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67 ABSTRACT

An ultrasound imaging apparatus and method comprises a
transducer array, a positioning device for the array, a reflec-
tor, a multiplexer, a transmitter/receiver, an image recon-
struction and signal processing apparatus, and a monitor.
The transducer array and the reflector are located on two
sides of an object which are opposite to each other. Every
channel of the transducer array can independently transmit
and receive signal, and the reflector is used to reflect the
transmitted signal from any channel. Thus, the system can
collect the echoes from the reflector for all transmit/receive
combinations, and then extract from the echoes the time-
of-flight data and the attenuation data necessary for estimat-
ing the sound velocities and the attenuation coeflicients,
respectively. When estimating the sound velocities and the
attenuation coeflicients of different tissues in an object, the
B-mode image is applied to provide the segmentation infor-
mation of the object in order to improve the estimation
accuracy. The invention can be used to obtain the ultrasound
B-mode image, the sound velocities, and the attenuation
coefficients of an object, and can be extended to obtaining
other parameters, such as elastic modulus, with a single
apparatus.
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ULTRASOUND IMAGING APPARATUS AND
METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasound
imaging system, and, in particular, to an ultrasound imaging
apparatus and method thereof for obtaining the ultrasound
B-mode image, the sound velocities, the attenuation coetfi-
cients, and the elastic properties of an object, which can be
used for tissue characterization (e.g., to detect the breast
tumor).

[0003] 2. Description of the Prior Art

[0004] Ultrasound computed tomography is a standard
approach to reconstructing the sound velocities and the
attenuation coefficients [1]~[3]. As shown in FIG. 1, two
ultrasound transducers 11 and 12 are located next to an
object, and opposite to each other. Given a location in a
specific angle, the transmit transducer 11 transmits an ultra-
sonic signal, and the receive transducer 12 receives the
signal to complete a single measurement. Then the trans-
ducers 11 and 12 are moved transversely together in a short
distance to next location for repeating the transmitting and
receiving process to complete another measurement.

[0005] With enough times of movements, a set of mea-
surements in this specific angle relative to the object 4 can
be completed. Then the transducers 11 and 12 are rotated
together to another specific angle with being kept opposite
to each other, and all processes are repeated to get another
set of measurements at the new angle. After the angles span
180 degrees, the sound velocities and the attenuation coef-
ficients, as functions of the position, of the object can be
estimated. Although the sound velocities and the attenuation
coeflicients can be obtained using the conventional imaging
apparatus 1, the B-mode imaging that can be used to obtain
the backscattering information is not available with this
setup.

[0006] Thus, the conventional apparatus and method is
improvable.

[0007] In view of the above-mentioned disadvantages, the
inventors develop an ultrasound imaging apparatus and
method, which improves the conventional apparatus and
method.

SUMMARY OF THE INVENTION

[0008] One aspect of the invention is to provide an ultra-
sound imaging apparatus and method, which uses ultrasound
to obtain the B-mode image, the sound velocities, the
attenuation coefficients, and the elastic properties of an
object, and then differentiates tissues, e.g. tumor, in accor-
dance with these data.

[0009] Another aspect of the invention is to provide an
ultrasound imaging apparatus and method, which uses an
ultrasound transducer array for transmitting and receiving
ultrasound signals, without rotating the array or the object,
to obtain the B-mode image, the sound velocities, and the
attenuation coefficients. The invention applies the B-mode
image of the object for assisting in estimating the sound
velocities and the attenuation coefficients.
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[0010] Another aspect of the invention is to provide an
ultrasound imaging apparatus and method, which applies the
information extracted from the B-mode image of the object
to efficiently improve the estimation accuracy of the sound
velocities and the attenuation coeflicients without using
other imaging apparatus.

[0011] An ultrasound imaging apparatus and method
achieving the above-mentioned aspects comprises a trans-
ducer array, a positioning device for the array, a reflector, a
multiplexer, a transmitter/receiver, an image reconstruction
and signal processing apparatus, and a monitor. The trans-
ducer array and the reflector are located on two sides of an
object. Every channel of the transducer array can indepen-
dently transmit and receive signal, and the reflector is used
to reflect the transmitted signal from any channel. Therefore,
the system can collect the echoes from the reflector for all
transmit/receive combinations, and then extract from the
echoes the time-of-flight data and the attenuation data nec-
essary for estimating the sound velocities and the attenuation
coeflicients, respectively. When estimating the sound veloci-
ties and the attenuation coeflicients of different tissues in an
object, the B-mode image is applied for providing the
segmentation information of the object to improve the
estimation accuracy. The invention can be used to obtain the
ultrasound B-mode image, the sound velocities, and the
attenuation coefficients of an object, and can be extended to
obtaining other parameters, such as elastic modulus, with a
single apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The drawings disclose an illustrative embodiment
of the present invention which serves to exemplify the
various advantages hereof, and are as follows:

[0013] FIG. 1 is a diagram for the setup of the conven-
tional ultrasound computed tomography;

[0014] FIG. 2 is a diagram of the imaging equipment of
the invention;

[0015] FIG. 3 is a schematic diagram of the imaging
apparatus in the invention; and

[0016] FIG. 4 illustrates an implementation method of the
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0017] FIG. 2 is a diagram of imaging equipment 20 of the
invention. Different from the conventional computed tomog-
raphy apparatus, the imaging equipment 20 applies a reflec-
tor 21 reflecting the transmitted signal from every channel
221 of a transducer array 22. It enables the system to get the
echoes from the reflector for all transmit/receive combina-
tions, and then to reconstruct the sound velocities and the
attenuation coeflicients of different tissues of an image
object 4 using the echoes.

[0018] Comparing with the conventional method, the
invention does not need to rotate the ultrasound transducers,
and is compatible with the conventional B-mode imaging
apparatus. Despite the advantages, the sound velocities and
the attenuation coeflicients cannot be accurately estimated
with the conventional computed tomography reconstruction
methods due to the fact that that measurement angles span
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less than 180 degrees (i.e., incomplete data). The invention
applies proper reconstruction constraints derived from the
B-mode image obtained with the same imaging apparatus to
assist in accurately estimating image parameters such as
sound velocity and attenuation coefficient.

[0019] FIG. 3 is a schematic diagram of the imaging
apparatus in the invention. The ultrasound imaging appara-
tus 2 of the invention comprises:

[0020] atransducer array 22 located on one side the image
object with a plurality of channels 221 which can transmit
and receive independently and can be turned on or off by a
multiplexer 22. Furthermore, the scanning may be electronic
or mechanical, and its geometry may be linear or nonlinear;

[0021] a positioning device 23 for the array, which is used
to keep good contact between the transducer array 22 and the
image object, extend imaging area, obtain a 3-dimentional
image, and compress the object to perform elasticity imag-
ing;

[0022] areflector 21 located on the other side of the image
object opposite to the transducer array 22, which can effec-
tively reflect ultrasonic wave incident from any angle and
may be planar or nonplanar. Furthermore, the reflector 21
may be replaced by another receive array;

[0023] a multiplexer 24, which can independently turn on
or turn off any channel of the transducer array 221;

[0024] a transmitter/receiver 25, which transmits or
receives signals via the channels 221 of the transducer array
22,

[0025] an image reconstruction and signal processing
apparatus 26, which receives the detected signal from the
transmitter/receiver 25, and estimates the sound velocities
and the attenuation coeflicients of the object using the
time-of-flight data and the attenuation data extracted from
the receive signals, together with the segmentation informa-
tion of the object derived from the corresponding B-mode
image; and

[0026] a monitor 27, which displays the results of the
image reconstruction and signal processing apparatus 26.

[0027] FIG. 4 illustrates an implementation method of the
invention. It includes steps of:

[0028] 301, i.e. extracting all the time-of-flight data and
the attenuation data from the echoes for all transmit/receive
combinations;

[0029] 302, i.e. extracting the segmentation information of
the object from the B-mode image and combining with the
above-mentioned data to estimate the sound velocities and
attenuation coeflicients of an object;

[0030] 303, ie. setting the boundary conditions for the
image parameters such that the parameters can be estimated
in different frequency ranges; and

[0031] 304, i.e. deriving the relationships between the
image parameters and the frequency, e.g. slope.

[0032] The ultrasound imaging apparatus and method is
superior to conventional technologies in the following
aspects:

[0033] 1.The ultrasound imaging apparatus and method of
the invention can acquire the ultrasound B-mode image, the

Jun. 1, 2006

sound velocities, the attenuation coefficients, and the elastic
properties of an object, and then use them to identify the
tissue types (e.g., to detect the breast tumor).

[0034] 2.The ultrasound imaging apparatus and method of
the invention applies an ultrasound transducer array for
transmitting and receiving ultrasound signals, without rotat-
ing the array or the object, to obtain a B-mode image, the
sound velocities, and the attenuation coefficients. It also can
be extended to obtaining other image parameters, e.g. elastic
modulus, to provide further information of the object.

[0035] 3. The ultrasound imaging apparatus and method of
the invention applies the information extracted from the
B-mode image of the object to effectively improve the
estimation accuracy of the sound velocities and the attenu-
ation coeflicients without using other imaging apparatus.

[0036] While the present invention has been described in
conjunction with the preferred embodiments thereof, it is
evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is
intended to embrace all such alternatives, modifications and
variations that fall within the spirit and scope thereof as set
forth in the appended claims.

[0037] Tt can tell that the invention is innovative and
improved relative to conventional arts. It would be thankful
if the application can be granted without misgivings.

[0038] Many changes and modifications in the above-
described embodiment of the invention can, of course, be
carried out without departing from the scope thereof.
Accordingly, to promote the progress in science and the
useful arts, the invention is disclosed and is intended to be
limited only by the scope of the appended claims.
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What is claimed is:
1. An ultrasound imaging apparatus comprising:

a transducer array located on one side of an image object
with a plurality of channels which can transmit and
receive independently, and can be turned on or off by a
multiplexer;
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a positioning device for the array, which is used to keep
good contact between the transducer array and the
image object, extend imaging area, obtain a 3-dimen-
tional image, and compress the object to perform
elasticity imaging;

a reflector located on the other side of the image object
opposite to the transducer array, which can effectively
reflect ultrasonic wave incident from any angle;

a multiplexer, which can independently turn on or turn off
any channel of the transducer array;

a transmitter/receiver, which transmits or receives
detected signals via the channels of the transducer
array;

an image reconstruction and signal processing apparatus,
which receives the detected signal from the transmitter/
receiver, and estimates the sound velocities and the
attenuation coeflicients of the objects using the time-
of-flight data and the attenuation data extracted from
the receive signal, together with the segmentation
information of the object derived from the B-mode
image; and

a monitor, which displays the results of the image recon-
struction and signal processing apparatus.

2. The ultrasound imaging apparatus of claim 1, wherein

the scanning of the transducer array may be electronic or
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mechanical, and the geometry of the array may be linear or
nonlinear.

3. The ultrasound imaging apparatus of claim 1, wherein
the reflector may be planar or nonplanar.

4. The ultrasound imaging apparatus of claim 1, wherein
the reflector may be replaced by another receive array.

5. An ultrasound imaging method, which includes steps
of:

extracting all the time-of-flight data and the attenuation
data from the echoes from the reflector for all transmit/
receive combinations;

extracting the segmentation information of the object
from the B-mode image and combining with the above-
mentioned data to estimate the sound velocities and the
attenuation coefficients of an image object; and

setting the boundary conditions for the image parameters.

6. The ultrasound imaging method of claim 5, which
estimates the image parameters in different frequency ranges
and derive the relationships between the image parameters
and the frequency.

7. The ultrasound imaging method of claim 5 or claim 6,
wherein the image parameters include sound velocity,
attenuation coeflicient, and elastic modulus.
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