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WIRELESS ULTRASOUND IMAGING
SYSTEM AND METHOD FOR WIRELESS
COMMUNICATION IN AN ULTRASOUND

IMAGING SYSTEM

BACKGROUND OF THE INVENTION

[0001] The subject matter described herein relates gener-
ally to imaging systems, and more particularly, to ultrasound
imaging systems.

[0002] Ultrasound imaging systems are used in different
applications to image different regions or areas (e.g., different
organs) of patients or other objects. For example, an ultra-
sound imaging system may be utilized to generate images of
organs, vasculature, heart or other portions of the body. The
ultrasound imaging systems can include cables that mechani-
cally and electrically connect ultrasound probes with the sys-
tems. The probes emit ultrasound pulses that back-scatter off
of objects within the patient or object being imaged and may
return to the probes as echoes. The echoes are converted into
ultrasound data that is processed to form an image.

[0003] Some known ultrasound imaging systems are lim-
ited in the number of probes that can be coupled with the
system. For example, the number of ports in the system that
are shaped to receive or mate with the cables connected to the
probes may be limited, such as to four probes or less. More-
over, many of these systems permit only a single ultrasound
probe to be connected to the system by a cable to acquire
ultrasound data at a time. The number of cables that may be
coupled to the system may be limited. As a result, the amount
of ultrasound data and/or the number of patients or objects
that can be imaged at a given time by these systems can be
limited.

[0004] Additionally, the cables that are used in these known
imaging systems can be relatively stiff and inflexible.
Repeated use of the probes by operators can result in repeti-
tive stress injuries to the operators.

BRIEF DESCRIPTION OF THE INVENTION

[0005] In accordance with one embodiment, a wireless
ultrasound imaging system is provided. The system includes
plural probes, at least one access point device, and a process-
ing subsystem. Each of the probes has at least one transducer
element that is configured to emit ultrasound pulses into one
or more imaged bodies and receive echoes of the pulses. The
probes are configured to generate ultrasound data based on
the echoes and to wirelessly transmit the ultrasound data. The
access point device is configured to wirelessly receive the
ultrasound data from the probes. The processing subsystem is
communicatively coupled with the at least one access point
device. The processing subsystem receives the ultrasound
data from the probes and creates one or more images based on
the ultrasound data. In one aspect, a plurality of the probes is
configured to concurrently acquire the ultrasound data.

[0006] Inanother embodiment, a method for wireless com-
munication in an ultrasound imaging system is provided. The
method includes directing plural probes to acquire ultrasound
data by emitting ultrasound pulses into one or more imaged
bodies and receive echoes of the pulses and directing the
probes to wirelessly transmit the ultrasound data. The method
also includes wirelessly receiving the ultrasound data from
the probes at one or more access point devices and processing
the ultrasound data at an ultrasound processing subsystem
that is communicatively coupled with the one or more access
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point devices to form one or more images. In one aspect,
directing the probes to concurrently acquire the ultrasound
data includes allocating different acquisition time periods
among a plurality of the probes and directing the probes to
emit the ultrasound pulses into the body during the acquisi-
tion time periods allocated to the probes.

[0007] In another embodiment, a computer readable stor-
age medium for a wireless ultrasound imaging system having
a processor and plural probes configured to generate ultra-
sound data by emitting ultrasound pulses into one or more
imaged bodies and receiving echoes of the pulses is provided.
The computer readable storage medium includes instructions
to command the processor to direct a plurality of the probes to
acquire the ultrasound data and to direct the probes to wire-
lessly transmit the ultrasound data. The instructions also com-
mand the processor to direct the probes to wirelessly receive
the ultrasound data from the probes at one or more access
point devices. The instructions command the processor to
direct the imaging system to process the ultrasound data at an
ultrasound processing subsystem that is communicatively
coupled with the one or more access point devices to form one
or more images.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a block diagram of one embodiment of a
wireless ultrasound imaging system.

[0009] FIG. 2 is a block diagram of one embodiment of an
ultrasound probe shown in FIG. 1.

[0010] FIG. 3 is an illustration of an ultrasound imaging
procedure time period divided into acquisition time periods
according to an acoustic bandwidth allocation procedure in
accordance with one embodiment.

[0011] FIG. 4 is an illustration of an ultrasound imaging
procedure time period divided into subset time periods
according to an acoustic bandwidth allocation procedure in
accordance with another embodiment.

[0012] FIG. 5 is an illustration of one embodiment of sev-
eral transmission time periods assigned to different probes
shown in FIG. 1.

[0013] FIGS. 6A and 6B are a flowchart of one embodiment
of a method for wireless communication in an ultrasound
imaging system.

[0014] FIG. 7 illustrates a 3D-capable miniaturized ultra-
sound system.
[0015] FIG. 8 illustrates a hand carried or pocket-sized

ultrasound imaging system.
[0016] FIG.9illustrates an ultrasound imaging system pro-
vided on a movable base.

DETAILED DESCRIPTION OF THE INVENTION

[0017] The foregoing summary, as well as the following
detailed description of certain embodiments of the present
invention, will be better understood when read in conjunction
with the appended drawings. To the extent that the figures
illustrate diagrams of the functional blocks of various
embodiments, the functional blocks are not necessarily
indicative of the division between hardware circuitry. One or
more of the functional blocks (e.g., processors or memories)
may be implemented in a single piece of hardware (e.g., a
general purpose signal processor or random access memory,
hard disk, or the like) or multiple pieces of hardware. Simi-
larly, the programs may be stand alone programs, may be
incorporated as subroutines in an operating system, may be
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functions in an installed software package, and the like. It
should be understood that the various embodiments are not
limited to the arrangements and instrumentality shown in the
drawings.

[0018] As used herein, an element or step recited in the
singular and proceeded with the word “a” or “an” should be
understood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore, refer-
ences to “one embodiment” of the present invention are not
intended to be interpreted as excluding the existence of addi-
tional embodiments that also incorporate the recited features.
Moreover, unless explicitly stated to the contrary, embodi-
ments “comprising” or “having” an element or a plurality of
elements having a particular property may include additional
such elements not having that property.

[0019] At least one technical effect of the various embodi-
ments of the systems and methods described herein is to
provide for the concurrent (e.g., overlapping time periods
with different start and/or end points in time) or simultaneous
(e.g., overlapping time periods with the same start and end
points in time) acquisition of ultrasound data from one or
more imaged bodies by plural ultrasound probes. For
example, a single imaging system may have multiple ultra-
sound probes that acquire ultrasound data from the same
patient or from different patients at the same time. The probes
can wirelessly transmit the acquired ultrasound data to the
imaging system. The imaging system can then generate one
or more images based on the acquired ultrasound data.
[0020] FIG. 1 is a block diagram of one embodiment of a
wireless ultrasound imaging system 100. The system 100 is
capable of steering (mechanically and/or electronically) a
soundbeam in 3D space, and is configurable to acquire infor-
mation corresponding to a plurality of two-dimensional (2D)
or three-dimensional (3D) representations or images of a
region of interest (ROI) in a subject or patient. The ultrasound
imaging system 100 may be configurable to acquire 2D and
3D images in one or more planes of orientation. In operation,
real-time ultrasound imaging using one or more matrix or 3D
ultrasound probes may be provided.

[0021] The system 100 includes a processing subsystem
102 that wirelessly communicates with one or more ultra-
sound probes 104. The probes 104 are generally referred to by
the reference number 104 and individually referred to by
reference numbers 104a-f; as shown in FIG. 1. While six
probes 104 are shown in the illustrated embodiment, alterna-
tively a smaller or greater number of probes 104 may be
provided. The probes 104 include one or more transducer
elements 106 (e.g., piezoelectric elements) that emit ultra-
sound pulses into imaged bodies 108 (e.g., a human or non-
human patient, a region of interest inside the patient, or an
organ or other tissue of the patient). Moreover, while the
probes 104 are shown as having the same geometry or shape,
alternatively one or more of the probes 104 may have a
different geometry, size, and/or shape from one or more other
probes 104. Thus, a plurality of different probe types may be
used.

[0022] The bodies 108 are generally referred to by the
reference number 108 and individually referred to by refer-
ence numbers 108a-e, as shown in FIG. 1. While five bodies
108 are shown in the illustrated embodiment, alternatively a
smaller or greater number of bodies 108 may be imaged by
the system 100. The ultrasound pulses may reflect off of one
or more structures within the bodies 108 and be reflected back
to the probes 104 as echoes. The echoes are received by the
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transducer elements 106 and converted to electric signals
based on, among other things, the intensity of the received
echoes. The electric signals represent ultrasound data.
[0023] The ultrasound data is wirelessly transmitted to the
processing subsystem 102 by the probes 104. For example,
the probes 104 may not be conductively coupled with the
processing subsystem 102 by data busses, cables, wires, and
the like. The probes 104 can communicate the acquired ultra-
sound data to the processing subsystem 102 in a wireless
manner. The processing subsystem 102 processes the ultra-
sound data to form one or more images of the bodies 108a-e.
In one embodiment, multiple probes 104 may concurrently or
simultaneously acquire ultrasound data. For example, two or
more probes 104 can acquire ultrasound data of the same or
different bodies 108 during overlapping time periods, or time
periods that at least partially occur during the same time.
[0024] The processing subsystem 102 wirelessly commu-
nicates with the probes 104 using one or more wireless access
point devices 110. The access point devices 110 are generally
referred to by the reference number 110 and individually
referred to by the reference numbers 110a-c, as shown in FIG.
1. While three access point devices 110 are shown in FIG. 1,
alternatively a smaller or greater number of access point
devices 110 can be provided. The access point devices 110
provide wireless interfaces between the processing sub-
system 102 and the probes 104. The access point devices 110
include antennas 144 that transmit data to the probes 104 and
receive data from the probes 104. The access point devices
110 may be mounted inside aroom (e.g. an examination room
in a hospital or clinic) or disposed within a housing that also
holds the circuitry and other hardware of the system 100. The
data that is transmitted to the probes 104 through the access
point devices 110 may include control instructions, such as
transmit beamform instructions that drive the transducer ele-
ments 106 to transmit ultrasound pulses. The data that is
received by the access point devices 110 from the probes 104
may include ultrasound data, such as data that represents the
echoes received by the transducer elements 106 when ultra-
sound pulses are emitted into the bodies 108.

[0025] The processing subsystem 102 includes a processor
130 that performs one or more processing operations accord-
ing to a plurality of selectable ultrasound modalities. The
processor 130 can be provided as alogic based device, such as
one or more computer processors or microprocessors. The
processor 130 may form the control instructions for the
probes 104. A transmitter 112 communicates the control
instructions to one or more of the access point devices 110 as
wirelessly transmitted control data 118. The access point
devices 110 then wirelessly transmit the control instructions
to one or more of the probes 104 using the associated antennas
144.

[0026] The probes 104 drive the transducer elements 106 to
emit ultrasound pulses in accordance with the wirelessly
transmitted control data 118. The control data 118 may differ
between different probes 104. For example, different probes
104 may receive different control instructions from the trans-
mit beamformer 114 and transmitter 112. The ultrasound
pulses may be back-scattered from structures in the imaged
bodies 108, such as blood cells or muscular tissue, to produce
echoes that return to the transducer elements 106. The trans-
ducer elements 106 generate ultrasound data based on the
received echoes. As the probes 104a-f may differ from each
other and/or different bodies 108a-¢ may be imaged by the
probes 104a-f, the ultrasound data generated by the probes



US 2012/0179037 Al

104a-f may differ from one another. The probes 104 wire-
lessly transmit the ultrasound data to the access point devices
110 as wireless signals 120.

[0027] The wireless signals 120 that represent the ultra-
sound data are conveyed to a receiver 122. As described
below, the probes 104 may include internal processing mod-
ules that perform receive beamforming and on the acquired
ultrasound data prior to wirelessly communicating the data to
the access point devices 110. For example, the processing
modules in the probes 104 may delay, apodize and sum each
electrical signal that represents ultrasound data with other
electrical signals. The summed signals represent echoes from
the ultrasound beams or lines. In an alternative embodiment,
the processing subsystem 102 may include one or more
receive beamformers that performs beamforming operations
on the ultrasound data.

[0028] In one embodiment, the wirelessly received ultra-
sound data passes through an RF processor 126. The RF
processor 126 may include a complex demodulator (not
shown) that demodulates the RF signal to form IQ data pairs
representative of the ultrasound data. The RF processor 126
may generate different data types, such as B-mode, color
Doppler (velocity/power/variance), tissue Doppler (veloc-
ity), and Doppler energy, for one or more scan planes or
different scanning patterns. For example, the RF processor
126 may generate tissue Doppler data for multiple (e.g.,
three) scan planes. The RF processor 126 gathers the infor-
mation (e.g. I/Q, B-mode, color Doppler, tissue Doppler, and
Doppler energy information) related to multiple data slices
and stores the data information with time stamp and orienta-
tion/rotation information in a computer readable storage
medium 128. The information output from the RF Processor
126 and/or the storage medium 128 is referred to herein as the
raw ultrasound data. Optionally, the RF signal output from the
receive beamformer 124 may be directly routed to the storage
medium 128. By way of example, the storage medium may be
a tangible and non-transitory memory, such as a computer
hard drive, a flash drive, RAM, ROM, an image buffer, or
other memory device.

[0029] The processor 130 may perform additional or other
processing on the acquired ultrasound data. Acquired ultra-
sound data may be processed and displayed in real-time dur-
ing a scanning session as the ultrasound data is wirelessly
received from the probes 104. Additionally or alternatively,
the ultrasound data may be stored temporarily in a computer
readable storage medium 134, such as a computer hard drive,
flash memory, RAM, ROM, and the like, during a scanning
session and then processed and displayed in an off-line opera-
tion.

[0030] The processor 130 is connected to a user interface
136 that may control operation of the processor 130 and
receive user inputs as explained below in more detail. The
user interface 136 may include hardware components (e.g.,
keyboard, mouse, trackball, etc.), software components (e.g.,
a user display) or a combination thereof. The display device
132 includes one or more monitors that present patient infor-
mation, including diagnostic ultrasound images to the user for
diagnosis and analysis (e.g., images generated using image
files having a reduced file size). One or both of the storage
media 128 and 134 may store 3D data sets of the ultrasound
data, where such 3D data sets are accessed to present 2D
(and/or 3D images) as described herein. The images may be
modified and the display settings of the display device 132
also manually adjusted using the user interface 136.
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[0031] While the illustrated embodiment illustrates ultra-
sound data being acquired by multiple probes 104 to be dis-
played on a single display device 132 under the control of a
single processor 130 and user interface 136, alternatively
multiple display devices 132, processors 130, and/or user
interfaces 136 may be provided. For example, different sub-
sets or individual probes 104 may be associated with different
display devices 132, processors 130, and/or user interfaces
136. Different probes 104 may obtain ultrasound data under
the control of different user interfaces 136 and/or processors
130 for processing and display on different display devices
132.

[0032] As shown in FIG. 1, the processor 130 may include
a control module 138, an acoustic bandwidth module 140,
and a wireless bandwidth module 142. One or more of the
modules 138, 140, 142 may be sets of instructions stored on a
tangible and non-transitory computer readable storage
medium (e.g., computer hard drive, flash drive, RAM, or
ROM) that direct the processor 130 to perform one or more
operations. For example, one or more of the modules 138,
140, 142 may be embodied in a software application.

[0033] The control module 138 forms the control instruc-
tions for the probes 104. For example, the control module 138
may create control instructions that direct when one or more
of the probes 104 are to transmit ultrasound pulses into the
bodies 108, when one or more of the probes 104 is to wire-
lessly transmit acquired ultrasound data to the processing
subsystem 102, and/or which of the access point devices 110
one or more of the probes 104 is to wirelessly transmit the
acquired ultrasound data. The control module 138 communi-
cates with the acoustic bandwidth module 140 and/or the
wireless bandwidth module 142 to determine the instructions
that are to be formed and communicated to the probes 104.
The control module 138 communicates the control instruc-
tions to the access point devices 110, which wirelessly trans-
mit the control instructions to the probes 104 as control data
118. Alternatively, the processing subsystem 102 may include
an additional antenna 144 that is not coupled with an access
point device 110 to transmit the control instructions to the
probes 104 as control data 118.

[0034] Inoperation, multiple probes 104 may acquire ultra-
sound data for the same processing subsystem 102 at the same
time or during overlapping time periods. For example, two or
more probes 104 may concurrently acquire ultrasound data
from one or more bodies 108 and wirelessly transmit the
acquired ultrasound data to the processing subsystem 102 for
processing and/or display. Multiple probes 104 may be used
to concurrently acquire ultrasound data from the same or
different imaged bodies 108. For example, in the illustrated
embodiment, plural probes 104a and 1045 concurrently
acquire ultrasound data representative of the same imaged
body 108a. The probes 104a, 1045 may acquire ultrasound
data from different, non-overlapping regions or volumes of
the imaged body 108a, from different, partially overlapping
regions or volumes of the imaged body 108a, or from the
same region or volume of the imaged body 108a. Other
probes 104 may concurrently acquire ultrasound data from
different imaged bodies 108. For example, one or more of the
probes 104¢-fmay concurrently acquire ultrasound data from
different bodies 1085-¢ at the same time or during the same
time period that one or more other probes 104a-f acquires
ultrasound data from one or more of the bodies 108a-e.
[0035] FIG. 2 is a block diagram of one embodiment of the
ultrasound probe 104. The probe 104 includes a housing 200



US 2012/0179037 Al

with the transducer elements 106 held by the housing 200
along a transmission face 202 of the housing 200. The trans-
ducer elements 106 emit ultrasound pulses from the transmis-
sion face 202 and receive ultrasound echoes through the
transmission face 202. The transmission face 202 shown in
FIG. 2 is a convex surface. Alternatively, the housing 200
and/or the transmission face 202 may have a different shape
than the shapes shown in FIG. 2.

[0036] The probe 104 includes an antenna 204 for wire-
lessly communicating data with the processing subsystem
102 (shown in FIG. 1). The position of the antenna 204 shown
in FIG. 2 is provided merely as an example. Alternatively, the
antenna 204 may be located in another position, such as
within the housing 200. The antenna 204 is conductively
coupled with a control module 206. The control module 206
may be a logic based device, such as a computer processor,
microprocessor, or controller operating based on a set of
instructions stored on a computer readable storage medium,
such as a software application running on a computer
memory. The control module 206 receives control instruc-
tions received by the antenna 204 from the processing sub-
system 102 (shown in FIG. 1). The control module 206 uses
the instructions to control operation of the probe 104. For
example, the control module 206 may determine when the
probe 104 acquires ultrasound data and/or when the probe
104 wirelessly transmits acquired ultrasound data to the pro-
cessing subsystem 102.

[0037] In one embodiment, the control module 206 is
coupled to a processing module 208. The processing module
208 receives digital ultrasound data signals and may process
the signals prior to communicating the data to the antenna 204
for wireless transmission to the processing subsystem 102
(shown in FIG. 1). For example, the processing module 208
may compress or filter the data prior to wirelessly communi-
cating the data in order to reduce the total amount of data that
is wirelessly transmitted. The processing module 208 may
perform transmit and/or receive beamforming operations for
the probe 104. For example, the processing module 208 may
form transmit beamform instructions that excite, or “drive,”
the transducer elements 106 of the probe 104 in a timing
sequence controlled by the processing module 208. The pro-
cessing module 208 may perform receive beamform process-
ing on the ultrasound data that is acquired by the transducer
elements 106 before wirelessly transmitting the data to the
processing subsystem 102. For example, the processing mod-
ule 208 may delay, apodize and sum each electrical signal that
represents ultrasound data with other electrical signals
received from the transducer elements 106. The summed
signals represent echoes from the ultrasound beams or lines.
[0038] The probe 104 includes an analog-to-digital conver-
sion (ADC) module 210 that is coupled with the processing
module 208. The ADC module 210 receives ultrasound data
in analog form as the data is acquired by the transducer
elements 106. For example, the ADC module 210 may receive
the analog ultrasound data signals generated by the trans-
ducer elements 106 when the transducer elements 106 receive
ultrasound echoes. The ADC module 210 converts the analog
signals into digital ultrasound data signals prior to commu-
nicating the ultrasound data to the processing module 208.
[0039] The probe 104 includes an analog front end that
includes a transmit module (Tx module) 212 and a receive
module (Rx module) 214. The transmit module 212 is con-
trolled by the processing module 208 to drive the transducer
elements 106 to emit ultrasound pulses. The receive module
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214 receives the analog ultrasound signals generated by the
transducer elements 106 and communicates the analog sig-
nals to the ADC module 210. The transmit module 212 and
the receive module 214 are coupled with the transducer ele-
ments 106 and with a power source 216, such as a battery
and/or high voltage power source. The power source 216
provides electric energy to power the probe 104. For example,
the power source 216 may provide energy to cause the trans-
ducer elements 106 to emit ultrasound pulses and/or to power
the antenna 204 to transmit the wireless signals 120. In
another embodiment, the probe 104 may include a conductive
pathway or connector, such as a cable, wire, or other bus
extending out of the housing 200 and including a plug or a
receptacle for a plug. The conductive pathway and/or connec-
tor may be coupled with an external source of power, such as
a 120V outlet, to supply power to the probe 104 and/or charge
the power source 216. In one embodiment, the conductive
pathway and/or connector that is used to supply power to the
probe 104 and/or recharge the power source 216 is not used or
adapted to communicate data signals, such as control data 118
or ultrasound data.

[0040] Returning to the discussion of the imaging system
100 shown in FIG. 1, multiple probes 104 may concurrently
acquire ultrasound data from the same or different imaged
bodies 108 and wirelessly transmit the acquired ultrasound
data to the processing subsystem 102, as described above. In
one embodiment, multiple probes 104a, 1045 may concur-
rently image the same body 1084 with emitted ultrasound
pulses. In order to avoid the ultrasound pulses emitted from
one probe 104a or 1045 interfering with the ultrasound pulses
or received echoes of the other probe 1045 or 104a, the
processing subsystem 102 may control when one or more of
the probes 104a, 1045 emits ultrasound pulses into the
imaged body 108a. Such control may be referred to as acous-
tic bandwidth allocation.

[0041] In one embodiment, acoustic bandwidth allocation
includes dividing the time period over which an imaging
procedure is performed on a body 1084 into subsets. The time
period subsets are assigned to the different probes 104a, 1045
that are imaging the body 108a. In one embodiment, each
probe 104a, 1045 emits ultrasound pulses during the subsets
of the time period assigned to the probe 104a or 1045 while
the other probes 104a or 1045 refrain from emitting ultra-
sound pulses. For example, the probes 104a, 1045 may only
emit ultrasound pulses during the time period subsets
assigned to the respective probes 104a, 1045.

[0042] FIG. 3 is an illustration of an ultrasound imaging
procedure time period 300 divided into acquisition time peri-
ods according to an acoustic bandwidth allocation procedure
in accordance with one embodiment. The time period 300
represents the time window over which an imaging procedure
is performed onabody 108a (shown in FIG. 1) by two or more
probes 104a, 10456 (shown in FIG. 1). The time period 300 is
shown along a linear time axis 302 and extends from a begin-
ning time 304 to an ending time 306. The beginning time 304
represents the point in time at which an operator begins the
transmission of ultrasound pulses into the body 108a (e.g., a
patient or object being ultrasonically imaged) from the probe
1044 or 1045. The ending time 306 represents the point in
time at which the operator stops the transmission of ultra-
sound pulses into the body 1084 from the probes 104a and/or
1045. The ending time 306 may be a predetermined time,
such as a predetermined length of time following the begin-
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ning time 304, or may be a point in time that occurs when an
operator of the probe 1044 or 1045 manually terminates the
imaging procedure.

[0043] The acoustic bandwidth module 140 (shown in FIG.
1) of the processor 130 (shown in FIG. 1) in the processing
subsystem 102 (shown in FIG. 1) allocates the time period
300 between the probes 104a, 1045 (shown in FIG. 1) that are
imaging the same body 108a (shown in FIG. 1) during the
same imaging procedure. As shown in FIG. 3, the time period
300 is allocated among the probes 104a, 1045 by dividing the
time period 300 into several acquisition time periods 308,
310. The acquisition time periods 308 indicate the time peri-
ods when the probe 104a acquires ultrasound data from the
body 108 (e.g., emits ultrasound pulses into the body 108a)
and when the probe 1045 does not acquire ultrasound data
from the body 108a (e.g., does not emit ultrasound pulses into
the body 108a). The acquisition time periods 310 indicate the
time periods when the probe 1045 acquires ultrasound data
from the body 1084 and when the probe 104a does not acquire
ultrasound data from the body 108a. In the illustrated
embodiment, the acquisition time period 300 is allocated
among two probes 104a, 1045. Alternatively, the acquisition
time period 300 may be evenly or unevenly allocated among
three or more probes 104.

[0044] The acquisition time periods 308, 310 are non-over-
lapping sections of the time period 300 in the illustrated
embodiment. As a result, the probe 104a that acquires ultra-
sound data during a preceding acquisition time period 308
stops acquiring ultrasound data when the acquisition time
period 308 ends and/or the subsequent acquisition time
period 310 begins. Similarly, the probe 1045 that acquires
ultrasound data during the following acquisition time period
310 begins acquiring ultrasound data when the acquisition
time period 308 ends and/or the subsequent acquisition time
period 310 begins. The probes 104a, 10456 do not acquire
ultrasound data at the same time during the same instant in
time in the illustrated embodiment. Alternatively, one or more
of the sequential acquisition time periods 308, 310 may at
least partially overlap each other. For example, the probes
104a, 1045 may acquire ultrasound data at the same instants
in time by emitting ultrasound pulses into the body 1084 at the
same time encompassed by the overlapping portions of the
acquisition time periods 308, 310.

[0045] Inoneembodiment, the sum total of the acquisition
time periods 308 during the time period 300 is equal to or
approximately equal to (e.g., within 1%, 5%, or 10%) the sum
total of the acquisition time periods 310 of the time period
300. As a result, each of the probes 104a, 1045 acquiring
ultrasound data during the time period 300 may have an equal
or approximately equal amount of time to acquire ultrasound
data from the body 108a. Alternatively, one or more of the
probes 104 may have priority over one or more other probes
104. For example, if two probes 104 have different priorities
attempt to acquire ultrasound data from a common body 108
atthe same time, the probe 104 having the higher priority may
acquire ultrasound data while the lower priority probe 104
refrains from transmitting ultrasound pulses and/or otherwise
acquiring ultrasound data.

[0046] Returning to the discussion of the system 100 shown
in FIG. 1, in order to allocate the time period 300 (shown in
FIG. 3) of an imaging procedure among a plurality of probes
104 imaging a common body 108, the acoustic bandwidth
module 140 may identify which of the probes 104 are trans-
mitting ultrasound pulses into the common body 108. In one
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embodiment, each of the probes 104 is associated with a
unique network address. The network addresses of the probes
1044, 1045 that are imaging the same body 108a may be input
into the processing subsystem 102 and associated with the
body 108a. For example, the user interface 136 may be used
to manually (e.g. typing or speaking) or automatically (e.g.
barcode scanning) input which probes 104a, 1045 are to be
used in an upcoming imaging procedure and which body
108a will be imaged by the probes 1044, 1045. The body
108a may be associated with a unique identity, such as a
patient identification code. The acoustic bandwidth module
140 may associate the identities of the bodies 108 with the
unique addresses of the probes 104 used to image the bodies
108. In the illustrated embodiment, the acoustic bandwidth
module 140 associates the identity of the body 108a with the
addresses of the probes 104a, 1045.

[0047] The acoustic bandwidth module 140 may associate
additional information related to an imaging procedure with
the plural probes 104a, 1045 used to image a common body
108a. This additional information may be used in addition to
the addresses of the probes 104a, 1045 to determine when the
different probes 104a, 1045 transmit ultrasound pulses into a
common body 108a. As one example, this additional infor-
mation may include frame rates at which the probes 104a,
1045 acquire the ultrasound data. The frame rate represents
the speed at which a probe 104 transmits ultrasound pulses
into a body 108. For example, at a frame rate of 30 Hz, a probe
104 may transmit ultrasound pulses into a body 108, or
acquire a frame of ultrasound data, thirty times per second.
The probes 104a, 104b may transmit ultrasound pulses at
different frame rates and the acoustic bandwidth module 140
may vary or change the time periods during which the differ-
ent probes 104a, 1045 acquire ultrasound data based on the
respective frame rates of the probes 1044, 1045.

[0048] As another example, the additional information
used by the acoustic bandwidth module 140 to determine
when the probes 104a, 1045 transmit ultrasound pulses
includes a type of ultrasound images that are generated based
on the ultrasound data acquired by each of the probes 104a,
1045. The type of ultrasound image can represent a category
of body part or region of interest in the body 108 that is
imaged by the ultrasound pulses or a category of different
images. By way of example, different categories of body parts
or regions of interest may include the heart, gastrointestinal
regions, muscles, tendons, fetuses, and the like. However,
other categories may be used. With respect to different cat-
egories of images, the categories may include 2D images, 3D
images, B-mode, Doppler, echocardiographic images,
Focused Assessment with Sonography for Trauma (FAST)
images, gastroenterologic images, gynecologic images,
carotid ultrasonographic images, obstetrical ultrasound
images, transcranial ultrasound images, musculoskeletal
images, arterial sonographic images, thrombosonographic
images, venosonographic images, and the like. However,
other categories of images may be used. The different types
and/or categories of images that are obtained by the probes
104 may require different frame or acquisition rates, or dif-
ferent amounts of ultrasound data to form the ultrasound
images. The acoustic bandwidth module 140 may vary when
the probes 104a, 1045 acquire ultrasound data of the body
108a relative to each other based on the type of ultrasound
data and/or the categories of images generated by the probes
104a, 1045.
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[0049] As another example, the additional information
used by the acoustic bandwidth module 140 to determine
when the probes 104a, 1045 transmit ultrasound pulses
includes a number of probes 104a, 1045 that are concurrently
acquiring ultrasound data from a common body 1084, or how
many probes 104a, 1045 are acquiring ultrasound data from
the body 1084 during the same time period or within the same
time window.

[0050] FIG. 4 is an illustration of an ultrasound imaging
procedure time period 400 divided into subset time periods
according to an acoustic bandwidth allocation procedure in
accordance with another embodiment. Similar to the time
period 300 shown in FIG. 3, the time period 400 represents
the time window over which an imaging procedure is per-
formed on a body 108a (shown in FIG. 1) by two or more
probes 104a, 1045 (shown in FIG. 1). The time period 400 is
shown along a linear time axis 402 and extends from a begin-
ning time 404 to an ending time 306.

[0051] As shown in FIG. 3, the acoustic bandwidth module
140 may approximately evenly distribute the time period 300
between the probes 104a, 1045 such that each acquisition
time period 308, 310 of the time period 300 is approximately
equal to the other acquisition time periods 308, 310. Alterna-
tively, the acoustic bandwidth module 140 may unevenly
distribute or allocate the time period 400 among the probes
104a, 1045 into acquisition time periods 408, 410, as shown
in FIG. 4. The acquisition time periods 408 are shorter than
the acquisition time periods 410, resulting in the probe 104a
having shorter acquisition time periods 408 to acquire ultra-
sound data from the body 108a relative to the acquisition time
periods 410 allocated to the probe 1045. In one embodiment,
the sum total of time encompassed by all of the acquisition
time periods 408 is less than the sum total of time encom-
passed by all of the acquisition time periods 410 during the
time period 400. For example, the probe 104a that acquires
ultrasound data during the acquisition time periods 408 may
acquire ultrasound data over a smaller total time period than
the probe 1045 that acquired ultrasound data during the
acquisition time periods 410 during the time period 400.
Alternatively, there may be an unequal distribution of the
acquisition time periods 408, 410 within the time period 400.
For example, the acquisition time periods 408, 410 may pro-
ceed in the sequence shown in FIG. 4 for a portion of the time
period 400 before changing the order and/or duration of one
or more of the acquisition time periods 408, 410 for the
remainder or another portion of the time period 400.

[0052] The duration of one or more of the acquisition time
periods 408, 410 and/or the order or sequence of the acquisi-
tion time periods 408, 410 may be based or vary on the
additional information related to the imaging procedure that
is described above. For example, the duration of the acquisi-
tion time periods 408, 410 may vary based on the frame rates
at which the probes 104a, 1045 acquire the ultrasound data. A
probe 104a having a higher frame rate may have shorter
acquisition time periods 408 relative to a probe 1045 having
a lower frame rate. For example, the acoustic bandwidth
module 140 (shown in FIG. 1) may allocate shorter acquisi-
tion time periods 408 ofthe time period 400 to the probe 104a
having a higher frame rate (e.g. 60 Hz) and/or allocate longer
acquisition time periods 410 of the time period 400 to the
probe 1045 having a lower frame rate (e.g. 30 Hz).

[0053] As another example, the duration of the acquisition
time periods 408, 410 may vary based on the type of ultra-
sound images that are formed based on the ultrasound data
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obtained by each of the probes 104a, 1045. For example,
some types of ultrasound images (e.g. 3D images) may
require more ultrasound data to form the images than other
types of ultrasound images (e.g. 2D images). In order to meet
the greater data requirements or needs of some types of
images, the acoustic bandwidth module 140 may allocate
longer acquisition time periods 410 to the probe 1045 that is
acquiring ultrasound data for the images requiring greater
amounts of data and/or allocate shorter acquisition time peri-
ods 408 to the probe 104a that is acquiring ultrasound data for
the images requiring smaller amounts of data.

[0054] In another example, the duration of the acquisition
time periods 408, 410 may vary based on the category of body
part or region of interest that is imaged by one or more of the
probes 104a, 1045. For example, some body parts (e.g.
hearts) may require more ultrasound data to form image of the
heart than other types of ultrasound images (e.g. obstetrical
ultrasound images). In order to image some body parts or
regions of interest that require larger amounts of data, the
acoustic bandwidth module 140 may allocate longer acquisi-
tion time periods 410 to the probe 1045 that is acquiring
ultrasound data for the body parts or regions requiring more
ultrasound data to image the body parts or regions and/or
allocate shorter acquisition time periods 408 to the probe
104a that is acquiring ultrasound data for other body parts or
regions.

[0055] As another example, the acoustic bandwidth mod-
ule 140 may allocate the length of the acquisition time periods
408, 410 based on the number of probes 104a, 1045 that are
imaging a common body 108a. For example, in order to keep
the total time period 400 of an imaging procedure of within
reason or within predetermined time limits, the acoustic
bandwidth module 140 may shorten one or more of the acqui-
sition time periods 408, 410 (or 308, 310) in order to accom-
modate imaging of the body 108a by multiple probes 104a,
1045.

[0056] Returning to the discussion of the imaging system
100 shown in FIG. 1, multiple probes 104 may concurrently
acquire ultrasound data from the imaged bodies 108 and
wirelessly transmit the acquired ultrasound data to the pro-
cessing subsystem 102, as described above. The access point
devices 110 and the probes 104 may form nodes of a wireless
network. With wireless networks, the concurrent or simulta-
neous transmission of data to one or more common access
points may result in interference or degradation of the wire-
lessly transmitted data. In some cases, one or more packets or
segments of the wirelessly transmitted data may be lost (e.g.,
not be received by an access point). In order to reduce the
interference between wirelessly transmitted data from the
probes 104 to the access point device 110, the processing
subsystem 102 may control when the probes 104 wirelessly
transmit acquired ultrasound data to the access point devices
110. Such control may be referred to as wireless bandwidth
allocation.

[0057] In one embodiment, wireless bandwidth allocation
includes assigning different time periods to different probes
104. The time periods are assigned to the different probes
104a-f that are transmitting acquired ultrasound data to the
access point devices 110. Each probe 104 may transmit
acquired ultrasound data (or a portion of the ultrasound data
acquired by the probe 104) during the time period assigned to
the probe 104 while the one or more other probes 104 do not
wirelessly transmit acquired ultrasound data. For example,
the probes 104 may only wirelessly transmit acquired ultra-
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sound data to the access point devices 110 during the time
periods assigned to the respective probes 104. The time peri-
ods that are assigned to the probes 104 for wirelessly trans-
mitting acquired ultrasound data may be referred to as trans-
mission time periods.

[0058] FIG. 5 is an illustration of one embodiment of sev-
eral transmission time periods 500, 502, 504, 506, 508, 510
assigned to different probes 104 shown in FIG. 1. The trans-
mission time periods are assigned or allocated to the probes
104 in order to avoid significant interference between wire-
lessly transmitted ultrasound data from the probes 104 to the
access point devices 110 (shown in FIG. 1). For example, the
transmission time periods are assigned to reduce dropped
packets of ultrasound data or other lost or corrupted ultra-
sound data.

[0059] The transmission time periods are shown along sev-
eral horizontal axes 512, 514, 516. The horizontal axes 512,
514, 516 represent time, with each of the transmission time
periods shown overlying one of the horizontal axes to indicate
the span of time over which ultrasound data is transmitted by
aprobe 104 assigned to the various transmission time periods.
The wireless bandwidth module 142 (shown in FIG. 1) of the
processor 130 (shown in FIG. 1) in the processing subsystem
102 (shown in FIG. 1) allocates or assigns the transmission
time periods among the probes 104 (shown in FIG. 1) that are
concurrently acquiring ultrasound image data.

[0060] The different horizontal axes 512, 514, 516 may be
associated with different access point devices 110 (shown in
FIG. 1). For example, the top horizontal axis 512 may be
associated with the access point device 110a, the middle
horizontal axis 514 may be associated with the access point
device 1105, and the bottom horizontal axis 516 may be
associated with the access point device 110c¢. The transmis-
sion time periods are shown on different axes 512,514, 516 to
indicate when each access point device 110 wirelessly
receives the ultrasound data acquired by the various probes
104. For example, the access point devices 110 may be
assigned unique addresses in the wireless network. The
probes 104 may each wirelessly transmit the ultrasound data
acquired by the probe 104 to one of the unique addresses of
the access point devices 110. The unique address of an access
point device 110 may be assigned to the probe 104. For
example, one or more probes 104 may be associated with an
access point device 110 based on the proximity of the probes
104 to the access point device 110, the number of probes 104
assigned to the access point device 110, the number of probes
104 assigned to other access point devices 110, the number of
probes 110 and/or access point devices 110 in the wireless
network, and the like. The probes 104 may transmit the
acquired ultrasound data to a particular access point device
110 by transmitting the ultrasound data as network data, such
as by transmitting the data in packets having an address in a
header field of the packet. The address in the header field may
match the address of the access point device 110 that is to
receive the ultrasound data.

[0061] With respect to the embodiment shown in FIG. 5, if
the horizontal axis 512 is associated with the access point
device 110a (shown in FIG. 1) and the probes 104a and 1045
(shown in FIG. 1) are transmitting the ultrasound data to the
access point device 110a, then the wireless bandwidth mod-
ule 142 (shown in FIG. 1) may direct the probes 104a, 1045
(via the control data 118 shown in FIG. 1) to transmit to the
access point device 110a. The wireless bandwidth module
142 may allocate the time periods 500, 502 between the
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probes 104a, 1045 such that only one of the probes 104a,
1045 is transmitting to the access point device 110a at a given
time. For example, the probe 104a may transmit data during
the time periods 500 and the probe 1045 may transmit data
during the time periods 502. Alternatively, the wireless band-
width module 142 may allocate the time periods between the
probes assigned to an access point device such that more than
two probes concurrently or simultaneously transmit ultra-
sound data to the same access point device.

[0062] If the horizontal axis 514 is associated with the
access point device 1105 (shown in FIG. 1) and the probes
104¢, 1044, and 104e (shown in FIG. 1) are transmitting the
ultrasound data to the access point device 1105, then the
wireless bandwidth module 142 (shown in FIG. 1) may direct
the probes 104c¢, 1044, 104e to transmit acquired ultrasound
data to the access point device 1105. For example, the probe
104¢ may transmit data to the access point device 1105 during
the time periods 504, the probe 1044 may transmit data to the
access point device 1105 during the time periods 506, and the
probe 104e may transmit data to the access point device 1105
during the time periods 508. As shown in FIG. 5, the time
periods 504, 506, 508 proceed in a round-robin sequence, or
a sequence that evenly proceeds through the probes 104c,
1044, 104e assigned to the same access point device 1105
with each probe 104¢, 1044, 104e having the same or approxi-
mately the same total time to transmit to the access point
device 1105. Alternatively, the time periods 504, 506, 508
may proceed in another order, such as an order that provides
more time periods to one of the probes relative to other
probes, a random order, or another non-round robin order.
[0063] If the horizontal axis 516 is associated with the
access point device 110¢ (shown in FIG. 1) and the probe 104/
is transmitting ultrasound data to the access point device
110¢, then the wireless bandwidth module 142 (shown in
FIG. 1) may direct the probe 104/'to transmit acquired ultra-
sound data to the access point device 110f. For example, the
probe 104f may be the only probe 104 that is directed to
transmit data to the access point device 110c¢ during the time
shown in FIG. 5 along the horizontal axis 516. As a result, the
probe 104ftransmits data during the time period 510 without
alternating time periods with other probes 104.

[0064] Alternatively, one or more of the horizontal axes
512,514,516 may represent different channels of one or more
access point devices 110 (shown in FIG. 1). In one embodi-
ment, multiple probes 104 (shown in FIG. 1) may wirelessly
transmit to a single access point device 110, with the probes
104 using different channels and different transmission time
periods. The channels may represent different frequencies at
which ultrasound data is transmitted to the access point
device 110. The probes 104 may be assigned different chan-
nels of the access point device 110 by the wireless bandwidth
module 142 (shown in FIG. 1), such as by transmitting the
assigned channel to the probes 104 as control data 118 (shown
in FIG. 1). The probes 104 wirelessly transmit acquired ultra-
sound data to the access point device 110 during the trans-
mission time periods allocated to the various probes 104 on
the channels assigned to the various probes 104 in one
embodiment.

[0065] In another embodiment, one or more of the probes
104 (shown in FIG. 1) may not be assigned or logically
connected with an access point device 110 (shown in FIG. 1).
For example, one or more of the probes 104 may not be
assigned to an access point device 110 such that the probe 104
transmits ultrasound data that is addressed to the access point
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device 110. Instead, the probe 104 may wirelessly transmit
the ultrasound data in a broadcast manner such that one or
more access point devices 110 may receive the broadcast
ultrasound data. The probe 104 may be allocated transmission
time periods from the wireless bandwidth module 142 (shown
in FIG. 1), as described above, based on the number of probes
104 that are broadcasting ultrasound data. The ultrasound
data may be broadcast in packets or other network data forms
having identifying information that indicates which probe
104 transmitted the data. The control module 138 (shown in
FIG. 1) and/or the receive beamformer 124 (shown in FIG. 1)
may use the identifying information to associate the various
wirelessly receive ultrasound data packets with the different
probes 104 that acquired the data.

[0066] During a time period when a probe 104 (shown in
FIG. 1) is not transmitting ultrasound data to an access point
device 110 (shown in FIG. 1), the probe 104 may continue to
acquire ultrasound data from a body 108 (shown in FIG. 1).
For example, if the probe 104a wirelessly transmits ultra-
sound data to the access point device 110a during the time
period 500 but does not transmit ultrasound data during the
time period 502, the probe 104a may continue to acquire
ultrasound data from the body 108a during the time period
502. As a result, the time periods when a probe 104 acquired
ultrasound data (which may be determined by the acoustic
bandwidth module 140 shown in FIG. 1) may not coincide
with the time periods when the probe 104 wirelessly transmits
the acquired ultrasound data to an access point device 110
(which may be determined by the wireless bandwidth module
142 shown in FIG. 1). Alternatively, the acquisition time
periods (e.g., the time periods allocated to the probe 104 to
acquire ultrasound data) may coincide with the transmission
time periods (e.g., the time periods allocated to the probe 104
for wirelessly transmitting the acquired ultrasound data to an
access point device 110). By “coincide,” it is meant that an
acquisition time period and a transmission time period have
the same beginning and ending points in time and last for the
same amount of time. Two time periods may not coincide
when the time periods have different beginning points in time,
different ending points in time, and/or last different amounts
of time.

[0067] Inanotherembodiment, the acquisition time periods
and the transmission time periods may not coincide, but may
at least partially overlap each other. For example, a probe 104
(shown in FIG. 1) may acquire ultrasound data and not wire-
lessly transmit the acquired ultrasound data for a first portion
of an acquisition time period that does not overlap a trans-
mission time period; acquire and wirelessly transmit ultra-
sound data to an access point device 110 (shown in FIG. 1)
during a second period of an acquisition time period that
overlaps a transmission time period; and wirelessly transmit
but not acquire ultrasound data during a third time period that
occurs after the acquisition time period but during a transmis-
sion time period.

[0068] The probe 104 (shown in FIG. 1) may acquire ultra-
sound data and store the acquired ultrasound data in the
memory 212 (shown in FIG. 2) before wirelessly transmitting
the ultrasound data to an access point device 110 (shown in
FIG.1). For example, if the acquisition and transmission time
periods of the probe 104 do not coincide, such as the trans-
mission time period trailing or occurring after the acquisition
time period of the probe 104, then the probe 104 may acquire
ultrasound data and at least temporarily store the ultrasound
data in the memory 212. The memory 212 may serve as a
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cache to temporarily hold the ultrasound data until the next
transmission time period, or the next transmission time period
that is available to transmit the ultrasound data.

[0069] In one embodiment, the user interface 136 may
accept manual input from an operator of one or more of the
probes 104 and/or the system 100 to manually adjust the
acoustic and/or wireless bandwidth allocated to one or more
of the probes 104. For example, an operator may use a key-
board, stylus, touchscreen, microphone, button, toggle, dial,
or other input device of the user interface 136 to increase or
decrease the length and/or frequency of acquisition time peri-
ods that are allocated to one or more of the probes 104 relative
to one or more other probes 104. Alternatively or in addition
to manually changing the acquisition time periods, an opera-
tor may use the user interface 136 change the length and/or
frequency of transmission time periods that are allocated to
one or more of the probes 104 relative to one or more other
probes 104. The operator may change the acquisition and/or
transmission time periods for one or more probes 104 in order
to increase the frame rate and/or resolution of those probes
104. The allocation of the acquisition and/or transmission
time periods may return to the previous lengths and/or fre-
quencies after a predetermined time periods expires, or after
additional manual input is received from the operator.
[0070] FIGS. 6A and 6B illustrate a flowchart of one
embodiment of a method 600 for wireless communication in
an ultrasound imaging system. The method 600 may be used
in conjunction with an ultrasound imaging system having
ultrasound probes that acquire ultrasound data from a body
(e.g., a patient or other test subject) and wirelessly transmit
the acquired ultrasound data for processing and display to an
operator. In one embodiment, the method 600 may be used to
provide for wireless communication in the imaging system
100 shown in FIG. 1.

[0071] At 602, an ultrasound probe is associated with a
body to be imaged. For example, one or more of the probes
104a-f (shown in FIG. 1) may be assigned to different bodies
108a-e (shown in FIG. 1) to concurrently perform imaging
procedures on a plurality of the bodies 108a-e. The associa-
tion between the probes 104 and the bodies 108 may be
manually established or may be automatically established.
For example, the probes 104 may be automatically assigned
to a particular patient by scanning a barcode or other identi-
fying indicia on the probe 104 when the probe 104 is brought
into an examination room having the patient in the room.
[0072] At 604, a determination is made as to whether mul-
tiple probes are imaging the same body during an imaging
procedure. For example, two or more probes may be used to
acquire ultrasound data from the same patient during the
same imaging procedure or time period. This determination
may be made by determining if multiple probes are assigned
to the same patient. If multiple probes are assigned to the
same patient, then the ultrasound pulses emitted by the probes
into the patient may interfere with each other. As a result, flow
of the method 600 may proceed to 606, where acoustic band-
width allocation may be performed. On the other hand, if
multiple probes are not imaging the same patient during the
same time period, or if multiple probes are imaging the same
patient but the ultrasound pulses emitted into the patient do
not interfere with each other (e.g., are spaced sufficiently far
apart), then acoustic bandwidth allocation may be unneces-
sary.

[0073] At 606, acquisition time periods are allocated to the
multiple probes imaging the same body. For example, non-
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overlapping time periods may be assigned to each of the
probes imaging the same body. Each probe may only transmit
ultrasound pulses into the body during the acquisition time
period assigned to the probe in one embodiment. The alloca-
tion of acquisition time periods between the probes imaging
the same body can reduce or eliminate interference of the
ultrasound pulses emitted from one probe with the ultrasound
pulses emitted form another probe.

[0074] At 608, the probe is logically connected with an
access point device. For example, one or more of the probes
104a-f(shown in FIG. 1) may be assigned to one of the access
point devices 110a-¢ (shown in FIG. 1). The probe 104 may
be assigned to an access point device 110 based on a proxim-
ity of the probe 104 to the access point device 110, a number
of other probes 104 assigned to the access point device 110,
an amount of available wireless data bandwidth of the access
point device 110, and the like.

[0075] In another embodiment, the probe may not be
assigned or logically connected with an access point device.
For example, the probe may not wirelessly transmit acquired
ultrasound data as data that is addressed to one of several
access point devices and no other access point devices. The
probe may wirelessly broadcast the ultrasound data such that
the data is not addressed or directed to any particular access
point device.

[0076] At 610, a determination is made as to whether mul-
tiple probes are logically connected with or assigned to the
same access point device. For example, two or more probes
may be assigned to the same access point device and may
attempt to concurrently transmit acquired ultrasound data to
the same access point device. If multiple probes are assigned
to the same access point device, then the ultrasound data that
is wirelessly transmitted from one probe may interfere with
the ultrasound data that is wirelessly transmitted to another
probe. As a result, wireless bandwidth allocation may be
necessary and flow of the method 600 may proceed to 612.
Alternatively, if multiple probes are not assigned to the same
access point device and/or the amount of available wireless
bandwidth is sufficient to handle concurrent transmission
from multiple probes, then wireless bandwidth allocation
may be unnecessary and flow of the method 600 can proceed
to 614.

[0077] At 612, transmission time periods are allocated to
the multiple probes assigned to the same access point device.
For example, non-overlapping time periods may be assigned
to each of the probes assigned to a common access point
device. Each probe may only transmit ultrasound data to the
assigned access point device during the transmission time
period assigned to the probe in one embodiment. The alloca-
tion of transmission time periods between the probes imaging
the same body can reduce or eliminate interference of the
ultrasound data that is wirelessly transmitted to the same
access point device.

[0078] At 614, a determination is made as to whether an
acquisition time period has begun for the probe. If the acqui-
sition time period has not begun, then the probe may not be
able to begin acquiring ultrasound data from the body. As a
result, flow of the method 600 can proceed to 616. On the
other hand, if the acquisition time period has begun, then the
probe can begin acquiring ultrasound data from the body,
such as by transmitting ultrasound pulses into the body. As a
result, flow of the method 600 can proceed to 618.

[0079] At 616, the probe waits until the acquisition time
period allocated to the probe begins. For example, the probe

Jul. 12,2012

may refrain from transmitting ultrasound pulses into the body
until the next acquisition time period allocated to the probe
begins. Once the acquisition time period begins, flow of the
method 600 may continue to 618.

[0080] At 618, ultrasound data is acquired from the body.
For example, the probe may transmit ultrasound pulses into
the body and receive echoes of the pulses off of the body. The
probe may convert the received echoes into electrical signals
representative of the echoes. These signals may be referred to
as, or include, acquired ultrasound data.

[0081] At 620, a determination is made as to whether a
transmission time period has begun for the probe. If the trans-
mission time period has not begun, then the probe may not
transmit acquired ultrasound data to an access point device.
As aresult, flow of the method 600 can proceed to 622. On the
other hand, if the transmission time period has begun, then the
probe can transmit acquired ultrasound data to the access
point device, such as by wirelessly transmitting ultrasound
data to the access point device. As a result, flow of the method
600 can proceed to 624.

[0082] At 622, the probe waits until the transmission time
period allocated to the probe begins. For example, the probe
may refrain from wirelessly transmitting ultrasound data until
the next transmission time period allocated to the probe
begins. The probe can continue acquiring ultrasound data and
storing the ultrasound data in an internal memory until the
next transmission time period begins. Once the transmission
time period begins, flow of the method 600 may continue to
624.

[0083] At 624, acquired ultrasound data is wirelessly trans-
mitted by the probe to the access point device. For example,
the probe may wirelessly transmit ultrasound data that is
addressed to one or more of the access point devices. The
access point devices receive the ultrasound data and commu-
nicate the data to a processing subsystem that processes the
data to form one or more ultrasound images.

[0084] At 626, a determination is made as to whether the
imaging procedure on the body has completed. For example,
a determination may be made as to whether sufficient ultra-
sound data has been obtained to form one or more images or
whether an operator of the probe has deactivated or turned off
the probe. Ifthe imaging procedure has completed, flow of the
method 600 can continue to 628, where the imaging proce-
dure is terminated. On the other hand, if the imaging proce-
dure has not completed, then flow of the method 600 may
return to 614 to continue to acquire ultrasound data during
acquisition time periods assigned to the probe.

[0085] FIG. 7 illustrates a 3D-capable miniaturized ultra-
sound system 700 having a probe 332 that may be configured
to acquire 3D ultrasonic data or multi-plane ultrasonic data.
For example, the probe 332 may have a 2D array of elements
106 as discussed previously with respect to the probe 104 of
FIG. 1. The probe 332 may be physically or mechanically
disconnected from the system 700. For example, the probe
332 may not be joined with other components of the system
700 by any wires, cables, and the like. The probe 332 may
wirelessly transmit acquired ultrasound data to the system
700, as described above. Although not shown in FIG. 7, the
system 700 may have an access point device 110 (shown in
FIG. 1), such as an antenna disposed inside the system 700.

[0086] A user interface 334 (that may also include an inte-
grated display 336) is provided to receive commands from an
operator. As used herein, “miniaturized” means that the ultra-
sound system 330 is a handheld or hand-carried device or is
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configured to be carried in a person’s hand, pocket, briefcase-
sized case, or backpack. For example, the ultrasound system
330 may be a hand-carried device having a size of a typical
laptop computer. The ultrasound system 330 is easily portable
by the operator. The integrated display 336 (e.g., an internal
display) is configured to display, for example, one or more
medical images.

[0087] Theultrasonic data may be sent to an external device
338 via a wired or wireless network 340 (or direct connection,
for example, via a serial or parallel cable or USB port). In
some embodiments, the external device 338 may be a com-
puter or a workstation having a display, or the DVR of the
various embodiments. Alternatively, the external device 338
may be a separate external display or a printer capable of
receiving image data from the hand carried ultrasound system
330 and of displaying or printing images that may have
greater resolution than the integrated display 336.

[0088] FIG. 8 illustrates a hand carried or pocket-sized
ultrasound imaging system 350 wherein the display 352 and
user interface 354 form a single unit. By way of example, the
pocket-sized ultrasound imaging system 350 may be a
pocket-sized or hand-sized ultrasound system approximately
2 inches wide, approximately 4 inches in length, and approxi-
mately 0.5 inches in depth and weighs less than 3 ounces. The
pocket-sized ultrasound imaging system 350 generally
includes the display 352, user interface 354, which may or
may not include a keyboard-type interface and an input/out-
put (I/O) port for connection to a scanning device, for
example, an ultrasound probe 356. The display 352 may be,
for example, a 320x320 pixel color LCD display (on which a
medical image 190 may be displayed). A typewriter-like key-
board 380 of buttons 382 may optionally be included in the
user interface 354.

[0089] The probe 356 may be physically or mechanically
disconnected from the system 350. For example, the probe
356 may not be joined with other components of the system
350 by any wires, cables, and the like. The probe 356 may
wirelessly transmit acquired ultrasound data to the system
350, as described above. Although not shown in FIG. 8, the
system 350 may have an access point device 110 (shown in
FIG. 1), such as an antenna disposed inside the system 700.

[0090] Multi-function controls 384 may each be assigned
functions in accordance with the mode of system operation
(e.g., displaying different views). Therefore, each of the
multi-function controls 384 may be configured to provide a
plurality of different actions. Label display areas 386 associ-
ated with the multi-function controls 384 may be included as
necessary on the display 352. The system 350 may also have
additional keys and/or controls 388 for special purpose func-
tions, which may include, but are not limited to “freeze,”
“depth control,” “gain control,” “color-mode,” “print,” and
“store.”

[0091] One or more of the label display areas 386 may
include labels 392 to indicate the view being displayed or
allow a user to select a different view of the imaged object to
display. The selection of different views also may be provided
through the associated multi-function control 384. The dis-
play 352 may also have a textual display area 394 for display-
ing information relating to the displayed image view (e.g., a
label associated with the displayed image).

[0092] It should be noted that the various embodiments
may be implemented in connection with miniaturized or
small-sized ultrasound systems having different dimensions,
weights, and power consumption. For example, the pocket-
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sized ultrasound imaging system 350 and the miniaturized
ultrasound system 700 may provide the same scanning and
processing functionality as the system 100 (shown in FIG. 1)
[0093] FIG. 9illustrates an ultrasound imaging system 900
provided on a movable base 902. The portable ultrasound
imaging system 900 may also be referred to as a cart-based
system. A display 904 and user interface 906 are provided and
it should be understood that the display 904 may be separate
or separable from the user interface 906. The user interface
906 may optionally be a touchscreen, allowing the operator to
select options by touching displayed graphics, icons, and the
like.

[0094] The user interface 906 also includes control buttons
908 that may be used to control the portable ultrasound imag-
ing system 900 as desired or needed, and/or as typically
provided. The user interface 906 provides multiple interface
options that the user may physically manipulate to interact
with ultrasound data and other data that may be displayed, as
well as to input information and set and change scanning
parameters and viewing angles, etc. For example, a keyboard
910, trackball 912 and/or multi-function controls 914 may be
provided.

[0095] One or more probes (such as the probes 104 shown
in FIG. 1) may be communicatively coupled with the system
900 to wirelessly transmit acquired ultrasound data to the
system 900, as described above in connection with the system
100 shown in FIG. 1.

[0096] The various embodiments and/or components, for
example, the modules, or components and controllers therein,
also may be implemented as part of one or more computers or
processors. The computer or processor may include a com-
puting device, an input device, a display unit and an interface,
for example, for accessing the Internet. The computer or
processor may include a microprocessor. The microprocessor
may be connected to a communication bus. The computer or
processor may also 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 ora
removable storage drive such as a floppy disk drive, optical
disk 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.

[0097] As used herein, the term “computer” or “module”
may include any processor-based or microprocessor-based
system including systems using microcontrollers, reduced
instruction set computers (RISC), application specific inte-
grated circuits (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 the term “computer”.

[0098] The computer or processor executes a set of instruc-
tions 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.
[0099] The set of instructions may include various com-
mands that instruct the computer or processor as a processing
machine to perform specific operations such as the methods
and processes of the various embodiments of the subject
matter described herein. The set of instructions may be in the
form of a software program. The software may be in various



US 2012/0179037 Al

forms such as system software or application software. Fur-
ther, 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 soft-
ware also may include modular programming in the form of
object-oriented programming. The processing of input data
by the processing machine may be in response to user com-
mands, or in response to results of previous processing, or in
response to a request made by another processing machine.
[0100] As used herein, the terms “software” and “firm-
ware” are interchangeable, and include any computer pro-
gram stored in memory for execution by a computer, includ-
ing RAM memory, ROM memory, EPROM memory,
EEPROM memory, and non-volatile RAM (NVRAM)
memory. The above memory types are exemplary only, and
are thus not limiting as to the types of memory usable for
storage of a computer program.

[0101] It is to be understood that the above description is
intended to be illustrative, and not restrictive. For example,
the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. In addition,
many modifications may be made to adapt a particular situa-
tion or material to the teachings of the various embodiments
of the described subject matter without departing from their
scope. While the dimensions and types of materials described
herein are intended to define the parameters of the various
embodiments of the invention, the embodiments are by no
means limiting and are exemplary embodiments. Many other
embodiments will be apparent to one of ordinary skill in the
art upon reviewing the above description. The scope of the
various embodiments of the inventive subject matter should,
therefore, be determined with reference to the appended
claims, along with the full scope of equivalents to which such
claims are entitled. In the appended claims, the terms “includ-
ing” and “in which” are used as the plain-English equivalents
of the respective terms “comprising” and “wherein.” More-
over, in the following claims, the terms “first,” “second,” and
“third,” etc. are used merely as labels, and are not intended to
impose numerical requirements on their objects. Further, 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 void of further structure.
[0102] This written description uses examples to disclose
the various embodiments of the invention, including the best
mode, and also to enable one of ordinary skill in the art to
practice the various embodiments of the invention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the various
embodiments of the invention is defined by the claims, and
may include other examples that occur to those skilled in the
art. Such other examples are intended to be within the scope
of the claims if the examples have structural elements that do
not differ from the literal language of the claims, or if the
examples include equivalent structural elements with insub-
stantial differences from the literal languages of the claims.

What is claimed is:
1. A wireless ultrasound imaging system comprising:

plural probes each having at least one transducer element
configured to emit ultrasound pulses into one or more
imaged bodies and receive echoes of the pulses, the
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probes configured to generate ultrasound data based on
the echoes and to wirelessly transmit the ultrasound
data;

at least one access point device configured to wirelessly

receive the ultrasound data from the probes; and

a processing subsystem communicatively coupled with the

at least one access point device, the processing sub-
system receiving the ultrasound data from the probes
and creating one or more images based on the ultrasound
data.

2. The wireless ultrasound imaging system of claim 1,
wherein a plurality of the probes is configured to concurrently
acquire the ultrasound data.

3. The wireless ultrasound imaging system of claim 2,
wherein the plurality of the probes are configured to concur-
rently acquire different sets of the ultrasound data from two or
more different imaged bodies and wirelessly transmit the
different sets of the ultrasound data to the processing sub-
system.

4. The wireless ultrasound imaging system of claim 1,
wherein the plurality of the probes are configured to acquire
different sets of the ultrasound data from a common imaged
body during a common imaging procedure.

5. The wireless ultrasound imaging system of claim 1,
wherein the processing subsystem includes an acoustic band-
width module configured to allocate different acquisition
time periods among a plurality of the probes, the acoustic
bandwidth module communicating the different acquisition
time periods to the probes and the probes emitting the ultra-
sound pulses during the acquisition time periods allocated to
the probes.

6. The wireless ultrasound imaging system of claim 5,
wherein the acoustic bandwidth module varies at least one of
a sequence of the acquisition time periods or a length of one
or more of the acquisition time periods among the acquisition
time periods that are allocated to different probes.

7. The wireless ultrasound imaging system of claim 5,
wherein at least one of the acquisition time periods is based on
one or more of a frame rate at which the ultrasound pulses are
emitted by one or more of the probes, a type of the ultrasound
data generated by one or more of the probes, an identification
of the body being imaged by one or more of the probes, or a
number of the probes that are concurrently acquiring ultra-
sound data from a common imaged body.

8. The wireless ultrasound imaging system of claim 1,
wherein the processing subsystem includes a wireless band-
width module configured to allocate different transmission
time periods among a plurality of the probes, the wireless
bandwidth module communicating the different transmission
time periods to the probes and the probes wirelessly transmit-
ting the ultrasound data to the access point devices during the
transmission time periods allocated to the probes.

9. The wireless ultrasound imaging system of claim 8,
wherein the wireless bandwidth module varies at least one of
a sequence of the transmission time periods or a length of one
or more of the transmission time periods among the transmis-
sion time periods that are allocated to different probes.

10. The wireless ultrasound imaging system of claim 8,
wherein the probes include an internal memory configured to
store the ultrasound data until the probes transmit the ultra-
sound data during the allocated transmission time periods.

11. The wireless ultrasound imaging system of claim 1,
wherein the processing subsystem allocates different acqui-
sition time periods among a plurality of the probes and dif-
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ferent transmission time periods among the plurality of
probes, further comprising a user interface that receives input
from an operator to manually adjust one or more of the acqui-
sition time periods or the transmission time periods.

12. A method for wireless communication in an ultrasound
imaging system, the method comprising:

directing plural probes to acquire ultrasound data by emit-

ting ultrasound pulses into one or more imaged bodies
and receive echoes of the pulses;

directing the probes to wirelessly transmit the ultrasound

data;

wirelessly receiving the ultrasound data from the probes at

one or more access point devices; and

processing the ultrasound data at an ultrasound processing

subsystem thatis communicatively coupled with the one
or more access point devices to form one or more
images.

13. The method of claim 12, wherein directing the probes
to acquire the ultrasound data includes directing a plurality of
the probes to concurrently acquire different sets of the ultra-
sound data from two or more different imaged bodies.

14. The method of claim 12, wherein directing the probes
to acquire the ultrasound data includes directing a plurality of
the probes to acquire different sets of the ultrasound data from
a common imaged body.

15. The method of claim 12, wherein directing the probes
to concurrently acquire the ultrasound data includes allocat-
ing different acquisition time periods among a plurality of the
probes and directing the probes to emit the ultrasound pulses
into the body during the acquisition time periods allocated to
the probes.

16. The method of claim 12, wherein directing the probes
to wirelessly transmit the ultrasound data includes allocating
different transmission time periods among a plurality of the
probes and directing the probes to wirelessly transmit the
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ultrasound data to the access point devices during the trans-
mission time periods allocated to the probes.

17. A computer readable storage medium for a wireless
ultrasound imaging system having a processor and plural
probes configured to generate ultrasound data by emitting
ultrasound pulses into one or more imaged bodies and receiv-
ing echoes of the pulses, the computer readable storage
medium include instructions to command the processor to:

direct a plurality of the probes to acquire the ultrasound

data;

direct the probes to wirelessly transmit the ultrasound data;

wirelessly receive the ultrasound data from the probes at

one or more access point devices; and

direct the imaging system to process the ultrasound data at

an ultrasound processing subsystem that is communica-
tively coupled with the one or more access point devices
to form one or more images.

18. The computer readable storage medium of claim 17,
wherein the instructions command the processor to direct the
plurality of the probes to concurrently acquire different sets of
the ultrasound data from two or more different imaged bod-
ies.

19. The computer readable storage medium of claim 17,
wherein the instructions command the processor to direct a
plurality of the probes to acquire different sets of the ultra-
sound data from a common imaged body.

20. The computer readable storage medium of claim 17,
wherein the instructions command the processor to allocate at
least one of different acquisition time periods or different
transmission time periods among a plurality of the probes and
direct the probes to emit the ultrasound pulses into the body
during the acquisition time periods allocated to the probes or
to wirelessly transmit the ultrasound data to the access point
devices during the transmission time periods allocated to the
probes.
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