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(57) ABSTRACT

A method of ultrasound imaging includes acquiring ultra-
sound data with a plurality of transducer elements. The ultra-
sound data includes a plurality of signals. The method
includes detecting an electromagnetic noise signal during the
process of acquiring the ultrasound data. The method also
includes modifying the plurality of signals based on the elec-
tromagnetic noise signal to generate a plurality of noise-
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ULTRASOUND METHOD AND PROBE FOR
ELECTROMAGNETIC NOISE
CANCELLATION

FIELD OF THE INVENTION

[0001] This disclosure relates generally to ultrasound
imaging and specifically to a method and ultrasound probe for
removing electromagnetic noise from ultrasound data.

BACKGROUND OF THE INVENTION

[0002] A conventional ultrasound imaging system com-
prises an array of transducer elements for transmitting an
ultrasound beam and receiving a reflected ultrasound beam
from the object being studied. By selecting the phase delay
and amplitude of the applied voltages, the individual trans-
ducer elements can be controlled to produce ultrasonic waves
which combine to form a net ultrasonic wave that travels
along a preferred vector direction and is focused at a selected
point along the beam. Multiple firings may be used to acquire
data representing the same anatomical information. The
beamforming parameters of each of the firings may be varied
to provide a change in focus or otherwise change the content
of the received data for each firing, e.g., by transmitting
successive beams along the same line with the focal point of
each beam being shifted relative to the focal point of the
previous beam. By changing the phase rotation and amplitude
of the input voltages provided to the transducer elements, the
ultrasound beam may be moved to scan the object.

[0003] The same principles apply when the array is
employed to receive the reflected ultrasound energy. A
receive beamformer typically focuses the transducer ele-
ments in the array on a focal point while receiving ultrasound
energy. As with the transmission mode, this focused reception
of the ultrasonic energy is achieved by imparting a separate
phase delay and gain to the signal from each of the receiving
transducer elements.

[0004] When acquiring ultrasound data, such as in B-mode
imaging, conventional ultrasound imaging systems typically
transmit an ultrasound beam focused at a single focal point
positioned along the line. Then, the transducer elements
detect reflected ultrasonic signals. After transmitting the
ultrasound beam, the transducer elements are used to detect
samples of the reflected ultrasound beam at different points in
time. Acquiring each of the samples may use some or all of the
transducer elements. Additionally, each of the samples cor-
responds to a different time or depth along the line. The
transducer elements of a conventional ultrasound system
typically convert the ultrasound energy into electrical signals.
The electrical signals, in turn, are sent to a receive beam-
former where the appropriate phase delays and gains are
applied to each of the electrical signals in order to “focus” the
transducer array on the correct depth for the received ultra-
sound signal. The beamformer typically adjusts the focus of
the array so that the transducer elements are focused on the
appropriate depth for the sample being acquired. After beam-
forming, the electrical signals acquired at a particular point or
sample are combined into a signal indicative of the acoustic
reflectivity of the object at a specific point along the line. In
order to generate an image, a processor typically maps the
amplitude of signals from the beamformer to a gray scale for
display on a monitor or other display device.

[0005] One problem with conventional ultrasound imaging
systems is that they are particularly sensitive to electromag-
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netic noise. Any external or internal electromagnetic noise
may alter electric signals from the transducer elements and/or
the beamformer. If left uncorrected, electromagnetic noise
may cause artifacts in ultrasound images. For example, exter-
nal electromagnetic noise which is coherent across channels,
often results in images with central regions showing
increased pixel intensity. This region of increased pixel inten-
sity is sometimes referred to as a “flashlight artifact” because
the region of brightness resembles the beam of a flashlight.
The effects of random noise, or noise that changes signifi-
cantly over a short period of time, is harder to characterize,
but might still result in images with pixel values that are not
indicative of the received ultrasound signal.

[0006] Conventional ultrasound imaging systems have
taken steps to isolate the ultrasound imaging systems from
electromagnetic noise. For instance, they have employed
various types of shielding, including Faraday cages, in an
attempt to minimize the electromagnetic noise in the ultra-
sound imaging system. However, such isolation techniques
are typically less than perfect and, in noisy environments,
significant electromagnetic noise may still penetrate into the
system. Electromagnetic noise may be particularly problem-
atic when a strong electromagnetic source, such as an RF, or
Bovie, knife, is operating is close proximity to the ultrasound
imaging system.

[0007] For these and other reasons there is a need for an
improved method and ultrasound probe for ultrasound imag-
ing.

BRIEF DESCRIPTION OF THE INVENTION

[0008] The above-mentioned shortcomings, disadvantages
and problems are addressed herein which will be understood
by reading and understanding the following specification.
[0009] Inanembodiment, a method of ultrasound imaging
includes acquiring ultrasound data with a plurality of trans-
ducer elements. The ultrasound data includes a plurality of
signals. The method includes analyzing the ultrasound data to
determine an estimated electromagnetic noise signal. The
method also includes modifying the plurality of signals based
on the estimated electromagnetic noise signal to generate a
plurality of noise-cancelled signals, where the plurality of
noise-cancelled signals contains less electromagnetic noise
than the plurality of signals.

[0010] In another embodiment, a method of ultrasound
imaging includes acquiring ultrasound data with a plurality of
transducer elements. The ultrasound data includes a plurality
of'signals. The method includes detecting an electromagnetic
noise signal with a sensor during the process of acquiring the
ultrasound data. The method includes modifying the plurality
of signals based on the electromagnetic noise signal to gen-
erate a plurality of noise-cancelled signals, where the plural-
ity of noise-cancelled signals contains less noise than the
plurality of signals.

[0011] In another embodiment, an ultrasound probe
includes a housing and a transducer element attached to the
housing. The transducer element is adapted to receive ultra-
sonic energy and generate a signal based on the ultrasonic
energy. The probe also includes a sensor attached to the
housing. The sensor is adapted to detect electromagnetic
noise and transmit an electromagnetic noise signal based on
the detected electromagnetic noise.
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[0012] Various other features, objects, and advantages of
the invention will be made apparent to those skilled in the art
from the accompanying drawings and detailed description
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic diagram of an ultrasound
imaging system in accordance with an embodiment;

[0014] FIG.2isaschematic representation of an ultrasound
probe in accordance with an embodiment;

[0015] FIG. 3 is a schematic representation of a sectional
view of an ultrasound probe in accordance with an embodi-
ment;

[0016] FIG. 41is a flow chart illustrating a method in accor-
dance with an embodiment;

[0017] FIG. 5is a flow chart illustrating a method in accor-
dance with an embodiment;

[0018] FIG. 6 is a schematic representation of a sensor in
accordance with an embodiment; and

[0019] FIG. 7 is a schematic representation of a sensor in
accordance with an embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0020] In the following detailed description, reference is
made to the accompanying drawings that form a part hereof,
and in which is shown by way of illustration specific embodi-
ments that may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art
to practice the embodiments, and it is to be understood that
other embodiments may be utilized and that logical, mechani-
cal, electrical and other changes may be made without depart-
ing from the scope of the embodiments. The following
detailed description is, therefore, not to be taken as limiting
the scope of the invention.

[0021] FIG. 1 is a schematic diagram of an ultrasound
imaging system 100. The ultrasound imaging system 100
includes an ultrasound probe 109, a user interface 115, a
processor 116, a memory 120, and a display 118. The ultra-
sound probe 109 includes a plurality of transducer elements
104 arranged in a transducer array 106, and probe/sub-aper-
ture processor (SAP) electronics 107, hereinafter probe/SAP
electronics 107. While the schematic diagram of FIG. 1 only
shows 10 transducer elements 104 in the transducer array
106, it should be appreciated that other embodiments may
have transducer arrays with significantly more transducer
elements. Also, a variety of geometries of transducer arrays
may be used. The probe/SAP electronics 107 may be used to
control the switching of the elements 104. The probe/SAP
electronics 107 may also be used to group the elements 104
into one or more sub-apertures. According to an embodiment,
the processor 116 may perform the transmit beamforming on
the signals that are sent to the transducer array 106. The
transmit beamforming applies the appropriate time delays to
the transducer elements 104 in the transducer array in order to
focus the ultrasound beam at the intended location. The pro-
cessor 116 may also perform receive beamforming on the
signals from the transducer array 106. Other embodiments
may use separate dedicated components to perform one or
both of the transmit beamforming and the receive beamform-
ing. The transducer elements 104 in the transducer array 106
emit ultrasonic signals into the tissue of the patient being
examined. The ultrasonic signals are back-scattered from
structures in the body, like blood cells or muscular tissue, to
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produce echoes that return to the elements 104. The echoes
are converted into electrical signals, or ultrasound data, by the
elements 104 and the electrical signals are received by the
processor 116. For purposes of this disclosure, the term ultra-
sound data may include the processed or unprocessed data
that was acquired by an ultrasound imaging system. The
electrical signals may be processed to remove electromag-
netic noise by the processor 116, forming noise-cancelled
signals. Then the processor 116 may apply beamforming to
the noise-cancelled signals. Details about the removal of elec-
tromagnetic noise will be discussed in detail hereinafter. The
user interface 115 may be used to control operation of the
ultrasound imaging system 100, including, to control the
input of patient data, to change a scanning or display param-
eter, and the like.

[0022] The processor 116 may also be used to process the
ultrasound data and prepare frames of ultrasound information
for display on the display 118. The processor 116 may be
adapted to perform one or more processing operations on the
ultrasound information according to a plurality of selectable
ultrasound modalities. The ultrasound information may be
processed in real-time during a scanning session as the echo
signals are received. For the purposes of this disclosure, the
term “real-time” is defined to include a procedure that is
performed without any intentional delay. Additionally or
alternatively, the ultrasound information may be stored tem-
porarily in a buffer (not shown) during a scanning session and
processed in less than real-time in a live or off-line operation.
Some embodiments of the invention may include multiple
processors (not shown) to handle the processing tasks. For
example, a first processor may be utilized to demodulate and
decimate the ultrasound signal while a second processor may
be used to further process the data prior to displaying an
image. It should be appreciated that other embodiments may
use a different arrangement of processors.

[0023] According to an embodiment, the ultrasound probe
109 of ultrasound imaging system 100 may optionally
include a sensor 121. Other embodiments may include probes
with multiple sensors. The sensor 121 may be connected to
the processor 116 by an electrical connection 122. The sensor
121 is adapted to detect an electromagnetic noise signal while
the transducer array 106 is detecting ultrasonic energy. The
sensor 121 is connected to the processor 116, so that the
processor 116 may use the information regarding the electro-
magnetic noise signal when processing signals from the
transducer array 106. The sensor 121 is shown as being adja-
cent to the transducer array 104. However, in other embodi-
ments, the sensor 121 may be located elsewhere on an ultra-
sound probe. The sensor 121 will be described in more detail
hereinafter.

[0024] Still referring to FIG. 1, the ultrasound imaging
system 100 may continuously acquire ultrasound information
at a frame rate of, for example, 20 Hz to 60 Hz. However,
other embodiments may acquire ultrasound information at a
different rate. For example, some embodiments may acquire
ultrasound information at a rate slower than 20 Hz while other
embodiments may acquire ultrasound information at a rate
faster than 60 Hz. A memory 120 is included for storing
processed frames of acquired ultrasound information that are
not scheduled to be displayed immediately. In an exemplary
embodiment, the memory 120 is of sufficient capacity to store
at least several seconds worth of frames of ultrasound infor-
mation. The frames of ultrasound information are stored in a
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manner to facilitate retrieval thereof according to its order or
time of acquisition. The memory 120 may comprise any
known data storage medium.

[0025] Optionally, embodiments of the present invention
may be implemented utilizing contrast agents. Contrast imag-
ing generates enhanced images of anatomical structures and
blood flow in a body when using ultrasound contrast agents
including microbubbles. After acquiring ultrasound data
while using a contrast agent, the image analysis includes
separating harmonic and linear components, enhancing the
harmonic component and generating an ultrasound image by
utilizing the enhanced harmonic component. Separation of
harmonic components from the received signals is performed
using suitable filters. The use of contrast agents for ultrasound
imaging is well-known by those skilled in the art and will
therefore not be described in further detail.

[0026] In various embodiments of the present invention,
ultrasound information may be processed by other or differ-
ent mode-related modules (e.g., B-mode, Color Doppler,
power Doppler, M-mode, spectral Doppler anatomical
M-mode, strain, strain rate, and the like) to form 2D or 3D
data sets of image frames and the like. For example, one or
more modules may generate B-mode, color Doppler, power
Doppler, M-mode, anatomical M-mode, strain, strain rate,
spectral Doppler image frames and combinations thereof, and
the like. The image frames are stored and timing information
indicating a time at which the image frame was acquired in
memory may be recorded with each image frame. The mod-
ules may include, for example, a scan conversion module to
perform scan conversion operations to convert the image
frames from Polar to Cartesian coordinates. A video proces-
sor module may be provided that reads the image frames from
a memory and displays the image frames in real time while a
procedure is being carried out on a patient. A video processor
module may store the image frames in an image memory,
from which the images are read and displayed.

[0027] Referringto FIG. 2, aschematic representation ofan
ultrasound probe is shown in accordance with an embodi-
ment. The ultrasound probe 200 includes a transducer array
202 disposed in a housing 204. A cord 206 is attached to the
housing 204.

[0028] FIG. 3 is a schematic representation of a sectional
view of the ultrasound probe 200 along the line A-A' accord-
ing to an embodiment. Common components will be labeled
with the same reference number in both FIG. 2 and FIG. 3.
[0029] Referring to both FIG. 2 and FIG. 3, the transducer
array 202 may be a linear array comprising 192 transducer
elements 208. According to an embodiment, the transducer
elements 208 may be arranged in a grid that is 6 transducer
elements wide by 32 transducer elements tall. It should be
appreciated by those skilled in the art that additional embodi-
ments might include transducer arrays of different arrange-
ments. For example, additional embodiments may use trans-
ducer arrays including a curved transducer array, a matrix
transducer array, and a mechanical 3D transducer array
depending upon the intended use of the probe.

[0030] The transducer array 202 is positioned behind an
acoustic lens 210 that is used to help shape ultrasound waves
that are emitted from the transducer array 202. The transducer
elements 208 are divided into a central region 212, and a pair
ofedge regions 214. According to the embodiment shown, the
central region 212 includes the 12 rows of elements in the
center and the edge regions 214 include the 10 rows of ele-
ments on either side of the central region 212. During most
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imaging modes of phased array probes, the phase delays
applied to the transducer elements in the central region 212
are all relatively similar. By comparison, due to their distance
from the central region 212, the transducer elements in the
edge regions 214 may have significantly different phase
delays applied to the signals from each of the elements. It
should be appreciated by those skilled in the art that the exact
size of the edge regions 214 may vary depending upon the
type of transducer and the selected imaging mode. For pur-
poses of this disclosure, the edge regions may include one or
more regions that are positioned away from the center of the
transducer array. The edge regions may also include two or
more regions separated from each other by a central region, or
an edge region may form a continuous ring or rectangular
frame around a central region in a matrix probe.

[0031] FIG. 4 is a flow chart illustrating a method 250 in
accordance with an embodiment. An ultrasound imaging sys-
tem such as the ultrasound imaging system 100 (shown in
FIG. 1) may be used to perform the method 250. The indi-
vidual blocks 252,254, 256, 258, 260, and 262 represent steps
that may be performed in accordance with the method 250.
The technical effect of the method 250 is the display of
images with reduced electromagnetic noise.

[0032] According to an exemplary embodiment, the
method 250 may be performed with the ultrasound imaging
system 100 (shown in FIG. 1) modified so that the probe 109
is replaced with the probe 200 from FIGS. 2 and 3. Other than
the probe, the ultrasound imaging system of the exemplary
embodiment includes the same components as the ultrasound
imaging system 100. Common reference numbers will be
used to describe common components between the ultra-
sound imaging system used in the exemplary embodiment
and the ultrasound imaging system 100 shown in FIG. 1.
According to the exemplary embodiment, at step 252, the
processor 116 (shown in FIG. 1) controls the acquisition of
ultrasound data. According to the embodiment shown in FIG.
3, each transducer element 208 (shown in FIG. 3) may be
mapped to a single channel when receiving ultrasound data.
However, according to other embodiments, groups of trans-
ducer elements 208 may be mapped to each channel. Also, it
should be appreciated that other embodiments may use mul-
tiple processors to perform various tasks instead of just the
processor 116 as shown in ultrasound imaging system 100.
The process of acquiring ultrasound data was described here-
inabove, so it will not be described again in detail.

[0033] Referring to FIG. 4, at step 254, the processor 116
(shown in FIG. 1) analyzes the ultrasound data. According to
an embodiment, the processor 116 may analyze the ultra-
sound data in order to identify coherent noise, such as elec-
tromagnetic noise. Since coherent noise does not change
significantly with location, coherent noise will affect ultra-
sound data in each of the channels in substantially the same
manner.

[0034] Referring now to FIGS. 1, 2, and 3, as described
above, the portion of the signal from a coherent noise source
may be assumed to be substantially the same in each of the
channels. However, as described hereinabove, signals from
transducer elements in the central region 212 typically have
relatively minor phase delays applied to them during receive
beamforming. In contrast, the phase delays applied to the
signals from the transducer elements in the edge regions 214
are substantially more varied in most imaging modes.
Regardless of the phase delay to the signals, the coherent
noise signal, such as an electromagnetic noise signal, arrives
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at substantially the same time in each of the channels. There-
fore, it is possible to extract the electromagnetic noise com-
ponent through the use of a cross-correlation technique, such
as averaging. According to an exemplary embodiment, the
signals from all of the transducer elements in the edge regions
214 may be averaged together. Since ultrasound signals from
the same position arrive to the edge regions 214 with more
significant phase delay differences, the ultrasound signal
component either drops out or it is not strongly represented in
the resulting average. However, since, as described above, the
electromagnetic component phase is generally the same in
each of the channels, the resulting average is strongly repre-
sentative of the electromagnetic noise signal. The processor
116 may then use the average signal as an estimated electro-
magnetic noise signal. Those skilled in the art will appreciate
that this exemplary technique may only work well on coher-
ent noise sources. Additionally, other embodiments may use
cross-correlation techniques other than averaging in order to
identify an estimated electromagnetic noise signal. It will also
be apparent that other embodiments may use less than all of
the channels from the edge regions 214 for the calculation of
the estimated noise signal. Also, some embodiments may use
signals from several of the channels connected to elements in
the central region 212. However, for the embodiment that uses
averaging as the cross-correlation technique, it is important
that the average is not based strongly on signals from the
central region or else there is arisk of including the ultrasound
data as part of the estimated electromagnetic noise signal.

[0035] At step 256, the processor 116 removes the esti-
mated electromagnetic noise signal from the ultrasound data.
According to an exemplary embodiment, the estimated elec-
tromagnetic noise signal may be processed before the proces-
sor 116 removes the estimated electromagnetic noise signal
from the ultrasound data. For example, the estimated electro-
magnetic noise signal may be filtered to create a “smoother”
waveform and scaled in proportion to the channel that is being
modified. For example, the estimated electromagnetic noise
signal may be scaled based on the gain applied to a signal
from a specific element or channel. However, other embodi-
ments may perform additional processing of the estimated
electromagnetic noise signal, including applying a phase
delay to the electromagnetic noise signal that is specific to the
channel. However, according to yet other embodiments, the
processor may remove an unprocessed estimated electromag-
netic noise signal from the ultrasound data.

[0036] Still referring to FIGS. 1, 2, and 3, the processor 116
may subtract the estimated electromagnetic noise signal (ei-
ther unprocessed or after processing) from each of the signals
from the transducer array 202. It should be appreciated that
the estimated electromagnetic noise signal may be subtracted
from ultrasound data from each of the elements in the trans-
ducer array 200 (i.e. both the central region 212 and the edge
regions 214). The processor 116 may generate a group of
noise-cancelled signals by removing the estimated electro-
magnetic noise signal from each of the plurality of signals in
the ultrasound data.

[0037] Referring to FIGS. 1 and 4, at step 258, the proces-
sor 116 beamforms the noise-cancelled signals. At step 260,
the processor 116 generates an image from the beam formed
noise-cancelled signals. The processor 116 may generate any
type of ultrasound image from the noise-cancelled signals.
For example, the processor 116 may generate one or more
images from the noise-cancelled signals including imaging
modes such as: B-mode, Color Doppler, power Doppler,
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M-mode, and spectral Doppler and the like. The processor
116 may also use the noise-cancelled signals when generating
a waveform or calculating a quantitative measurement
according to other embodiments. At step 262, the processor
116 displays the image on the display 118.

[0038] FIG. 5 is a flow chart illustrating a method 300 in
accordance with an embodiment. The method 300 may be
implemented with an ultrasound imaging system, such as the
ultrasound imaging system 100 (shown in FIG. 1). The indi-
vidual blocks 302,304, 306,308,310, and 312 represent steps
that may be performed in accordance with the method 300.
The technical effect of the method 300 is the display of an
image from signals with reduced electromagnetic noise.
[0039] Referring to both FIG. 5 and FIG. 1, at step 302, the
processor 116 controls the transducer array 104 to acquire
ultrasound data. According to an embodiment, the ultrasound
data may comprise a plurality of signals, one from each of the
transducer elements 104. At step 304, the sensor 121 is used
to detect an electromagnetic noise signal while the transducer
array 104 is acquiring ultrasound data. At step 306, the pro-
cessor 116 removes the electromagnetic noise signal from
each of the plurality of signals of the ultrasound data. For
example, the processor may subtract the electromagnetic
noise signal from each of the plurality of signals. According
to an embodiment, the processor 116 may process the elec-
tromagnetic noise signal with one or more of the following:
filtering the electromagnetic noise signal, scaling the electro-
magnetic noise signal, and applying a phase delay to the
electromagnetic noise signal. Other processing steps may be
applied to the electromagnetic noise signal according to addi-
tional embodiments. By removing the electromagnetic noise
signals from the ultrasound data, the processor 116 generates
multiple noise-cancelled signals from the ultrasound data.
[0040] Atstep 308, the processor 116 beamforms the noise-
cancelled signals. The beamforming may be similar to stan-
dard receive beamforming except that noise cancelled signals
are used for the input. At step 310, the processor 116 gener-
ates an image from the beamformed noise-cancelled signals.
Then, at step 312, the processor 116 displays the image on the
display 118.

[0041] FIG. 6 is a detailed schematic representation of the
sensor 121 shown in FIG. 1. The sensor 121 includes a trans-
ducer element 152, that is similar in size and material to the
transducer elements used in the transducer array 104 (shown
in FIG. 1). According to an embodiment, the transducer ele-
ment 152 may comprise a piezoelectric material such as Lead
zircon ate titanate. The sensor 121 also includes a top layer
154 and a gas layer 156. The top layer 154 is constructed of a
material that is substantially permeable by electromagnetic
radiation. For example, according to an embodiment, mate-
rials that are commonly used for the lens of an ultrasound
probe, such as RTV60 or KE772U, may be used for the top
layer 154 of the sensor. Other materials may be selected as
long as they do not substantially attenuate electromagnetic
energy. The gas layer 156 serves to shield the transducer
element 152 from ultrasound energy since sound waves are
substantially reflected due to the acoustic impedance differ-
ence between the gas and the piezoelectric material. Accord-
ing to other embodiments, the gas layer 156 may be replaced
with any other material which has a significantly different
acoustic impedance from the piezoelectric material. The sen-
sor 121 is designed so that the transducer element 152 detects
any background electromagnetic noise while the gas layer
156 blocks any ultrasound energy reflected from the patient
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being imaged. The transducer element 152 responds to elec-
tromagnetic noise just like any of the other transducer ele-
ments in the transducer array 106 (shown in FIG. 1). The
sensor 121 may be sensitive to both coherent electromagnetic
noise and incoherent electromagnetic noise.

[0042] FIG. 7 is a schematic representation of a sensor 160
that could be used in place of the sensor 121 according to an
embodiment. The sensor 160 includes a resistor 162 and a
capacitor 164. The resistor 162 and the capacitor 164 are
connected in an RC circuit designed to have an electrical
impedance similar to that of a transducer element in the
transducer array 148 (shown in FIG. 6). According to an
embodiment, the resistor 162 may have a resistance of
approximately 200 Ohni and the capacitor 164 may have a
capacitance of approximately 230 pF. Those skilled in the art
should appreciate that it is possible to design many different
electrical circuits with the very similar electrical impedances
and that the values for the resistor 162 and the capacitor 164
are simply the values according to one exemplary embodi-
ment. It should be appreciated that according to other
embodiments, multiple capacitive elements and/or multiple
resistive elements may be used to create a circuit with a
similar electrical impedance. Additionally, it may be possible
to design other types of circuits that would behave similarly
when in the presence of electromagnetic noise. The sensor
160 is designed to approximate the electrical impedance of a
transducer element 104 (shown in FIG. 1). The sensor 160,
however, is not sensitive to ultrasound energy. Therefore, it is
possible to use the signal from the sensor 160 as an estimate
of'the electromagnetic noise signal that would be affecting the
other transducer elements in the transducer array 148.
[0043] This written description uses examples to disclose
the invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope 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 they have
structural elements that do not differ from the literal language
ofthe claims, or if they include equivalent structural elements
with insubstantial differences from the literal language of the
claims.

We claim:

1. A method of ultrasound imaging comprising:

acquiring ultrasound data with a plurality of transducer

elements, the ultrasound data comprising a plurality of
signals;

analyzing the ultrasound data to determine an estimated

electromagnetic noise signal; and

modifying the plurality of signals based on the estimated

electromagnetic noise signal to generate a plurality of
noise-cancelled signals, the plurality of noise-cancelled
signals containing less electromagnetic noise than the
plurality of signals.

2. The method of claim 1, further comprising beamforming
the plurality of noise-cancelled signals to generate a plurality
of beamformed signals.

3. The method of claim 2, further comprising using the
plurality of beamformed signals to generate an image

4. The method of claim 3, further comprising displaying
the image.
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5. The method of claim 1, wherein said analyzing the
ultrasound data comprises processing a subset of the plurality
of signals.

6. The method of claim 5, wherein said processing the
subset of the plurality of signals comprises averaging the
subset of the plurality of signals.

7. The method of claim 6, wherein the subset of the plural-
ity of signals comprises a group of signals originating from
transducer elements located in one or more edge regions of a
transducer array.

8. The method of claim 1, wherein said modifying the
plurality of signals comprises processing the estimated elec-
tromagnetic noise signal and subtracting the processed esti-
mated electromagnetic noise signal from one of the plurality
of signals.

9. The method of claim 8, wherein said processing the
estimated electromagnetic noise signal comprises at least one
of filtering the electromagnetic noise signal, scaling the elec-
tromagnetic noise signal, and applying a phase delay to the
electromagnetic noise signal.

10. A method of ultrasound imaging comprising:

acquiring ultrasound data with a plurality of transducer
elements, the ultrasound data comprising a plurality of
signals;

detecting an electromagnetic noise signal with a sensor
during the process of acquiring the ultrasound data; and

modifying the plurality of signals based on the electromag-
netic noise signal to generate a plurality of noise-can-
celled signals, the plurality of noise-cancelled signals
containing less noise than the plurality of signals.

11. The method of claim 10, further comprising using the

plurality of noise-cancelled signals to generate an image.

12. The method of claim 11, further comprising displaying
the image.

13. The method of claim 12, wherein said modifying the
plurality of signals comprises processing the electromagnetic
noise signal and subtracting the processed electromagnetic
noise signal from one of the plurality of signals.

14. The method of claim 13, wherein said processing the
electromagnetic noise signal comprises at least one of filter-
ing the electromagnetic noise signal, scaling the electromag-
netic noise signal, and applying a phase delay to the electro-
magnetic noise signal.

15. The method of claim 12, wherein the sensor comprises
a transducer element that is acoustically insulated from ultra-
sonic energy.

16. An ultrasound probe comprising:

a housing;

a transducer element attached to the housing, wherein the
transducer element is adapted to receive reflected ultra-
sonic energy and generate a signal based on the ultra-
sonic energy; and

a sensor attached to the housing, wherein the sensor is
adapted to detect electromagnetic noise and generate an
electromagnetic noise signal based on the detected elec-
tromagnetic noise.

17. The ultrasound probe of claim 16, wherein the sensor
comprises a transducer element substantially shielded from
ultrasonic energy with an acoustically reflective layer.

18. The ultrasound probe of claim 17, wherein the acous-
tically reflective layer comprises a gas layer.

19. The ultrasound probe of claim 16, wherein the sensor
comprises one or more electrical components with an electri-
cal impedance similar to that of the transducer element.
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20. The ultrasound probe of claim 16, wherein the trans-
ducer element and the sensor are arranged in an array.

21. The ultrasound probe of claim 16, further comprising a
processor disposed in a proximal end of the housing, wherein
the processor is adapted to generate a noise-cancelled signal
based on the signal and the electromagnetic noise signal.
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22. The ultrasound probe of claim 16, wherein the sensor is
adapted to detect electromagnetic noise at the same time as
the transducer element is receiving reflected ultrasonic
energy.
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