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(57) ABSTRACT

A method and system for determining contact along a
surface of an ultrasound probe are provided. The method
includes frequency analyzing ultrasound signals received by
the ultrasound probe and displaying indicators of acoustic
contact of the ultrasound probe with an object based on the
frequency analysis.
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METHOD AND SYSTEM FOR DETERMINING
CONTACT ALONG A SURFACE OF AN
ULTRASOUND PROBE

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to ultrasound
probes, and more particularly, to probes for ultrasound
medical imaging systems.

[0002] Ultrasound systems typically include ultrasound
scanning devices, such as, ultrasound probes having differ-
ent transducers that allow for performing various different
ultrasound scans (e.g., different imaging of a volume or
body). The ultrasound probes are typically connected to an
ultrasound system for controlling the operation of the
probes. The probes include a scan head having a plurality of
transducer elements (e.g., piezoelectric crystals), which may
be arranged in an array. The ultrasound system drives the
transducer elements within the array during operation, such
as, during a scan of a volume or body, which may be
controlled based upon the type of scan to be performed.

[0003] Proper acoustical contact is needed to produce
images of acceptable resolution when using phased array
probes in ultrasound imaging. Proper acoustical contact is
needed because in phased array probes a large part of the
aperture of the probe is used for steering and focusing along
each beam direction during image formation. A reduction of
acoustical contact for portions of the probe surface will
result in poor image resolution that may be observed as a
smearing in the lateral direction of the image.

[0004] When using an ultrasound probe to scan a patient,
improper acoustical contact may arise from different factors.
For example, poor skin contact may be caused by use of an
insufficient amount of contact gel, especially when the probe
surface is not parallel to the skin surface. In cardiac imaging,
proper probe contact with the patient skin can be hard to
achieve due to the narrow acoustic window between the
patient’s ribs. An individual performing an ultrasound scan
often must view a display screen, move the probe and adjust
the probe settings to ensure good probe placement and
acoustic contact for a given imaging application.

[0005] In operation, the experienced examiner may rec-
ognize the occurrence of, for example, poor lateral image
resolution, and then adjust the probe position to improve
image occurrence of poor lateral image resolution (e.g.,
adjust the probe position to improve image quality). How-
ever, this is a time consuming and often difficult process. For
less experienced users, identifying these problems and pet-
forming operations to correct for the problems is even more
difficult, thereby resulting in less than acceptable images
(e.g., inability to perform proper diagnosis based on the
image).

[0006] Additional factors may cause problems with pro-
viding proper probe placement. For example, phase aberra-
tions due to, for example, fat/muscle layers in the body wall
will typically create amplitude variations in the ultrasound
wave fronts. This may further cause problems with proper
placement of an ultrasound probe to obtain acceptable
images because of an inability to identify the degree of
amplitude variation.

BRIEF DESCRIPTION OF THE INVENTION

[0007] Inoneexemplary embodiment, a method for deter-
mining acoustic contact of an ultrasound probe with an
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object is provided. The method includes frequency analyz-
ing ultrasound signals received by the ultrasound probe and
displaying indicators of acoustic contact of the ultrasound
probe with an object based on the frequency analysis.

[0008] In another exemplary embodiment, an ultrasound
system is provided that includes an ultrasound probe con-
figured to receive ultrasound signals, a processor configured
to frequency analyze the received ultrasound signals and a
display configured to display indicators of acoustic contact
of the ultrasound probe with an object based on the fre-
quency analysis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram of an ultrasound system
in accordance with one exemplary embodiment of the
present invention.

[0010] FIG. 2 is a block diagram of an ultrasound system
in accordance with another exemplary embodiment of the
present invention.

[0011] FIG. 3 is a flowchart illustrating a method for
generating a visual indicator of acoustical contact along a
probe scanning surface in accordance with an exemplary
embodiment of the present invention.

[0012] FIG. 4 is a diagram illustrating a spatial frequency
response of an imaging system in accordance with various
exemplary embodiments of the present invention.

[0013] FIG. 5 is a diagram illustrating a lateral frequency
response for a two-way aperture function in accordance with
various exemplary embodiments of the present invention.

[0014] FIG. 6 is a diagram illustrating various aperture
contacts and corresponding lateral spectrums for a linear
phased array probe in accordance with various exemplary
embodiments of the present invention.

[0015] FIG. 7 is a diagram illustrating various aperture
contacts and corresponding lateral spectrums for a 3D
matrix probe in accordance with various exemplary embodi-
ments of the present invention.

[0016] FIG. 8 is a diagram of a spectrum display having
probe contact indicators in accordance with an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0017] Various exemplary embodiments of the present
invention provide methods and systems for controlling an
ultrasound probe. More particularly, the various embodi-
ments provide information (e.g., visual feedback informa-
tion) to a user for use in controlling acoustic contact between
an ultrasound probe and an object (e.g., patient) being
examined. Exemplary embodiments of ultrasound systems
and methods for controlling ultrasound probes are described
in detail below. In particular, a detailed description of
exemplary ultrasound systems will first be provided fol-
lowed by a detailed description of various embodiments of
methods and systems for controlling ultrasound probes. A
technical effect of the various embodiments of the systems
and methods described herein include at least one of pro-
viding a user with visual feedback information to control
acoustic contact of an ultrasound probe with an object being
examined.
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[0018] FIG. 1 illustrates a block diagram of an exemplary
embodiment of an imaging system, and in particular, an
ultrasound system 100 that may be used, for example, to
acquire and process ultrasonic images. The ultrasound sys-
tem 100 includes a transducer probe 102, a transducer pulse
control 104, a data acquisition system (DAS) 106, a pro-
cessor 108, a display unit 110, a data storage unit 112, and
an input device 114. The transducer probe 102 includes at
least one quartz crystal (not shown in FIG. 1). In various
embodiments of the invention, the quartz crystal also may be
referred to as a piezoelectric crystal. The shape of the quartz
crystal changes rapidly when an electric current is applied
thereto. The rapid changes in the shape of the quartz crystal
and the subsequent vibrations of the quartz crystal result in
emission of a plurality of ultrasound pulses. The ultrasound
pulses are output at a high frequency, and the frequency of
the ultrasound pulses ranges, for example, between about 1
and about 13 Megahertz (and all sub-ranges therebetween).

[0019] The ultrasound pulses are transmitted into an object
116, for example, a portion of a patient. The ultrasound
pulses travel into the object 116 and hit, for example, a
boundary, an obstruction, or other interface between tissues.
For example, the ultrasound pulses may hit a boundary
between a fluid and a soft tissue, or a boundary between the
soft tissue and a bone, and so forth. The boundary may cause
some of the ultrasound pulses to be reflected back while
other ultrasound pulses continue to travel through the object
116 to the next boundary. In various embodiments of the
invention, the ultrasound pulses that get reflected may also
be referred to as echoes. The echoes are received by the
transducer probe 102. The quartz crystal generates electric
pulses upon receiving the echoes. In various embodiments
of the invention, the quartz crystal may be simultaneously
used to emit ultrasound pulses and receive the echoes. The
transducer probe 102 may be moved across the surface of
object 116 and angled to obtain various views of object 116.

[0020] The transducer probe 102 further may include a
sound absorbing substance (not shown in FIG. 1). The sound
absorbing substance eliminates the back reflections of the
echoes from the transducer probe 102. Further, the trans-
ducer probe 102 includes an acoustic lens (not shown in
FIG. 1) that is configured to facilitate the focusing of the
transducer probe 102, for example, to focus the ultrasound
pulses into the object 116. The transducer pulse control 104
is used, for example, by an ultrasonographer to set and
change the frequency of the ultrasound pulses, the duration
of the ultrasound pulses, and scan mode of the ultrasound
system 100. The scan mode of ultrasound system refers to
the mode in which the object 116 is scanned. Examples of
the scan mode include, for example, A-mode, B-mode,
C-mode, M-mode, and the like.

[0021] In various embodiments of the invention the trans-
ducer probe 102 includes one of a one-dimensional or
two-dimensional array of piezoelectric crystals and are
configured to provide phased array acquisition as is known.
Further, the transducer probe 102 is configured in various
embodiments to provide three-dimensional acquisition and
imaging as is known. Further, and for example, the trans-
ducer probe 102 may be configured to provide two-dimen-
sional matrix array imaging.

[0022] The DAS 106 receives the electric pulses that are
generated by the quartz crystal when the quartz crystal
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receives the echoes. The DAS 106 digitizes the electric
pulses for subsequent processing. The electric pulses that are
digitized by the DAS 106 are hereinafter referred to as
digitized signals. In various embodiments of the invention,
the DAS 106 may be a magnetic or an optical storage media,
such as, but not limited to, a hard disk, a tape drive, a
compact disc (CD), and a memory chip.

[0023] The processor 108 receives the digitized signals
from the DAS 106. The processor 108 further performs, for
example, scan sequencing on the received digitized signals.
In an exemplary embodiment of the invention, computer
programs and other instructions may be uploaded into the
processor 108 through the input device 114. The input
device 114 is also configured to receive manual inputs from
the ultrasonographer. Examples of the input device 114
include, but are not limited to, keys/buttons, audio inputs,
and video input devices. The data storage unit 112 stores the
ultrasound image of the object 116. In one embodiment of
the invention, the data storage unit 112 also may store any
intermediately processed digitized signals during the forma-
tion of the ultrasound image of the object 116. The display
unit 110 displays the ultrasound image of the object 116. In
various embodiments of the invention, the display device
110 includes one of, but is not limited to, a cathode ray
display, a Liquid Crystal Display (LCD), and plasma dis-
play.

[0024] FIG. 2 illustrates a block diagram of another exem-
plary embodiment of an ultrasound system 150 that may be
used, for example, to acquire and process ultrasonic images.
The ultrasound system 150 includes a transmitter 152 that
drives an array of elements 154 (e.g., piezoelectric crystals)
within or formed as part of a transducer 156 to emit pulsed
ultrasonic signals into a body or volume. A variety of
geometries may be used and one or more transducers 156
may be provided as part of a probe (not shown), such as, for
example, a phased array probe. The pulsed ultrasonic signals
are back-scattered from density interfaces and/or structures,
for example, in a body, like blood cells or muscular tissue,
to produce echoes that return to the elements 154. It should
be noted that the array of elements 154 may be electronically
controlled, for example, by electronic switching or by elec-
tronic steering as is known. For example, in a phased array
probe, the transducer 156 may be controlled to project and
receive ultrasound in several directions to produce a trian-
gular image diverging from a point of contact that may be
switched or steered electronically.

[0025] The echoes are received by a receiver 158 and
provided to a beamformer 160. The beamformer performs
beamforming on the received echoes and outputs an RF
signal. The RF signal is then processed by an RF processor
162. The RF processor 162 may include a complex demodu-
lator (not shown) that demodulates the RF signal to form 1Q
data pairs representative of the echo signals. The RF or IQ
signal data then may be routed directly to an RF/IQ buffer
164 for storage (e.g., temporary storage).

[0026] The ultrasound system 150 also includes a signal
processor 166 to process the acquired ultrasound informa-
tion (i.e., RF signal data or IQ data pairs) and prepare frames
of ultrasound information for display on a display system
168. The signal processor 166 is adapted to perform one or
more processing operations according to a plurality of
selectable ultrasound modalities on the acquired ultrasound
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information. Acquired ultrasound information may be pro-
cessed in real-time during a scanning session as the echo
signals are received. Additionally or alternatively, the ultra-
sound information may be stored temporarily in the RF/IQ
buffer 164 during a scanning session and processed in less
than real-time in a live or off-line operation.

[0027] Tt should be noted that the display system 168 also
may display additional information for controlling the ultra-
sound system 150, including for example, feedback infor-
mation to control the acoustic contact of a probe of the
ultrasound system 150 with an object being imaged as
described in more detail herein.

[0028] A user input device 170 may be used to control
operation of the ultrasound system 150. The user input
device 170 may be any suitable device and/or user interface
for receiving user inputs to control, for example, the type of
scan or type of transducer to be used in a scan.

[0029] In connection with performing imaging or scan-
ning operations with the ultrasound system 100 or 150,
various embodiments of the invention provide information
to control the acoustic contact of a probe within the ultra-
sound system 100 and 150 with an object being examined.
In general, various embodiments for controlling a probe as
described below may be implemented in connection with
any ultrasound system having phased array probes and
access to digital scanline RF or IQ data in real-time. The
various embodiments provide information for use in ultra-
sound imaging applications particularly where proper acous-
tic contact may be hard to achieve, but is not so limited, and
may provide information to improve acoustic contact to
achieve improved image quality for a given imaging appli-
cation.

[0030] In general, the various embodiments calculate and
visualize the frequency spectrum of a received RF signal
from a set of scan lines of an ultrasound image. Essentially,
as described herein, the frequency spectrum is calculated
and used to determine acoustic contact of a probe with an
object being examined. In particular, acoustic contact along
transducer apertures of a probe are calculated by frequency
analyzing the received ultrasound signals. Specifically, as
shown in FIG. 3, a method 250 for generating a visual
indicator of acoustic contact along a probe scanning surface
is provided. The method provides visual acoustic contact
information to, for example, a user of an ultrasound probe to
control the ultrasound probe. The method 250 includes
receiving at 252 RF scanline data or complex demodulated
RF scanline data from an image sector generated by, for
example, the ultrasound system 100 or 150 (shown in FIGS.
1 and 2) as is known.

[0031] In operation, and for example, for a probe having
a 1-D array transducer, the lateral frequency spectrum is
equal to the two-way aperture function in the focal plane.
This results from the Fraunhofer approximation and the
assumption of linear propagation of pressure waves. Further,
the two-way aperture function is given by the convolution of
the transmit and receive aperture functions. A typical
example of equal size transmit and receive apertures with
rectangular apodization results in a triangular shaped ampli-
tude-spectrum with a bandwidth proportional to the sum of
the transmit and receive aperture as described herein. In
general, the spectral shape and size is given by the aperture
functions.
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[0032] There is ideally a one-to-one mapping between the
frequency spectrum and the autoconvolution of the probe
aperture function. Comparing the Fourier transformed data
to the two-way probe aperture function is performed and
identifies regions with reduced spectral amplitude that cor-
respond to regions on the aperture with improper contact. It
should be noted that the various embodiments described
herein may be implemented in different types of phased
array probes, including, for example, probes having 2-D
arrays, wherein the frequency spectrum in both the azimuth
and elevation direction will provide an image of the two-
dimensional aperture function. Additionally, the amplitude
spectrum in the radial direction may be calculated and
visualized. This 2-D (for 1-D arrays) or 3-D (for 2-D arrays)
spectrum also has information relating to image resolution in
the radial direction, showing for example, the amount of
frequency dependent attenuation present at the current probe
position.

[0033] Referring again to FIG. 3, thereafter at 254 the
received data is processed to provide a lateral map. The
lateral map is a collection of a single Fourier coeflicient from
a radial Fourier transform of each beam produced by the
probe. More particularly, band pass filtering of the data is
performed around the pulse demodulation frequency. For 1Q
demodulated data, this filtering simplifies to averaging (or
summing) radial samples along each beam that corresponds
to the low pass filtering. In operation, the more radial
samples included in the summation, the narrower the filter
frequency response. Specifically, and as shown in FIG. 4, a
spatial frequency response 200 of the ultrasound or other
imaging system is determined and which may be used to
indicate image quality or acoustic contact. As shown in FIG.
4, the spatial frequency response is calculated in all three
dimension in the k-space, namely k, k and k,. The spatial
frequency response (4n/h) of a slice 202 defining the center
of central frequency is calculated as is known wherein B,
defines the radial bandwidth and » defines the wavelength of
an emitted pulse. Thus, the spectral band/plane is calculated
in the k-space.

[0034] The lateral frequency spectrum is then calculated at
256 by Fourier-transforming the averaged 1Q-signal. The
absolute value of the spectrum is then shifted to center the
zero-frequency component. Thus, the left portion of the
spectrum corresponds to the left side of the probe and the
right side of spectrum corresponds to the right side of the
probe. It should be noted that a Fast Fourier Transform
algorithm may be implemented to reduce the processing
time. Further, it should be noted that various embodiments
are not limited to Fourier transforming, but different pro-
cessing may be performed, for example, parametric fre-
quency spectrum analysis.

[0035] Referring now to FIG. 5 illustrating a lateral fre-
quency spectrum 270 showing a triangular two-way aperture
function in linear scale, assuming the probe aperture is
centered around zero with a width D, then the corresponding
Nyquist range is expressed as follows:

[0036] A/AD, where AD is the beam sampling density in
radians and A is the wavelength of the transmitted pulse.

[0037] Tt should be noted that for second harmonic
(octave) imaging, 2 is the wavelength corresponding to
twice the transmitted frequency, which is shown in FIG. 5
wherein the x-axis is scaled in meters. Further, values
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outside D do not correspond to a part of the aperture of the
probe, but are indicative of side lobes in the spectrum. If a
smooth window function is used prior to the Fourier trans-
form, the side lobes are low (e.g., —40 dB for a Hamming
window). In operation, increased side lobe levels indicate
the presence of unwanted signal components (e.g., rever-
beration noise).

[0038] Referring again to FIG. 3, temporal and spatial
averaging then may be applied at 258 to reduce the variance
in the spectrum estimates. For example, successive fre-
quency spectrum images are averaged temporally from
frame to frame. Spatially, each frequency spectrum is
smoothed by low pass filtering. Alternatively, the available
radial samples are divided into separate segments, with each
producing a spectral estimate, and which are then averaged
to produce one final spectrum estimate. Various known
methods of frequency spectrum estimation may be used, for
example, the Welch method of power spectrum estimation.
Dynamic compression is then performed at 260. Specifi-
cally, in one embodiment, dynamic compression in the form
of a logarithmic transform provides visualization of a range
of intensities without clipping weak signals. Signal strength
in ultrasound imaging may vary, for example, due to differ-
ent types of tissue having varying ability to reflect ultra-
sound.

[0039] Gain control is then performed at 262. In operation
using the ultrasound system 100 or 150, different settings
and examination of different types of tissue result in different
signal intensities. Gain control is used to normalize spec-
trum amplitude. In one embodiment, manual gain control is
provided via user input device 120 (shown in FIG. 1).
Specifically, a user may set the gain and dynamic range of
the displayed spectrum. In other embodiments, automatic
gain control may be provided using a gain control algorithm
as is known.

[0040] The lateral frequency spectrum is then visualized at
264 based on the type of probe. For example, and as shown
in FIGS. 6 and 7, probes having a one-dimensional aperture
generate a one-dimensional lateral spectrum that may be
visualized in the form of, for example, a graph or a color-
coded histogram. Probes having a two-dimensional aperture
generate a two-dimensional lateral spectrum that may be
visualized in the form of, for example, a color-coded two-
dimensional contact map. In particular, as shown in FIG. 6,
for linear phased array probes, the aperture contacts 300,
302 and 304 result in lateral spectrums 306, 308 and 310,
respectively. Further, and as shown in FIG. 7, for a 3D
matrix probe, the aperture contacts 312, 314, 316, 318 and
320 result in lateral spectrums 322, 324, 326, 328 and 330,
respectively.

[0041] Thus, as shown in FIG. 8, a spectrum display 350
including a representation of the lateral spectrum may be
generated and visualized as described herein and displayed
by the ultrasound system 100 or 150 (shown in FIGS. 1 and
2), which may be displayed on, for example, display unit 110
(shown in FIG. 1) or display system 168 (shown in FIG. 2).
As shown in FIG. 8, the spectrum display 350 may include
a plurality of probe contact indicators 352 (e.g., color-coded
bars) indicating a relative level of contact of different
portions of a probe with an object being imaged (e.g., a
patient). As shown in FIG. 8 from left to right, the probe
gradually contacts the object from right to left as indicated
by the probe contact indicators 352.
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[0042] Tt should be noted that the method 250 may be
implemented using any suitable processor or processing
unit, such as, for example, the processor 108 (shown in FIG.
1) or the signal processor 166 (shown in FIG. 2).

[0043] Various modifications to the various embodiments
described herein are contemplated. For example, the acous-
tic contact of the probe with an object may be calculated
directly by measuring the signal power from individual
aperture elements. Additionally, and for example, pre-beam-
forming may be performed, which is simpler, but needs
additional hardware and processing power, and cannot be
performed on prerecorded RF or IQ data. In operation, poor
contact with an object results in reduced element signal
power.

[0044] Thus, various embodiments of the present inven-
tion provide information to user of a probe relating to
contact of the probe with an object being imaged. This
information is not available from a visual inspection of the
image alone, and includes, for example, the following:

[0045] 1. An indication of the parts of the probe lacking
sufficient contact with an object, thereby showing in which
direction the probe should be moved in order to improve
image quality.

[0046] 2. An objective and quantitative measure of image
resolution available in real-time.

[0047] A real-time visualization of change in acoustic
contact is provided that improves the process of optimizing
image quality by providing a user of an ultrasound probe
visual feedback relating to where acoustic contact with an
object is insufficient. Further, the degree of amplitude varia-
tion displayed provides a user with information to position
the probe in an image plane with the least amount of
aberration, thereby providing improved image quality.

[0048] While the invention has been described in terms of
various specific embodiments, those skilled in the art will
recognize that the invention can be practiced with modifi-
cation within the spirit and scope of the claims.

What is claimed is:
1. A method for determining acoustic contact of an
ultrasound probe with an object, said method comprising:

frequency analyzing ultrasound signals received by the
ultrasound probe; and

displaying indicators of acoustic contact of the ultrasound

probe with an object based on the frequency analysis.

2. A method in accordance with claim 1 wherein the
frequency analyzing comprises one of Fourier-transforming
and parametric frequency spectrum analyzing the received
ultrasound signals.

3. A method in accordance with claim 1 wherein the
frequency analyzing comprises calculating a frequency
spectrum of the received ultrasound signals.

4. A method in accordance with claim 1 wherein the
frequency analyzing comprises generating a lateral fre-
quency map of the received ultrasound signals.

5. A method in accordance with claim 4 wherein the
frequency analyzing comprises calculating a lateral fre-
quency spectrum.

6. A method in accordance with claim 5 wherein the
frequency analyzing comprises comparing the lateral fre-
quency spectrum to a two-way aperture function.
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7. A method in accordance with claim 1 wherein the
displaying comprises displaying relative indicators of acous-
tic contact along a probe surface of the ultrasound probe
contacting the object.

8. A method in accordance with claim 1 wherein the
displaying comprises displaying indicators representative of
energy levels along a probe surface of the ultrasound probe
contacting the object.

9. A method in accordance with claim 1 further compris-
ing configuring the indicators to indicate a direction to move
the ultrasound probe for increased acoustic contact.

10. A method in accordance with claim 1 wherein the
displaying comprises configuring the indicators based on a
type of the ultrasound probe.

11. A method in accordance with claim 1 wherein the
indicators comprise color coded elements forming one of a
color-coded histogram and a color-coded contact map.

12. A method in accordance with claim 1 further com-
prising updating the indicators based on movement of the
ultrasound probe along the object.

13. A method in accordance with claim 1 wherein the
indicators are representative of image quality.

14. A method for indicating acoustic contact of an ultra-
sound probe with an object, said method comprising;

receiving ultrasound signals using the ultrasound probe;

frequency analyzing the received ultrasound signals
including generating a frequency spectrum of the
received ultrasound signals; and

displaying indicators of relative power based on the
frequency analyzed ultrasound signals, the indicators
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configured to indicate a direction to move the ultra-
sound probe to increase acoustic contact with the
object.

15. A method in accordance with claim 14 wherein the
frequency analyzing comprises comparing the frequency
spectrum to a two-way aperture function.

16. A method in accordance with claim 14 wherein the
ultrasound probe comprises a phased array transducer.

17. A method in accordance with claim 14 wherein the
displaying is provided in real-time.

18. A method in accordance with claim 14 further com-
prising updating the displayed indicators based on changes
of the positioning of the ultrasound probe.

19. An ultrasound system comprising:

an ultrasound probe configured to receive ultrasound
signals;

a processor configured to frequency analyze the received
ultrasound signals; and

a display configured to display indicators of acoustic
contact of the ultrasound probe with an object based on
the frequency analysis.

20. An ultrasound system in accordance with claim 19
wherein the processor is configured to calculate a lateral
frequency spectrum and compare the lateral frequency spec-
trum to a two-way aperture function.
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