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ABSTRACT

A segmented ultrasound system is provided. Ultrasound
data, such as image data in a video format, is wirelessly
transmitted to a multi-use display device from a handheld
ultrasound device. Any of various multi-use display devices
may be used, such as personal digital assistants (PDA),
tablet computers, lap top computers, or personal computers.
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SEGMENTED HANDHELD MEDICAL
ULTRASOUND SYSTEM AND METHOD

RELATED APPLICATIONS

[0001] This application claims the benefit of the filing date
pursuant to 35 U.S.C. §119(e) of Provisional Application
Serial No. 60/349,949 (Medical Hand-held Device), filed
Jan. 17, 2002, the disclosure of which is incorporated herein
by reference.

BACKGROUND

[0002] The present invention relates to portable diagnostic
ultrasound systems. In particular, a segmented hand-held
ultrasound system is provided.

[0003] Conventional ultrasound imaging systems typi-
cally include a hand-held transducer probe coupled by a
cable to a large processing and display workstation. The
transducer probe includes an array of ultrasonic elements
which transmit and receive ultrasonic energy for imaging a
patient. The received ultrasonic energy is converted to
electric signals by the transducer and passed to the work-
station. The workstation detects, filters and otherwise pro-
cesses the information to generate a two- or three-dimen-
sional representation of the scanned region. Limited
mobility is provided by such systems. Typically, the ultra-
sound system is maintained in a specific location and
patients are brought to the ultrasound system, but the system
may be used on a wheeled cart.

[0004] A more portable ultrasound system is disclosed in
U.S. Pat. No. 6,312,381, the disclosure of which is incor-
porated herein by reference. The system shown in FIG. 11
of the ’381 patent is designed to be carried by a single
person, such as weighing less than 30 pounds. The system
includes a large screen and a keyboard. The system is carried
as a briefcase or package.

[0005] Additional portability is provided by one or more
of the systems disclosed in U.S. Pat. Nos. 5,957,846, 6,251,
073, 5,817,024 and 6,383,139, the disclosures of which are
incorporated herein by reference. Different amounts of port-
ability are provided. For example, one system includes a
hand-held scan head coupled by a cable to a portable data
processor and display unit, such as a laptop computer. Other
systems include separate hand-held components including a
small display screen and transducer components.

BRIEF SUMMARY

[0006] The present invention is defined by the following
claims, and nothing in this section should be taken as a
limitation on those claims. By way of introduction, the
preferred embodiments described below include a seg-
mented handheld ultrasound device. Ultrasound data, such
as image data in a video format, is wirelessly transmitted to
a multi-use display device. Any of various multi-use display
devices may be used, such as personal digital assistants
(PDA), tablet computers, lap top computers, or personal
computers.

[0007] In one aspect, a handheld system for medical
diagnostic ultrasound imaging includes a transducer and an
ultrasound processor in communication with the transducer.
A housing encloses the ultrasound processor. The housing is
adapted to be handheld. A multi-use display device is used
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separate from the housing and receives data wirelessly from
the ultrasound processor. The multi-use display device is
operable for a use other than associated with ultrasound and
operable to display an ultrasound image responsive to the
ultrasound processor.

[0008] Inasecond aspect, a method for medical diagnostic
ultrasound imaging with a handheld system is provided. A
transducer is held adjacent a patient. Ultrasound data rep-
resenting the patient is generated. The ultrasound data is
wirelessly transmitted from a portable housing to a multi-use
display device. The multi-use display device is operable for
a use other than associated with ultrasound. An ultrasound
image is displayed on the multi-use display device.

[0009] In a third aspect, a handheld system for medical
diagnostic ultrasound imaging includes a handheld image
processing ultrasound device free of a display. A transmitter
is housed with the handheld image processing ultrasound
device. The transmitter is operable to wirelessly transmit
ultrasound image data in a video format.

[0010] In a fourth aspect, 2 method for medical diagnostic
ultrasound imaging with a handheld system is provided.
Ultrasound image data is generated in a video format with a
handheld ultrasound device. The ultrasound image data is
wirelessly transmitted in the video format from the handheld
ultrasound device.

[0011] Further aspects and advantages of the invention are
discussed below in conjunction with the preferred embodi-
ments. Any later added claims based on the matter below are
intended to be within the scope of the invention.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0012] The components and the figures are not necessarily
to scale, emphasis instead being placed upon illustrating the
principles of the invention. Moreover, in the figures, like
reference numerals designate corresponding parts through-
out the different views.

[0013] FIG. 1 is a front view of a handheld ultrasound
device of one embodiment.

[0014] FIG. 2A is a perspective view of one embodiment
of a multi-use display device.

[0015] FIG. 2B is a perspective view of one embodiment
of a card for use with the multi-use display device of FIG.
2A.

[0016] FIGS. 3 and 4 are perspective views of other
embodiments of multi-use display devices.

[0017] FIG. 5 is a block diagram of one embodiment of
the circuit of the handheld ultrasound device of FIG. 1.

[0018] FIGS. 6 and 7 are two embodiments of user
controls for handheld ultrasound devices.

[0019] FIG. 8 is a flow chart of one embodiment of a
method for using a handheld ultrasound device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0020] Many medical care providers have access to con-
sumer based information display devices and, in the future,
more common display devices may be carried by medical
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personnel. For example, off-the-shelf personal digital assis-
tants (PDA), tablet computers, notebook or lap top comput-
ers, or other multi-use display devices are common. By
obtaining ultrasound data and outputting the data in a video
format or other format usable by these common display
devices, easy and convenient ultrasound examination may
be possible. By providing a dedicated ultrasound device free
of a display to obtain and transmit standard video data, the
common display device uses a standard interface for receiv-
ing the video data. Software on the common display device
allows formatting of the video ultrasound data. Since a
multi-use display is used, information associated with the
other uses, such as patient data, treatment data, time, or other
types of medical images may be displayed with static or
real-time ultrasound images.

[0021] FIG. 1 shows part of a handheld system 10 for
medical diagnostic ultrasound imaging. The system 10
includes a handheld image processing ultrasound device 12
and a multi-use display device 14 (see FIGS. 2A, 3 and 4).
The handheld image processing ultrasound device 12
obtains ultrasound data and formats the ultrasound data for
transmission to the multi-use display device 14. The hand-
held image processing ultrasound device 12 is free of a
display, but a display (e.g. a flip out screen, LCD or
miniature display) may be provided on the ultrasound device
12.

[0022] The handheld image processing ultrasound device
12 comprises a housing 16, a transducer 18, user controls 20,
a battery 22 and a transmitter 24. Additional, different or
fewer components may be provided, such as the ultrasound
device 12 without user controls 20 and/or without the
transducer 18 in the housing 16.

[0023] The housing 16 is adapted to be portable or hand-
held, such as being less than 8 inches in any dimension
and/or having an ergonomic shape for holding in a users
hand. The housing 16 comprises plastic, rubber, metal, other
materials now known or later developed, or combinations
thereof. In one embodiment shown in FIG. 1, the housing 16
is shaped for ergonomic use or holding by the user by having
a generally round or curved circumference acting as a grip.
Other shapes adapted to be held by a user’s hand may be
used, such as a housing with a handle. In other embodi-
ments, different shapes are used, such as a more angular, box
or irregular shape with or without belt or shoulder strap
attachments. For portability, the housing 16 is less than
twelve, less than eight or less than six inches in any
dimension. For example, the housing 16 is about six inches
long and has a generally round circumference sized to fit
within a user’s hand.

[0024] The handheld image processing ultrasound device
12 includes ultrasound circuitry within the housing 16. FIG.
5 shows one embodiment of the ultrasound circuitry 30. The
ultrasound circuitry 30 includes the transducer 18, a level
shifter or transmit beamformer 32, a receiver 34, analog-to-
digital converters 36, an ultrasound processor 38, the user
controls 20 and a wireless transmitter 24. Additional, dif-
ferent or fewer components may be used, such as providing
the transmit and/or receive beamformers 32, 34 in a different
housing or having multiple processors, analog circuits or
digital circuits for any of the transmit beamformer 32, the
receiver 34, the ultrasound processor 38 or the wireless
transmitter 40. In one embodiment, the ultrasound circuits
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30 and/or the housing 16 as described in U.S. Pat.
No. (application Ser. No. (Attorney Ref. No.
2002P15775US, filed on the same day as this application as
IMMERSIVE PORTABLE ULTRASOUND SYSTEM
AND METHOD)), the disclosure of which is incorporated
herein by reference, are used.

[0025] The transducer 18 comprises an array of elements
for transducing between acoustical and electrical energies,
such as a one-dimensional, 1.5D, two-dimensional or single
element transducer. Any of a phased array, linear array,
curved array or other arrays may be used. An acoustic
window is positioned on the housing 16 adjacent to the
transducer 18. In one embodiment, the transducer 18 is sized
to be small for portability, such as using more closely-spaced
elements adapted for higher ultrasound frequencies or using
fewer elements within the array (e.g. 64 elements as opposed
to 128 elements). In alternative embodiments, the transducer
18 is larger. Any of various transducers 18 now known or
later developed may be used, such as a cardiac transducer.

[0026] To keep the power supply as simple and as small as
possible, the number of different power forms or voltages
required within the handheld image processing ultrasound
device 12 is reduced or kept at a minimum, such as one
voltage provided for transmit and receive analog functions
and a second voltage provided for analog to digital conver-
sion and digital signal processing. To avoid a high voltage
supply requirements, a step-up transformer and conventional
PZT elements are used a multilayer PZT are used, a CMUT
is used or combinations thereof. Any of various multilayer
transducer structures may be used, such as disclosed in U.S.
Pat. Nos. 5,548,564, 5,957,851, 5,945,770, 6,121,718,
and (Ser. No. 09/796,956), the disclosures of which
are incorporated herein by reference. Since the voltages of
each layer effectively sum, a lesser peak voltage drives the
transducer 18 to create a similar peak acoustic pressure as a
single layer element. For example, a total voltage differential
of 20 volts is driven by application of 10 volt peak to each
of two layers. Other peak voltages for each layer or as a sum
of the layers may be used.

[0027] In order to further reduce power consumption, a
plane wave or widely dispersed transmit beam is used with
reception along multiple lines, reducing the number of
transmit events. In one embodiment, all of or a subset of the
elements of the transducer 18 are used. Alternatively, one or
more dedicated transmit elements are positioned adjacent to
dedicated receive elements. By positioning transmit ele-
ments on each side of a receive array, the transmitters are
capable of generating ultrasound pressure appearing to ema-
nate from a single point in space.

[0028] In one embodiment, the transducer 18 is within the
housing 16 along with all or at least other portions of the
ultrasound circuitry 30. In an alternative embodiment, a
probe housing separate from the housing 16 for the ultra-
sound processor 38 is used. The transducer 18 is within the
probe housing. The transducer 18 electrically and physically
connects with the housing 16 through one or more cords.
The cords comprise wires, coaxial cables, such as miniatur-
ized coaxial cables, or other conductors wrapped in a
protective sheath. Separate electrical connections may be
provided for each element of the transducer 18 to the
remaining ultrasound circuitry 30, but multiplexing may be
used to minimize the number of cables. In other embodi-
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ments, additional ultrasound circuitry, such as the ultrasound
circuitry 20 for detecting and scan converting are provided
in a separate probe housing with the transducer 18.

[0029] As an alternative to connection with a cable for a
separate probe housing, a radio frequency, infrared or other
wireless connection connects the transducer 18 in a separate
housing to the ultrasound processor in the housing 16. The
probe housing includes a transmitter, a receiver and/or a
transceiver. Data from one or more elements of the trans-
ducer 18 is multiplexed using any of various communica-
tions formats, such as time or frequency multiplexing
schemes now known or later developed or an ultra wide
band frequency format. The transmission is optimized for
any of various distances, such as around two meters of
range. Multiple directional infrared receivers, directional
infrared transmitters and receivers, infrared or radio fre-
quency control or feedback for control of automatic selec-
tion of the transmit frequency or receive antennas may be
used to reduce the transmit power required. Analog or digital
radio frequency transmissions may be used, such as a digital
communication link with 0.1 to 2 megabits per second in an
uncompressed or compressed format in a low power trans-
mission. A battery or other power sources in the probe
housing of the transducer 18 powers the electronics.

[0030] In one embodiment, the transducer 18 is releasably
connectable with the housing 16 and the ultrasound circuitry
30. For example, an electrical and physical connector is
provided between the housing 16 and the transducer 18. The
releasable connection allows for different transducers 18 to
be connected with the housing 16. In alternative embodi-
ments, the connection between the transducer 18 and the
housing 16 is set or otherwise permanent.

[0031] With a separate probe housing or to reduce the
number of analog-to-digital converters in an integrated
housing 16, a multiplexer connects between the transducer
18 and the ultrasound processor 38. The transducer 18 may
be free of further electronics or include additional electron-
ics, such as preamplifiers, transmit and receive switches
and/or portions of transmit and receive beam forming cir-
cuitry. For example, the transducer 18 includes time division
multiplexing circuitry, such as disclosed in U.S. Pat.
No. (application Ser. No. 10/184,461), filed Jun. 27,
2002, the disclosure of which is incorporated herein by
reference. A multiplexer, amplifiers and optional time gain
controls are provided for multiplexing receive channels onto
a single or fewer number of cables or signal lines than
elements within the transducer 18. The multiplexer is pro-
vided in the receiver 34 in other embodiments.

[0032] The transmit beamformer 32 comprises one or
more transmit pulsers, waveform generators, control cir-
cuits, switches, delays, timers, amplifiers, digital-to-analog
converters or other now known or later developed analog or
digital beamforming circuitry. In one embodiment, the trans-
mit beamformer 32 comprises an analog application specific
integrated circuit (ASIC) operating as a level shifter to drive
a plurality of multilayer elements of the transducer 18. For
example, the ASIC includes FET devices with very low or
ultra low resistance (e.g., 20 milliohms) for running on a 5
volt power supply in response to unipolar waveform signals.
In alternative embodiments, a split power supply with posi-
tive and negative voltages may achieve higher acoustic
power and wider received dynamic range using bi-polar
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waveform signals. For each of 64 or other number of
channels, two transistors drive a layer of an element during
a transmit cycle and a transmit and receive switch is formed
by two other transistors for isolating the receive circuitry.
Transmit and receive switches may be avoided where a
bi-plexed multilayer element transducer 18 is used. In
another embodiment, the ASIC comprises a level shifter or
amplifiers for driving the transducer 18 with beamformed
signals provided to the ASIC (i.e. the transmit beamforming
is performed, in part, in the ultrasound processor 38).

[0033] The receiver 34 comprises one or more amplifiers,
preamplifiers, time gain control amplifiers, filters, summers,
delays, buffers, multiplexers or other now known or later
developed receiver circuitry. In one embodiment, the
receiver 34 comprises an analog ASIC for preamplification,
time gain control, and multiplexing. The receiver ASIC is
separate from or included with the transmit beamformer
ASIC. The receiver ASIC processes two or more, such as
sixteen, parallel beams in response to one transmission,
reducing the number of transmissions to scan a region. In
one embodiment, the receiver 34 includes multiplexers, such
as a eight 8-to-1 multiplexers, to reduce the number of
analog-to-digital converters 36 and signal interconnects.
Signals from different channels are time division multi-
plexed with a sampling rate sufficiently high to avoid data
loss (e.g. sampling rate eight times greater than the sampling
rate of an individual channel). Alternatively, the receiver 34
outputs signals for each channel on separate signal lines. In
yet another alternative embodiment, the receiver 34 includes
analog or digital receive beamforming circuits.

[0034] The analog-to-digital converters 36 comprise sepa-
rate converters for each channel or for each signal path. In
one embodiment, eight 8 bit analog-to-digital converters are
packaged together on one chip (¢.g. one converter for each
of eight multiplexed signal streams). In another embodi-
ment, four chips each with sixteen 8 bit converters are
provided (e.g. one converter for each of 64 channels). Other
groupings, conversion resolutions and numbers of convert-
ers may be used. The analog-to-digital converters 36 are
spaced from the ultrasound processor 38, such as being in
separate semiconductor chips. To reduce the number of
signal lines and the inputs on the ultrasound processor 38,
the analog-to-digital converters have a high speed serial
output for each chip. Alternatively, each converter outputs to
a separate signal line.

[0035] The ultrasound processor 38 comprises one or
more of a digital signal processor, application specified
integrated circuit, general processor, analog device, digital
device, detector, transmit beamformer, receive beamformer,
scan converter, filter, memory, buffer, data bus, analog
devices now known or later developed, digital devices now
known or later developed, and combinations thereof. Any of
the various ultrasound circuitry and associated software
described in the patents cited herein may be used. In one
embodiment, the ultrasound processor 38 is a single, small
geomelry (e.g., only digital or with minimal analog circuits)
ASIC operable to demultiplex channel information, down
convert, receive beamform, control system operation, detect,
scan convert and video filter or process the ultrasound data
communicated from the transducer 18 or receiver 34. Fewer,
different or additional functions may be performed by the
ultrasound processor 38. In this embodiment, digital infor-
mation is received from analog-to-digital converters 36
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separate from the ultrasound processor 38, but the converters
36 may alternatively be integrated with the ultrasound
processor ASIC. Different functions may be performed by
different components, such as performing receive beam-
forming in the receiver 34 or scan conversion or video
processing in the transmitter 24 or multi-use display device
14.

[0036] The ultrasound processor 38 controls generation of
transmit waveforms (e.g. transmit beamforming), such as by
controlling the transmit beamformer 32. In one embodiment,
the ultrasound processor 38 generates digital signals repre-
senting one or more transmit waveforms (e.g. amplitude and
frequency), delay information and amplitude information for
use by the transmit beamformer 32. A single transmit
frequency band and scan format is used, but programmable
scan format and/or frequency selection for transmit and
receive operations may be used. In one embodiment, each
transmit channel uses a same waveform with focusing
delays free of apodization. The ultrasound processor 38
indicates when to begin a scan and the transmit beamformer
32 sequences through a table of relative delays to scan the
patient. The ultrasound processor 38 may alternatively pro-
vide the delay information to the transmit beamformer 32.

[0037] In one embodiment, the ultrasound processor 38
includes one or more summers operable to sum signals from
a plurality of elements output by the demultiplexer, receiver
34 or transducer 18. By applying different delays and/or
amplification (i.e., apodization) followed by summing, the
ultrasound processor 38 implements a receive beamforming
function. In one embodiment, a plurality of receive beams
(c.g. sixteen) are formed in parallel in response to one
transmission, such as providing a plurality of parallel beam-
forming paths in the ultrasound processor 38. One or more
filters for isolating beamformed information at a desired
frequency, such as a fundamental transmit or harmonic of
the transmit frequency band, may also be provided. Alter-
natively, filtering at the receive beamformation stage is not
provided.

[0038] The ultrasound processor 38 detects the received
beamformed ultrasound data. In one embodiment, a B-mode
detector is implemented to detect intensity or energy, but
Doppler, flow, spectral Doppler, contrast agent or other
detectors now known or later developed may alternatively or
additionally be used. One or more filters, such as an axial
and lateral filters, are included as part of the detector. In one
embodiment, filters with fixed coefficients are used, but
programmable filtering may be provided.

[0039] The ultrasound processor 38 scan converts data
associated with the radial scan pattern to generate ultrasound
image data in a video format (e.g. Cartesian coordinate
format). In one embodiment, a single radial scan format with
possible changes in depth limits the number of operations
for scan converting. Multiple scan formats and associated
scan conversions may be used. Video filtering or processing
may also be provided.

[0040] In more complex embodiments, additional ultra-
sound functionality is provided, such as including functions
and associated hardware from now known or later developed
portable or larger ultrasound systems. For example, color
flow, three-dimensional processing, selection and use of
different transducers with associated scan formats, different
filtering, harmonic receiving, or providing different pro-
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cesses for different types of examination or applications, is
provided by the ultrasound processor 38 or the ultrasound
circuitry 30. In one embodiment, audio Doppler processing
is also incorporated and output to one or more speakers or
earphones.

[0041] The user controls 20 comprise one or more
switches, sliders, buttons, sensors, a trackball, a mouse, a joy
stick, a scroll wheel, a microphone (¢.g. for voice control)
and/or other now known or later developed input devices. In
one embodiment shown in FIG. 1, the user controls 20
include a power on/off trigger, and a depth up/down rocker
switch or buttons. In one example embodiment, the power
on/off trigger is automatically in an “off” position and only
positioned in the “on” position while held by the user to
conserve power. The depth control may be used for other
functions, such as increasing or decreasing an overall gain.
Where a gain control input is not provided, a set gain or a
software gain control function may be provided, such as
disclosed in U.S. Pat. Nos. 5,579,768 and 6,398,733, the
disclosures of which are incorporated herein by reference.
The housing 16 is free of further user controls 20 for
simplicity, but additional controls may be provided, such as
any of various control functions provided on other portable
or larger ultrasound systems. For example, a button for
freezing an image may be provided in addition to the power
control, or a set of buttons for menu navigation and selection
may be provided.

[0042] In alternative embodiments, the user controls 20
and/or other components of the ultrasound device 12 are
provided in a housing separate from the housing 16. FIGS.
6 and 7 show user input controls 20 in a second housing 40
separate from the first housing 16 and the multi-use display
device 14. Through a cord 42 or a signal line, the user input
controls 20 communicate with the ultrasound processor 38.
Alternatively, the ultrasound processor 38 is positioned in
the second housing 40. FIG. 6 shows an embodiment with
the second housing 40 configured for placement around a
user’s wrist. FIG. 7 shows an embodiment with the second
housing 40 configured for placement in or over the user’s
hand. In either embodiment, the first housing 16 includes
just the transducer 18, the transducer 18 and some additional
ultrasound circuitry (e.g. analog components) or all of the
components except for the user controls 20. The second
housing 40 includes the remaining components. In alterna-
tive embodiments, a wireless connection is provided
between the two housings 16, 40. By providing the user
controls 20 on the second housing 40, accidental adjustment
or changes in the scanning due to movement of the trans-
ducer 18 by the user are avoided. In alternative embodi-
ments, use controls 20 are provided on both housings 16, 40.

[0043] In yet other alternative embodiments, one or more
additional housings are provided for holding one or more
components of the ultrasound device 12. For example, a
transducer 18 with a separate housing connects with a
beamformer and user interface in another housing which
connects with a separate housing for the transmitter.

[0044] The transmitter 24 comprises a radio frequency,
infrared or other now known or later developed transmitter.
Multiple transmitters 24 may be provided, such as for
line-of-sight based infrared transmitters. In one embodi-
ment, the transmitter comprises a transceiver for bi-direc-
tional communication with and control by the multi-use
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display device 14. The transmitter 24 is operable to wire-
lessly transmit ultrasound image data in a video format, but
other formats, such as data prior to scan conversion, may be
used. The transmitter 24 connects to the ultrasound proces-
sor 38 within the housing 16, but may be included in a
different housing with or without the ultrasound processor
38.

[0045] Ultrasound data corresponding to an ultrasound
image is encoded, such as MPEG, JPEG or wavelet encod-
ing, and formatted for use with the multi-use display device
14. For example, video data (¢.g. NTSC or PAL standard
video or computer network image HTML, jpg, or other
standard data) is multiplexed using any of various commu-
nications formats, such as time or frequency multiplexing,
an ultra wide band frequency format or other schemes now
known or later developed. The video data corresponds to
still or moving (i.c., real time) ultrasound images and
includes or is free of control or acquisition time information.
The transmission is optimized for any various distances,
such as around two meters of range. Multiple directional
infrared receivers, directional infrared transmitters and
receivers, infrared or radio frequency control or feedback for
control of automatic selection of the transmit frequency or
receive antennas may be used to reduce the transmit power
required. Analog or digital radio frequency transmissions
may be used in a low power transmission, such as a digital
communication link with 0.1 to 2 megabits per second in an
uncompressed or compressed format. In one embodiment,
formats for IEEE 802-15A or 11A (Bluetooth) high band-
width (e.g. 54 Mbytes/sec) standards or other standards now
known or later developed are used. In alternative embodi-
ments, the ultrasound data transmitted by the transmitter 24
is free of compression and/or encoding.

[0046] The battery 22 comprises a lithium, alkaline or
other now known or later developed battery or battery pack.
Other various sources of power may be provided for oper-
ating the ultrasound device 12 such as a plug or cord may be
provided for accessing power from another source. Trans-
mitted power, such as microwaves, may also be provided. As
shown in FIG. 1, the battery 22 connects to or within the
housing 16 and clectrically connects to the ultrasound cir-
cuitry. Any of various voltages may be provided by the
battery 22, such as 6, 10, 12, 20 or other voltage. In one
embodiment, the battery 22 is capable of providing high
current for transmitting ultrasound. A voltage divider, trans-
former or other device may be used to provide two or more
different voltages from the battery 22.

[0047] FIGS. 2A, 3 and 4 show different embodiments of
the multi-use display device 14. The multi-use display
device 14 comprises a personal digital assistant (FIG. 2A),
a lap top computer (FIG. 3), a tablet computer (FIG. 4), a
personal computer, heads-up display, telephone, cellular
phone or other display with a processor for use with multiple
functions. Using standard video data transmitted from the
ultrasound device, the multi-use display device 14 may be an
off-the-shelf consumer electronics device, standardized dis-
play, or common display device, but proprietary multi-use
display devices may be used. The multi-use display device
14 is operable for a use other than associated with ultra-
sound, such as a calendar, address book, word processing,
e-mail or computer network navigation. The multi-use dis-
play device 14 is in wireless communication with the
ultrasound processor 38. By receiving standard video data
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corresponding to an ultrasound image, the multi-use display
device is also operable to display an ultrasound image
responsive to the ultrasound processor 38 as if receiving
video data from another non-ultrasound device.

[0048] The multi-use display device 14 is separate from
the housing 16 or ultrasound device 12. The multi-use
display device 14 includes a programmable general proces-
sor in a housing 44 with a display 46. In one embodiment,
the housing 44 of the multi-use display device 14 is adapted
to be portable or handheld, such as being less than 8 inches
in any dimension. Larger devices may be used, such as
stationary or carted systems. The display 46 comprises a
CRT, LCD, plasma screen, a view finder (e.g., electronic
displays used on camcorders or other devices to be posi-
tioned close to the eye), or other now known or later
developed display devices. The display 46 provides any of
various resolutions, such as 320x240 pixels, lower or higher
resolutions. In one embodiment, the display 46 outputs black
and white information, but a color display 46 may be used.

[0049] As shown in FIGS. 2A, 3 and 4, the multi-use
display device 14 includes a receiver 48 operable to receive
the video data. The receiver 48 comprises a receiver or
transceiver on a card, in a chip or integrated within the
multi-use display device 14. As shown in FIG. 2B, the
receiver 48 comprises a card 50 with electrical connectors
and an antenna 52. Using firewire, PCMCIA, USB, Blue-
tooth or other standard connection and communications
protocol, the card 50 connects with the multi-use display
device 14. For example, the receiver 48 is an off-the-shelf
consumer product for connection to an external (shown) or
internal port of the multi-use display device 14. The receiver
48 is used for different applications, including receiving
non-ultrasound information from devices other than the
ultrasound device 12. In an alternative embodiment, the
receiver 48 is adapted for ultrasound use, such as including
one or more user controls for wirelessly controlling the
ultrasound device 12. The receiver 48 includes a memory for
storing video data, but a memory included within the multi-
use display device 14 may also or alternatively be used. In
an alternative embodiment, the receiver 48 is integrated with
or is part of the multi-use display device 14 rather than a
separable component, such as on a cellular telephone
capable of receiving standardized image or picture data.

[0050] The receiver 48 receives the data transmitted from
the ultrasound device 12 and may transmit control signals to
the ultrasound device 12, such as transmit frequency selec-
tion, repeat transmission requests, signal format control,
and/or ultrasound acquisition control (e.g., start, stop, adjust
gain or adjust depth controls). The receiver 48 or processor
of the multi-use display device 14 removes any encoding or
compression or otherwise detects the standard video data
from the transmitted information.

[0051] The multi-use display device 14 generates an ultra-
sound image from the video data. As used herein, video data
includes image data such as associated with computer net-
work (e.g. Internet) standards. Common or standard video
display software of the multi-use display device 14 auto-
matically or in response to user activation displays the
ultrasound images as video data. Any software or other
components of a multi-use display device 14 may be used,
such as disclosed in U.S. Pat. No. (Ser. No. 09/962,
383), the disclosure of which is incorporated herein by
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reference. For example, the portable computing device with
an integrated video control function using a small, scalable
operating system generates the ultrasound images from the
video data. As another example, the same portable comput-
ing device is used as the multi-use display device 14 for the
ultrasound device 12 and to control a larger ultrasound
system as disclosed in the above referenced patent.

[0052] Alternatively, software adapted for use by the
multi-use display device 14 to receive ultrasound data is
provided. For example, a computer readable storage medium
has data stored therein representing instructions executable
by a general processor of the multi-use display device 14.
The instructions allow generation of an ultrasound image in
response to the ultrasound data. The software instructions
interact with the software and hardware of the multi-user
display device 14 for decompressing the transmitted video,
storing video and displaying images. For example, the date,
time and contact information using PIM PDA software is
presented with or interleaved with images displayed using
the ultrasound software or general use video software.

[0053] The ultrasound software may allow for further
image processing functions, such as filtering and measure-
ments. For example, the imaging is of a standard depth or
size, so cach pixel always represents a certain distance and
each pixel intensity represents the same acoustic intensity no
matter the image. The software includes a calculation pack-
age based on the known pixel area or intensity. As another
example, the video information includes encoded data rep-
resenting the scan format, depth, transducer array or other
information used for display or measurements. The instruc-
tions of the software use the general processor of the
multi-use display device 14 to extract the encoded informa-
tion, but another processor, such as on the card 50, may
extract the information. The software may also identify
beam drop or missing information and filter, interpolate or
ignore to address the missing image information.

[0054] The ultrasound software may also allow for control
of the ultrasound device 12, such as adjusting a depth, pulse
repetition rate, type of imaging, filtering or other scanning or
image processing characteristic. Using input devices of the
multi-use display device 14, such as a keyboard, mouse,
trackball, touch sensitive screen or other now known or later
developed input in combination with the software for iden-
tifying the input, ultrasound control information is input.
The receiver 48 comprising a transceiver communicates the
control information to the ultrasound device 12, but other
wireless or wired communication links may be used to
communicate the control information. For simplicity, con-
trol information is not provided from the multi-use display
device 14 in one embodiment.

[0055] The ultrasound system 10 is adapted for quick and
efficient ultrasound scanning in various environments. More
than one device may receive the video or other data output
by the ultrasound device 12. For example, a heads up
display, a video recorder, a hard drive, a CD ROM, a
monitor, additional multi-use display devices, a dedicated
but remote display device, a computer network, or a memory
device receive, display, transmit and/or record the ultra-
sound images or video formatted data. The ultrasound
device 12 may have multiple outputs, such as transmitting at
different frequencies for different devices or having a port
for corded connection with a display or memory device. An
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audio output (e.g. speaker) or audio connector may also be
provided on the ultrasound device 12 or as part of the
multi-use display device 14. Any of the outputs are used in
real time with the scan or may be later used where a memory
for storing one or more images is provided as part of the
ultrasound device 12.

[0056] The wireless connection to memory or viewing
devices allows for unencumbered scanning while providing
ultrasound images to the user and/or others for diagnosis.
For example, an ultrasound technician and students each
have a multi-use display device 14. The technician scans the
patient with the ultrasound device 12 and the ultrasound
images are displayed on the various multi-use display
devices 14. As another example, a user obtains ultrasound
images and stores them on the multi-use display device 14.
The user then downloads the images using the multi-use
display device 14 to a computer network for sending to
another for diagnosis. Using the multi-use display device 14
increases the convenience to the user, and an ultrasound
device 12 free of a display reduces the costs of the device.

[0057] FIG. 8 shows a flow chart of a method for medical
diagnostic ultrasound imaging with a handheld system. In
act 60, a transducer is held adjacent a patient. For example,
the ultrasound device 12 with a transducer 18 in the housing
16 separate from the housing 44 of the multi-use display
device 14 is held in a position to scan a patient.

[0058] In act 62, ultrasound data representing the patient
is generated by the ultrasound device 12. The user activates
the ultrasound device 12 by operation of the user controls 20
or a sensor. In response, the ultrasound device 12 transmits
and receives acoustic energy. To reduce power requirements
for transmission of ultrasound imaging, parallel beamform-
ing where two or more transmit or receive beams are
gencrated simultaneously may be used. Maximum informa-
tion beam forming may be provided where a plane wave is
transmitted and the information received at cach receive
element is processed in parallel paths or stored in one or
more memories for forming a plurality of different receive
beams. Phase and amplitude signal processing using reduced
power requirements may also be used. By shortening the
signal acquisition time, fewer transmit and receive events
are used to achieve desired frame rates. Frame rates are the
same or less than associated with larger ultrasound systems.
While not in use, the analog portions of the transmit and
receive circuitry are unpowered or disconnected to save
power, such as turning off the analog components about 85%
of the time during scanning. Other electronics may be
disabled when not in use to conserve power. By limiting the
time of actual transmit and receive events relative to the time
beamforming and image processing, and temporally inter-
leaving the two, noise is temporally isolated between the
transmit and receive functions.

[0059] In act 64, the ultrasound data is wirelessly trans-
mitted from the ultrasound device 12 with the portable
housing 16 to the multi-use display device 14. The ultra-
sound device 12 transmits video data, such as standardized
image data for use by the multi-use display device 14.
Providing the ultrasound image data in a video format
allows display by the multi-use display device 14 with no or
minimal changes or re-programming. In embodiments
where the ultrasound device 12 is free of a display, ultra-
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sound examination may be provided with smaller and/or less
expensive equipment since common or already existing
displays are used.

[0060] In act 66, the ultrasound image is displayed on the
multi-use display device 14. A standard video image is
displayed based on the video data. The video image includes
an ultrasound image. In one embodiment, only the scanned
region is displayed. In other embodiments, the ultrasound
device 12 or the multi-use display device 14 inserts or adds
additional information to the displayed image. For example,
the multi-use display device 14 adds annotations, date and
time or reference information to the displayed image based
on the user’s input or a programmed function. As another
example, the ultrasound device 12 adds scan depth, time or
other information to the video data as part of the image or
encoded for extraction and use by the multi-use display
device 14.

[0061] While the invention has been described above by
reference to various embodiments, it should be understood
that many changes and modifications can be made without
departing from the scope of the invention. For example, any
number of handheld or portable components may be used.
As another example, any of various ultrasound processes
may be implemented. As yet another example, a cord
connects the ultrasound device 12 to the multi-use display
device 14. A dedicated display may additionally or alterna-
tively be used.

[0062] Tt is therefore intended that the foregoing detailed
description be understood as an illustration of the presently
preferred embodiment of the invention, and not as a defi-
nition of the invention. It is only the following claims,
including all equivalents, that are intended to define the
scope of this invention.

What is claimed is:
1. A handheld system for medical diagnostic ultrasound
imaging, the system comprising:

a transducer;

an ultrasound processor in communication with the trans-
ducer;

a first housing for the ultrasound processor, the first
housing adapted to be handheld; and

a multi-use display device separate from the first housing
and operable to receive wireless communication from
the ultrasound processor, the multi-use display device
operable for a use other than associated with ultrasound
and operable to display an ultrasound image responsive
to the ultrasound processor.

2. The handheld system of claim 1 wherein the multi-use
display device comprises an off-the-shelf consumer elec-
tronics device.

3. The handheld system of claim 1 wherein the multi-use
display device comprises a standardized display device
selected from the group of: a personal digital assistant
(PDA), a laptop computer and a tablet computer.

4. The handheld system of claim 3 wherein the multi-use
display device comprises a PDA.

5. The handheld system of claim 1 wherein the multi-use
display device comprises a programmable general processor
in a second housing, the second housing adapted to be
handheld.
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6. The handheld system of claim 1 further comprising a
probe housing separate from the first housing, the transducer
within the probe housing.

7. The handheld system of claim 1 further comprising:

a multiplexer connected between the transducer and the
ultrasound processor; and

a summer within the first housing, the summer operable to
sum signals from a plurality of elements output by the
multiplexer.

8. The handheld system of claim 1 wherein the transducer

is within the first housing.

9. The handheld system of claim 1 further comprising user
input controls in a second housing, the second housing
separate from the first housing and the multi-use display
device, the user input controls in communication with the
ultrasound processor.

10. The handheld system of claim 1 wherein the ultra-
sound processor comprises an application specific integrated
circuit.

11. The handheld system of claim 10 further comprising
analog-to-digital converters spaced from the application
specific integrated circuit.

12. The handheld system of claim 1 further comprising a
transceiver connected to the ultrasound processor within the
first housing.

13. The handheld system of claim 1 further comprising a
transmitter connected to the ultrasound processor, the ultra-
sound processor operable to scan convert ultrasound image
data, the transmitter operable to transmit video data, and the
multi-use display device operable to receive the video data
and generate an ultrasound image.

14. The handheld system of claim 1 wherein the first
housing is less than 8 inches in any dimension and the
multi-use display device is less than 8 inches in any dimen-
sion.

15. A method for medical diagnostic ultrasound imaging
with a handheld system, the method comprising:

(a) holding a transducer adjacent a patient;
(b) generating ultrasound data representing the patient;

(c) wirelessly transmitting the ultrasound data from a first
portable housing to a multi-use display device, the
multi-use display device operable for a use other than
associated with ultrasound; and

(d) displaying an ultrasound image on the multi-use

display device.

16. The method of claim 15 wherein (¢) comprises
transmitting the ultrasound data to a programmable general
processor in a second housing, the second housing adapted
to be handheld.

17. The method of claim 15 wherein (a) comprises
holding a probe housing separate from the first portable
housing, the transducer within the probe housing.

18. The method of claim 15 further comprising:

(¢) multiplexing data from the transducer; and

(f) beamforming the multiplexed data.
19. The method of claim 15 further comprising:

(e) inputting user controls of the system on a second
portable housing separate from the first portable hous-
ing.
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20. The method of claim 15 further comprising:

(¢) converting analog signals from the transducer to
digital signals with converters separate from an appli-
cation specific integrated circuit; and

(D) image processing the digital signals with the applica-

tion specific integrated circuit.

21. The method of claim 15 wherein (¢) comprises
wirelessly transmitting the ultrasound data as video data and
wherein (d) comprises displaying a video image from the
video data.

22. A handheld system for medical diagnostic ultrasound
imaging, the system comprising:

a handheld image processing ultrasound device free of a
display; and

a transmitter housed with the handheld image processing
ultrasound device, the transmitter operable to wire-
lessly transmit ultrasound image data in a video format.

23. The handheld system of claim 22 further comprising
a computer readable storage medium having data stored
therein representing instructions executable by a general
processor, the instructions operable to generate an ultra-
sound image in response to the ultrasound image data.

24. The handheld system of claim 23 wherein the instruc-
tions are operable on a multi-use display device separate
from the handheld image processing ultrasound device, the
multi-use display device operable for a use other than
associated with ultrasound.

25. The handheld system of claim 22 wherein the hand-
held image processing ultrasound device comprises at least
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one housing, the at least one housing having a scan converter
operable to generate the ultrasound image data in the video
format.

26. A method for medical diagnostic ultrasound imaging
with a handheld system, the method comprising:

(a) generating ultrasound image data in a video format
with a handheld ultrasound device;

(b) wirelessly transmitting the ultrasound image data in
the video format from the handheld ultrasound device.
27. The method of claim 26 wherein the handheld ultra-
sound device is free of a display, and (b) comprises wire-
lessly transmitting the ultrasound image data to a multi-use
display device separate from the handheld ultrasound
device, the multi-use display device operable for a use other
than associated with ultrasound.
28. The method of claim 26 further comprising:

(¢) providing a computer readable storage medium having
data stored therein representing instructions executable
by a general processor, the instructions operable to
generate an ultrasound image in response to the ultra-
sound image data.

29. The method of claim 15 wherein the first portable

housing is separate from the transducer.

30. The method of claim 29 wherein the first portable

housing is adapted to be worn by the user.
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