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(57) ABSTRACT

A highly portable ultrasound system is configured using a
wireless ultrasound probe (10), a processor dongle (30)
containing a radio and a digital processor running an opet-
ating system and an ultrasound control program, and any
conveniently available television receiver or display moni-
tor. The sonographer only needs to carry the small wireless
probe and the thumbdrive-like dongle in order to turn any
available display device, together with the two components
carried by the sonographer, into a completely functional
ultrasound system. The sonographer can enter a patient’s
hospital room, plug the processor dongle into the patient
monitor in the room, and conduct an ultrasound exam using
the patient monitor as the system display, for instance. The

Int. CL system can be controlled by a touchscreen tablet computer,
A6IB 8/00 (2006.01) a wireless mouse, or by distinct gestures made by the probe.
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ULTRASOUND SYSTEM WITH PROCESSOR
DONGLE

[0001] The present application claims priority to U.S.
Prov. Appl. No. 62/194,907, filed on Jul. 21, 2015, which
incorporated by reference herein.

[0002] This invention relates to medical diagnostic ultra-
sound systems and, in particular, to an ultrasound system
using a processor in a thumbdrive-like “dongle.”

[0003] Ultrasound system have become increasingly por-
table in recent years. The classic ultrasound system is
cart-mounted with a control panel and display located above
the electronics module. The cart-mounted system is easily
positioned at the side of an exam table and the ultrasound
probe plugs into the electronics module during use. About
fifteen years ago system miniaturization started with desktop
unit, then laptop-like configurations appeared. Today ultra-
sound systems are available in a tablet configuration with a
USB probe containing the system electronics from the front
end through image processing. The tablet serves as the
image display device and touchscreen user interface. The
Visiq ultrasound system, available from Philips Healthcare
of Andover, Mass., USA, is an example of an ultrasound
system in a tablet configuration. However, in all of these
iterations in size the largest component has been the display
screen, which has become the governing item in portability
and miniaturization efforts. It has been technically possible
to display live ultrasound images on a smartphone screen,
but the small size generally prevents such images from being
diagnostically useful. Thus, while laptop-like and tablet
ultrasound systems are readily portable, the user must still
carry a system with a display screen large enough to be
diagnostically useful. It is desirable to advance these efforts
in ultrasound system portability with a system configuration
that eliminates the need to transport a diagnostically useful
display screen.

[0004] In some aspects, the present invention includes an
ultrasound system that can include a wireless ultrasound
probe comprising a radio and configured to receive ultra-
sound probe control signals and send ultrasound image scan
line data based on the control signals; a processor dongle
having a digital processor configured to run an operating
system and an ultrasound system control program and a
radio, the dongle being configured to receive user interface
commands for an imaging procedure, send ultrasound probe
control signals to the ultrasound probe, receive image line
data signals from the probe, and perform image processing
of received image line data signals to generate an ultrasound
image for display; and a television receiver or display
monitor, coupled to the processor dongle and configured to
display the ultrasound image generated by the dongle.
[0005] In certain aspects, the processor dongle can include
an HDMI connector that is removably coupled to an HDMI
port of the television receiver or display monitor. The radio
can include an ultra-wideband (UWB) radio and the pro-
cessor dongle further comprises an input port; and the
system further comprises a UWB dongle plugged into the
input port. In some aspects, the processor dongle can include
a Wifi radio, the television receiver or display monitor can
include a Wifi radio, and the television receiver or display
monitor is coupled to the processor dongle using the Wifi
radios. The system can also include an a.c. adapter config-
ured to connect to and power the processor dongle when
plugged into an a.c. outlet, and the processor dongle can
include a port configured to connect a cable to the wireless
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probe for data transfer comprising the ultrasound, and the
television receiver or display monitor can include a radio
configured to couple to the processor dongle using the radio.
The television receiver or display monitor can also include
a patient monitor. In certain aspects, the system can include
a tablet computer having a Wifi radio, the processor dongle
radio can include a Wifi radio, and the tablet computer can
display the ultrasound image generated by the dongle. In
some aspects, the tablet computer can be configured to
display user interface controls which are operated by a user
to control the ultrasound system.

[0006] In some aspects, the present invention includes an
ultrasound system including a wireless ultrasound probe
comprising a radio configured to receive ultrasound probe
control signals and send ultrasound image scan line data
based on the control signals; a processor dongle having a
digital processor configured to run an operating system and
an ultrasound system control program and a radio, the
dongle being configured to receive user interface commands
for an imaging procedure, send ultrasound probe control
signals to the ultrasound probe, receive image line data
signals from the probe, and perform image processing of
received image line data signals to generate an ultrasound
image for display; a television receiver or display monitor,
coupled to the processor dongle and configured to display
the ultrasound image generated by the dongle; and a tablet
computer having a radio configured to receive the ultrasound
image generated by the processor dongle and display the
ultrasound image in an ultrasound display, such that, in
response to a user input, the system the processor dongle is
further configured to display the ultrasound image on the
television receiver or display monitor, the tablet computer,
or both. The ultrasound display can further include a plu-
rality of control buttons by which an ultrasound exam is
controlled. And, the tablet computer can include a touch-
screen display.

[0007] Incertain aspects, the present invention includes an
ultrasound system that includes an ultrasound probe having
a probe cable configured to receive ultrasound probe control
signals and send ultrasound image scan line data based on
the control signals; a processor dongle having a port to
which the probe cable is connected and a digital processor
configured to run an operating system and an ultrasound
system control program, the dongle being configured to
receive user interface commands for an imaging procedure,
send ultrasound probe control signals to the ultrasound
probe, receive image line data signals from the probe, and
perform image processing of received image line data sig-
nals to generate an ultrasound image for display; and a
television receiver or display monitor, coupled to the pro-
cessor dongle and configured to display the ultrasound
image generated by the dongle.

[0008] The processor dongle can include a radio, the
television receiver or display monitor can include a radio,
and the television receiver or display monitor can be coupled
to the processor dongle through the radios. The processor
dongle can include a connector, the television receiver or
display monitor can include a data port, and the processor
dongle connector can be coupled to the data port. The
ultrasound probe can include a motion sensor which gener-
ates signals in response to probe motion, and the processor
dongle is configured to respond to signals generated in
response to probe motion to control the operation of the
ultrasound system.
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[0009] In the drawings:

[0010] FIG. 1 illustrates a number of required and optional
components of an ultrasound system of the present inven-
tion.

[0011] FIG. 2 illustrates a hospital room in which a patient
monitor serves as the display for an ultrasound system of the
present invention.

[0012] FIG. 3 illustrates a typical system display of an
ultrasound system of the present invention.

[0013] FIG. 4 illustrates in block diagram form a wireless
ultrasound probe suitable for use as the ultrasound probe for
an implementation of the present invention.

[0014] FIG. 5 illustrates in block diagram form the back
end FPGA and ultra wideband chipset of the wireless
ultrasound probe of FIG. 4.

[0015] FIGS. 64, 6b, and 6¢ illustrate the use of a wireless
probe to control an ultrasound system by probe gestures.
[0016] FIG. 7 is a functional block diagram of a probe and
dongle processor operating as an ultrasound system in
accordance with the principles of the present invention.
[0017] FIG. 8 is a flowchart illustrating the operation of
the probe and dongle processor of FIG. 7 during the gray-
scale imaging mode.

[0018] In accordance with the principles of the present
invention, an ultrasound system is configured with a thumb-
drive-like “dongle” containing a processor running an ultra-
sound control program and a communication device. The
communication device can operate wirelessly or wired or
both, such as through a USB and/or HDMI connector,
putting the dongle in communication with both an ultra-
sound probe and a display device which together comprise
an ultrasound system. In one implementation described
below the dongle plugs into a television receiver or display
monitor which functions as the system display, and com-
municates wirelessly with the ultrasound probe. In another
implementation the dongle plugs into a power source such as
an a.c. USB plug or wall outlet to power the dongle, and
communicates wirelessly with both the ultrasound probe and
a display device. This configuration can, for example, use
the ubiquitous patient monitor in a hospital room as the
system display. The ultrasound system can thereby adapt
virtually any available television receiver or display monitor
to operate as the display for the ultrasound system.

[0019] FIG. 1 illustrates a number of components which
may be used to configure an ultrasound system in accor-
dance with the principles of the present invention. FIG. 1(a)
is a wireless ultrasound probe 10. The illustrated probe is
formed by a USB probe 24, a unit with a transducer, front
end electronics, signal and image processing in it and
terminating at the back at a USB connector. The USB
connector is not visible in this illustration because it is
plugged into a radio power module 26, which provides
wireless communication between the probe and other system
components. FIG. 1() illustrates a dongle 30 containing a
digital processor. The particular dongle shown is a compute
stick commercially available from Intel Corporation of
Santa Clara, Calif., USA. The Intel® compute stick is a
thumbdrive-like dongle package with an HDMI connector
31 at one end and a USB port on the side. Inside is a digital
quad-core Intel processor which runs the Windows® 8
operating system. The compute stick has digital audio capa-
bility, 2 GB of system memory, 32 GB of storage, and
includes an HD graphics package and wireless communica-
tion by a Wifi (IEEE 802.11) radio and Bluetooth. When the
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compute stick 30 is plugged into an HDMI port of a
television receiver or display monitor it can then use the
receiver or monitor as the display device for Windows
programs. A wireless keyboard and mouse can communicate
with the compute stick processor and Windows operating
system to turn the compute stick, keyboard, mouse and
receiver or display into a computer system. In an implemen-
tation of the present invention a dongle such as the compute
stick is used with an ultrasound probe such as that shown in
FIG. 1(a) and a display such as display monitor 20 shown in
FIG. 1(c) to form an ultrasonic diagnostic imaging system.
[0020] An ultrasound system configuration of the present
invention may also include a tablet computer such as an iPad
tablet computer 28, available from Apple Corp. of Cuper-
tino, Calif., USA shown in FIG. 1(d). In implementations
described below the tablet 28 performs various functions in
the system, such as an auxiliary system display or a user
interface. An ultrasound system of the present invention may
also have further communication devices such as ultra
wideband (UWB) radio dongle 32, such as the AL5350/
AL5100UWB dongle chipset from Alereon of Austin, Tex..
A UWB dongle with a USB connector such as the illustrated
UWB dongle 32 can plug into the processor dongle 30,
providing a configuration with numerous wireless commu-
nication connections including, in the case of the Intel
compute stick, Wifi, Bluetooth, and UWB.

[0021] FIG. 2 illustrates a typical hospital room with a
patient P. Mounted on the wall of the hospital room is a
common patient monitor 48, which normally displays text
and graphics of the vital signs of the patient P. In accordance
with one implementation of the present invention, a proces-
sor dongle 30 is plugged into an auxiliary HDMI input of the
patient monitor 48, allowing the patient monitor to select a
display for an ultrasound system, preferably dedicating a
portion of the display to ultrasound and another portion to
vital signs. Plugged into the processor dongle 30 is a UWB
dongle 32, which provides ultra wideband radio communi-
cation between the processor dongle 30 and wireless ultra-
sound probe 10 which is used to scan the patient. The images
acquired by the probe 10 are processed and displayed by the
dongle processor 30 on the screen of the patient monitor,
providing the sonographer with a large, readily discernible
ultrasound image.

[0022] This configuration further includes a tablet com-
puter 28, shown on the bedside table next to the patient,
which the sonographer can use as a user interface to control
the functioning of the ultrasound system. The display on the
tablet computer 28 is the same as is on the large wall monitor
48, including the user interface controls to set up and control
the scanning procedure. The user can, however, pick up the
tablet and by touching control buttons on the touchscreen of
the tablet, operate the ultrasound system. To replicate the
large display onto the tablet, an application called “Air
Display,” available from Avatron Software of Portland,
Oreg.. USA, may be utilized. With Air Display and its driver
installed on the tablet computer and the dongle, the image
that the dongle displays on the large monitor 48 is also
replicated to the tablet display where its touch controls can
be conveniently used.

[0023] Another option is to plug the processor dongle 30
into an a.c. adapter (e.g., a USB a.c. adapter) that is plugged
into an a.c. outlet in the wall. This will continually power the
processor dongle 30 and the dongle can communicate with
both a display device and the probe wirelessly. For example,
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with the UWB dongle 32 plugged into the processor dongle
30, the wireless probe 10 can communicate with the dongle
30 over its UWB radio 26. The dongle 30 can then use its
Wifi radio to communicate the display to a Wifi display
device, such as a tablet computer 28 or a Wifi-capable
television receiver or monitor 20. In some embodiments, the
processor dongle can include a data port (e.g., a USB port)
configured to connect a cable to the wireless probe. When
coupled to the cable, the wireless probe can send data,
including ultrasound image data, along the cable solely or in
combination with the wireless transmission via the radio.
[0024] It is seen from the above examples that the ultra-
sound system components which are carried to the exam site
include only the ultrasound probe 10 and the processor
dongle 30, since the display component of the system is
provided by any available television receiver or monitor at
the site. This affords the utmost in portability, and the
transported components can be carried in a handbag, pouch
or pocket.

[0025] Further, if the processor dongle 30 and UWB
dongle 32 are left installed at the exam site, then just the
ultrasound probe 10 can be carried by the clinician. If
multiple exam sites are equivalently configured with pro-
cessor dongle 30 and UWB dongle 32, then ultrasound probe
10 is again the only transported component of the ultrasound
system. Because the processor dongle 30 and UWB dongle
32 are relatively low cost components, only a low invest-
ment is required by the clinician or his organization, as
compared to the normal outlay for a traditional cart based
system.

[0026] FIG. 3 illustrates the ultrasound display 50 of a
constructed implementation of the present invention which
is shown on the receiver or monitor display and can also be
shown on a tablet computer as described above. The ultra-
sound display 50 includes a live ultrasound image occupying
most of the display, surrounded by the usual system and
patient graphical information above and to the left of the
image and a depth scale bar to the right of the image. The bar
below the image contains a number of control buttons
frequently used by a user during an ultrasound exam,
including an image freeze button, a button to acquire and
store a loop of images, a print button, and a mode button that
toggles between imaging modes. There is also a large mode
control to the right of the image, enabling the user to click
directly to the 2D (grayscale) mode, the PW (spectral
Doppler) mode, the CW (continuous wave Doppler) mode,
or the Flow (color flow Doppler) mode. At the right side of
the screen are a number of buttons used less frequently,
including Setup, Image, Adjust, Measure, and Advanced
control buttons.

[0027] FIG. 4 illustrates the major functional components
of a wireless ultrasound probe 10 suitable for use in an
implementation of an ultrasound system of the present
invention. In order to scan a two dimensional image plane
the probe 10 uses a one-dimensional (1D) transducer array
70 located at the distal end 12 of the probe at the acoustic
window of the probe. For both two dimensional and three
dimensional electronic scan imaging, the probe will have a
2D matrix array transducer. The transducer array is formed
of ceramic piezoelectric transducer elements, a piezoelectric
polymer (PVDF), or may be a semiconductor-based micro-
machined ultrasound transducer (MUT) such as a PMUT
(piezoelectric MUT) or a CMUT (capacitive MUT) array of
elements. The array transducer 70 is driven by, and echoes
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are processed by, one or more microbeamformer ASICs 72.
The microbeamformer 72 receives echo signals from the
elements of the transducer array 70 and delays and combines
the per-element echo signals into fully beamformed signals.
For instance the microbeamformer 72 can receive echo
signals from a row of 128 transducer elements of the array
70 and delay and combine these signals to form a fully
beamformed signal as described in U.S. Pat. No. 6,142,946
(Hwang et al.) In a preferred embodiment fully beamformed
and detected signals are produced by the probe for wireless
transmission to the host ultrasound system, a processor
dongle 30 running an application on the Windows operating
system, which utilizes the reduced data rate of the detected
signals to render acceptable real time imaging frame rates.
Microbeamformer technology suitable for use in beam-
former 72 is described in U.S. Pat. No. 5,229,933 (Larson
1I); U.S. Pat. No. 6,375,617 (Fraser); and U.S. Pat. No.
5,997.479 (Savord et al.) The beamformed echo signals are
coupled to a probe controller and transceiver subsystem 74
which performs further signal processing as described below
and transmits the beamformed signals as image scan lines to
the host system. The host system then performs further
image processing and displays the ultrasound images on a
receiver or monitor 20. The probe controller and transceiver
subsystem 74 also receives control signals from the host
system as described below, and couples corresponding con-
trol signals to the microbeamformer 72 to, for example, steer
and focus beams at a desired depth or transmit and receive
signals of a desired mode (Doppler, B mode) to and from a
desired location of an image region. Not shown in this
illustration are the power subsystem and battery to power the
probe, which are described below.

[0028] The transceiver of the probe controller and trans-
ceiver subsystem 74 transmits and receives r.f. signals 16 by
means of an internal or stub antenna 76, similar to that of a
cellphone. The stub antenna provides one of the same
benefits as it does on a cellphone, which is that its small
profile makes the probe convenient to hold and carry and
reduces the possibility of damage to the antenna. Typically
a ten meter range is sufficient for most exams, as the probe
and dongle host are in close proximity to each other.
Communication frequencies employed can be in the 4 GHz
range, and suitable polymers for the probe case 8 such as
ABS are relatively transparent to r.f. signals at these fre-
quencies.

[0029] A typical probe controller and transceiver subsys-
tem for a wireless probe is shown in FIG. 5. A battery 92
powers the wireless probe and is coupled to a power supply
and conditioning circuit 90. The power supply and condi-
tioning circuit translates the battery voltage into a number of
voltages required by the components of the wireless probe
including the transducer array. A typical constructed probe
may require nine different voltages, for example. The power
supply and conditioning circuit also provides charge control
during the recharging of the battery 92. In a constructed
embodiment the battery is a lithium polymer battery which
is prismatic and can be formed in a suitable shape for the
available battery space inside the probe case.

[0030] An acquisition and signal conditioning FPGA 94
provides communication between the microbeamformer and
the transceiver and performs signal conditioning as
described below. The acquisition and signal conditioning
FPGA provides timing and control signals to the micro-
beamformer in response to control parameters received from
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the processor dongle, directing the transmission of ultra-
sound waves and receiving beamformed echo signals from
the microbeamformer, which are demodulated, detected and
scan converted by the FPGA and communicated to the
transceiver 96 for transmission to the host dongle. In this
example the acquisition and signal conditioning FPGA
communicates with the transceiver over a USB bus so that
the probe can be used with a USB cable when desired. In the
probe of FIG. 1(a) the USB bus is coupled to a detachable
UWRB radio power module. With a USB output, the probe
can alternately be operated as a wired probe, with a USB
cable of suitable length connecting the probe to the USB port
of the dongle and dispensing with the radio module.
[0031] Also coupled to the acquisition and signal condi-
tioning FPGA 94 and powered by the power supply and
conditioning circuit 90 is a loudspeaker 102, driven by an
amplifier 104, which produces audible tones or sounds. In a
preferred embodiment the loudspeaker 102 is a piezoelectric
loudspeaker located inside the probe case 8 and which may
be behind a membrane or the wall of the case for good
acoustics and sealing. The loudspeaker can be used to
produce a variety of sounds or tones or even voice messages.
The loudspeaker has a variety of uses. If the wireless probe
is moved too far away from the host dongle so that there is
unreliable reception or even a complete loss of signal by the
dongle or the probe, the loudspeaker can beep to alert the
user. The loudspeaker can beep when the battery charge is
low. The loudspeaker can emit a tone when the user presses
a button or control on the probe, providing audible feedback
of control activation. The loudspeaker can provide haptic
feedback based upon the ultrasound examination. The loud-
speaker can emit a sound when a paging control is activated
to locate the probe. The loudspeaker can produce audio
Doppler sounds during a Doppler exam, or heart sounds
when the probe is used as an audio stethoscope.

[0032] The transceiver radio in this example is an ultra
wideband chip set 96, although it can also be a WiFi (802.11
standard) radio or other standard radio. An ultra wideband
transceiver was found to have a data communication rate
which provides acceptable real time imaging frame rates as
well as acceptable range for an acceptable level of battery
power consumption. Ultra wideband chip sets are available
from a variety of sources such as Alereon of Austin, Tex. and
Starix of Irvine, Calif. WiFi radio adapters such as the
Netgear N300 wireless-N USB adapter are also suitable for
wireless Wifi communication.

[0033] As previously mentioned, control of the ultrasound
system can be provided by touch buttons on the touchscreen
of a tablet computer 28, which is in wireless communication
with the system. Alternatively, a wireless mouse can be used
to manipulate a cursor over control buttons on the user
display, clicking to select and change desired features.
Wireless mouse pointers generally use Bluetooth commu-
nication and are wirelessly connected to the Bluetooth radio
of a processor dongle such as the Intel compute stick. Yet
another option is to use the wireless probe itself to control
the user interface with gesture motions. FIGS. 6a, 65 and 6¢
illustrate a wireless probe equipped for gesture control of an
ultrasound system of the present invention.

[0034] In the illustration of FIG. 6a, the acoustic window
12 of the probe 10 through which ultrasound waves are
transmitted into the patient and echoes received in return is
at the left, and a probe orientation marker 18 is on the bottom
side of the probe in this view. Further details about the

Aug. 9, 2018

components of a wireless probe are found in U.S. Pat. No.
8,461,978 (Poland et al.) Inside the probe in this embodi-
ment is a 3-axis or 6-axis motion sensor 14 such as an
accelerometer. A probe containing such an accelerometer is
described in U.S. Pat. No. 5,529,070 (Augustine et al.) In
this patent the accelerometer is used to detect the position of
the probe during three dimensional imaging. In the embodi-
ment of FIG. 6a the accelerometer is used to sense probe
motions for system control changes. The signals produced
by the accelerometer are processed to produce indications of
probe motion (acceleration, velocity, direction of motion,
probe orientation) by a microcontroller in the wireless probe
or by the acquisition and signal conditioning FPGA
described above. Preferably the probe motions which are
detected for user interface manipulation are ones which are
distinct from motions commonly employed during scanning,
such as spinning the probe. A wireless probe is ideally suited
for such non-scanning probe motion as there is no cable to
impede such motion. For instance, the user can readily spin
the probe 10 180° around its long axis as indicated by arrow
36. This motion is sensed by the accelerometer, processed by
the microcontroller or FPGA and communicated to the host
dongle, which responds by switching the ultrasound system
from the present scanning (imaging) mode to a control mode
in which the user interface can be manipulated. This motion
could also be done with a probe that utilizes a cable to
connect to the display system. Preferably, however, the
probe is a wireless probe 10 with a radio link replacing the
cable to the system because the range of unimpeded motions
available is broader with an un-cabled probe. In this wireless
probe example, an example motion is to spin the probe 180
or 360 degrees in the palm of the hand as indicated by arrow
34. Once the system has been switched to the control mode,
the probe is used as a remote user interface controller,
wherein subsequent motions of the probe select and activate
configuration parameters for scanning, such as the imaging
mode (2D, Flow, CW, PW, etc.), the image Gain or Depth,
or other system controls such as image review scrolling and
capture and transfer of previously acquired still or cine loop
images to storage. The system display will show the current
and selectable configuration/control states of the system.
On-screen menus, for instance, may be navigated by the
motions of the probe while it is in control mode. Examples
of probe motions which can be used to manipulate the
system in the control mode are illustrated in FIG. 6c.

[0035] To return to the imaging mode, the user may
employ the same probe motion so as to toggle the state of the
system back to imaging, or use a motion in the reverse
direction from the original. So in the example illustrated
above, a second spin along the short (34) or long (36) axis
of the probe can effect the switch, as indicated by the arrows.
Alternatively, touching the probe to the skin surface of the
patient to resume scanning can be used to return the probe
and display system to the scanning mode. The detection of
physical coupling of the probe 10 to the patient or the
absence thereof has previously been used for energy con-
servation by an ultrasound system. When a probe is physi-
cally (acoustically) coupled to the patient, echoes from
increasing depths are continually received following an
ultrasound pulse transmission by the probe. But when the
probe is returned to a probe holder or simply being held in
the air, the only acoustic signal returned in response to a
transmitted ultrasound pulse is the sharp reflection at the
face of the lens due to the lens-air interface, and it is returned
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almost immediately after transmission. When the system
senses that it is no longer receiving only signal returns from
the face of the lens but is receiving signals from increasing
depths (longer time) after pulse transmission, the system
knows that the probe has returned to normal use for imaging
and will toggle the system back to the imaging mode in
response.

[0036] Other distinct motions to effect a mode change may
alternatively be implemented, such as detecting a finger
swipe on the surface of the probe using a capacitive sensor.
Another possibility is to have a button on the probe that is
used for mode switching. Neither of these approaches are
preferred, however. The former requires another component
in the probe, a capacitive sensor, and the placement of a
button on the probe poses the difficulties described above
(inadvertent actuation, fluid ingress, etc.)

[0037] FIG. 64 illustrates another implementation of probe
motion control for an ultrasound system of the present
invention. This illustration shows a probe 10 being held in
the hand H of a sonographer. The probe 10 is shown held in
a conventional scanning position, whereby the sonographer
can press the acoustic window 12 of the probe into contact
with the skin of a patient during scanning. In this example
the distinct motion which is used to switch the ultrasound
system to the control mode is to shake the probe up and
down vigorously two or more times, as indicated by the
arrow 38. This type of motion is one which is familiar to a
sonographer, as it is the motion that a sonographer employs
when shaking an acoustic coupling gel bottle to urge the gel
in the bottle to the dispenser at the end of the bottle. While
this is a familiar motion to a sonographer, it is not one used
during imaging with the probe; it is one applied to a gel
bottle in preparation for gel application for scanning. To
switch from the imaging mode to the control mode, the
sonographer simply lifts the probe 10 off of the patient and
gives it two or more shakes 38. There is no need to alter the
probe position in the hand H of the sonographer. The motion
sensor in the probe 10 senses these quick motions and rapid
reversals in the direction of probe movement and the FPGA
94 responds by changing the mode of the system to the
control mode. When the sonographer lifts the probe away
from contact with the patient, the only signal received in
response to ultrasound pulse transmission are the reflections
from the face of the acoustic window as described above,
and this change in echo reception can be used to correlate
with the probe motion as a confirmation that a system mode
change is being commanded.

[0038] The display monitor 20 of FIG. 1(c) is shown
displaying the ultrasound images produced by an implemen-
tation of the present invention in the center of the display
screen. Details about the parameters of the scanning proce-
dure such as imaging mode, frequency, focal depth, and the
like are displayed to the right of the ultrasound image in this
example. To the left of the ultrasound image are six dis-
played control buttons indicated at 24. When the system is
switched to the control mode by any of the techniques
described above, the cursor arrow to the right of the control
buttons is moved up and down or around the screen in
response to probe motion until the desired control is indi-
cated by the cursor, and the control is then actuated by
another probe motion. An example of these motions is
shown in FIG. 6c. In this example the probe 10 is held with
the acoustic window pointed upward, an orientation which
is sensed by the motion sensor 14 inside the probe. The
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probe is then moved left, right, up or down as indicated by
the arrows 40, with the arrow cursor on the tablet display
moving across the screen in correspondence with these
motions. Once the sonographer has positioned the arrow
cursor over or pointing at the desired control, the sonogra-
pher rocks the end of the probe toward the display as
indicated by the arrow 42. The rocking motion gives the
sonographer the sense of touching or tapping the control
with the end of the probe, even though the display is remote
from the probe and the motion is only effected in the air. But
the rocking motion is orthogonal to the cursor positioning
motions 40, which are generally parallel to the plane of the
display screen. Hence the control selection motion can be
readily distinguished from the cursor manipulation motion,
and the ultrasound system responds by actuating the selected
control. Any of the imaging modes or control settings
enumerated above can be selected and changed by this
method of control. Once the controls have been set as
desired for the scanning procedure, the system is returned to
the scanning mode by one of the distinct motions described
above (spinning the probe, shaking it rapidly) or by simply
placing the acoustic window of the probe back into contact
with the skin of the patient for imaging.

[0039] FIG. 7 illustrates the control of the ultrasound
probe 10 by the Windows processor of a dongle 30 and the
responsive image processing and other functions performed
by the dongle. In a constructed implementation of the
present invention the Windows 8 operating system of the
dongle is running an ultrasound system control program
found on a mid-range ultrasound system, in particular, the
ultrasound control program of systems Sparq, CX50, and
ClearVue, available from Philips. In FIG. 7 the control and
operation of the FPGA 94 of the ultrasound probe is shown
on the left side of the drawing. The Acquisition portion of
the FPGA 94 accepts ultrasound probe control signals from
the dongle (“Params™) in the form of coefficients and uses
them to configure the microbeamformer 72 for scanning.
The Acquisition program uses the coefficients to start and
stop scanning, to set transmit and receive delays for beam-
forming, and to set control voltages for ultrasound trans-
mission. When the microbeamformer processes received
echo signals they are coupled to the Acquisition portion
which outputs them as acquired acoustic data.

[0040] The Signal Conditioning portion of the FPGA 94
receives the acoustic data from the Acquisition portion as a
stream of data samples for each acoustic scan line. It
processes them according to coeflicients received from the
Coefficient Generation block 58 of the dongle in accordance
with the type of each scan line: grayscale, colorflow, PW
Doppler, etc. The coeficients specify filter settings, gains,
Doppler ensemble processing, PW mixing waveforms, and
decimation size and bandwidth for each scan line. The
Signal Conditioning portion of the FPGA produces fully
detected grayscale, colorflow, continuous wave, and spectral
Doppler data with signal amplitude and/or phase informa-
tion needed by the Image Processing block 52 of the dongle
to produce a rendered ultrasound image.

[0041] The Image Processing block 52 in the dongle
accepts image line data from the probe and generates an
ultrasound image for display on the receiver or monitor 20
to the user. Depending upon the display options selected by
the user, block 52 can perform image persistence, axial and
lateral filtering, scan conversion, image smoothing and
enhancement, spatial compounding, thresholding, zoom,
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pan, harmonic image display, and zone focus zone stitching.
Most of these operations are computationally intensive,
particularly during control changes and live imaging, which
is why they are executed by the Windows 8 OS in the
dongle. Such computations often are image memory inten-
sive and require working buffers, lending themselves well to
computational performance in the dongle.

[0042] The Control block 56 receives commands from the
user interface (“Cmd”) and converts the commands into
signals which define the next “State” of the system, that is,
what the system is to do or image next. The State is reflected
back to the user as “Feedback”, confirming to the user that
an issued command is being put into effect. The Coeflicient
Generation block 58 translates the State signals into specific
coeflicients for the probe hardware (Params) which imple-
ment the State of the system desired by the user. State signals
are also coupled to and used by the Image Processing block
52 to produce an image of the desired type and format
(sector, linear, grayscale, colorflow, etc.) commanded by the
user.

[0043] The App Host 54 is a collection of conventional
routines that the user expects to see in the user interface of
an ultrasound system. Patient Data Entry (PDE)/Study man-
ages the collection and reviewing of patient data and clinical
studies for the ultrasound system. PDE/Study is responsible
for accepting the input of patient data from the user as well
as collecting any study data such as image loops or still
images accumulated by the user during an exam. Main is the
overall controller for all of the other component packages.
Render performs the rendering of all image, graphic, and
textual data into display signals for the display 20 in
accordance with parameters provided by the Control block
56. Storage/Export manages the storage and retrieval of
patient data and studies for the system and on local, remov-
able, or remote media used with the system. Other functions
installed on the system are included in Other Apps.

[0044] FIG. 8 is a flowchart of the operation of the
ultrasound system of FIGS. 2 and 7, starting with the
connection of a Windows processor dongle 30 to a display
20 and the powering up of a probe. Shown in brackets in
each step is the block or portion of FIG. 7 which is carrying
out a given operation. “UI” is a block responsible for
generating the on-screen display elements (see FIG. 3) that
the user can interact with to change system state, such as
buttons, scroll wheels, etc., and is also responsible for
responding to user interface commands issued by the user by
means of the system user interface, such as probe gestures,
mouse, touchscreen, hard controls, etc. The steps carried out
by the probe 10 are in the sequence on the left side of the
drawing under the heading “Probe,” and the steps carried out
by the processor dongle 30 are in the sequence on the right
side of the drawing under the heading “Host.” Communi-
cation between the probe and the processor dongle is indi-
cated by the dashed arrows between the two sequences.
[0045] Initially at 60 in this example the probe is turned
off. The host dongle is turned on and connected to the
display at 110 as shown in FIG. 2. The dongle repeats checks
at 112 to see whether the probe is in communication with it.
When the probe is turned on at 62, it repeatedly checks at 64
to see whether it is connected to the host and if the host is
available, it automatically connects with the host if previ-
ously paired, or goes through its pairing protocol if not, as
described in pending application U.S. Prov. Appl. No.
62/193,210, entitled “WIRELESS ULTRASOUND PROBE
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PAIRING WITH A MOBILE ULTRASOUND SYSTEM”
(Bell et al.), which is incorporated by reference herein, as
indicated by the first dashed arrow. With communication
established the user selects the desired preset, the imaging
mode (e.g., grayscale), and control states from the user
interface at 114. At 116 the host converts the selected state
of the system to imaging control parameters. The parameters
are used at 118 to generate beamforming, demodulation, and
scanning coeflicients for the probe, and at 120 the coefli-
cients are downloaded to the Signal Conditioning portion of
the probe. The coeflicients are received by the probe at 66
and stored in memory and used to define probe’s transmit
and receive operation for image acquisition, such as the size
and depth of the scanning area, focal zones, beam steering,
bandwidth, harmonic or fundamental mode, ensemble
length for Doppler, etc. At 68 the probe checks to see
whether scanning is active. If so, the stored coeflicients are
used to set up the microbeamformer for the desired scanning
and beams are transmitted and scan lines of echoes are
received at 80. The received raw acoustic echo signals are
demodulated and detected at 82. Transmission and reception
continues until a full image frame has been received at 84.
When a frame has been received and processed into lines of
display data, the frame lines are sent to the host dongle at 86,
and the probe continues to acquire further frames.

[0046] Inthe host dongle, the host is periodically checking
at 122 to see if any of the image control parameters have
changed. If they have, the dongle stops scanning at 128 and
uses the new user control settings at 114 to establish a new
imaging state. If there has been no change in the image
control parameters, the host checks at 124 to see if the freeze
control has been activated to freeze the current image on the
display. If freeze has been activated, the host stops scanning
at 126 and continues to check at 122 for any change in the
image control settings. If freeze has not been activated,
scanning is stopped at 130 and the host receives a new frame
of scan line data from the probe at 132. The new frame is
processed in the host at 134 as commanded by the user to
apply gain, splice partial zone focus scan lines, perform data
compression, etc., as described in conjunction with FIG. 7.
The processed image frame data is scan converted at 136
into the desired image format (sector, linear, 3D, etc.) and
the frame is rendered into an image for display on the
display receiver or monitor. The process then goes back to
step 122 to await the next image frame or a change in the
image control settings.

[0047] The above operational example is generalized to
illustrate system performance for basic grayscale imaging.
Variations to accommodate colorflow, PW Doppler, CW
Doppler, harmonic, and/or 3D modes will be readily appar-
ent to those skilled in the art.

[0048] It should be noted that the various embodiments
described above and illustrated by the exemplary ultrasound
system described herein may be implemented in hardware,
software or a combination thereof. The various embodi-
ments and/or components, for example, the modules, or
components and controllers therein, also may be imple-
mented as part of one or more computers or microproces-
sors. The computer or processor may include a computing
device, an input device, a display unit and an interface, for
example, for accessing the Internet. The computer or pro-
cessor may include a microprocessor. The microprocessor
may be connected to a communication bus, for example, to
access a PACS system. The computer or processor may also
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include a memory. The memory may include Random
Access Memory (RAM) and Read Only Memory (ROM).
The computer or processor further may include a storage
device, which may be a hard disk drive or a removable
storage drive such as a floppy disk drive, optical disk drive,
solid-state thumb drive, and the like. The storage device may
also be other similar means for loading computer programs
or other instructions into the computer or processor.
[0049] As used herein, the term “computer” or “module”
or “processor’” may include any processor-based or micro-
processor-based system including systems using microcon-
trollers, reduced instruction set computers (RISC), ASICs,
logic circuits, and any other circuit or processor capable of
executing the functions described herein. The above
examples are exemplary only, and are thus not intended to
limit in any way the definition and/or meaning of these
terms.

[0050] The computer or processor executes a set of
instructions that are stored in one or more storage elements,
in order to process input data. The storage elements may also
store data or other information as desired or needed. The
storage element may be in the form of an information source
or a physical memory element within a processing machine.
[0051] The set of instructions may include various com-
mands that instruct the computer or processor as a process-
ing machine to perform specific operations such as the
methods and processes of the various embodiments of the
invention. The set of instructions may be in the form of a
software program. The software may be in various forms
such as system software or application software and which
may be embodied as a tangible and non-transitory computer
readable medium. Further, the software may be in the form
of a collection of separate programs or modules, a program
module within a larger program or a portion of a program
module. The software also may include modular program-
ming in the form of object-oriented programming. The
processing of input data by the processing machine may be
in response to operator commands, or in response to results
of previous processing, or in response to a request made by
another processing machine.

[0052] Furthermore, the limitations of the following
claims are not written in means-plus-function format and are
not intended to be interpreted based on 35 U.S.C. 112, sixth
paragraph, unless and until such claim limitations expressly
use the phrase “means for” followed by a statement of
function devoid of further structure.

What is claimed is:

1. An ultrasound system comprising:

a wireless ultrasound probe comprising a radio and con-
figured to receive ultrasound probe control signals and
send ultrasound image scan line data based on the
control signals;

a processor dongle having a digital processor configured
to run an operating system and an ultrasound system
control program and a radio, the dongle being config-
ured to receive user interface commands for an imaging
procedure, send ultrasound probe control signals to the
ultrasound probe, receive image line data signals from
the probe, and perform image processing of received
image line data signals to generate an ultrasound image
for display; and

a display coupled to the processor dongle and configured
to display the ultrasound image generated by the
dongle.
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2. The ultrasound system of claim 1, wherein the proces-
sor dongle further comprises an HDMI connector that is
removably coupled to an HDMI port of the display.

3. The ultrasound system of claim 1, wherein the radio
comprises an ultra-wideband (UWB) radio and the processor
dongle further comprises an input port; and the system
further comprises a UWB dongle plugged into the input port.

4. The ultrasound system of claim 1, wherein the radio in
the processor dongle comprises a Wifi radio;

wherein the television receiver or display monitor further
comprises a Wifi radio; and

wherein the display is coupled to the processor dongle
using the Wifi radios.

5. The ultrasound system of claim 1, further comprising:

an a.c. adapter configured to connect to and power the
processor dongle when plugged into an a.c. outlet;

wherein the processor dongle further comprises a port
configured to connect a cable to the wireless probe for
data transfer comprising the ultrasound,

wherein the display further comprises a radio and the
display 1s configured to couple to the processor dongle
using the radio.

6. The ultrasound system of claim 1, wherein the display

further comprises a patient monitor.

7. The ultrasound system of claim 1, further comprising a
tablet computer having a Wifi radio;

wherein the processor dongle radio further comprises a
Wifi radio;

wherein the tablet computer displays the ultrasound image
generated by the dongle.

8. The ultrasound system of claim 7, wherein the tablet
computer further displays user interface controls which are
operated by a user to control the ultrasound system.

9. An ultrasound system comprising:

a wireless ultrasound probe comprising a radio configured
to receive ultrasound probe control signals and send
ultrasound image scan line data based on the control
signals;

a processor dongle having a digital processor configured
to run an operating system and an ultrasound system
control program and a radio, the dongle being config-
ured to receive user interface commands for an imaging
procedure, send ultrasound probe control signals to the
ultrasound probe, receive image line data signals from
the probe, and perform image processing of received
image line data signals to generate an ultrasound image
for display;

a display coupled to the processor dongle and configured
to display the ultrasound image generated by the
dongle; and

a tablet computer having a radio configured to receive the
ultrasound image generated by the processor dongle
and display the ultrasound image in an ultrasound
display, wherein, in response to a user input, the system
the processor dongle is further configured to display the
ultrasound image on the display, the tablet computer, or
both.

10. The ultrasound system of claim 9, wherein the ultra-
sound display further comprises a plurality of control but-
tons by which an ultrasound exam is controlled.

11. The ultrasound system of claim 10, wherein the tablet
computer further comprises a touchscreen display.
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12. An ultrasound system comprising:

an ultrasound probe having a probe cable configured to
receive ultrasound probe control signals and send ultra-
sound image scan line data based on the control signals;

a processor dongle having a port to which the probe cable
is connected and a digital processor configured to run
an operating system and an ultrasound system control
program, the dongle being configured to receive user
interface commands for an imaging procedure, send
ultrasound probe control signals to the ultrasound
probe, receive image line data signals from the probe,
and perform image processing of received image line
data signals to generate an ultrasound image for dis-
play; and

a display coupled to the processor dongle and configured
to display the ultrasound image generated by the
dongle.
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13. The ultrasound system of claim 12, wherein the
processor dongle further comprises a radio;

wherein the display further comprises a radio; and

wherein the display is coupled to the processor dongle by

the radio.

14. The ultrasound system of claim 12, wherein the
processor dongle further comprises a connector;

wherein the display further comprises a data port;

wherein the processor dongle connector is coupled to the

data port.

15. The ultrasound system of claim 1, wherein the ultra-
sound probe further comprises a motion sensor which gen-
erates signals in response to probe motion;

wherein the processor dongle is responsive to signals

generated in response to probe motion to control the
operation of the ultrasound system.
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