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(54) Hand-held ultrasound system

(57)  An embodiment of a hand-held ultrasound sys-
tem s disclosed. The hand-held ultrasound system com-
prises an ultrasound probe configured to transmit and
receive ultrasound signals to and from a target object to
thereby output receive signals. A body is sized to be held
by a single hand of a user and has processing elements
configured to form ultrasound images based on the re-
ceive signals and provide a preset touch screen menu.

A touch screen, which is mounted on the body, includes
a display and a touch panel with a touch response sur-
face. The touch screen displays the ultrasound images
and the preset touch screen menu for allowing the user
to input user instructions. The preset touch screen menu
is displayed on adisplay region of the display correspond-
ing to proximity to a location of the touch panel touched
by a finger of the user when the body is held by the single
hand of the user.
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Description

[0001] The present application claims priority from Ko-
rean Patent Application No. 10-2008-0124197 filed on
December 8, 1008, the entire subject matter of which is
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to ul-
trasound systems, and more particularly to a hand-held
ultrasound system.

BACKGROUND

[0003] Anultrasound systemhasbecome animportant
and popular diagnostic tool since it has a wide range of
applications. Specifically, due to its non-invasive and
non-destructive nature, the ultrasound diagnostic system
has been extensively used in the medical profession. Mo-
dem high-performance ultrasound diagnostic systems
and techniques are commonly used to produce two or
three-dimensional diagnostic images of internal features
of an object (e.g., human organs).

[0004] The ultrasound system, which is typically used
in clinics, is relatively large and heavy. Thus, it is gener-
ally operated while being fixed at a specific location. Also,
although the ultrasound system is typically manufactured
as a small-sized system, its weight may exceed about
10 Kg. Thus, it may not be easy to move the ultrasound
system. As such, it may be difficult to carry the ultrasound
system as a portable system. Accordingly, the ultrasound
systems have been developed into two types of systems,
namely, a cart-based ultrasound system and a portable
ultrasound system (similar to a laptop computer).
[0005] FIG. 1isaschematic diagram showing a laptop
computer-type portable ultrasound system. As shown in
FIG 1, the potable ultrasound system 10 may include an
ultrasound probe 11, a body 12, a control panel 13 and
a display 14. The ultrasound probe 11 may transmit/re-
ceive ultrasound signals to/from a target object to output
receive signals. The body 12 may include processing el-
ements for forming ultrasound images based on the re-
ceive signals. The control panel 13 may be mounted on
the body 12. The control panel 13 may include a plurality
of selection buttons, knob buttons, sliders for adjusting
image parameters, keyboard, track ball and the like. The
display may be a liquid crystal display, organic light-emit-
ting diode display or the like.

[0006] While the laptop computer-type portable ultra-
sound system may be small, there is still a strong need
inthe artto provide a hand-held ultrasound system, which
has acceptable performance characteristics and is easy
to use.

SUMMARY

[0007] Anembodiment for providing a hand-held ultra-
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sound system is disclosed herein. In one embodiment,
by way of non-limiting example, a hand-held ultrasound
system comprises: an ultrasound probe configured to
transmit and receive ultrasound signals to/from a target
object to thereby output receive signals; a body having
a size suitable for allowing a user to hold by using a single
hand, configured to form ultrasound images based on
the receive signals and provide a preset touch screen
menu; and a touch screen including a display and a touch
panel with a touch response surface mounted on the
body, configured to display the ultrasound images and
the preset touch screen menu for graphic user interface
allowing a user to input user instructions, wherein the
preset touch screen menu is displayed with reference to
a location where the user touches.

[0008] The Summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key or essential features of the
claimed subject matter, nor is it intended to be used in
determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]
FIG. 1 is a schematic diagram showing a
laptop computer-type portable ultra-
sound system.

is a schematic diagram showing an
illustrative embodiment of a hand-
held ultrasound system.

is a block diagram showing an illus-
trative embodiment of the body.

is a schematic diagram showing an
example of rotating a hand-held ultra-
sound system.

is a schematic diagram showing an
example of partitioning a display re-
gion of a touch screen into a plurality
of display regions.

are schematic diagrams showing ex-
amples of inputting user instructions
on a touch screen.

are schematic diagrams showing ex-
amples of displaying an ultrasound
image according to status of a hand-
held ultrasound held by a user.

are schematic diagrams showing ex-
amples of displaying a touch screen
menu together with an ultrasound im-
age.

is a schematic diagram showing an
example of setting a region of interest
on an ultrasound image.

is a schematic diagram showing an
example of inputting a user instruc-
tion for selecting an ultrasound image

FIG. 2

FIG. 3

FIG. 4

FIG. 5

FIGS. 6A to 6C

FIGS. 7and 8

FIGS. 9to 11

FIG. 12

FIG. 13
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and ultrasound data.

DETAILED DESCRIPTION

[0010] A detailed description may be provided with ref-
erence to the accompanying drawings. One of ordinary
skill in the art may realize that the following description
is illustrative only and is not in any way limiting. Other
embodiments of the present invention may readily sug-
gest themselves to such skilled persons having the ben-
efit of this disclosure.

[0011] FIG. 2is a schematic diagram showing an illus-
trative embodiment of a hand-held ultrasound system.
The hand-held ultrasound system 100 may include a
body 110 and a touch screen 120. The hand-held ultra-
sound system 100 may further include an ultrasound
probe (not shown) that may be operable to transmit/re-
ceive ultrasound signals to/from a target object to thereby
output electrical receive signals. The ultrasound probe
may include an array transducer consisting of a plurality
of elements. The ultrasound probe may be connected to
the body 110 through wired or wireless communication.
[0012] The body 110 may be configured with housing
and a plurality of processing elements packaged in the
housing. The housing may be formed in a rectangular
shape, although itis not limited thereto. For example, the
housing may be formed to have a typical rectangular
shape with its four corners rounded, as illustrated in FIG.
2. In one embodiment, the body 110 may be formed to
have size, weight and shape suitable for allowing a user
to easily hold by using a single hand. The hand-held ul-
trasound system may be manufactured to have a weight
of less than 1 kg. The processing elements packaged in
the body 110 may receive the receive signals from the
ultrasound probe to form an ultrasound image.

[0013] FIG.3isablock diagram showing aniillustrative
embodiment of the processing elements packaged in the
body 110. The body 110 may include a beam former 111
that may be operable to apply delays to the receive sig-
nals in consideration of distances between the elements
and focal points, thereby outputting receive-focused sig-
nals.

The body 110 may further include an ultrasound data
forming unit 112 that may be operable to form ultrasound
data based on the receive-focused signals. In one em-
bodiment, the ultrasound data forming unit 112 may be
embodied by a digital signal processor.

[0014] Thebody 110 may furtherinclude an ultrasound
image forming unit 113 that may be operable to form
ultrasound image based on the ultrasound data. In one
embodiment, the ultrasound images may include at least
one of a brightness mode image, a Doppler mode image,
a color mode image, an elastic mode image, a 3-dimen-
sional mode image and the like.

[0015] The body 110 may furtherinclude a storage unit
114 for storing the ultrasound data and the ultrasound
images. In one embodiment, the storage unit 114 may
include a first storage section (not shown) for storing the
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ultrasound data and a second storage section (not
shown) for storing the ultrasound images. The storage
unit 114 may further store preset image sets for graphic
user interface. The storage unit 114 may include at least
one of a hard disk, flash memory, CD ROM, DVD and
the like.

[0016] The body 110 may further include a detecting
unit 115 that may be operable to detect status of the
hand-held ultrasound system 100 held by a hand tothere-
by output a detection signal. In one embodiment, the de-
tecting unit 115 may include sensors mounted on respec-
tive edges 110A of the body for detecting which edge is
held by a hand of the user. The detecting unit 115 may
be operable to output a detection signal corresponding
to the touched edge. In one embodiment, the detecting
unit 115 may include a gravity sensor for detecting rota-
tion of the hand-held ultrasound system 100. In such a
case, if the hand-held ultrasound system 100 is rotated
within a first angle range P1 from 0 to 45 degrees with
respect to areference angle (e.g., 0 degree) as illustrated
in FIG. 4, then the detecting unit 115 may output a first
detection signal. Also, if the hand-held ultrasound system
100 is rotated to be within a second angle range P2 from
45 to 90 degrees as illustrated in FIG. 4, then the detect-
ing unit 115 may output a second detection signal. In one
embodiment, when the hand-held ultrasound system 100
is rotated to be positioned at an angle of 45 degrees, the
detecting unit 115 may output the second detection sig-
nal.

[0017] The body 110 may further include a control unit
116 that may be operable to control the transmission and
reception of the ultrasound signals. The control unit 116
may be further operable to control the display of the touch
screen according to user instructions.

[0018] In one embodiment, the touch screen 120 may
be installed on one plane of the body 110. The touch
screen 120 may include a display and a touch panel with
atouch responsive surface. The display may include one
of liquid crystal display, organic light-emitting diode dis-
play and the like. The touch panel may be placed over a
screen of the display. The touch screen 120 may be op-
erable to display the ultrasound images. The touch
screen 120 may be further operable to display a preset
touch screen menu for graphic user interface by using
the preset image sets stored in the storage unit 114.
While watching the preset touch screen menu, the user
may input user instructions onto the touch screen 120 by
a finger, stylus or the like. In one embodiment, a display
region of the touch screen 120 may be partitioned into
first and second display regions. The first display region
may be utilized to display an ultrasound image and re-
ceive user instructions such as an instruction for setting
a region of interest (ROI) on an ultrasound image, an
instruction for adjusting the ROI, aninstruction for moving
the ROI and the like. The second display region may be
utilized to display the preset touch screen menu for
graphic user interface. As illustrated in FIG. 5, for exam-
ple, the touch screen 120 may include a first display re-
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gion 121 disposed at a center portion of the display region
and the second display regions 122 disposed at both
sides of the first display region 121.

[0019] In one embodiment, the user instructions may
be inputted through various events. For example, the us-
er instructions may be inputted through a tap event (click
event). Also, the user instructions may be inputted
through a circular drag event as shown in FIG. 6A, up
and down drag events as shown in FIG. 6B, and right
and leftdrag events as shown in FIG. 6C, while the finger
(or stylus, etc.) touches on the touch panel.

[0020] FIGS. 7 and 8 are schematic diagrams showing
examples of displaying an ultrasound image according
to the status of a hand-held ultrasound system 100 held
by the user. FIG. 7 shows an example wherein the user
holds the ultrasound system 100 in a longitudinal direc-
tion, while FIG. 8 shows an example in which the user
holds the ultrasound system 100 in a vertical direction.
[0021] In one embodiment, the sensors installed on
the respective edges of the body 110 may sense any
touch caused by the user’s hand to thereby output the
detection signal indicative of which edge is held. The con-
trol unit 116, which is coupled to the rotation detection
unit 115 to receive the detection signal, may be operable
to control a display operation of the ultrasound image on
the touch screen 120.

[0022] Also, the detecting unit 115 may detect whether
the ultrasound system 100 is rotated within the first angle
range from 0-45 degrees or the second angle range from
45-90 degrees by using the gravity sensor installed on
the body 110. If the ultrasound system 100 is rotated
within the first range, then the detecting unit 115 may be
operable to output a first detection signal. Also, if the
ultrasound system 100 is rotated within the second angle
range, then the detecting unit 115 may be operable to
output a second detection signal.

[0023] If the first detection signal is outputted from the
rotation detection unit 115, then the control unit 116 may
be operable to control an operation of the hand-held ul-
trasound system 100 such that the ultrasound image 310
formed by the ultrasound image forming unit 310 is dis-
played on the touch screen 120 as shown in FIG. 7. Also,
if the second detection signal is outputted from the rota-
tion detection unit 115, then the control unit 116 may be
operable to control an operation of the hand-held ultra-
sound system 100 such that the ultrasound image 310
formed by the ultrasound image forming unit 310 is dis-
played on the touch screen 120 as shown in FIG. 8.
[0024] Although it is described above that the user
holds the hand-held ultrasound system 100 by a left hand,
the holding of the hand-held ultrasound system 100 may
not be limited thereto. In one embodiment, the user may
also hold the hand-held ultrasound system 100 by using
a right hand. In such a case, the touch screen menu may
be displayed on a right side of the touch screen 120.
[0025] If the user initially touches an arbitrary location
on the touch screen 120, then the control unit 116 may
be operable to control the touch screen 120 such that
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the preset touch screen menu for graphic user interface
is displayed on the touch screen 120, as shown in FIG.
9. In one embodiment, the control unit 116 may be op-
erable to control the touch screen 120 such that the touch
screen menu 410 is displayed at the location where the
user touches. The touch screen menu 410 may be dis-
played on the second display region 122. The touch
screen menu 410 may include a plurality of items, which
may be represented by soft buttons, necessary forimage
optimization such as gain, time gain compensation
(TGC), edge enhancement, auto image optimization
(AIO), frame rate, etc. The displayed items may be
changeable according to a user request. For example,
the touch screen menu 410 may be set to include items
such as gain, TGC, edge enhancement and AlO, as il-
lustrated in FIG. 9. The touch screen menu 410 may fur-
ther include a scroll S to display other items. The items
included in the touch screen menu may be changed ac-
cording to diagnostic modes or user input instructions.
[0026] If the user clicks the scroll S in the touch screen
menu, the control unit 160 may be operable to control
the touch screen 120 such that another item is displayed.
Also, in one embodiment, the user may drag the scroll S
to display another item. In such a case, the drag event
may be performed in a circular direction.

[0027] In one embodiment, the touch screen menu
may include a main menu and a plurality of sub menus
associated with the respective items included in the main
menu. If a user taps one of the items in the main menu
410 for image optimization, i.e., clicks one item to select
a desirable image optimization function, then the control
unit 116 may be operable to control the touch screen 120
such that a preset sub menu 420 associated with the
selected item in the main menu 410 may be displayed
on the touch screen 120. The sub menu 420 may be
provided with graphic user interface capable of adjusting
an image parameter associated with the selected item.
For example, if the user clicks gain in the main menu 410
shown in FIG. 10, then the control unit 116 may be op-
erable to control the touch screen 120 such that the pre-
set sub menu 420 including a gain adjusting bar 421 for
gain adjustment is displayed on the touch screen 120,
as shown in FIG. 11. The sub menu 420 may be also
displayed on the second display region 122 of the touch
screen 120. In one embodiment, the sub menu 420 may
further include a return button to return to the main menu
410. Although it is described above that the sub menu
420 corresponding to the gain item includes a gain ad-
justing bar 421 for gain adjustment as an example, the
setting of the sub menu 420 may not be limited thereto.
The sub menu 420 may be set in various ways according
to the user’s tendency.

[0028] If the user adjusts an image parameter on the
sub menu 420 through the click and/or drag events, then
the control unit 116 may be operable to apply the adjusted
image parameter to an ultrasound image for image opti-
mization. Further, if the user selects the back soft button
through the click events, then the touch screen 120 may
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display the previous graphic user interface, i.e., the main
menu 410 under the control of the control unit 116.
[0029] FIG. 12is a schematic diagram showing an ex-
ample of setting a region of interest (ROI) on the ultra-
sound image displayed on the touch screen 120. If the
user inputs a user instruction for setting ROl on an ultra-
sound image 310 displayed on the touch screen 120,
then the control unit 116 may be operable to control the
touch screen 120 such that a predetermined ROI 510 is
set on the ultrasound image 310, as shown in FIG. 12.
The input of the user instruction for setting the ROl may
be achieved by touching a desirable location within the
first display region 121. In one embodiment, the ROl may
be set on the first display region 121 with reference to
the location where the user touches. The border of the
ROI 510 may be adjusted through the drag events in the
up, down, right and left directions.

[0030] FIG. 13 is a schematic diagram showing an ex-
ample of selecting one of the ultrasound images and one
of the ultrasound data through the touch and drag events.
If the user inputs a user instruction for selecting one of
the ultrasound images, then the control unit 116 may be
operable to access the storage unit 114 to read out a
corresponding ultrasound image. In one embodiment,
the user instruction for selecting one of the ultrasound
images may be achieved through touch and drag events
in up and down directions on the first display region 121.
If the user touches and drags in an up direction on the
first display regions 121, then the control unit 116 may
be operable to read out an ultrasound image, which is
formed prior to a currently displayed ultrasound image.
Also, if the user touches and drags in a down direction
on the first display regions 121, then the control unit 116
may be operable to read out an ultrasound image, which
is formed next to a currently displayed ultrasound image.
[0031] Ifthe userinputs a user instruction for selecting
one of the ultrasound data, then the control unit 116 may
be operable to access the storage unit 114 to read out a
corresponding ultrasound data. In one embodiment, the
user instruction for selecting one of the ultrasound imag-
es may be achieved through the touch and drag events
in the left and right directions on the first display region
121. If the user touches and drags in the left direction on
the second display regions 121, then the control unit 116
may be operable to read out an ultrasound data, which
is formed prior to an ultrasound data corresponding to
the currently displayed ultrasound image. Also, ifthe user
touches and drags in the down direction on the first dis-
play regions 121, then the control unit 116 may be oper-
able to read out an ultrasound data, which is formed next
to an ultrasound data corresponding to the currently dis-
played ultrasound image. In such a case, the read-out
ultrasound data is processed by the ultrasound image
forming unit 113 to form an ultrasoundimage. The formed
ultrasound image may be displayed on the second dis-
play region 121 of the touch screen 120.

[0032] Inthe above embodiment,ithasbeendescribed
that the touch screen menu 410 includes the items for
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image optimization as the main menu. However, the
touch screen menu 410 may not be limited thereto. The
touch screen menu 410 may be set to include items for
measuring a size of the target object, items for selecting
diagnostic departments, items for selecting diagnostic
modes and the like.

[0033] Also, it is described above that the ultrasound
image is displayed only on the first display region 121.
However, when the user instruction for displaying the ul-
trasound image on a full screen is inputted or any instruc-
tion is not inputted for a predetermined time duration, the
control unit 116 may be operable to control the touch
screen 120 such that the ultrasound image is displayed
on a full screen including the first and second display
regions. In such a case, if any user instruction is inputted,
then the control unit 116 may be operable to control the
touch screen 120 such that the ultrasound image is dis-
played only on the first display region 121 and the touch
screen menu 410 is displayed on the second display re-
gion 121.

[0034] 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. A hand-held ultrasound system, comprising:

an ultrasound probe configured to transmit and
receive ultrasound signals to and from a target
object to thereby output receive signals;

a body configured and sized to be held by a sin-
gle hand of a user and having processing ele-
ments for forming ultrasound images based on
the receive signals and provide a preset touch
screen menu; and

a touch screen mounted on the body including
a display and a touch panel with a touch re-
sponse surface, said touch screen being config-
ured to display the ultrasound images and the
preset touch screen menu for allowing the user
to input user instructions, wherein the preset
touch screen menu is displayed on a display re-
gion of the display corresponding to proximity to
a location of the touch panel touched by a finger
of the user when the body is held by the single
hand of the user.
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The hand-held ultrasound system of Claim 1, where-
in a weight of the hand-held ultrasound system is
less than 1 Kg.

The hand-held ultrasound system of Claim 1, where-
in the body includes:

an ultrasound data forming unit configured to
form ultrasound data based on the receive sig-
nals;

an ultrasound image forming unit configured to
form ultrasound images based on the ultrasound
data;

a storage unit for storing the ultrasound data and
the ultrasound images; and

a control unit configured to control a display op-
eration of the touch screen.

4. The hand-held ultrasound system of Claim 3, where-

in a display region of the touch screen is partitioned
into:

afirst display region disposed at a center portion
of the display region to display the ultrasound
image; and

a second display region disposed at both sides
of the first display region to display the preset
touch screen menu.

The hand-held ultrasound system of Claim 4, where-
in the touch panel is placed only over the second
display region.

The hand-held ultrasound system of Claim 4, where-
in the preset touch screen menu includes a main
menu including a plurality of items for image optimi-
zation and a sub menu for adjusting an image pa-
rameter corresponding to each of the items.

The hand-held ultrasound system of Claim 4, where-
in the body further includes a detecting unit operable
to detect a status of the hand-held ultrasound system
held by the user to thereby output a detection signal,
and wherein the control unit is operable to control
the display of the ultrasound image and the preset
touch screen menu on the touch screen in response
to the detection signal.

The hand-held ultrasound system of Claim 7, where-
in the detecting unit includes sensors mounted on
respective edges of the body for detecting any touch
caused by auser’s hand to thereby output a detection
signal indicative of which edge is held.

The hand-held ultrasound system of Claim 8, where-
in the control unit is configured to control the display
of the ultrasound images and the present touch
screen menu in response to the detection signal.
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10. The hand-held ultrasound system of Claim 7, where-

1.

in the detecting unit includes a gravity sensor for de-
tecting the status of the hand-held ultrasound system
held by the user to thereby output a detection signal.

The hand-held ultrasound system of Claim 10,
wherein the control unit is configured to control the
display of the ultrasound images and the present
touch screen menu in response to the detection sig-
nal.
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