultrasound signals;

categorizing the second group of first ultrasound signals

according to the extracted characteristic quantity to
obtain a category of the second group of first ultrasound
signals; and

determining the quality of the first scanning according to

the category of the second group of first ultrasound
signals.

9. The ultrasound imaging method according to claim 8,
wherein determining the quality of the first scanning accord-
ing to the category of the second group of first ultrasound
signals comprises:

generating a quality evaluation of the quality of the first

scanning according to the category of the second group
of first ultrasound signals; and

displaying the quality evaluation of the quality of the first

scanning.

10. The ultrasound imaging method according to claim 6,
wherein determining the quality of the first scanning accord-
ing to the first and/or second group of first ultrasound signals
comprises:

obtaining a first section image data in a pre-set plane from

the first group of ultrasound signals;

obtaining a second section image data in the pre-set plane

from the second group of ultrasound signals;
comparing the first section image data with the second
section image data; and

determining the quality of the first scanning according to

the comparison between the first section image data and
the second section image data.

11. The ultrasound imaging method according to claim
10, wherein determining the quality of the first scanning
according to the comparison between the first section image
data and the second section image data comprises:

generating a quality evaluation of the quality of the first

scanning according to the comparison between the first
section image data and the second section image data;
and
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displaying the quality evaluation of the quality of the first
scanning.

12. The ultrasound imaging method according to claim 6,
wherein the first area is an area where the acoustic window
contacts with the target object and the second area is an area
where the acoustic window contacts with the air.

13. The ultrasound imaging method according to claim 1,
wherein the quality of the first scanning comprises: a contact
degree between the acoustic window and the target object, a
degree of bubble appearing in a first ultrasound image
acquired by the first scanning and/or an image quality of the
first ultrasound image acquired by the first scanning.

14. The ultrasound imaging method according to claim 1,
wherein the second speed is slower than the first speed.

15. The ultrasound imaging method according to claim 1,
further comprising: detecting a position of the ultrasound
transducer relative to the acoustic window to acquire posi-
tion information of the position of the ultrasound transducer
relative to the acoustic window, and displaying the position
information.

16. An ultrasound imaging device, comprising:

an ultrasound probe assembly comprising:

a housing;

an acoustic window disposed at the bottom portion of
the housing and at least a part of a lower surface of
the acoustic window contacts with a target object;

an ultrasound transducer disposed above the acoustic
window and configured to scan the target object;

an ultrasound transducer driving mechanism which is
connected with the ultrasound transducer and drives
the ultrasound transducer at a first speed to perform
a first scanning to the target object to obtain first
ultrasound signals;

a signal processor which receives and analyzes the first
ultrasound signals to determine a quality of the first
scanning according to the first ultrasound signals,
wherein the ultrasound transducer driving mechanism
further drives the ultrasound transducer at a second
speed to perform a second scanning to the target object
to obtain second ultrasound signals based on the analy-
sis of the first ultrasound signals, and the signal pro-
cessor further receives the second ultrasound signals
and generates a second ultrasound image based on the
second ultrasound signals; and

a display which displays the second ultrasound image.

17. The ultrasound imaging device according to claim 16,
wherein

the signal processor comprises a first image processing
unit which receives the first ultrasound signals and
generates a first ultrasound image according to the first
ultrasound signals, and

the display further displays the first ultrasound image.

18. The ultrasound imaging device according to claim 16,
wherein the signal processor further comprises an echo
analyzer, wherein the echo analyzer comprises:

a characteristic quantity extracting unit which extracts

characteristic quantity from the first ultrasound signals;

a categorizer which categorize the first ultrasound signals
according to the characteristic quantity extracted by the
characteristic quantity extracting unit to obtain a cat-
egory of the first ultrasound signals; and

a quality determining unit which determines a quality of
the first scanning according to the category of the first
ultrasound signals determined by the categorizer.
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19. The ultrasound imaging device according to claim 18,
wherein the quality determining unit further generates a
quality evaluation of the quality of the first scanning accord-
ing to the category of the first ultrasound signals from the
categorizer, and the display further displays the quality
evaluation of the quality of the first scanning.

20. The ultrasound imaging device according to claim 16,
wherein

the ultrasound transducer driving mechanism drives the
ultrasound transducer at a first speed to scan the target
object to obtain a first group of first ultrasound signals,
and drives the ultrasound transducer at a first speed to
re-scan the target object to obtain a second group of
first ultrasound signals; and

the signal processor determines the quality of the first
scanning according to the first and/or second group of
first ultrasound signals.

21. The ultrasound imaging device according to claim 20,

wherein

the signal processor comprises an echo analyzer, wherein
the echo analyzer comprises:

a section image acquiring unit which generates a first
section image data of a predetermined section accord-
ing to the first group of first ultrasound signals and
generates a second section image data of the predeter-
mined section according to the second group of first
ultrasound signals;

a comparator which compares the first section image data
with the second section image data; and
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a quality determining unit which determines the quality of
the first scanning according to a comparison result of
the comparator.

22. The ultrasound imaging device according to claim 21,
wherein the quality determining unit further generates a
quality evaluation of the quality of the first scanning accord-
ing to the comparison result of the first section image data
and the second section image data, and the display further
displays the quality evaluation.

23. The ultrasound imaging device according to claim 16,
wherein the display further comprises:

a sub-display unit which is disposed on the housing and
displays a first ultrasound image obtained by the first
ultrasound signals and/or the second ultrasound image.

24. The ultrasound imaging device according to claim 16,
farther comprising:

a position indicator which monitors a position of the
ultrasound transducer relative to the acoustic window
to acquire a position information of the position of the
ultrasound transducer relative to the acoustic window.

25. The ultrasound imaging device according to claim 16,
wherein the quality of the first scanning comprises: a contact
degree between the acoustic window and the target object, a
degree of bubble appearing in a first ultrasound image
acquired by the first scanning and/or an image quality of the
first ultrasound image acquired by the first scanning.

26. The ultrasound imaging device according to claim 16,
wherein the second speed is smaller or slower than the first
speed.
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