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1. Title of Invention

OPERATOR INTERFACE FOR A MEDICAL
DIAGNOSTIC IMAGING DEVICE

2. Claims

1. In a medical diagnostic device, an operator interface for
providing operator coniro] over device functions of the medical diagnostic device, the

operator interface comprising:
a monitor (300) producing an image display;
a touchscreen (302) disposed in front of the monitor (300},

a plurality of activation arcas (304) defined on the image display,
wherein cach device function in a device function set that implements a preselected

medical diagnostic device is obtainable through at least one of the activation areas;

and

a processor {114) coupled to the touch screen (302) for detecting a
louch on the touchscreen that identifies a selected activation area, the processor (114)

performing the device function associated with the selected activation area.

2. The operator interface of claim I, wherein the processor (114)
presents a pop up function menu (328) with a plurality of function menu activation

areas (330-334) in response to the touch.

3. The operator interface of claim 1, wherein the device function set

includes image processing device functions (208).

4. The operator interface of claim 3, wherein the image processing

device functions include zoom, scroll, and text label device functions.

5. The operator interface of claim 3, wherein the image processing

device functions further include brightness and contrast adjustment device functions.

6. The operator interface of claim 1, wherein the device function set

includes measurement and analysis device functions (224) and maintenance device

functions (226).
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7. The operalor interface of claim 1, wherein the processor (114) is

responsive 1o a drag on the touchscreen to position at least one of text and graphics.

8. The operator interface of claim 1, wherein at least one of the
activation areas defines a movement activation area (314) having a plurality of

associated directional activation areas.

9. The operator interface of claim 1, wherein the preselected

medical diagnostic device is an ultrasound imaging device.

10. A method for providing operator control over a medical

diagnostic device, the method comprising:

defining (402) at least one function activation area on an image display
through which each device (unction in a preselected device function set that

implements a preselected medical diagnostic device may be obtained;
monitoring (404) a touchscreen for a touch;

determining (406) a selected activation area based on the touch and the

at least one function activation area;

performing (410) a device function associated with the selected

activation area.

11.  The method of claim 10, further comprising presenting (408) a
pop up function menu in response to the selected activation area and monitoring the

touchscreen for a selected function menu activation area.

12. The method of claim 11, wherein performing comprises
performing a device function associated with the selected function menu activation

area.

13.  The method of claim 11, wherein presenting comprises

presenting a function menu have a plurality of function menu activation areas.
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14, The method of claim 10, wherein the device function is

selected from device functions supported by an image processing module.

15.  The method of claim 10, wherein the preselected medical

diagnostic device is an ultrasound imaging system.

16. A ultrasound imaging system providing touchscreen based

operator control, the ultrasound imaging system comprising:
an ultrasound scanner (108) coupled to an acoustic power unit;

a processor (114) coupled to a memory (116) and the ultrasound

scanner (108);

a monitor (300) coupled 1o the processor (114) for providing an image

display;

a touchscreen (120) disposed in front of the monitor (300} and coupled

to the processor (114);

a plurality of activation areas (304) defined on the image display,
wherein each device function in a device function set that implements a preselected
medical diagnostic device is obtainable through at least one of the activation areas;

and

wherein the processor (114) is responsive to detect a touch on the
touchscreen that identifies a selected activation area, the processor performing the

device {unction associated with the selected activation arca.

17. The ultrasound imaging system 16, wherein the processor (114)
presents a pop up function menu (328) with a plurality of function menu activation

arcas (330-334) in response to the touch.

18. The ultrasound imaging system of claim 16, wherein the device
function set includes beamforming functions (210) and image processing device

functions (208).
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19. The ultrasound imaging system of claim 16, wherein the device
function set further includes image archiving device functions (206) and display

presentation functions (222).

20. The ultrasound imaging system of claim 16, wherein the device

function set further includes measurement and analysis device functions (224).

3. Detailed Description of Invention
BACKGROUND OF THE INVENTION

The present invention relates to medical diagnostic imaging systems.
In particular, the present invention relates to a user interface for a medical diagnostic

imaging device.

Today, doctors and technicians have at their disposal a wide range of
ultrasound, X-ray, nuclear, and other medical diagnostic imaging systems with which
to examine patients. The capabilities of these medical diagnostic imaging systems
have increased dramatically since their introduction. Spurred on by the development
of inexpensive but very sophisticated, powerful, and fast processing circuitry,
designers of medical diagnostic imaging systems continue to add and enhance a wide
range of device functions for medical diagnostic imaging systems. Thus, for example,
an ultrasound imaging system may include 2D or 3D imaging, Doppler overlay,
Colorflow scans, image frame recording and playback capabilities, image annotation

and archiving, zoom, panning, and the like.

The number and complexity of the device functions performed by
medical diagnostic imaging system have increased to the point where many such
peripheral devices include a full-sized keyboard and trackball as part of the user
interface. The peripheral devices, however, increase the cost, complexity, and space
required by the medical diagnostic imaging system. The keyboard, for example, is
similar to that used on a home computer, and is required to direct the operation of the
medical diagnostic imaging system. Doctors and technicians, however, are not
computer scientists. In other words, the valuable time spent trying to understand and
operate the peripheral devices of a medical diagnostic imaging system is better spent

actually using the device to help a patient.
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A neced exists in the industry for a user interface for a medical

diagnostic device that addrcsses the problems noted above and others previously

experienced.

BRIEF SUMMARY OF THE INVENTION

A preferred embodiment of the present invention provides, in a
medical diagnostic device, an operator interface for providing operator control over
device functions of the medical diagnostic device. The operator interface includes a
monitor for producing an image display, a touchscreen disposed in front of the
monitor, and a plurality of activation areas defined on the image display. Each device
function in a device function set that implements a preselected medical diagnostic
device is associated with at least one of the activation areas so that no external input
other than that supported by the touchscreen is required to operate the medical
diagnostic device. In addition, a processor is coupled to the touch screen for detecting
a touch on the touchscreen that identifies a selected activation area. The processor

then performs the device function associated with the selected activation area.

A preferred embodiment of the present invention further provides a
method for providing operator control over a medical diagnostic device. The method
includes the steps of assigning each device function in a preselected device function
set that implements a preselected medical diagnostic device to at least one function
activation area on an image display. Subsequently, the method monitors a
touchscreen for a touch, and determines a selected activation area based on the touch
and the function activation area. Once the selected activation area is detenmined, the

method performs a device function associated with the selected activation area.
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DETAILED DESCRIPTION OF THE INVENTION

Turning first to Figure 1, that figure shows one exemplary
implementation of a medical imaging system 100. The medical imaging system 100
includes an electromechanical subsystem 102 which implements the electronic and
mechanical subsystems of a medical imaging system apart from the computer
software, monitor, and touchscreen interface discussed below. The electromechanical
subsystem 102, depending on the particular imaging system implemented, may
incorporate, for example, mechanical motor servos and feedback sensors 104, a
magnel, X-ray image detectors, or an Acoustic Power Unit (APU) 106 coupled to an
ultrasound scanner 108. In other words, the medical imaging system 100 may be
implemented as any desired diagnostic system, including an MRI system, X-ray

system, ultrasound system, electron microscope, heart monitor system, and the like.

Also shown in Figure 1 is a system computer 110, that includes an
electromechanical subsystem interface 112, a processor 114, and a memory 116. The
memory 116 stores instructions for execution by the processor 114. Also illustrated in
Figure 1 is a touchscreen 120. The touchscreen 120 couples to the processor 114 and,
in conjunction with the functional modules, provides complete control over the
medical imaging system 100. In other words, no additional external input is required
from, for example, a touchscreen, a trackball, function keys, and the like. The

touchscreen 120 may be implemented as a resistive, capacitive, or other touchscreen
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that provides an indication to the processor 114 that an operator has touched the

touchscreen 120 and a location of the touch.

The memory 116 stores instructions that implement the device
functions of the functional modules of a preselected medical imaging system (e.g., an
ultrasound imaging sysiem). Such modules include a systems operation module, a
report module, an archiving module, an image processing module, a measurement
module, and a beamforming module, as examples. Additional functional modules are

discussed below in conjunction with Figure 2.

Turning to Figure 2, that figure shows functicnal modules 200 that may
be selected to form a complete device function set (i.e., a complete set of system
software thalt implements a medical imaging device). The functional modules 200
implement one or more device functions and include a system operation module 202,
report meodule 204, archiving module 206, image processing module 208,
beamforming meodule 210, scanning module 212, acquisition module 214, user
interface module 216, signal processing module 218, scan conversion module 220,
presentation module 222, measurement and analysis module 224, and a diagnostic
system configuration and maintenance module 226. The functional modules 200
include modules that may be used to implement, for example, an ultrasound
diagnostic system. Certain functional modules may operate independently of other
functional modules. Some functional modules, however, may pass intermediate
results or partially processed data to other functional modules for further processing.
The functional modules noted above are exemplary only. In other words, additional
functional modules may be added for other any other tasks to be performed by a given

medical diagnostic system, such as an external communication module.

The system operation module 202 carries out system control functions.
As examples, the system operation module 202 may include device functions to
directly control the electromechanical subsystem 102 to drive motor servos, evaluate

sensor feedback, and initiate and terminate an ultrasound imaging sequence.
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The report module 204 cxccutes patient reporling device functions.
The patient reporting device functions may include, for example, querying of patient
images from the archiving module 206, and preparation, display, and printing of

patient examination records, billing records, and patient contact information.

The archiving module 206 is responsible for device functions that
maintain database records related to the operation of the diagnostic system. The
database records may include patient examination images (either static images or
image sequences (e.g., MPEG2 or other compressed or non-compressed movies)),
operation and maintenance statistics (e.g., the time, date, and examination type for
each use of the diagnostic system, and its service hislory), patient contact, billing, and

examination records, including physician diagnoses, and the like.

The image-processing module 208 is responsible for device functions
associated with manipulation of images (still or video) generated by the diagnostic
system. Thus, as examples, the image-processing module may provide image contrast
enhancement, image cropping, resolution enhancement, and other image processing
functions. The image-processing module 208 typically allows the operator to retrieve,
examine, modify, print, and save processed images, for example, by communicating
with the database maintained by the archiving module 206. The image-processing
module may also perform volume rendering to construct 3-dimensional models from a

series of 2-dimensional B-mode or Doppler data sets of images using known volume

rendering techniques.

The beamiobrming module 210 is responsible, for example, for device
functions for controlling beamforming required to generate images in an ultrasound
imaging system. Thus, the beamforming module 210 may receive raw data
representing ultrasound echo information, apply the appropriate steering and gain
corrections to the raw data, and output processed data sets ready for scan conversion

for display as B-mode, Doppler, colorflow, or other image types.

The scanning modute 212 handles user interface events received from

the user interface module 216, determines the mode of an ultrasound scan to be taken,
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and passcs the appropriate scan parameters to the acquisition module 214. The
acquisition madule 214 device functions handle requests for scan parameter changes,
implcments the scan parameter changes, and translates scan parameters if required by
the hardware with the ultrasound scanncr 108. The acquisition module 214 executes
scan sequences in the operator selected manner, and transfers hardware events (e.g.,
overpower, scanner disconnect, and the like), for example, to the system operation
module 202 for error handling. The acquisition module 214 also receives ultrasound
data sets that have been collected and formed by the beamforming module 210 and

relays the data sets to the presentation module 222.

The user interface module 216 implements, preferably, functional
menus, displays scan parameters, and monitors operator interface hardware, including
keyboard control panels and trackballs (if included). The user interface module 216
handles device functions such as displaying and moving images and text and
delegating touchscreen events, menu events, keyboard panel events, and trackball
events to the scanning module 212 and other modules. As one example, an image
processing function menu may be displayed that allows the user to increase brightness,

decrease brightness, increase contrast, decrease contrast, and the like.

The signal-processing module 218 provides those device functions for
processing of data sets acquired from the electromechanical subsystem 102 based
upon the current mode of operation. The signal-processing module 218 may, for
example, perform vector processing, including Doppler and Color Flow processing on

the data sets.

The scan conversion module 220 device functions convert data
between coordinate systems. Thus, for example, the scan conversion module 220 may
convert data sets in the polar coordinate system to the Cartesian coordinate system for

ready display on a typical video monitor.

The presentation module 222 device functions process and display

ultrasound image information, including static images, video images, traces, and the
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like. The presentation module 222 is preferably adapted to display, additionally,

Doppler and Color Flow images.

The measurement and analysis (M&A) module 224 provides device
functions to implement an interface that allows the operator to examine the data
returned during patient examination. As one example, the M&A module may allow
the operator to determine blood flow velocity, perform volume measurements,
perform 2-dimensional measurements such as determining cross sectional area and
biood vessel diameter, perform cardiology or radiology analyses (e.g., locating of
heart defects or tumors), increasing or decreasing scan depth of ulirasound focus,
moving a Region of Interest box, positioning a Doppler gate, changing focus location,

and the like.

The diagnostic system configuration and maintenance (C&M) module
226 is responsible for interfacing with the archiving medule 206 10 track maintenance
history for the diagnostic system. Thus, for example, the C&M module 226 preferably
allows a technician to enter the results of routine or non-routine maintenance calls,
allow operators to submit maintenance requests, and the like. The C&M module also
allows an operator to perform initial setup and configuration operations on the

diagnostic system.

A voice reognition module (not shown) may alse be provided 1o allow

the medical imaging system 100 to respond to operator voice input.

The functional modules 200 may be selected to implement any desired
medical diagnostic system. In a preferred implementation, the functional modules 200
are chosen to implement a complete device function set for an ultrasound system, and
therefore include functional modules specifically directed to ultrasound imaging, for
example, the beamforming module 210, scanning module 212, and scan conversion
module 220. The device function set differs between diagnostic systems, however,
As one example, an X-ray imaging system may include a linear tomographic scan
control module, rather than a beamforming module, and a servo motor system used to

move an X-ray source. Thus, although the present discussion proceeds primarily with
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reference to an ultrasound diagnostic system, it is noted that any device function set
may be usced by determining which functional modules to include in the device

function set for a given diagnostic system.

Turning now to Figure 3, that figure shows an ultrasound system
monitor 300 with touchscreen 302. The touchscreen 302 is positioned in front of the
monitor 300 that presents an image display of graphies and text associated with
operation of the imaging system 100, including B-maode images, Doppler images, text
labels, and the like. Numerous activation areas and pop up menus are defined on the
image display, including a penetration depth increase activation area 304 and a
penetration depth decrease activation area 306. A drag indicator 308 illustrates the
operation of touching the touchscreen 302 and dragging a finger, pen, or other pointer

in the direction of the drag indicator 308.

Additional activation areas include the zoom activation area 310, the
store image activation area 312, ad the movement activation area 314. A brightness
control activation area 316, a contrast control activation area 318, an image rotate
activation area 320, and an image print activation area 322 are also defined.

Additionally, Figure 3 shows a bhlood flow measurement activation area 324, and a

mode select activation area 326.

The activation areas may be defined in location and size as absolute
pixel regions on the display. For example, the zoom activation area 310 may defined
as a rectangle of 100 pixels by 50 pixels centered at pixel 0, 400. As shown in Figure
3, the zoom activation area 310 (as well as the brightness and contrast activation areas
316 and 318) may be divided into two sections, one for increased zoom (e.g., shown
as an up-arrow) and one for decreased zoom (e.g., shown as a down-artow). In other
embodiments, the activation arcas may be defined relative to one another in position

and size. The activation areas need not be rectangular. Rather, the activation areas

may be circular, elliptical, and the like.

The penetration depth increase activation area 304 and the penetration

depth decrease activation area 306 allow the operator to perform the device functions
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of increasing or decreasing the penetration depth of ultrasound energy into the body.
Thus, when the operator touches inside the penetration depth increase activation area
304, the processor 114 identifies the penetration depth increase activation area 304 as
a sclected function activation area, and increases the penctration depth of transmitted
ultrasound e¢nergy. Similarly, when the operator touches inside the zoom activation

area 310, the processor 114 increases or decreases the zoom level appropriately.

Each device function in a device function set that implements the
medical imaging system 100 is associated with at least one of the function activation
areas or pop up menus. As a result, the activation areas and pop up menus cover all of
the device functions implemented by the medical imaging system 100. In other
words, the {ouchscreen 302 alonc may be used to control the medical imaging system
100 in its entirety and no additional input {rom other sources (e.g., a keyboard or
trackball) is required to operate the medical imaging system 100. To this end, and as
examples, the store image activation area 312 allows the operator to perform the
device functions of storing the current image in an archive, the brightness and contrast
activation areas 316 and 318 allow operator manipulation of brightness and contrast,
and the movement activation arca 314 allows the operator to perform the device
functions of moving a cursor, ROl box, image, or text label in any direction as

indicated by the specific directional activation areas associated with the movement

aclivation area 314.

As additional examples, the processor 114 identifies as selected
function activation arcas (when touched) the image rotate activation area 320 (e.g., to
rotate an image ninety degrees), the image print activation area 322 (¢.g., to print the
image to an attached or network printer), and the measurement activation area 324
(e.g., to begin displaying measurements of biood flow velocity, volume, and the like).
Furthermore, it is noted that the mode select activation area 326 may be used to select
a particular imaging mode for the medical imaging system 100. Thus, the mode select
activation area 326 may be used to select in a cyclic manner through repeating touches

B-mode, M-mode, B-mode plus Doppler, B-mode plus colorflow imaging modes, and

the like.
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Additionally, the processor 114 may present pop up function menus 1o
the operator on the monitor 300. Thus, for example, as an alternative to cycling
through imaging modes by touching the mode select activation arca 326, the processor
may present the pop up mode selection menu 328. The mode selection menu 328 as
illustrated includes the following function menu activation areas: a B-mode activation
area 330, an M-mode activation area 332, and a B-mode plus Doppler activation area
334, When the mode selection menu 328 is presented, the operator touches an
appropriate activation area 330-334 to choose an imaging mode. Of course, additional
pop up function menus with individual activation areas for mode specific functions,
for example, may also be implemented for any number of device functions (e.g.,
measurement and analysis and calibration device functions) and displayed when the
operator touches a predetermined pop up menu location on the monitor 300, or in

response 1o a previous touchscreen menu selection.

Note also that the processor 114 allows the user to drag images and
text as indicated by the drag indicator 308. Thus, for example, the operator may place
a text label on the display by dragging it using the touchscreen 302. When gencral
purpose input is required (e.g., in order to select a filename for saving an image, or to
select a patient), the medical imaging system 100 may display a keyboard image on
the monitor 300 with each keyboard key defined by a rectangular box or pixel area.
Thus, the user may type on the screen using a soft-keyboard, rather than resort to a
separate physical keyboard. Optionally, the medial imaging system 100 includes
character recognition soflware that allows the operator to use a finger, pen, or other
pointer on the touchscreen to enter characters. Thus, for example, a vertical drag on
the touchscreen may be interpreted as the letter 'I', while a cross on the touchscreen

may be interpreted as the letter 't', and the like,

Note that the activation areas described above are exemplary only, and
that many other arrangements and designs of activation areas, pop up controls, pop up

menus, and the like are also suitable.

The touchscreen 302 provides an enhanced degree of interactivity with

the images and text displayed on the monitor 300. Thus, a drag operation (e.g., as
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shown by the drag indicator 308) may be used to position on-screen objects, set range
gates, set {ocus depth and location, zoom in and out, rotate images, move a ROl box,
and the like. As another cxample, the processor 114 may interpret touches on the
touchscreen 302 to select one or more simultancously displayed windows as "active"
(i.¢., to dircct the processor to continue to update or to freeze updates of a Doppler or
2D display window), to set scan depths, to change focus location, and the like. Thus,
the operator may alternate between, for example, simultaneous 2D, Colortlow,
Doppler, and zoom modes using the touchscreen to make any of the modes active, and

to set the appropriate ROI active for size and location changes.

The processor 114 tracks the current operational mode of the medical
imaging system 100. Thus, in response to a touch on the touchscreen 302, the
Processor may pop up one or more menus appropriate for the current operational
mode (¢.g., a Doppler function menu or B-modce function menu that include the
functions of interest in the current operational mode). As another example, the
processor 114 may display mode specific pop up controls for such teatures as a video
cassette or DVD recorder {(e.g., play, pause, record, fast forward, and the like) or time

gain compensation modes (¢.g., gain selection).

Turning next to Figure 4, that figure illustraies a flow diagram 400 of
the operation of the touchscreen user interface. At step 402, the processor 114 assigns
cach device function in a device function set that implements the medical imaging
system 100 to activation arcas and function menus. At step 404, the processor
monitors the touchscreen for a touch. When a touch is detected, the processor 114
determines to which, if any, activation area the touch corresponds (step 406). The
touched activation arca is referred 1o as the sclecled function activation areca.
Subsequently, at step 408, the processor 114 presents a function menu, if any,
associated with the selected function activation area. At step 410, the processor 114
performs the device function assigned 1o the selected function activate area or selected

from the function menu.
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While the invention has been described with reference 1o s prelerred
embodiments, it will be understood by those skilled in the art that various changes may
be made and cquivalents may be substituted without departing from the scope of the
invention. In addition, many modifications may be made to adapt a particular situation
or material to the teachings of the invention without departing from its scope.
Thercfore, it is intended that the invention not be limited to the particular embodiment
disclosed, but that the invention will include all embodiments falling within the scope

of the claims.

4. Brief Description of Drawings
Figure 1 shows a block diagram of a medical imaging device.
Figure 2 shows functional modules that may be selected to form a

complete device function set for a desired medical imaging device.

Figure 3 shows an ultrasound imaging system monitor with

touchscreen and function activation area layout.

Figure 4 shows a high Jevel flow diagram of the user interface

processing that occurs in the ultrasound imaging system.
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FIG. 4

Assign device functions to activation areas
and function menus 400

Y

Monitor touchscreen for a touch

Y

Determine a selected function
activation area 406

¥

Present a function menu associat_ed
with the function activation area, if any

408

Perform device function selected from
menu or according to selected function
activation area

04

410

\

400

1. Abstract

A method (400) for providing operator control over a medical
diagnostic device includes the steps of assigning (402) each device function in a
preselected device function set that implements a preselected medical diagnostic
device to at least one function activation area on an image display. Subsequently, the
method monitors (404) a touchscreen for a touch, and determines (406) a selected
activation area based on the touch and the function activation area. Once the selected
activation area is determined, the method performs (410} a device function associated

with the selected activation area.

2. Representative Drawing:  Figure 1
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