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7) ABSTRACT

An ultrasound imaging apparatus configured with a touch
screen display that includes an image area displaying at least
a portion of an ultrasound image. The image area of the touch
screen is configured to receive touch input. In response to the
touch input, the ultrasound image can be adjusted, manipu-
lated, edited, processed and/or measured. For example, cet-
tain properties of the ultrasound image can be quantified or
determined, and used to intelligently identify a context-sen-
sitive function to be invoked as a response to the touch input
in the image area Thus, the control buttons in the control area
can be simplified; and the user interface is more user friendly
than a conventional user interface for ultrasound imaging.
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APPARATUSES AND METHODS FOR USER
INTERACTIONS DURING ULTRASOUND
IMAGING

RELATED APPLICATION

[0001] The present application claims priority to provi-
sional U.S. patent application Ser. No. 61/558,423, filed Nov.
10, 2011 and entitled “Apparatuses and Methods for User
Interactions during Ultrasound Imaging,” the disclosure of
whichis hereby incorporated herein by reference. The present
application also claims priority to Chinese Pat. App. Ser. No
201110156991.9, filed on Jun. 10, 2011 and entitled “An
Ultrasound Imaging Apparatus having a Touch Screen Dis-
play and a Method to Process Touch Screen Instructions.”

FIELD OF TECHNOLOGY

[0002] The disclosure of the present application relates to,
but not limited to, ultrasound imaging and user input process-
ing for ultrasound imaging.

BACKGROUND

[0003] The conventional medical ultrasound imaging sys-
tems configured with touch screen displays have a number of
problems and limitations. In a conventional ultrasound imag-
ing system, a screen is typically divided into two areas: an
image area and a control area The majority of the screen
display is allocated for the image area, leaving a small region
for the control area that typically displays a graphical repre-
sentation of function buttons. The function buttons displayed
within the control area are typically configured to be associ-
ated with the global processing of the entire ultrasound
image. Some of function buttons presented in the conven-
tional ultrasound imaging systems are confusing and non-
intuitive to a novice user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The embodiments disclosed in the presented appli-
cation are illustrated by way of example and not limitation in
the figures of the accompanying drawings in which like ref-
erences indicate similar elements.

[0005] FIG. 1 shows an ultrasound imaging system accord-
ing to one embodiment.

[0006] FIG. 2 shows a user interface for an ultrasound
imaging system according to one embodiment.

[0007] FIG. 3 shows a portion of an ultrasound imaging
system configured to process touch input according to one
embodiment.

[0008] FIG. 4 illustrates an example of localized image
processing according to one embodiment.

[0009] FIG. 5 shows a method to process touch input
according to one embodiment.

SUMMARY OF THE DESCRIPTION

[0010] In one embodiment, an ultrasound imaging appara-
tus includes: an ultrasound transducer; a beamformer coupled
with the ultrasound transducer to transmit and receive acous-
tic/ultrasound beams; an image processor coupled with the
beamformer to generate an ultrasound image; a touch screen
display coupled with the image processor to display the ultra-
sound image: and a touch processor coupled with the touch
screen display to process touch input received from the touch
screen display.
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[0011] 1In one aspect, the touch processor is configured to
receive the touch input on a portion of the touch screen
display, on which portion the ultrasound image is currently
being displayed, and the touch processor is configured to
identify a command corresponding to the touch input and
cause the execution of the command as the response to the
touch input. Thus, the touch input is interpreted as a request to
execute the command.

[0012] In one embodiment, the touch processor includes
one of an application-specific integrated circuit and a field
programmable circuit; and the image processor includes one
of: an application-specific integrated circuit and a field pro-
grammable circuit. In one embodiment, the touch processor
and image processor are implemented using distinctly sepa-
rate hardware. Alternatively, the touch processor and image
processor may share a general purpose microprocessor, coti-
trolled via separate firmware or software.

[0013] In one embodiment, the touch processor is config-
ured to communicate the identified command to the image
processor, which executes the command. The command may
cause the image processor to transform the ultrasound image,
or to adjust an imaging processing operation for the genera-
tion of the ultrasound image.

[0014] In one embodiment, the touch processor is coupled
with the image processor to request image information
derived from the ultrasound image; and the touch processor is
configured to use both the image information and the touch
input to identify the command.

[0015] In one embodiment, the touch input identifies a
region within the ultrasound image and instructs the image
processor to perform an image analysis within the region to
provide the image information.

[0016] In one embodiment, the touch input identifies a
region within the ultrasound image and requests the image
processor to execute the command within the region.

[0017] In one embodiment, when the command is
executed, a graphical representation of a user interface ele-
ment is presented over the ultrasound image to receive further
touch input. The graphical representation of a user interface
element is translucent in one embodiment to partially reveal
the ultrasound image on which the graphical representation of
a user interface element is overlaid.

[0018] In another aspect, the touch processor is coupled
with the touch screen display to receive touch input and
coupled with the image processor to receive image informa-
tion of the ultrasound image displayed on the touch screen
display. The touch processor is configured to combine the
touch input and the image information to identify a command
and cause an execution of the command in response to the
touch input. In one embodiment, the touch input corresponds
to auser touching a portion of the ultrasound image displayed
on the touch screen display.

[0019] In one embodiment, the touch input identifies a
region within the ultrasound image; and the image informa-
tion is based on an image analysis of the region within the
ultrasound image. Examples of the image analysis include:
filtering, statistical analysis, feature exaction, edge detection,
and/or pattern recognition.

[0020] In one embodiment, the touch input identifies a
region within the ultrasound image; and the touch processor is
configured to instruct the image processor to execute the
command within the region. In one embodiment, the com-
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mand is executed for at least one of: image optimization, edge
enhancement, restoration, segmentation, and imaging param-
eter adjustment.

[0021] In a further aspect, the touch processor is coupled
with the touch screen display to receive touch input identify-
ing a region within the ultrasound image and coupled with the
image processor to instruct, in response to the touch input, the
image processor to perform an operation based on the region
within the ultrasound image. In one embodiment, the touch
input is received from the region on the touch screen display.
[0022] Inoneembodiment, the operationincludes an image
analysis of the region within the ultrasound image to obtain
image information; and the touch processor is configured to
combine the image information and the touch input to deter-
mine a command requested by the touch input.

[0023] Inoneembodiment, the operationisinresponseto a
command identified, by the touch processor, based on the
touch input and image information derived from at least a
portion of the ultrasound image.

[0024] The disclosure includes methods and apparatuses
which perform these methods, including data processing sys-
tems which perform these methods, and computer readable
media containing instructions which when executed on data
processing systems cause the systems to perform these meth-
ods.

[0025] Other features will be apparent from the accompa-
nying drawings and from the detailed description which fol-
lows.

DETAILED DESCRIPTION

[0026] The following description and drawings are illustra-
tiveand are not to be construed as limiting. Numerous specific
details are described to provide a thorough understanding.
However, in certain instances, well known or conventional
details are not described in order to avoid obscuring the
description.

[0027] References to one or an embodiment in the present
disclosure are not necessarily references to the same embodi-
ment; and, such references mean at least one The present
disclosure includes all combinations of various features dis-
cussed in connection with different references to one or an
embodiment, except certain combinations are excluded by
ways of explicit discussion or obvious incompatibility.
[0028] In one embodiment, an ultrasound imaging system
is provided with a touch screen based user interface, which is
configured to allow users to provide input based at least in part
on touching a portion of a touch screen display, on which
portion an ultrasound image is currently being displayed
while the touching input is received. Allowing a user to pro-
vide touch input on the portion of the touch screen display
where the ultrasound image is currently being displayed pro-
vides a large touch surface for input operations and allow the
system to interpret touch input in a context sensitive manner
to provide improved user experience.

[0029] In one embodiment, the touch screen based user
interface allows the user to select, via touching the displayed
image, a sub-region to cause the imaging system to perform,
change, modify and/or adjust image processing tasks on the
displayed image based on the region selected by the user.
[0030] In one embodiment, instead of utilizing only the
user touch input to select a command that corresponding to
the touch input, the touch screen based user interface identi-
fies a command and/or parameters for the execution of the
command, based on not only the touch input but also the
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underlying image that is being touched. In one embodiment,
the underlying image is analyzed for the touch screen based
user interface; and the analysis result is combined, by the
touch screen based user interface, with the touch input to
generate intelligently acommand appropriate for the process-
ing of the underlying image and corresponding to the touch
input.

[0031] In one embodiment, the underlying image is a live
ultrasound image, which updates periodically according to
the most recent signals from the ultrasound transducer. In one
embodiment, the underlying image is a frozen ultrasound
image, which is based on the signals from the ultrasound
transducer during a particular time period and not further
updated according to recent signals from the ultrasound trans-
ducer.

[0032] Systems and methods of a touch screen based user
interface in medical ultrasound imaging systems according to
some embodiments are described in further details below.
[0033] FIG. 1shows anultrasound imaging system accord-
ing to one embodiment. In FIG. 1, the ultrasound imaging
system 100 includes an ultrasound transducer 104. a ultra-
sound beamformer 108 coupled with the ultrasound trans-
ducer 104, a touch screen display 102 and a data processor
106 coupled with the beamformer 108 to generate ultrasound
image and coupled with the touch screen display 102 to
display the ultrasound image and receive user touch input.
[0034] In one embodiment, the data processor 106 is
coupled with the ultrasound beamformer 108 to transmit elec-
trical pulses to the ultrasound transducer 104 and receive echo
signals from the ultrasound transducer 104.

[0035] FIG. 2 shows a user interface for an ultrasound
imaging system according to one embodiment. In FIG. 2, the
ultrasound image 112 generated based on the signals from the
ultrasound transducer 104 is displayed in at least portion of
the touch screen 102.

[0036] Inoneembodiment, while the ultrasound image 112
is displayed on a portion of the touch screen 102, one or more
user interface elements can be displayed concurrently on a
different portion of the touch screen 102. Examples of such
one or more user interfaces elements include icon image
representations of function buttons, which can be selected via
touch to activate the execution of pre-determined image func-
tions or to invoke other user interfaces to replace the currently
displayed user interface elements and/or the ultrasound
image 112.

[0037] In one embodiment, the ultrasound image 112 is
displayed on a portion of the touch screen 102 without con-
currently displaying other conventional graphical user inter-
face elements, such as icon buttons, menu buttons, text fields
for receiving text input, etc. Some conventional graphical
user interface elements may be overlaid on the ultrasound
image 112 in response to the user touch input on the ultra-
sound image 112.

[0038] Inoneembodiment, the user interface is configured
to allow the user to touch the ultrasound image 112 displayed
on the touch screen 102 to provide the touch input. The touch
input is received while the ultrasound image 112 is displayed
on the corresponding portion of the touch screen 102 being
touched, without the display of a conventional graphical user
interface element on the corresponding portion of the touch
screen 102.

[0039] In one embodiment, the touch input on the ultra-
sound image 112 is interpreted to generate an image process-
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ing command to process the ultrasound image 112 and pro-
vide an updated display of the ultrasound image 112.

[0040] Inoneembodiment, different touch inputs are inter-
preted by the user interface as different touch gestures; and
different touch gestures are pre-associated with different,
pre-defined user interface functions (e.g., open a predefined
user interface, open a pre-identified document or form) and/or
image processing functions (e.g., zooming in or zooming out,
edge enhancing the image, adjusting the brightness or con-
trast of the image).

[0041] Inoneembodiment, a touch input represents a user
request to improve the image, and the image is analyzed to
select an image processing function to improve the image. In
one embodiment, the improvement is based on the analysis of
a local region touched by the user; and the image processing
function may be applied to the same local region, or the entire
ultrasound image. In one embodiment, the improvement is
applied on a local region touched by the user, based on the
image analysis of the location region or the entire ultrasound
image.

[0042] In one embodiment, the touch gestures are mapped
to predefined user interface operations without relying upon
the image properties of the ultrasound image 112 being
touched. Thus, the same touch gesture applied on different
ultrasound images 112 causes the system to apply the same
user interface function or image processing function that is
pre-associated with the touch gesture.

[0043] In one embodiment, a touch gesture includes a
sequence of touching operations that identify one or more
locations or regions in the ultrasound image 112 and a desired
operation based on the identified one or more locations or
regions. In one embodiment, the identified one or more loca-
tions or regions are used as one or more parameters for the
desired operation in processing the ultrasound image 112.
[0044] In one embodiment, the ultrasound image 112 as
displayed is considered a graphical user interface element,
which may have a set of user interface/image processing
functions pre-associated with the graphical user interface
element, regardless of the content of the ultrasound image
112.

[0045] In one embodiment, the ultrasound image 112 as
displayed is considered a graphical user interface element,
which may have a set of user interface/image processing
functions associated with the graphical user interface element
based on the certain properties of the ultrasound image 112.
The properties of the ultrasound image 112 may be based on
astatistical analysis of the ultrasound image 112 (e.g., bright-
ness, contrast) or based on a pattern recognition analysis of
ultrasound image 112 (e.g., predefined tissue features cap-
tured in the ultrasound image 112). Different portions of the
ultrasound image 112 that have different image characteris-
tics and/or captured features or image patterns may be
assigned dynamically with different graphical user interface
functions.

[0046] Inoneembodiment, the properties of the ultrasound
image 112 are determined in response to touch input and used
to determine the graphical user interface functions to be
invoked in response to the touch input. The properties are
determined based on the entire ultrasound image 112 as dis-
played in one embodiment or alternatively, based on a portion
of the ultrasound image 112 as identified via the touch ges-
ture.

[0047] For example, in one embodiment, when a portion of
the ultrasound image 112 as identified via the touch gesture
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has a contrast level below a threshold, the touch gesture is
interpreted as a request to improve the contrast level; and
when the contrast level is with a predetermined range, the
touch gesture is interpreted as a request to perform edge
enhancement on the ultrasound image 112, if there are
detected edge in the area touched by the hand 110 of the user
(or a stylus).

[0048] In one embodiment, the ultrasound image 112 is
analyzed to generate a scale of operation; and the touch ges-
ture is interpreted based on the scale of operation to generate
parameters for an image processing operation that is per-
formed as a response to the touch gesture.

[0049] When the touch input/gesture is interpreted based
on the context provided by the image properties and/or fea-
tures captured in the ultrasound image 112, the user interface
can process the touch input more intelligently.

[0050] FIG. 3 shows a portion of an ultrasound imaging
system configured to process touch input according to one
embodiment. In FIG. 3, the touch screen display 102 includes
a display unit 122 configured to display images and a touch
sensor 124 configured to detect touch input on the display unit
122.

[0051] In one embodiment, the touch sensor 124 is config-
ured for the measurement of the locations over the display
unit touched by one or more human fingers. In one embodi-
ment, the touch sensor 124 is also configured for the mea-
surement of the pressure of the touch. Various touch sensing
technologies, currently known in the field and developed in
the future, can be used in various embodiments of the touch
sensor 124. The disclosure is not limited to a particular type of
touch sensing technique.

[0052] InFIG. 3, the data processor 106 includes an image
processor 126 configured to generate images for display on
the display unit 122 (e.g., based on the signal input from the
ultrasound transducer 104). The data processor 106 further
includes a touch processor 128 configured to process the
touch input generated by the touch sensor 124. The touch
sensor 124 is configured to generate processing commands in
response to the touch input received from the touch sensor
124.

[0053] Inoneembodiment, the touch processor 128 is con-
figured to generate commands based on not only the touch
input received from the touch sensor 124, but also the image
information received from the image processor 126.

[0054] In one embodiment, the ultrasound image 112 dis-
played on the display unit 122 is analyzed to provide an image
context; and the touch sensor 124 is configured to interpret the
touch input based on the image context to identify, select, or
generate a context sensitive processing command for the
image processor.

[0055] Inoneembodiment, theimage context is determined
based on a portion of the touch input. For example, a touch
input may specify one or more locations or a region; and the
touch processor 128 is configured to request the image pro-
cessor to obtain the image context based on the one or more
locations or a region in the ultrasound image 112; and the
image context is further used to interpret the remaining por-
tion of the touch input to transform the ultrasound image 112.
[0056] Examples of the image context include the bright-
ness level of the ultrasound image112, the contrast level of the
ultrasound image112, a pattern recognized as being corre-
sponding to a feature (e.g., a bone, an organ, a tumor), the
location and/or size of the recognized feature, etc.
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[0057] For example, in one embodiment, a touch input at a
location corresponding to a recognized feature may be intet-
preted as a request to adjust the zoom level and the center
point to present the recognized feature using the available
display area on the display unit 122, when the recognized
feature is currently displayed in a small area of the display
unit.

[0058] For example, in one embodiment, when a touch
input is at an ultrasound image having a contrast level lower
than a predetermine threshold but not at a location on a
recognized feature, the touch input is interpreted as a request
to adjust the contrast level of the ultrasound image 112.
[0059] Thus, in one embodiment, the touch processor 128
takes the user inputs originated from the touch sensor 124 of
the touch screen display 102 and image information derived
by the image processor from the ultrasound image 112 cur-
rently being displayed to on the display unit 122 of the touch
screen display 102 to intelligently generate commands or
instructions to operate the image processor 126 and/or the
ultrasound imaging system 100.

[0060] Inoneembodiment, the user inputs originated from
the touch sensor 124 and combined with the image informa-
tion for the determination of the commands or instructions
include the inputs from the area currently used to display the
ultrasound image 112 and/or the inputs from the area config-
ured to display graphical user interface elements, such as icon
buttons, menu buttons, sliders, etc.

[0061] In one embodiment, in response to the user touch
input, the data processor 126 is configured to generate one or
more conventional graphical user interface elements, such as
buttons, sliders, text input boxes, etc., which are temporarily
displayed over the ultrasound image 112 to further collect
user inputs. In one embodiment, the displayed conventional
graphical user interface elements overlaid on the ultrasound
image 112 is translucent, allowing the user to partially see
ultrasound image 112 through the displayed conventional
graphical user interface elements. The translucent graphical
user interface elements provide hints to assist the user in
providing input.

[0062] For example, when there are ambiguities regarding
to the intent of the user, a plurality of choices can be presented
to allow the user to select one from a plurality of possible
processing options.

[0063] For example, when there are multiple processing
options of similar priotities, the options can be displayed for
an explicit selection by the user.

[0064] For example, the graphical user interface elements
may be presented in one embodiment to receive user specified
parameters for an operation selected based on the image
context and the previous touch input.

[0065] Various types of image information can be derived
from either a local region of the ultrasound image 112
touched by the user or the entire ultrasound image 112. The
derived image information, which is typically different from
the ultrasound image 112 itself, can be used by the touch
processor 128 to deduce optimal commands for controlling
the image processor 126 and/or the ultrasound imaging sys-
tem 100. In one embodiment, the deduced commands may
cause the image processor 126 to perform a local image
processing operation within the local region identified via
user touching or a global image processing operation for the
entire ultrasound image 112.

[0066] Examples of the image processing operations
include imaging parameter adjustment, zooming, translation,
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measurement, editing, deletion, copying, and combinations
of such image processing operations. The imaging parameter
adjustment can be applied to a local region touched by the
user or the global ultrasound image 112. Examples of the
imaging parameters that may be adjusted via such touch
inputs include spatial resolution, temporal resolution, con-
trast, dynamic range, focal point, display depth, gain, time
gain control (TGC), pulse repetition frequency (PRF), etc.
[0067] Inoneembodiment, the touch processor 128 is con-
figured to determine the touch direction, speed, position,
pressure, order of multiple touch operations, and combina-
tions of multiple touch operations to determine an image
processing operation intended by the user.

[0068] Examples of image information and properties that
can be used as the image context for the determination of the
image processing operation intended by the user include sta-
tistics data, such as mean brightness, noise level, different
tissue texture, tissue motion, boundary, etc.

[0069] Inoneembodiment, the touch processor 128 is con-
figured to detect one or more input signals from the touch
sensor 124 of the touch screen display 102; and in response,
the touch processor 128 analyzes the input signals to recog-
nize one or more predefined touch gestures. The touch pro-
cessor 128 optionally instructs the image processor 126 to
process and analyze the currently displayed ultrasound image
112 to obtain image analysis results. Based on the image
analysis results and the recognized touch gestures, the touch
processor 128 is configured to generate one or more com-
mands instructing the image processor 126 to transform the
ultrasound image 112 or adjust the mode or parameters to
generate the ultrasound image 112.

[0070] In one embodiment, the touch processor 128 pro-
vides the recognized touch gesture to the image processor
126; and the image processor 126 is configured to use the
image analysis results and the recognized touch gesture to
determine the one or more commands for transforming the
ultrasound image 112, or adjusting the mode or parameters to
generate the ultrasound image 112.

[0071] Examples of image analyses to obtain image context
for the determination of the one or more commands include,
but not limited to, filtering, statistical analyses, feature exac-
tion, edge detection, and pattern recognition. For instance,
local image mean brightness can be computed for image
based dynamic gain control (DGC) adjustment.

[0072] Examples of the determined command include, but
not limited to, image optimization, edge enhancement, resto-
ration, segmentation, and imaging parameter adjustment.
[0073] Inoneembodiment, the image analysis is performed
for a local region within the ultrasound image 112 to obtain
the image context for the determination of the one or more
commands. For example, a user may draw an arbitrary shape
via touching, using ahand 110 (or a stylus), to define a region
of interest (ROI) 114 as illustrated in FIG. 4. After the region
114 is defined via touching, the user may further tap a point
inside the region 114 to request the region 114 to be pro-
cessed.

[0074] In one embodiment, the image processor 126 ana-
lyzes the region 114 of the ultrasound image 112 but not the
region outside the region 114 to determine a local image
context, based on which aprocessing command is determined
for the tap at the point side the region 114.

[0075] In one embodiment, the image processor 126 ana-
lyzes the ultrasound image 114, including both the region 114
and the region outside the region 114, to determine a global
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image context, based on which a processing command is
determined for the tap at the point side the region 114.

[0076] In one embodiment, the processing command,
determined based on the local image content or the global
image context, is applied to transform the region 114 within
the ultrasound image 112, but not the region outside the
region 114. Alternatively, the processing command can be
applied globally to the entire ultrasound image 112.

[0077] Inoneembodiment, theregion ofinterest (ROI) 114
has an arbitrary shape, determined according to the path of
touch made via the hand 110 of the user. In one embodiment,
the path of touch is converted into a regular shape, such as a
box, an oval, a circle, etc., to simplify processing.

[0078] In one embodiment, the image analysis for the
image context and/or the processing command to transform is
applied to the live ultrasound images that are periodically
updated according to the input from the ultrasound transducer
104. Alternatively, the image analysis and/or the processing
command can be applied to a frozen image that is based on a
particular set of input obtained from the ultrasound trans-
ducer 104 within a particular time period, where the input
from the ultrasound transducer 104 is not updated with the
passage of time.

[0079] In one embodiment, a dynamic ROI 114 is gener-
ated according to the location and motion of a user finger or a
pointing device, such as a stylus. Image analysis performed
within the ROI 114 to obtain the image context may be the
operation of filtering, statistical analyses, feature exaction,
edge detection, and pattern recognition, etc. to obtain local
image context. Such local image analysis can be applied to
the live ultrasound image 112 or a frozen ultrasound image
112.

[0080] In one embodiment, after a dynamic ROI 114 is
identified, an adaptive image optimization process is applied
to the local image inside the ROI 114 as a response to a tap on
a point inside the region 114. For instance, in response to the
tap on the point inside the region 114, edge enhancement is
applied if the ROI 114 contains boundaries; or a smoothing
filter is applied if the ROI 114 has a speckle noise level above
a threshold. Thus, the results of the boundary detection and
speckle noise level evaluation performed on the ROI 114
provide the image context for the selection of the edge
enhancement operation and/or the smoothing filter operation,
as aresponse to the touch input on the ROI 114 from the user.

[0081] FIG. 5 shows a method to process touch input
according to one embodiment. In FIG. 5, after a touch pro-
cessor 128 receives 130 touch input from a touch sensor 124
of a touch screen display 102, the touch processor 128 pro-
cesses 132 the touch input to determine a first command.

[0082] In one embodiment, at least a portion of the touch
input is received from an area of the display unit 122 of the
touch screen display 102, on which area the ultrasound image
112 is displayed.

[0083] In one embodiment, at least a portion of the touch
input is received from an area that is outside the ultrasound
image 112 and that displays graphical representation of user
interface elements that are separate from the ultrasound
image 112.

[0084] In one embodiment, at least a portion of the touch
input is received from a graphical representation of one or
more user interface elements overlaid in a partially transpar-
ent manner over the ultrasound image 112.
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[0085] 1In one embodiment, at least a portion of the touch
input identifies a region 114 of interest within the ultrasound
image 112.

[0086] In FIG. 5, the touch processor 128 determines 134
whether image information (e.g., information about the ultra-
sound image 112 displayed on the touch screen display 102)
is needed to further process the touch input.

[0087] Inoneembodiment, the first command correspond-
ing to a plurality of command candidates; and the image
information is used to select one or more commands from the
plurality of command candidates.

[0088] Inone embodiment, the first command requires one
or more parameters; and the image information is used to
determine the one or more parameters based on the touch
input.

[0089] In one embodiment, the first command has one or
more options; and the image information is used to select an
option.

[0090] Inoneembodiment, the first command is applied to
the image information to generate a second command.
[0091] InFIG.S5,ifthe touch processor 128 determines 134
that the image information is needed, the touch processor 128
obtains the image information from an image processor 126,
which controls the display of images on the touch screen
display 102; otherwise, the ultrasound imaging system 100
executes 142 the first command.

[0092] In one embodiment, the image information is gen-
erated based on an analysis of the image displayed on the
touch screen, such as statistical analysis, filtering, feature
exaction, edge detection, and/or pattern recognition, etc.
[0093] Inoneembodiment, the image information is differ-
ent from the ultrasound image displayed on the touch screen
display 102.

[0094] In FIG. 5, the touch processor 128 identifies 138 a
second command for the touch input based on the image
information and the first command, and the ultrasound imag-
ing system 100 executes the second command.

[0095] Forexample, the second command may instruct the
image processor 126 to adjust the image processing opera-
tions for the display of the image on the touch screen, such as
image optimization, enhancement, restoration, segmentation,
and imaging parameter adjustment, etc.

[0096] In one embodiment, the image processor 126 and
the touch processor 128 are implemented using separate hard-
ware. For example, image processor 126 and the touch pro-
cessor 128 can be implemented using application-specific
integrated circuit (ASIC) or field-programmable gate array
(FPGA). Alternatively, the image processor 126 and the touch
processor 128 can be implemented using general purpose
microprocessor controlled by firmware and/or software. In
one embodiment, the image processor 126 and the touch
processor 128 are configured to share one or more micropro-
Cessors.

[0097] Thus, at least one embodiment of the disclosure
provides an ultrasound imaging system configured with a
touch screen based user interface, which addresses at least
one of the limitations and/or problems in the conventional
medical ultrasound imaging system equipped with touch
screens.

[0098] An ultrasound imaging system according to one
embodiment of the disclosure includes an ultrasound trans-
ducer 104, a touch screen display 102, a beamformer 108, a
data processing unit (e.g., data processor 106) and an elec-
tronic circuit interconnecting the components.
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[0099] Inoneembodiment, the data processing unit is con-
figured to perform signal processing, image processing, and
input/output handling.

[0100] In one embodiment, the input/output handling
includes receiving touch input from the image area displayed
on the touch screen display and using image information
derived from the ultrasound image 112 currently being dis-
played on the touch screen display 102 to generate intelli-
gently proper commands or instructions corresponding to the
touch input.

[0101] In one embodiment, in response to the touch input
received from the image area, the touch input is processed and
analyzed to determine the intended instructions by the user.
According to the determined instructions by the user, an
image analysis is performed to derive image information
from either a local region of the image presented on the image
area of the touch screen display 102, or the entire ultrasound
image 112. Based on the derived image information, one or
more commands are then generated to perform imaging tasks
for the processing the live or frozen ultrasound image 112.
[0102] In one embodiment, the commands determined in
accordance with the touch input and the derived image infor-
mation are executed for local image processing within a loca-
tion region 114 identified by the user touch input. Alterna-
tively or in combination, the commands may be executed for
global image processing of the entire ultrasound image 112.
[0103] In one embodiment, a local region is predefined or
preselected. In one embodiment, a local region 114 is defined
or selected by the user via touch input. In one embodiment,
the local region is where the user is touching (e.g., via simul-
taneously touching multiple points using multiple fingers, via
sequentially touching a set of discrete points using one finger,
orvia sliding one or more fingers on the touch screen); and the
image in the local region is a portion of the ultrasound image
112 displayed on the touch screen display 102.

[0104] Limiting the processing of the image to a local
region reduces the processing load on the data processing unit
and can improve the response time. Thus, the result of the
image processing can be provided in real time as the user
providing input via touch input. Forexample, when the global
image has 500x600 pixels and the local image has 20x30
pixels, the time used for the processing of the local image can
be much shorter than that for the global image.

[0105] In one embodiment, the image processing opera-
tions associated with the determined instructions include
imaging parameter adjustment, zooming, translation, mea-
surement, editing, deletion, and copying. The imaging
parameter adjustment can be either local or global.

[0106] Inoneembodiment, alocal image processing opera-
tion is applied to the portion of image that is displayed within
a predefined region (e.g., the image area of the touch screen,
or a portion of the image area of the touch screen); and a
global image processing operation is applied to the entire
ultrasound image which may have a portion that is outside the
predefined region.

[0107] In one embodiment, the imaging parameters that
can be adjusted via the determined instructions include spa-
tial resolution, temporal resolution, contrast, dynamic range,
focal point, display depth, gain, time gain control (TGC),
pulse repetition frequency (PRF), etc.

[0108] Inoneembodiment, the data processing unit is con-
figured to detect direction, speed, position, pressure, and
order of user operations, and combinations of multiple user
touch inputs. The detected direction, speed, position, pres-
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sure, and order of user operations, and combinations of mul-
tiple user touch inputs are used to determine the intended
instructions of the user.

[0109] In one embodiment, the image information and
properties that can be displayed in accordance with the
intended instructions of the user include statistics such as
mean brightness, noise level, different tissue texture, tissue
motion, boundary, etc.

[0110] Inone embodiment, the data processing unit is con-
figured to detect input signal from the touch screen, analyze
the input signal to determine the intended instruction of the
user, process and analyze the displayed ultrasound image in
accordance with the determined instruction of the user, and
provide an output on the touch screen display based on the
input instruction and the result of the image an

[0111] In one embodiment, the touch input of the user can
be generated not only from the control area of the touch
screen, but also the image area of the touch screen.

[0112] In one embodiment, the properties of ultrasound
image are processed and analyzed, and then combined with
the user input instructions from the touch screen to generate
proper commands, such as an optimal command that will be
carried out to perform certain tasks, such as image enhance-
ment. For example, the local image brightness is determined
and used in one embodiment to generate gain adjustment
commands for processing a local region of the ultrasound
image in accordance with a touch input received in the image
region of the touch screen display.

[0113] In one embodiment, local image processing and
optimization are performed in response to the determined
user instruction and based on local image properties.

[0114] Inone embodiment, the touch screen operations are
reconfigurable. The user can change or redefine some or all of
predefined touch screen operations. For instance, a left-to-
right move can be redefined as brightness increase instead of
the default meaning: forward replay.

[0115] In one embodiment, afier a touch input requesting
reconfiguration is received from the touch screen display 102,
the touch processor 128 analyzes and recognizes touch inputs
that are provided by the user as the training inputs. The
training inputs are used to determine parameters for recog-
nize subsequent touch inputs that are intended to signal the
user request corresponding to the instruction or command
that is being reconfigured. Thus, the touch recognition for the
instruction or command, corresponding to a touch gesture is
reconfigured based on the training results.

[0116] In one embodiment, for instance, in the default set-
ting, pressing a pointon an image with a finger tip fora certain
amount of time like 2 seconds brings transmitting focus to the
nearest location of the finger tip, the same operation can be
reconfigured to perform a different task like drawing a box of
a predetermined size corresponding to a region 114 of inter-
est.

[0117] In the above discussion, examples of touch screen
input processing are presented in connection with ultrasound
imaging systems. However, the touch screen image process-
ing techniques can also be applied to other types of imaging
systems and systems configured for displaying images, such
as computed axial tomography (CAT or CT) systems, mag-
netic resonance imaging (MRI) systems, photoacoustic imag-
ing systems, etc.

[0118] In the foregoing specification, the disclosure has
been described with reference to specific exemplary embodi-
ments thereof. It will be evident that various modifications
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may be made thereto without departing from the broader
spirit and scope as set forth in the following claims. The
specification and drawings are, accordingly, to be regarded in
an illustrative sense rather than a restrictive sense.

What is claimed is:

1. An ultrasound imaging apparatus, comprising:

an ultrasound transducer;

a beamformer coupled with the ultrasound transducer to

transmit and receive beams;

an image processor coupled with the beamformer to gen-

erate an ultrasound image;

atouch screen display coupled with the image processor to

display the ultrasound image; and

atouch processor coupled with the touch screen display to

receive touch input on a portion of the touch screen
display on which portion the ultrasound image is cut-
rently being displayed, the touch processor configured
to identify a command corresponding to the touch input
and cause an execution of the command in response to
the touch input.

2. The ultrasound imaging apparatus of claim 1, wherein
the touch processor includes one of: an application-specific
integrated circuit and a field programmable circuit.

3. The ultrasound imaging apparatus of claim 2, wherein
the image processor includes one of an application-specific
integrated circuit and a field programmable circuit.

4. The ultrasound imaging apparatus of claim 1, wherein
the touch processor is configured to communicate the com-
mand to the image processor, which executes the command.

5. The ultrasound imaging apparatus of claim 4, wherein
the command causes the image processor to transform the
ultrasound image.

6. The ultrasound imaging apparatus of claim 4, wherein
the command causes the image processor to adjust an imag-
ing processing operation for the ultrasound image.

7. The ultrasound imaging apparatus of claim 1, wherein
the touch processor is coupled with the image processor to
request image information derived from the ultrasound
image; and the touch processor is configured to use the image
information and the touch input to identify the command.

8. The ultrasound imaging apparatus of claim 7, wherein
the touch input identifies a region within the ultrasound image
and instructs the image processor to perform an image analy-
sis within the region to provide the image information.

9. The ultrasound imaging apparatus of claim 7, wherein
the touch input identifies a region within the ultrasound image
and requests the image processor to execute the command
within the region.

10. The ultrasound imaging apparatus of claim 1, wherein
when the command is executed, a graphical representation of
a user interface element is presented over the ultrasound
image to receive further touch input.

11. An ultrasound imaging apparatus, comprising:

an ultrasound transducer;

a beamformer coupled with the ultrasound transducer to

transmit and receive beams;

an image processor coupled with the beamformer to gen-

erate an ultrasound image;
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atouch screen display coupled with the image processor to

display the ultrasound image; and

a touch processor coupled with the touch screen display to

receive touch input and coupled with the image proces-
sor to receive image information ofthe ultrasound image
displayed on the touch screen display, the touch proces-
sor configured to combine the touch input and the image
information to identify a command and cause an execu-
tion of the command in response to the touch input.

12. The ultrasound imaging apparatus of claim 11, wherein
the touch input corresponding to a user touching a portion of
the ultrasound image displayed on the touch screen display.

13. The ultrasound imaging apparatus of claim 12, wherein
the touch input identifies a region within the ultrasound
image; and the image information is based on an image analy-
sis of the region within the ultrasound image.

14. The ultrasound imaging apparatus of claim 13, wherein
the image analysis includes at least one of: filtering, statistical
analysis, feature exaction, edge detection, and pattern recog-
nition.

15. The ultrasound imaging apparatus of claim 12, wherein
the touch input identifies a region within the ultrasound
image; and the touch processor is configured to instruct the
image processor to execute the command within the region.

16. The ultrasound imaging apparatus of claim 15, wherein
the command is executed for at least one of image optimiza-
tion, edge enhancement, restoration, segmentation, and imag-
ing parameter adjustment.

17. An ultrasound imaging apparatus, comprising:

an ultrasound transducer;

a beamformer coupled with the ultrasound transducer to

transmit and receive beams;

an image processor coupled with the beamformer to gen-

erate an ultrasound image;

atouch screen display coupled with the image processor to

display the ultrasound image; and

a touch processor coupled with the touch screen display to

receive touch input identifying a region within the ultra-
sound image and coupled with the image processor to
instruct, in response to the touch input, the image pro-
cessor to perform an operation based on the region
within the ultrasound image.

18. The ultrasound imaging apparatus of claim 17, wherein
the touch input is received from the region on the touch screen
display.

19. The ultrasound imaging apparatus of claim 18, wherein
the operation includes an image analysis of the region within
the ultrasound image to obtain image information; and the
touch processor is configured to combine the image informa-
tion and the touch input to determine a command requested by
the touch input.

20. The ultrasound imaging apparatus of claim 18, wherein
the operation is in response to a command identified, by the
touch processor, based on the touch input and image infor-
mation derived from at least a portion of the ultrasound
image.
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