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Description

[0001] The present application claims priority from Ko-
rean Patent Application No. 10-2007-0116168 filed on
November 14, 2007, the entire subject matter of which
is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[Technical Field]

[0002] The present invention generally relates to an
ultrasound diagnostic device, and more particularly to an
ultrasound diagnostic device having a pair of array trans-
ducers facing each other.

[Background Art]

[0003] An ultrasound diagnostic device has become
an important and popular diagnostic tool due to its non-
invasive and non-destructive nature. The ultrasound di-
agnostic device may form an ultrasound image by utiliz-
ing wave characteristics of ultrasound such as reflection,
scattering and absorption as ultrasound signals propa-
gate through tissues of a human body. The ultrasound
diagnostic device may have a transducer for transmitting
ultrasound signals to a target object and receiving ultra-
sound echoes reflected back from it. An array transducer
including a plurality of elements is widely used to obtain
an enhanced ultrasound image.

[0004] Generally, as the ultrasound signals propagate
through the target object, they are attenuated. Thus, it is
difficult to obtain an ultrasound image having a high sig-
nal-to-noise ratio (SNR) for a relatively far area from the
transducer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1is aschematic diagram illustrating a pair
of transducers.
[0006] FIGS. 2A and 2B are schematic diagrams

showing examples of transmitting and receiving ultra-
sound signals by using two transducers.

[0007] FIGS. 3A to 3C are schematic diagrams illus-
trating examples of steering a plane wave used as an
ultrasound transmit beam.

[0008] FIG. 4 is a schematic diagram showing an ex-
ample of extension plates extended from both edges of
the transducers.

[0009] FIGS. 5A and 5B are schematic diagrams
showing examples of pressing a target object by using
the transducers with extension plates mounted.

[0010] FIG.6isaschematicdiagram showing elasticity
images obtained under the condition that a target object
is pressed.

[0011] FIG.7isaschematicdiagram showing elasticity
images with the motion of a target object compensated.
[0012] FIG.8isablockdiagram showing an ultrasound
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diagnostic device in accordance with one embodiment
of the present invention.

[0013] FIG.9isablockdiagram showing an ultrasound
diagnostic device in accordance with another embodi-
ment of the present invention.

[0014] FIGS. 10A to 10C are schematic diagrams
showing examples of obtaining ultrasound plane images
by rotating the transducers.

[0015] FIG. 11 is a schematic diagram showing an ex-
ample of rotating one of the transducers.

[0016] FIG. 12 is a schematic diagram illustrating an
example of rotating one transducer around the other
transducer.

[0017] FIG. 13 is a schematic diagram illustrating two
pairs of transducers in accordance with further another
embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0018] FIG. 1is a schematic diagram showing anillus-
trative embodiment of a pair of transducers. As illustrated
in FIG. 1, the ultrasound diagnostic device may include
a pair of transducers 10 and 20. The pair of the trans-
ducers 10 and 20 may be arranged to face each other.
The transducers 10 and 20 may be set apart from each
other by a predetermined distance.

[0019] As illustrated in FIGS. 2A and 2B, each of the
transducers 10 and 20 may have an array transducer
having a plurality of elements 11 and 21. The elements
11 and 21 may transmit the ultrasound signals to a target
object and receive ultrasound echoes reflected from the
target object to thereby output analog receive signals.
The transducers 10 and 20 may be a linear array trans-
ducer in which the elements are linearly arranged. A dis-
tance between two array transducers 10 and 20 may be
adjustable by moving at least one of the transducers 10
and 20inan axial direction. The distance may be adjusted
according to the type of a target object or diagnostic con-
ditions. The target object may be positioned between two
array transducers 10 and 20, so that an imaging error
caused by a motion of the target object such as a human
body may be reduced.

[0020] Since two array transducers 10 and 20 are ar-
ranged such that they face each other in one embodi-
ment, images may be obtained in both reflection and
transmission modes. That is, when one transducer emits
ultrasound signals to a target object, the ultrasound sig-
nals may be reflected by the target object and received
by the opposite transducer. The reflected ultrasound sig-
nals may be used to form a B-mode image in the reflection
mode and the transmitted ultrasound signals may be
used to form speed of sound and attenuation images in
the transmission mode. Two array transducers 10 and
20 may alternately transmit an ultrasound transmit beam
tothe target object. In response to the transmission, each
of two array transducers 10 and 20 may receive an ul-
trasound echo reflected from the target object in the re-
flection mode. With this configuration of two array trans-
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ducers, it is possible to obtain two image frames corre-
sponding to the same plane in the target object, each of
which is formed based on the ultrasound echo. The two
image frames may be compounded again by using a
technique such as averaging. The so-obtained com-
pound image frame may be presented as a new image
frame.

[0021] In some embodiments, each of two array trans-
ducers 10 and 20 may be operable to transmit an ultra-
sound transmit beam several times at different steering
angles. In this case, a plurality of image frames corre-
sponding to the individual steering angles may be ob-
tained based on the ultrasound echoes. The plurality of
image frames may be compounded, so that two com-
pound images corresponding to individual array trans-
ducers 10 and 20 may be obtained. Thereafter, the two
compound images may be superposed again. Thus,
speckles may be reduced through the compounding. Al-
so, the degradation of resolution and SNR with increasing
depth may be compensated for.

[0022] In the meantime, if the ultrasound transmit
beam is transmitted by using a single element, the SNR
may be decreased. A plane wave (e.g., a limited-diffrac-
tion beam) may be used as the ultrasound transmit beam
to increase the SNR. The plane waves transmitted from
the respective transducers 10 and 20 may be steered to
obtain an ultrasound image which covers a large imaging
area without physically or mechanically tilting the trans-
ducers 10 and 20. For example, if transmission is repeat-
ed in steering angle steps of 1° over a steering angle
range of £10°, a total of 21 frames may be obtained.
Thus, it has an effect equivalent to tilting the transducer
by 20°. An ultrasound image may be formed through syn-
thetic focusing of receive signals obtained through the
individual array transducers 10 and 20 by steering the
plane wave. When the ultrasound transmit beams are
transmitted after being steered at transmit angles of 6,
and 6, from the individual array transducers 10 and 20,
shadow regions, which are not scanned, may result from
one of the steered ultrasound transmit beams. However,
the shadow region may be compensated by the ultra-
sound transmit beam emitted from the other transducer,
as illustrated in FIGS. 3A to 3C. That is, since a pair of
transducers is used to obtain an image frame in one em-
bodiment, the shadow region may be reduced when the
steered transmit beams are adopted to get a wide field
of view in imaging. Numeral references "14" and "24" in
FIGS. 3A and 3B represent wave fronts of the plane
waves used as the ultrasound transmit beams.

[0023] In the transmission mode, the receive signals
may be obtained based on the ultrasound transmit beam
emitted from the opposite transducer through the target
object. In such a case, the speed of sound and attenua-
tion may be measured based on the arrival time and am-
plitude of the ultrasound transmit beam emitted from one
array transducer upon reception on the other array trans-
ducer. A tomography image showing the attenuation and
the speed of the ultrasound signal in the target object
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may be obtained by using a tomographic reconstruction
technique. The speed of sound may be 1450 m/s in nor-
mal tissues of the breast and 1550 m/s in the tumor, so
that it may be determined whether or not the tumor exists
through the speed of sound image. Also, the attenuation
of the ultrasound signal in the tumor is greater than that
in the normal tissue. Thus, the tumor may be diagnosed
through the attenuation image. As mentioned above, the
B-mode image may be obtained together with the tom-
ography image in both the reflection and transmission
modes in accordance with one embodiment, so that the
examination time may be reduced.

[0024] In the meantime, the conventional ultrasound
computerized tomography (CT) may be carried out by
immersing an imaging object in water to obtain an ultra-
sound CT image such as an ultrasound breast image.
Thus, ultrasound refraction may occur due to the water.
However, since two transducers 10 and 20 are in direct
contact with the target object in accordance with one em-
bodiment, the refraction of the ultrasound signals may
be reduced, so that an enhanced ultrasound image res-
olution may be obtained.

[0025] Anultrasound signal of 7 MHz, which is typically
used to obtain a breastimage, may be largely attenuated
during propagation in the breast. Therefore, ultrasound
echoes reflected from a relatively far region from the
transducer may be very weak. However, since breast
images may be obtained from each of both array trans-
ducers 10 and 20, and compounded to form a compound
breast image in one embodiment, depth-dependent im-
age characteristics such as the attenuation may be com-
pensated for.

[0026] In order to form the compound ultrasound im-
age, the bidirectional pixel based focusing may be used
in addition to the synthetic focusing. Also, various focus-
ing methods may be applied by using two transducers
10 and 20.

[0027] When the target object is positioned between
two transducers 10 and 20, the distance between the
transducers may be finely adjusted in accordance with
one embodiment such that a pressure may be applied to
the target object. That is, the pressure applied to the tar-
get object may be changed by adjusting the distance be-
tween two transducers 10 and 20. In such a case, the
pressure applied to the target object may be in inverse
proportion to the distance therebetween. Thus, the pres-
sure applied to the target object may be indirectly com-
puted by using the distance between the transducers 10
and 20 in accordance with one embodiment.

[0028] In accordance with another embodiment, the
transducers 10 and 20 may include extension plates 12
and 22, which are extended from both edges of the trans-
ducers 10 and 20, respectively, as illustrated in FIG. 4.
The extension plates 11 and 12 may be a compression
plate for applying the pressure to the target object. When
the pressure is applied to the target object Ob such as a
breast to form the strain image, the pressure may be
uniformly applied to the squeezed target object Ob
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through the compression plates 12 and 22, as illustrated
in FIGS. 5A and 5B. Thus, a good strain image may be
obtained compared with the strain image obtained by
pressing the target object with palpation.

[0029] FIG. 6 is a schematic diagram showing exam-
ples of elasticity images (strain images) F1, F2, F3 and
F4 obtained by pressing the target object in an axial di-
rection of the transducers 10 and 20. FIG. 7 is aschematic
diagram showing examples of elasticity images in which
motions are compensated. The motion compensation
may be performed by expanding the elasticity images
F1, F2, F3 and F4 by a factor defined by a reciprocal
number of the strain, so that the motion-compensated
elasticity images F11, F12, F13 and F14 corresponding
to different strains may be obtained. The elasticity images
F11, F12, F13 and F14 may be averaged to form a final
elasticity image. Thus, an error in strain calculation may
be reduced through the averaging of the elasticity imag-
es. In accordance with one embodiment, two elasticity
images may be obtained at every transmission and re-
ception of the ultrasound signals from the two transduc-
ers 10 and 20 in the same manner of forming the B-mode
images.

[0030] FIG.8isablockdiagram showing an ultrasound
diagnostic device including two array transducers 110
and 120. The two array transducers 110 and 120 may
be arranged to face each other. The array transducers
110 and 120 may include a plurality of elements for trans-
mitting ultrasound signals along scan lines, which are set
in the target object in response to transmit pulse signals,
and outputting analog receive signals based on ultra-
sound echoes reflected from the target object. A trans-
mitting beamformer 130 may be operable to apply delays
to the transmit pulse signals such that the ultrasound
signals are focused on the scan lines. A receive beam-
former 140 may be operable to sample the analog receive
signals at a predetermined sampling rate to thereby form
receive signals corresponding to the scan lines. The re-
ceive beamformer 140 may include an analog-to-digital
converter operable to convert the analog receive signals
to digital receive signals. The receive beamformer 140
may be operable to apply delays to the digital receive
signals in consideration of a distance between the ele-
ment and a focal point, and sum delayed digital receive
signals to thereby form receive data. A storage unit 150
may store the receive data. A digital signal processor
(DSP) 160 may be operable to form image data corre-
sponding to image modes such as a B-mode, a C-mode
and a D-mode based on the receive data. A digital scan
converter 170 may be operable to scan convert the image
data to a data format suitable for display. A display unit
180 may be operable to display an ultrasound image
based on the scan-converted image data.

[0031] Amovingunit 190, whichis coupled to the trans-
ducers 110 and 120, may be operable to move at least
one of the transducers 110 and 120 in an axial direction.
A pressure determination unit 195 may be operable to
determine a pressure applied to the target object based
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on a distance between the transducers 110 and 120. The
DSP 160 may be operable to form elasticity image data
based on the pressure determined by the pressure de-
termination unit 195. The digital scan converter 170 may
be operable to scan convert the elasticity image data to
an image format suitable for display. The display unit 180
may display an elasticity image based on the scan-con-
verted elastic image data.

[0032] FIG.9isablockdiagram showingan ultrasound
diagnostic device including two array transducers 110
and 120 arranged to face each other in another embod-
iment. The ultrasound diagnostic device may further in-
clude a rotation angle calculation unit 196 in addition to
all elements of the ultrasound diagnostic device illustrat-
ed in FIG. 8. The transducer moving unit 190 may be
further operable to rotate the transducers 110 and 120
on the same planes, as illustrated in FIGS. 10A to 10C.
The rotation angle calculation unit 196 may be operable
to calculate a rotation angle of the array transducers 110
and 120.

[0033] Referringto FIGS. 10A to 10C, the transducers
10 and 20 may be rotated about a rotating axis AX;, so
that the DSP 160 may form a plurality of plane images
200, 201, 202 and 203. The DSP 160 may be further
operable to synthesize the plane images in consideration
of a rotation angle 65 to form a 3-dimensional image. The
resolution of the 3-dimensional image may be deter-
mined by finely adjusting the rotation angle 65. The rota-
tion angle 65 may be set to a small angle when a region
of interest such as a cancer is scanned to get a high-
resolution 3-dimensional ultrasound image for the region
of interest.

[0034] FIG. 11 is a schematic diagram showing an ex-
ample of obtaining a plurality of ultrasound plane images
by rotating only one transducer 20 on the same plane
while the other transducer is fixed. Referring to FIG. 11,
one of the transducers (e.g., transducer 20) may rotate
to obtain a plurality of ultrasound plane images 20a, 20b
and 20c. The DSP 160 may be operable to synthesize
the ultrasound plane images 20a, 20b and 20c to thereby
form a 3-dimensional ultrasound image.

[0035] The transducer moving unit 190 may be further
operable to rotate one transducer around the other trans-
ducer as illustrated in FIG. 12. In such a case, the moving
transducer 20 may move along a surface of the target
object while the two ultrasound transducers 10 and 20
face each other. That s, the transducer 10 is also rotated
about a rotation axis AX, to face the transducer 20. Since
the transducer 20 moves along the surface of the target
object, a plurality of ultrasound plane images 204, 205,
206, 207 and 208 may be obtained. Thus, a wide region
of the target object may be scanned. The DSP 160 may
be operable to synthesize the ultrasound plane images
204, 205, 206, 207 and 208 in consideration of a rotation
angle 0, to thereby form a 3-dimensional ultrasound im-
age. A volume of internal tissues in the target object may
be calculated by using the 3-dimensional ultrasound im-
age.
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[0036] FIG. 13 is a schematic diagram illustrating two
pairs of transducers in accordance with further another
embodiment. Asillustrating in FIG. 13, a pair of additional
array transducers 30 and 40 may be further included in
addition to the pair of array transducers 10 and 20. The
array transducers 30 and 40 may be arranged such that
they face each other similar to the array transducers 10
and 20. Each of the array transducers 30 and 40 may
have a plurality of elements 31 and 41. Further, the array
transducers 30 and 40 may be arranged to be perpen-
dicular to the array transducers 10 and 20. Four images
corresponding to the individual array transducers 10 to
40 may be obtained, and then compounded to form a
compound image. Thus, an enhanced ultrasound image
resolution may be obtained.

[0037] As mentioned above, the ultrasound diagnostic
device of the present invention adopts two transducers
facing each other, so that the amount of ultrasound image
data that can be acquired may become twice that of the
conventional ultrasound diagnostic device to form the ul-
trasound image. Thus, an enhanced ultrasound image
may be formed.

[0038] In accordance with one embodiment of the
present invention, there is provided an ultrasound diag-
nostic device, comprising a pair of transducers operable
to transmit/receive ultrasound signals, wherein the trans-
ducers are arranged to face each other.

[0039] Any reference in this specification to "one em-
bodiment," "an embodiment," "example embodiment,"
etc. means that a particular feature, structure or charac-
teristic described in connection with the embodiment is
included in at least one embodiment of the present in-
vention. The appearances of such phrases in various
places in the specification are not necessarily all referring
to the same embodiment. Further, when a particular fea-
ture, structure or characteristic is described in connection
with any embodiment, it is submitted that it is within the
purview of one skilled in the art to effect such a feature,
structure or characteristic in connection with that of other
embodiments.

[0040] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the spirit and scope
of the principles of this disclosure. More particularly, nu-
merous variations and modifications are possible in the
component parts and/or arrangements of the subject
combination arrangement within the scope of the disclo-
sure, the drawings and the appended claims. In addition
to variations and modifications in the component parts
and/or arrangements, alternative uses will also be ap-
parent to those skilled in the art.

Claims

1. An ultrasound diagnostic device, comprising:
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a pair of transducers operable to transmit/re-
ceive ultrasound signals, wherein the transduc-
ers are arranged to face each other.

The ultrasound diagnostic device of Claim 1, wherein
each of the transducers is a linear array transducer
including a plurality of elements.

The ultrasound diagnostic device of Claim 2, further
comprising:

a transmit beamformer operable to delay trans-
mit pulse signals applied to the transducers such
that the ultrasound signals are focused on scan
lines set in a target object;

a receive beam former operable to convert an-
alog receive signals outputted from the trans-
ducers in response to reception of ultrasound
echoes reflected from the target object and de-
lay the digital receive signals to form receive da-
ta;

adigital signal processor operable to formimage
data based on the receive data; and

a display unit operable to display an ultrasound
image based on the image data.

The ultrasound diagnostic device of Claim 3, further
comprising a moving unit operable to move at least
one of the transducers in an axial direction.

The ultrasound diagnostic device of Claim 4, further
comprising a pressure determination unit operable
to determine a pressure applied to the target object
based on a distance between the transducers,
wherein the digital signal processing unit is operable
to form elasticity image data based on the digital re-
ceive data and the determined pressure, and the dis-
play unit is operable to display an elasticity image
based on the elasticity image data.

The ultrasound diagnostic device of Claim 5, further
comprising compression plates extended from both
edges of the respective transducers.

The ultrasound diagnostic device of Claim 4, wherein
the moving unit is further operable to rotate at least
one of the transducers about a rotation axis on a
same plane, or one transducer around the other
transducer while the transducers face each other.

The ultrasound diagnostic device of Claim 7, further
comprising a rotation angle calculation unit operable
to calculate a rotation angle of the transducers,
wherein the digital signal processing unit is further
operable to form a plurality of plane images and form
a 3-dimensional image by synthesizing the plane im-
ages based on the calculated rotation angle.
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The ultrasound diagnostic device of Claim 1, further
comprising a pair of additional transducers, wherein
the additional transducers are arranged to face each
other and to be perpendicular to the transducers.
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FIG. 2B
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FIG. 10A
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FIG. 10B
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FIG. 10C
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