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Description
FIELD OF THE INVENTION

[0001] This invention relates to the field of ultrasound
imaging, and in particular to the field of three-dimensional
ultrasound imaging systems.

BACKGROUND OF THE INVENTION

[0002] Ultrasound imaging is increasingly being em-
ployed in a variety of different applications. It is important
to provide a user with sufficient information about the
subject being scanned, in order to accurately assess a
condition of a subject. This is especially the case when
the subject in question is a patient undergoing a medical
ultrasound scan.

[0003] Some ultrasoundimaging systems comprise an
ultrasound probe and an ultrasound probe tracker, adapt-
ed to track a location of the ultrasound probe. Ultrasound
probes are usually adapted to be held by a clinician or
other user of the ultrasound imaging system.

[0004] Ultrasound probes may comprise a CMUT
transducer array for transmitting ultrasound waves and
receiving echo information. The transducer array may
alternatively comprise piezoelectric transducers formed
of materials such as PZT or PVDF. The transducer array
may comprise a two-dimensional array of transducers
capable of scanning in a 2D plane or in three dimensions
for 3D imaging. In another example, the transducer array
may be a 1D array.

[0005] Known ultrasound probe trackers include elec-
tro-magnetic or optical tracking systems and transducer-
based tracking systems.

[0006] Methods that generate a three-dimensional
(3D) ultrasound image have been proposed. 3D ultra-
sound images have been shown to significantly improve
a user’s understanding of an imaged volume. Typically,
to capture a 3D ultrasound image, the ultrasound probe
captures a series of 2D ultrasound images and the ultra-
sound probe tracker identifies a location (of the probe)
at which each image is captured. The captured 2D ultra-
sound images are stacked, based on their respective lo-
cations of capture, to form a 3D image of the imaged
volume.

SUMMARY OF THE INVENTION

[0007] The invention is defined by the claims.

[0008] Embodiments in accordance with examples of
the invention provide a method of providing a three-di-
mensional, 3D, ultrasound image along with an additional
ultrasound acquisition, the method comprising: obtaining
a 3D ultrasound image of a volume from an ultrasound
imaging system comprising an ultrasound probe and an
ultrasound probe tracker; obtaining, from the ultrasound
imaging system, an additional ultrasound acquisition of
a portion of interest of the volume; identifying a location
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of the additional ultrasound acquisition relative to the 3D
ultrasound image; and generating display data for display
of the 3D ultrasound image and the additional ultrasound
acquisition by a 3D ultrasound image display, with the
display of the additional ultrasound acquisition being
based on the location of the additional ultrasound acqui-
sition.

[0009] Thus, display datafordisplay of a 3D ultrasound
image and an additional ultrasound acquisition is gener-
ated. The display of the additional ultrasound acquisition
is dependent upon arelative location of the regionimaged
by the additional ultrasound acquisition with respect to
the 3D ultrasound image.

[0010] The presentinvention relies on a concept of de-
termining or otherwise identifying a relative location of
an ultrasound acquisition within a 3D ultrasound image.
This can be used to provide useful information to a clini-
cian that helps them to contextualize the position of the
ultrasound acquisition. The proposed concept therefore
advantageously increases a user’s cognizance of infor-
mation output by an ultrasound imaging system.

[0011] In the proposed embodiments, a location of a
region of interest, which is represented by the additional
ultrasound acquisition, within the 3D ultrasound image
is identified and used to define a display of the additional
ultrasound acquisition.

[0012] The display data may be used or processed by
an ultrasound image display, e.g. comprising a monitor,
in order to display the 3D ultrasound image and the ad-
ditional ultrasound acquisition. The display of the addi-
tional ultrasound acquisition may be dependent upon, for
example, a user input. The additional ultrasound acqui-
sition may be a two-dimensional ultrasound image, video
or cine loop.

[0013] The step of generating display data may com-
prise generating first display data for display of the 3D
ultrasound image; receiving a first user input, and in re-
sponse to the first user input, generating second display
data for display of the 3D ultrasound image and the ad-
ditional ultrasound acquisition, with the display of the ad-
ditional ultrasound acquisition being based on the loca-
tion of the additional ultrasound acquisition.

[0014] Thus, initial display data may be for display of
the 3D ultrasound image alone (and not for display of the
additional ultrasound acquisition). In response to a first
user input, the display data may be modified for display
of the additional ultrasound acquisition as well as the 3D
ultrasound image. Thus, data for display of the additional
ultrasound acquisition may only be included in the display
data in response to a user input.

[0015] This reduces an amount of memory or process-
ing power required to provide display data, as the user
may not require the additional ultrasound acquisition to
be initially displayed. Only providing the additional ultra-
sound acquisition in response to a user input thereby
reduces a number of memory accesses required to pro-
vide a user with a relevant ultrasound acquisition. The
effect ofthe memory reductionincreases with the number
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of additional ultrasound acquisitions.

[0016] In some examples, the first display data is for
display of the 3D ultrasound image and a user-selectable
marker, the display location of the user-selectable marker
being based on the location of the additional ultrasound
acquisition; and the step of receiving a first user input
comprises receiving a first user input in response to the
user selecting the user-selectable marker.

[0017] Thus, there is proposed a concept of only dis-
playing an additional ultrasound acquisition when (i.e. in
response to0) a user selects a marker that has been pro-
vided at the location of the additional ultrasound acqui-
sition on the 3D ultrasound image.

[0018] Providing a user-selectable marker permits a
userto search andretrieve stored ultrasound acquisitions
more efficiently. Displaying an ultrasound acquisition on-
ly in response to selection of a corresponding marker
provides a user with a simultaneous overview of the pres-
ence and availability of various ultrasound acquisitions
(by way of multiple markers), and increases a user’s cog-
nizance of the total amount of information available.
There is also a reduction in an amount of memory and
processing power, including number of memory access-
es, required to provide a user with relevant ultrasound
acquisitions, as an ultrasound acquisition need only be
retrieved (e.g. from a database) when a corresponding
marker is selected by a user.

[0019] Moreover, in the context of a clinical analysis of
a 3D ultrasound image, provision of a marker at the lo-
cation of an ultrasound acquisition reduces a likelihood
of clinician error, and reduces the risk of a clinician mis-
understanding, misidentifying or incorrectly locating the
ultrasound acquisition or portions imaged by the ultra-
sound acquisition, which could increase subject risk. By
way of example, if a location of a tumor is misidentified
by a clinician, this could lead to unnecessary or harmful
treatment of the subject at an incorrect location.

[0020] Some embodiments comprise a step of deter-
mining an orientation of the additional ultrasound acqui-
sition with respect to the 3D ultrasound image, wherein
the display of the additional ultrasound acquisition is
based on the determined orientation of the additional ul-
trasound acquisition.

[0021] Embodiments therefore propose to adjust dis-
play data so that the displayed ultrasound acquisition is
appropriately oriented with respect to the 3D ultrasound
image. This provides additional information to a user, and
improves their understanding of the relevance of a dis-
played ultrasound acquisition. The orientation permits a
user to more precisely understand a location of the ultra-
sound acquisition with respect to the 3D ultrasound im-
age. This leads to a significant reduction in user error.
[0022] In some examples, there is a step of determin-
ing how the additional ultrasound acquisition overlays
the 3D ultrasound image based on the identified location;
wherein the step of generating the display data compris-
es generating display data for display of the 3D ultra-
sound image with the additional ultrasound acquisition
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overlaying the 3D ultrasound image at the identified lo-
cation.

[0023] Thus, a display (based on the display data) of
the additional ultrasound acquisition may overlay a cor-
responding portion of the displayed 3D image. In partic-
ular, if a location and optionally orientation of the addi-
tional ultrasound acquisition is known with respect to the
3D ultrasound image, the ultrasound acquisition can be
appropriately displayed to overlay the 3D ultrasound im-
age.

[0024] Embodiments allow more accurate and relevant
displaying of an image. Overlaying the additional ultra-
sound acquisition on the corresponding portion of the 3D
image reduces an amount of information displayed to a
user, as the relevant portion of the 3D image will be re-
placed by the additional ultrasound acquisition, solving
a problem of how to integrate an additional ultrasound
acquisition within a 3D image. For example, a slice or
segment of the 3D image may be replaced by a 2D ul-
trasound image/video (examples of an additional ultra-
sound acquisition) at that location. This allows additional
information to be provided (e.g. a higher resolution 2D
image or a blood flow depicted in color) whilst allowing
a user to more efficiently identify a location and relevance
of the additional ultrasound acquisition and minimizing
an amount of data displayed.

[0025] Preferably, the step of identifying a location of
the additional ultrasound acquisition comprises obtaining
the location from the ultrasound probe tracker.

[0026] Thisincreases an accuracy and precision of de-
termining the relative location of the additional ultrasound
acquisition, as the 3D ultrasound image is generated
from the same ultrasound probe tracker.

[0027] In some examples, the step of identifying a lo-
cation of the additional ultrasound acquisition comprises
receiving another user input indicating a location of the
additional ultrasound acquisition with respect to the 3D
ultrasound image.

[0028] This allows a user to define a location of the
additional ultrasound acquisition within the 3D ultrasound
image. This may be exploited, for example, to provide
additional information about the 3D ultrasound image.
[0029] By way ofexample, auser may extracta portion
of the 3D ultrasound image to form the additional ultra-
sound acquisition, the location of the extracted portion
being the location of the additional ultrasound acquisition.
This advantageously allows a user to provide or label
particular sections of the 3D ultrasound image for later
review.

[0030] In some embodiments, the method comprises
steps of obtaining, from the ultrasound imaging system,
aplurality of additional ultrasound acquisitions of different
portions of interest of the volume; identifying a location
of each additional ultrasound acquisition relative to the
3D ultrasound image; and generating display data for
display of the 3D ultrasound image and at least one of
the plurality of additional ultrasound acquisitions by a 3D
ultrasound image display, with the display of the least



5 EP 3 530 193 A1 6

one additional ultrasound acquisition being based on the
respective locations of each at least one additional ultra-
sound acquisition.

[0031] Thus, more than one additional ultrasound ac-
quisition may be obtained, where the display data in-
cludes data for display of at least one of these additional
ultrasound acquisitions. This enables a selection of ul-
trasound acquisitions to be displayed to a user, increas-
ing their cognizance of information.

[0032] The step of generating display data may com-
prise generating display data for display of the 3D ultra-
sound image and sequential display of each additional
ultrasound acquisition, with the sequential display of
each additional ultrasound acquisition being based on
the respective locations of each of the additional ultra-
sound acquisitions.

[0033] Thus, a plurality of additional ultrasound acqui-
sitions can be obtained and display data sequentially
generated which causes the ultrasound acquisitions to
be displayed sequentially, based on the relative location
of the ultrasound acquisitions with respect to the 3D ul-
trasound image.

[0034] Sequentially displaying the additional ultra-
sound acquisitions can help improve a user's under-
standing of the ultrasound imaging process, preventing
information overload to the user. Sequential display also
reduces a processing power required to display the ad-
ditional ultrasound acquisition, as they need not be dis-
played simultaneously.

[0035] In some other embodiments, the step of gener-
ating display data may comprise generating display data
for display of the 3D ultrasound image and sequential
display of each additional ultrasound acquisition, with the
sequential display of each additional ultrasound acquisi-
tion being based on the respective time at which each
additional ultrasound acquisitions was captured by the
ultrasound imaging system.

[0036] Thus, there is proposed a concept of sequen-
tially displaying the ultrasound acquisitions based on a
time at which each ultrasound acquisition was captured.
[0037] This advantageously allows a display of the ul-
trasound acquisitions to mirror an examination process
of the subject. This allows for review of the manner in
which the ultrasound acquisitions were obtained (e.g. by
a colleague, review panel or observer). Such an embod-
iment thereby advantageously provides additional infor-
mation about the subject, as the timing or pattern of ac-
quiring different ultrasound acquisitions may reflect a
suspected diagnosis of the subject.

[0038] Optionally, the method may further comprise:
receiving a second user input; identifying a location of a
region of interest in the 3D ultrasound image based on
the second user input; obtaining information about the
region of interest; and generating display data for display
of the 3D ultrasound image and the information about
the region of interest, with the display of the information
about the region of interest being based on the location
of the region of interest.

10

15

20

25

30

35

40

45

50

55

[0039] Preferably, the information about the region of
interest comprises an annotation or measurement for the
region of interest. The information may therefore com-
prise textual information or any other annotations (e.g. a
circle or diagram). The second user input may thereby
define further information of the 3D ultrasound image.
The information of the region of interest may be obtained
from the user input, from the additional ultrasound acqui-
sition or from processing of the 3D ultrasound image (e.g.
image processing, analysis or recognition).

[0040] In some examples, the information about the
region of interest is associated with an additional ultra-
sound acquisition. In this way, a user input may provide
information about the additional ultrasound acquisition
(e.g.alabel or annotation). This enables a user to provide
additional information for a subsequent user of the meth-
od, e.g. for the purposes of review.

[0041] Thus, in some examples, there is proposed a
concept of receiving a third user input; and modifying the
additional ultrasound acquisition based on the third user
input to thereby provide additional information. The mod-
ification may be performed prior to generation of the dis-
play data for display of the additional ultrasound acqui-
sition. Alternatively, the display data may be modified to
reflect the modification to the additional ultrasound ac-
quisition.

[0042] Thus, a user may modify an additional ultra-
sound acquisition, for example, to add labels, measure-
ments or data to the acquisition. This advantageously
allows user to add and control the information provided
by the additional ultrasound acquisition.

[0043] In atleast one embodiment, the step of obtain-
ing the additional ultrasound acquisition comprises ob-
taining a plurality of additional ultrasound acquisitions of
respective portions of interest of the volume; the step of
identifying a location of the additional ultrasound acqui-
sition comprises identifying, for each additional ultra-
sound acquisition, a respective location of the additional
ultrasound acquisition with respect to the 3D ultrasound
image; and the step of generating display data comprises
generating display data for display of the 3D ultrasound
image and a selection of the additional ultrasound acqui-
sitions by a 3D ultrasound image display, with the display
of the selection of additional ultrasound acquisitions be-
ing based on the location of each selected additional ul-
trasound acquisition, wherein the selection of the addi-
tional ultrasound acquisitions comprises fewer than the
total number of additional ultrasound acquisitions.
[0044] Thus, there is proposed a general concept in
which two or more additional ultrasound acquisitions are
obtained, but the display data is controlled so that not all
of the obtained ultrasound acquisitions are displayed at
a same time. This significantly reduces a processing
power required to display the additional ultrasound im-
ages, whilst enabling the additional ultrasound images
to be available for display.

[0045] Embodimentsalso provide a computer program
product comprising a computer-readable storage medi-
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um having computer-readable program code embodied
therewith, the computer-readable program code config-
ured to perform all of the steps of any herein described
method.

[0046] Other embodiments in accordance with exam-
ples of the invention provide a three-dimensional, 3D,
ultrasound image processing system adapted to obtain
a 3D ultrasound image of a volume from an ultrasound
imaging system comprising an ultrasound probe and an
ultrasound probe tracker; obtain, from the ultrasound im-
aging system, an additional ultrasound acquisition of a
portion of interest of the volume; identify a location of the
additional ultrasound acquisition relative to the 3D ultra-
sound image; and generate display data for display of
the 3D ultrasound image and the additional ultrasound
acquisition by a 3D ultrasound image display, with the
display of the additional ultrasound acquisition being
based on the location of the additional ultrasound acqui-
sition.

[0047] There may be provided a three-dimensional,
3D, ultrasound image display system comprising a 3D
ultrasound image processing system as herein de-
scribed; and a 3D ultrasound image display adapted to
receive the display data; and display the 3D ultrasound
image and the additional ultrasound acquisition, with the
display of the additional ultrasound acquisition being
based on the location of the additional ultrasound acqui-
sition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Examples of the invention will now be described
in detail with reference to the accompanying drawings,
in which:

Figure 1 shows an ultrasound diagnostic imaging
system;

Figure 2 shows an ultrasound imaging system ac-
cording to an embodiment;

Figures 3 and 4 illustrate a display of a three-dimen-
sional ultrasound image according to an embodi-
ment,

Figure 5 illustrates a display of a three-dimensional
ultrasound image according to another embodiment,
Figure 6 illustrates a three-dimensional ultrasound
image display system according to an embodiment;
and

Figure 7 illustrates a method of providing a three-
dimensional, 3D, ultrasound image according to an
embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0049] The invention provides a method and process-
ing system for providing a three-dimensional, 3D, ultra-
sound image along with an additional ultrasound acqui-
sition. A location of the additional ultrasound acquisition
with respect to the three-dimensional ultrasound image

10

15

20

25

30

35

40

45

50

55

is determined or obtained. Display data is generated,
where the display of the additional ultrasound acquisition
is based on the location of the additional ultrasound ac-
quisition with respect to the three-dimensional ultrasound
image.

[0050] Embodiments are at least partly based on the
realization that an understanding of a three-dimensional
ultrasound image can be enhanced by enabling the pro-
vision of additional ultrasound acquisitions. By basing a
provision or display of additional ultrasound acquisitions
on locations of the acquisitions relative to the three-di-
mensional ultrasound image, a correlation between the
3D ultrasound image and the acquisitions can be more
easily understood. Basing the display on locations of the
acquisitions thereby provides an observer of the display
with more information than non-location based display
of additional ultrasound acquisitions.

[0051] lllustrative embodiments may, for example, be
employed in medical ultrasound imaging systems, where
additional ultrasound acquisitions represent images of
different organs, bones, blood vessels, tumors and the
like. Preferably, the additional ultrasound acquisitions
are functional images or videos, such as Doppler cine
loops.

[0052] The term 'ultrasound acquisition’ describes any
data obtainable by an ultrasound probe/system following
an ultrasound imaging process. An ultrasound acquisi-
tion may be animage, video or cine loop of an area/region
of interest imaged by an ultrasound probe.

[0053] An ultrasound imaging system will be hereafter
described to help contextualize the present invention.
Figure 1 shows an ultrasound diagnosticimaging system
101 with an array transducer probe 102 in block diagram
form.

The array transducer probe 102 comprises transducer
cells. Traditionally, piezoelectric materials have been
used for ultrasonic transducers. Examples are lead zir-
conate titanate (PZT) and polyvinylidene difluoride
(PVDF), with PZT being particularly popular as the ma-
terial of choice. The piezoelectric effect is a reversible
process, meaning mechanically deformed piezoelectric
crystals produce an internal electrical charge as well as
a mechanical strain when experiencing an applied elec-
tric field. The introduction of an alternating current (AC)
to a piezoelectric material creates ultrasound pressure
waves at a frequency related to the AC frequency. Single
crystal piezoelectric materials can be used to achieve
high piezoelectric and electromechanical coupling con-
stants for high-performance transducers. Recent devel-
opments have resulted in medical ultrasound transduc-
ers that can be batch manufactured by semiconductor
processes. Desirably, these processes should be the
same ones used to produce the application specific in-
tegrated circuits (ASICs) needed by an ultrasound probe,
such as a complementary metal-oxide-semiconductor
(CMOS) process, particularly for 3D ultrasound. These
developments have resulted in micromachined ultrason-
ic transducers (MUTs), the preferred form being the ca-
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pacitive MUT (CMUT). CMUT transducers are tiny dia-
phragm-like devices with electrodes that convert the
sound vibration of a received ultrasound signal into a
modulated capacitance. CMUT transducers are able to
function over a broad bandwidth, enable high resolution
and high sensitivity imaging, and produce a large pres-
sure output so that a large depth of field of acoustic sig-
nals can be received at ultrasonic frequencies.

[0054] Figure 1 shows a transducer array 106 of
above-described CMUT cells 108 for transmitting ultra-
sonic waves and receiving echo information. The trans-
ducer array 106 of the system 101 may be a one- or a
two-dimensional array of transducer elements capable
of scanning in a 2D plane or in three dimensions for 3D
imaging.

[0055] The transducer array 106 is coupled to a micro-
beamformer 112 that controls transmission and recep-
tion of signals by the CMUT array cells. Beamforming is
a method of signal processing that allows directional
transmittance, or reception, of a signal such as ultra-
sound. Signals at particular angles undergo constructive
or destructive interference in the transducer array 106
that allows desired signals to be selected and others ig-
nored. Receive beamforming may also utilize a time de-
lay for receiving signals due to the differences in echo
depths.

[0056] Micro-beamformers are capable of at least par-
tial beamforming by the application of delay-and-sum
beamforming of the signals received by adjacent or small
groups of transducer elements, e.g. as described in US
patents US 5,997,479 (Savord et al.), US 6,013,032 (Sa-
vord), and US 6,623,432 (Powers et al.). Micro-beam-
forming is often carried out inside the probe to reduce
the number of signals sent to the main beamformer for
processing.

[0057] The micro-beamformer 112 is coupled by a
probe cable, e.g., coaxial wire, to a transmit/receive (T/R)
switch 116 which switches between transmission and re-
ception modes. The T/R switch protects a main beam-
former 120 from high energy transmit signals when a
micro-beamformer is not present or not used. The trans-
ducer array 106 is directly controlled by the main system
beamformer 120. The transmission of ultrasonic beams
from the transducer array 106 under control of the micro-
beamformer 112 is directed by a transducer controller
118 coupled to the micro-beamformer by the T/R switch
116 and the main system beam former 120, which re-
ceives input from a user’s operation of a user interface
or control panel 138. One of the functions controlled by
the transducer controller 118 is the direction in which
beams are steered and focused. Beams may be steered
straight ahead from (orthogonal to) the transducer array
106, or at different angles for a wider field of view possibly
by delaying excitation pulses sent from the array trans-
ducer cells.

[0058] The transducer controller 118 may be coupled
to control a voltage source 145 for the transducer array.
Forinstance, the voltage source 145 may define DC and
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AC bias voltage(s) that are applied to the CMUT cells of
a CMUT array 106, e.g., to generate the ultrasonic RF
pulses in transmission mode.

[0059] The partially beam-formed signals produced by
the micro-beamformer 112 are forwarded to the main
beamformer 120 where partially beam-formed signals
from individual patches of transducer elements are com-
bined into a fully beam-formed signal. For example, the
main beamformer 120 may have 128 channels, each of
which receives a partially beam-formed signal from a
patch of dozens or hundreds of CMUT transducer cells
108. In this way, the signals received by thousands of
transducer elements of a transducer array 106 can con-
tribute efficiently to a single beam-formed signal.
[0060] The beam-formed signals are coupled to a sig-
nal processor 122. The signal processor 122 can process
the received echo signals in various ways, such as: band-
pass filtering, the passing of frequencies within a given
range and the attenuation of frequencies outside that
range; decimation, the process of reducing the sampling
rate of a signal by some typical order of magnitude or
integer value; | and Q component separation, the demod-
ulation of a wave and its sample 80 degrees out of phase;
harmonic signal separation, which acts to separate linear
and nonlinear signals so as to enable the identification
of nonlinear (higher harmonics of the fundamental fre-
quency) echo signals returned from tissue and microbub-
bles.

[0061] The signal processor 122 optionally may per-
form additional signal enhancement such as: speckle re-
duction, the removal of interfering waves of the same
frequency, signal compounding, a number of ultrasound
signals from a given target are combined into a single
signal by combining the data received from each angle;
or noise elimination, removal of random or systematic
noise from a signal.

[0062] The bandpass filter in the signal processor 122
may be a tracking filter, with a passband sliding from a
higher frequency band to a lower frequency band as echo
signals are received from increasing depths, thereby re-
jecting the noise at higher frequencies from greater
depths where these frequencies are devoid of anatomical
information. The processed signals are coupled to a
Bright-mode (B-mode) processor 126 and optionally to
a Doppler processor 128. The B-mode processor 126
employs detection of amplitude of the received ultra-
sound signal for the imaging of structures in the body,
such as the tissue of organs and vessels, and normalizes
those amplitudes onto a greyscale to be later displayed
as an image.

B-mode images of the structure of the body may be
formed in harmonic image mode. Harmonic image mode
is the exploitation of the non-linear propagation of ultra-
sound through the body and its tissues, harmonic imag-
ing transmits at one frequency and receives at the har-
monic of this frequency. Typically, the 2nd harmonic is
used as higher harmonics have very low amplitude and
are hard to detect. B-mode images could be formed in
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the fundamental image mode or a combination of funda-
mental and harmonicimage modes. The inclusion of har-
monicimaging allows for greater contrast and spatial res-
olution. Previous work has been done on the amalgama-
tion of image modes and algorithms on such combina-
tions are explained furtherin US Patent 6,283,919 (Roun-
dhill et al.) and US Patent 6,458,083 (Jago et al.).
[0063] TheDopplerprocessor 128, if present, process-
es temporally distinct signals from tissue movement and
blood flow for the detection of the motion of substances,
such as the flow of blood cells in the image field. The
Doppler processor typically includes a wall filter with pa-
rameters that may be set to pass and/or reject echoes
returned from selected types of materials in the body.
Forinstance, the wall filter can be set to have a passband
characteristic, which passes signal of relatively low am-
plitude from higher velocity materials while rejecting rel-
atively strong signals from lower or zero velocity material.
[0064] This passband characteristic will pass signals
from flowing blood while rejecting signals from nearby
stationary or slowing moving objects such as the wall of
the heart. An inverse characteristic would pass signals
from moving tissue of the heart while rejecting blood flow
signals for what is referred to as tissue Doppler imaging,
detecting and depicting the motion of tissue. The Doppler
processor receives and processes a sequence of tem-
porally discrete echo signals from different points in an
image field; the sequence of echoes from a particular
point referred to as an ensemble. An ensemble of echoes
received in rapid succession over a relatively short inter-
val can be used to estimate the Doppler shift frequency
of flowing blood, with the correspondence of the Doppler
frequency to velocity indicating the blood flow velocity.
An ensemble of echoes received over a longer period of
time is used to estimate the velocity of slower flowing
blood or slowly moving tissue. The structural and motion
signals produced by the B-mode (and Doppler) proces-
sors) are coupled to a scan converter 132 and a multi-
planar reformatter 144. The scan converter 132 arranges
the echo signals in the spatial relationship from which
they were received in the desired image format. For in-
stance, the scan converter may arrange the echo signal
into a two dimensional (2D) sector-shaped format, or a
pyramidal three-dimensional (3D) image.

[0065] Thescan converter canoverlay aB-mode struc-
tural image with colors corresponding to motion at points
in the image field with their Doppler-estimated velocities
to produce a color Doppler image that depicts the motion
oftissue and blood flow in the image field. The multiplanar
reformatter 144 will convert echoes that are received
from points in a common plane in a volumetric region of
the body into an ultrasonic image of that plane, as de-
scribed further in US Patent 6,443,896 (Detmer). The
minimum amount of data points required to describe a
plane is 3, one can then move in a direction orthogonal
to the plane some fixed amount after measuring those 3
points and repeat that plane measurement, thus building
a volumetric region without acquiring data from the entire
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volume itself. A volume renderer 142 converts the echo
signals of a 3D data set into a projected 3D image as
viewed from a given reference point as described in US
Patent 6,530,885 (Entrekin et al.)

[0066] The 2D or 3D images are coupled from the scan
converter 132, multiplanar reformatter 144, and volume
renderer 142 to an image processor 130 for further en-
hancement, buffering and temporary storage for display
on an image display 140. In addition to being used for
imaging, the blood flow values produced by the Doppler
processor 128 and tissue structure information produced
by the B-mode processor 126 are coupled to a quantifi-
cation processor 134. The quantification processor pro-
duces measures of different flow conditions such as the
volume rate of blood flow as well as structural measure-
ments such as the sizes of organs and gestational age,
for example. The quantification processor may receive
input from the user control panel 138, such as the point
in the anatomy of an image where a measurement is to
be made.

[0067] Output data from the quantification processor
is coupled to a graphics processor 136 for the reproduc-
tion of measurement graphics and values with the image
on the display 140. The graphics processor 136 can also
generate graphic overlays for display with the ultrasound
images. These graphic overlays can contain standard
identifying information such as patient name, date and
time of the image, imaging parameters, and the like. For
these purposes, the graphics processor receives input
from the user interface 138, such as patient name, date
of birth etc.

[0068] The user interface 138 is also coupled to the
transmit controller 118 to control the generation of ultra-
sound signals from the transducer array 106 and hence
the images produced by the transducer array 106 and
the ultrasound imaging system 101. The user interface
138 is also coupled to the multiplanar reformatter 144 for
selection and control of the planes of multiple multiplanar
reformatted (MPR) images that may be used to perform
quantified measures in the image field of the MPR imag-
es.

[0069] As will be understood by the skilled person, the
above embodiment of an ultrasound diagnostic imaging
system is intended to give a non-limiting example of such
an ultrasound diagnostic imaging system. The skilled
person willimmediately realize that several variations in
the architecture of the ultrasound diagnosticimaging sys-
tem are feasible without departing from the teachings of
the present invention. For instance, as also indicated in
the above embodiment, the micro-beamformer 112
and/or the Doppler processor 128 may be omitted, the
ultrasound probe 102 may not have 3D imaging capabil-
ities and so on. Other variations will be apparent to the
skilled person.

[0070] It will be understood that the present invention
is not limited to the described ultrasound diagnostic im-
aging system, but may rather relate to any ultrasound
imaging system. Such ultrasound systems may be adapt-
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ed to operate in a variety of ultrasound modes, such as:
A-mode (Amplitude Modulation), B-mode (Brightness
Modulation), M-mode (Motion Mode), Doppler imaging,
Harmonics imaging, contrast visualization and so on
[0071] Figure 2 illustrates a subject 1 undergoing a
three-dimensional, 3D, ultrasound imaging process per-
formed by an ultrasound imaging system 2, such as that
previously described. The subject 1 comprises a patient’s
leg.

[0072] The ultrasound imaging system 2 comprises an
ultrasound probe 5 and an ultrasound probe tracker 6.
The ultrasound probe 5 comprises a handheld portable
probe that is manually movable by a user over an area
of interest. The ultrasound probe 5 is adapted to capture
a two-dimensional image. The ultrasound probe tracker
6 comprises any known ultrasound probe tracker, such
as found in an electro-magnetic tracked probe.

[0073] A three-dimensional, 3D, ultrasound image
processing system 7 is adapted to generate display data
for display of a 3D ultrasound image by a 3D ultrasound
image display 8. In particular, the 3D ultrasound image
processing system may obtain signals from the ultra-
sound imaging system, store the signals and/or process
the signals for display of the 3D ultrasound image.
[0074] To perform a three-dimensional ultrasound im-
aging process, the user performs a sweep over the vol-
ume of interest (e.g. an upper leg of a subject). In one
example, the user brings the ultrasound probe 5 into con-
tact with the subject, initiates an image capturing process
and moves the ultrasound probe along a direction of in-
terest 9 as the ultrasound probe captures a series of 2D
ultrasound images. The ultrasound probe tracker 6 mon-
itors and records a location of the ultrasound probe when
eachimage is captured. The user ends the image capture
process when a volume of interest has passed below the
ultrasound probe (e.g. the user has moved the ultrasound
probe over the entirety of the subject’s upper leg).
[0075] The initiation and end of the image capturing
process may be performed by a user input, such as a
user pressing a button.

[0076] Theultrasoundimage processingsystem7 may
be able, for example, to reconstruct the 3D volume or
ultrasound image from the captured series of 2D ultra-
sound images. This reconstruction takes into accountthe
relative spatial positioning of each image captured during
the sweep. By way of example, a reconstruction process
may comprise stacking the captured images based on
their relative location, and extrapolating between inter-
mediate volumes (e.g. between each captured images)
to generate a 3D ultrasound image.

[0077] In normal imaging conditions, e.g. where the
subject is stationary throughout the imaging process, the
above-described method provides a reconstructed 3D
volume or three-dimensional ultrasound image of accept-
able quality in all dimensions.

[0078] Other methods of generating a 3D volume or
reconstructing a 3D ultrasound image based on a series
of two-dimensional ultrasound images are known in the
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art. For example, an ultrasound probe may be adapted
to capture a three-dimensional ultrasound image by si-
multaneously capturing a number of 2D ultrasound im-
ages, which is output to the ultrasound image processing
system. In other examples, an array of suitably arranged
ultrasound probes is used. In some examples, the ultra-
sound imaging system performs the reconstruction of the
3D ultrasound image.

[0079] The 3D ultrasound image display 8 is adapted
to obtain display data fromthe ultrasound image process-
ing system 7 to display the 3D ultrasound image. The
three-dimensional ultrasound image can be displayed to
a user via, for example, a monitor or screen of the 3D
ultrasound image display 8.

[0080] The 3D ultrasound image display 8, ultrasound
image processing system 7 and ultrasound imaging sys-
tem 2 may communicate with one another either directly
or indirectly using any known system. By way of example,
the ultrasound image processing system or ultrasound
imaging system may store its output in a database - such
as on a server, memory stick, cloud storage system or
other storage device - which is accessible by the 3D ul-
trasound image display or ultrasound image processing
system respectively. In other examples, there is a direct
communication via a wired or wireless communication
channel.

[0081] Thus, the ultrasound image processing system
7 is able to generate display data for display of a 3D
ultrasound image. The 3D ultrasound image display 8 is
adapted to receive the display data and display at least
the 3D ultrasound image based on the display data.
[0082] The ultrasoundimage processing system 7 may
regenerate or modify the display data, to change the dis-
play of the 3D ultrasound image display 8. For example,
a user may wish to manipulate an orientation or view of
the 3D ultrasound image provided by the display. The
display data may therefore be modified in response to a
user input to reorient, reposition or relocate the 3D ultra-
sound image displayed by the 3D ultrasound image dis-
play. Such concepts are known in the art.

[0083] Inthe proposedinvention, the ultrasound image
processing system 7 is adapted to generate display data
for display of the 3D ultrasound image and at least one
additional ultrasound acquisition of a portion of interest.
[0084] Anadditionalultrasound acquisition may be one
captured/acquired by the ultrasound imaging system 2.
Capture of the additional ultrasound acquisition may re-
quire the ultrasound probe being kept at a selected loca-
tion on the subject for a minimum length of time. This
may not be possible when performing capture of the data
for the 3D ultrasound image (e.g. due to memory or time
restrictions when capturing the 3D ultrasound image).
Moreover, it may not be possible to perform simultaneous
capture of the 3D ultrasound image and an additional
ultrasound image.

[0085] By way of example, the additional ultrasound
acquisition may necessitate capture of a series of 2D
images of a region of interest at a particular location of
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the subject. The series of 2D ultrasound images can be
processed, according to known concepts, to generate a
functional ultrasound video of the region of interest. One
such functional ultrasound video or image is the color
Doppler image previously described.

[0086] In other examples, the additional ultrasound ac-
quisition is a high quality or contrast-enhanced ultra-
sound image. High quality or contrast-enhanced images
typically require keeping the ultrasound probe at the par-
ticular location for a minimum length of time.

[0087] Inyetother examples, the additional ultrasound
acquisition is an XML file that defines changes or modi-
fications to the 3D ultrasound image. For example, the
XML file may define a location of blood flow within the
3D image, the location of the blood flow being captured
by an ultrasound process (e.g. Doppler capture).
[0088] Thus, the additional ultrasound acquisition may
define features or information (e.g. blood flow, highlight-
ing, color, tumor presence and so on) of the 3D ultra-
sound image.

[0089] The additional ultrasound acquisition thereby
provides more or more specificinformation than available
with the 3D ultrasound image alone. In most acquisition
settings, where the acquisition provides an image/video,
the additional acquisitions are of a higher quality than
those captured during the 3D ultrasound imaging proc-
ess, due to the availability of increased image capture
time and non-movement of the ultrasound probe.
[0090] In yet other embodiments, a user may define
an additional ultrasound acquisition. In such embodi-
ments, the additional ultrasound acquisition may be a
segment or extract of the 3D ultrasound image. The lo-
cation of the additional ultrasound acquisition may be
defined by the location of the extract from the 3D ultra-
sound image. Optionally, the user may be able provide
annotation (e.g. texts, graphical shapes or numerical in-
dicators) on the extracted additional ultrasound acquisi-
tion. Such embodiments may be useful for marking a
location at which further investigation or ultrasound im-
aging is desired, or for providing additional information
(e.g. in the form of annotations) for later use. It will be
clear that the additional ultrasound acquisition is still de-
rived from information provided by the ultrasound imag-
ing system 2.

[0091] The present invention proposes a concept in
which the display of the additional ultrasound acquisition
depends upon the location of the additional ultrasound
acquisition relative to the 3D ultrasound image. Thus, the
display data generated by the image processing system
7 depends upon the location of the additional ultrasound
acquisition.

[0092] The location of the additional ultrasound acqui-
sition may be recorded by the ultrasound probe tracker
6, by recording the location at which the additional ultra-
sound acquisition is captured. This recorded location
may be used to establish a relative location of the addi-
tional ultrasound acquisition with respect to the 3D ultra-
sound image.
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[0093] As the same ultrasound probe tracker 6 is used
in the generation of the 3D ultrasound image, the record-
ed location is correctly calibrated to the 3D ultrasound
image. The ultrasound probe tracker 6 may therefore
readily define the relative location of the additional ultra-
sound acquisition with respect to the 3D ultrasound im-
age. Such an embodiment provides the greatest accu-
racy in determining the relative location of the additional
ultrasound acquisition.

[0094] Inanotherexample, a user may manually define
the location of an additional ultrasound acquisition, e.g.
using a user input device. By way of example only, a
display may display the 3D ultrasound image, and the
user may select a location by selecting the appropriate
location using a user input device.

[0095] In yet other examples, a location of the addi-
tional ultrasound acquisition may be identified through
image recognition processes or through image compar-
ison processes, which can compare a captured additional
ultrasound acquisition to the 3D ultrasound image to
identify a location of the additional ultrasound acquisition
within the 3D ultrasound image. In particular, a portion
of interest within the additional ultrasound acquisition
may be identified (e.g. a particular organ) and the location
of that portion within the 3D ultrasound image may be
identified as the relative location.

[0096] The relative location of an additional ultrasound
acquisition may, for example, define a display location,
adisplay timing (i.e. when an additional ultrasound image
is displayed) or whether the additional ultrasound acqui-
sition is displayed or not. In this way, the relative location
(to the 3D ultrasound image) of the additional ultrasound
acquisition may define whether the display data contains
(display) data of the additional ultrasound acquisition
and/or the location of the additional ultrasound acquisi-
tion.

[0097] Particularly advantageous embodiments that
use user-selectable markers to identify locations of the
ultrasound acquisitions will be described with reference
to Figures 3 to 4.

[0098] In such embodiments, initially generated dis-
play data defines user-selectable markers for the 3D ul-
trasound image. Each user-selectable marker is posi-
tioned (within the 3D ultrasound image) at a location of
a respective additional ultrasound acquisition and is as-
sociated with that additional ultrasound acquisition.
[0099] Inresponse toauser selecting the user-selecta-
ble marker, subsequent display data is generated for dis-
play of both the 3D ultrasound image and the additional
ultrasound acquisition associated with the marker. In this
way, the additional ultrasound acquisition is not displayed
(e.g. by an ultrasound image display) until its associated
marker is selected.

[0100] Putanotherway, initial display data (firstdisplay
data) contains data for display of the 3D ultrasound image
and information about the location of additional ultra-
sound acquisitions. In response to receiving a user input,
the initial display data is modified (i.e. to create second
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display data) to further comprise data for display of an
additional ultrasound acquisition associated with the user
input, e.g. selection of an appropriate marker.

[0101] Providing a user-selectable marker permits a
userto search andretrieve stored ultrasound acquisitions
more efficiently. In particular, displaying an ultrasound
acquisition only in response to a selection of a corre-
sponding marker provides a user with a simultaneous
overview of the presence and availability of various ul-
trasound acquisitions, and increases a user’s cogni-
zance of the total amount of information available. There
is also a reduction in an amount of memory and process-
ing power, including number of memory accesses, re-
quired to provide a user with relevant ultrasound acqui-
sitions, as an ultrasound acquisition need only be re-
trieved (e.g. from a database) when a corresponding
marker is selected by a user.

[0102] Moreover, in the context of a clinical analysis of
a 3D ultrasound image, provision of a marker at the lo-
cation of a portion of interest reduces a likelihood of cli-
nician error, and reduces the risk of a clinician misunder-
standing, misidentifying or incorrectly locating the portion
of interest, which could increase subject risk. By way of
example, if a location of a tumor is misidentified by a
clinician, this could lead to unnecessary or harmful treat-
ment of the subject at an incorrect location.

[0103] Figure 3 conceptually illustrates a three-dimen-
sional (3D) ultrasound image display 21 of a three-di-
mensional ultrasound image. The display 21 is generated
from the display data (first display data), and may be
displayed by the 3D ultrasound image display 8.

[0104] Three views of an imaged 3D volume are illus-
trated for the sake of clarity: a top-down view 20A; an
elevation view 20B (viewed from the line y, - y,); and a
side view 20C (viewed from the line x4 - x,).

[0105] As previously explained, the display data con-
tains data for display of the 3D ultrasound image. The
display data is processed by the 3D ultrasound image
display 8 to thereby display the 3D ultrasound image dis-
play 21.

[0106] The display data also defines a location of an
additional ultrasound acquisition. The 3D ultrasound im-
age display 21 thereby identifies a location of an addi-
tional ultrasound acquisition (a "location of interest"). The
location of interest is defined relative to the imaged 3D
volume or the 3D ultrasound image.

[0107] The defined location of the additional ultra-
sound acquisition defines a location of a user-selectable
marker 22 for display within the displayed 3D ultrasound
image. The display 21 of the 3D ultrasound image thereby
also displays a user-selectable marker at the identified
location of the additional ultrasound acquisition.

[0108] Thus, initial or first display data is provided for
display of the 3D ultrasound image and for display of one
or more user-selectable markers, each respectively as-
sociated with an additional ultrasound acquisition.
[0109] This initial or first display data (and thereby dis-
play 21) is modified in response to a user selecting a

10

15

20

25

30

35

40

45

50

55

10

user-selectable marker. In particular, the modified dis-
play data contains data for display of the 3D ultrasound
image and the additional ultrasound acquisition (associ-
ated with the selected user-selectable marker 22). Thus,
the display 21, in response to a user selecting the user-
selectable marker 22, displays the appropriate additional
ultrasound acquisition.

[0110] Thus,the user-selectable marker 22 is provided
at a location of an additional ultrasound acquisition and
is mapped or associated with that additional ultrasound
acquisition. In response to a user selecting the user-se-
lectable marker, the 3D ultrasound image display dis-
plays this additional ultrasound acquisition to the user.
The user is able to select the user-selectable marker us-
ing any known user input device, such as a touchscreen
interface, computer mouse, keyboard and so on.
[0111] Figure 4 conceptually illustrates a display of a
three-dimensional ultrasound image 21 after a user has
selected the user-selectable marker 22. As before, the
display 21 is provided from the (modified) display data
(second display data), and may be displayed by the 3D
ultrasound image display 8.

[0112] Figure 4 illustrates the same three views of the
imaged 3D volume 21: a top-down view 30A; an elevation
view 30B and a side view 30C.

[0113] As previously noted, upon selecting the user-
selectable marker, the initial or first display data is mod-
ified for display of the 3D ultrasound image and the ad-
ditional ultrasound acquisition. Thus, second display da-
ta is provided, the second display data being provided
for display of the 3D ultrasound image 21 and the addi-
tional ultrasound acquisition 23.

[0114] InFigure4,the additional ultrasound acquisition
comprises a two-dimensional, 2D, ultrasound image or
video of the portion of interest.

[0115] By only generating display data for display of
the 3D ultrasound image 21 and the additional ultrasound
acquisition 23 in response to the user-selectable marker
22 being selected by a user, a total amount of data trans-
ferred or transmitted for display can be reduced (as data
of the additional ultrasound acquisition is only transferred
when a user-selectable marker is selected). The larger
the size of the additional ultrasound acquisition or the
greaterthe number of user-selectable markers, the great-
er the effect of reducing the total amount of data.
[0116] Moreover, providing the user-selectable marker
at the location of the portion of interest allows a user to
perform a task of diagnosing a problem more efficiently,
as the user is made more immediately aware of a location
of further information. Thus, the arrangement and loca-
tion of the user-selectable marker provides cognitive con-
tentto a user that was not previously available (indicating
a location of the additional ultrasound acquisition).
[0117] As illustrated, the display data may be adapted
so that the location of the displayed additional ultrasound
acquisition 23 also depends uponthe location of the user-
selectable marker 22. This helps improves a user’s un-
derstanding of the available information and reduces
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screen clutter. By way of example, the information may
be displayed alongside or at a location indicated by the
user-selectable marker.

[0118] Thus, the user-selectable marker marking an
additional ultrasound acquisition may be replaced by the
additional ultrasound acquisition itself, in response to a
user selecting that user-selectable marker. In particular,
if the additional ultrasound acquisition is a 2D image or
video of a portion of interest of the subject, the 2D im-
age/video may overlay (as illustrated in Figure 4) the ap-
propriate portion of interest of the 3D ultrasound image
represented by the additional ultrasound acquisition.
Thus, the displayed additional ultrasound acquisition
may replace a portion of the 3D ultrasound image.
[0119] In other examples, the displayed additional ul-
trasound acquisition is positioned to a side of the 3D ul-
trasound image, e.g. in line with the user-selectable
marker or with a pointer to the user-selectable marker.
[0120] Thedisplay location of the additional ultrasound
acquisition may thereby depend upon the location of the
additional ultrasound acquisition relative to the 3D ultra-
sound image.

[0121] Inembodiments, the ultrasound image process-
ing system is adapted to obtain a depth of the portion of
interest within the additional ultrasound acquisition. As
previously explained, the additional ultrasound acquisi-
tion may represent an image/video containing a portion
of interest (e.g. an organ, bone, tumor, blood vessel and
SO on).

[0122] The depth of the portion of interest may be ob-
tained from a user input device or determined from the
information about the portion of interest. In one example,
the length of a button press (of a user input device) may
indicate a depth of the portion of interest. For example,
when capturing an additional ultrasound acquisition us-
ing the ultrasound probe, a length of a button press (to
capture the location) may indicate a relative depth of the
portion of interest. The longer the press, the further the
portion of interest from the ultrasound probe.

[0123] The display data may be configured so that the
displayed user-selectable marker 22 comprises an indi-
cation of the depth of the portion of interest with respect
to a current view of the 3D ultrasound image. Thus, the
user-selectable marker may indicate a position of a por-
tion of interest (associated with an additional ultrasound
acquisition) within the overall 3D ultrasound image.
[0124] The 3D ultrasound image display may therefore
indicate a depth of the portion of interest (to which the
additional ultrasound acquisition relates) relative to a cur-
rent view of the 3D ultrasound image display. The indi-
cation may be textual or graphical (e.g. different colors
or sizes).

[0125] In particular, where the acquisition is an image
or video, the depth may represent a distance from an
edge of the ultrasound image or a location within the ac-
quisition.

[0126] By way of example, a 2D ultrasound image may
be animage of a particular organ (the portion of interest),
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where the organ is located in only a portion of the overall
2D ultrasound image. An image recognition process or
user input may identify the location of the organ within
the 2D ultrasound image, to establish the position of the
organ relative to the edges of the ultrasound image. If
the orientation and location of the 2D ultrasound image
with respect to the imaged 3D volume is known, the 3D
location (i.e. depth) of the organ can be readily identified.
[0127] If the position and/or orientation of the 2D im-
age/video with respect to the 3D imaged volume is
known, the depth of the portion of interest (within that
image/video) with respect to a view of the 3D ultrasound
image is readily identifiable. Providing information on the
depth increases a user’s cognizance of information, be-
yond that previously available to them.

[0128] Whilst Figure 3 and 4 only illustrate a single ad-
ditional ultrasound acquisition and its user-selectable
marker, it will be apparent that the ultrasound image
processing system may be adapted to obtain a plurality
of additional ultrasound acquisitions and provide display
data for display of a 3D ultrasound image and a user-
selectable marker for each additional ultrasound acqui-
sition.

[0129] Figure 5 illustrates another three-dimensional
(3D) ultrasound image display 41 of a three-dimensional
ultrasound image according to another embodiment. The
display 41 is provided based on display data generated
by the ultrasound image processing system 7, and may
be displayed by the 3D ultrasound image display 8.
[0130] Initial display data contains data for display 41
of the 3D ultrasound image, and is provided by the ultra-
sound image processing system.

[0131] The ultrasound image processing system is
adapted to obtain a plurality of additional ultrasound ac-
quisitions and identify a location of each ultrasound ac-
quisition relative to the 3D ultrasound image. Here, the
plurality comprises a first 42, second, 43 and third 44
additional ultrasound acquisition.

[0132] Figure 5 also illustrates exemplary locations of
the first 42, second 43 and third 44 additional ultrasound
acquisition relative to the 3D ultrasound image, for the
purposes of conceptual understanding.

[0133] The initial display data (for display of the 3D
ultrasound image only) may be sequentially modified
such that the display 41 continually displays the 3D ul-
trasound image and sequentially displays the plurality of
additional ultrasound acquisitions.

[0134] Inone embodiment, the display data is sequen-
tially modified based on the location of each additional
ultrasound acquisition. By way of example, the display
data may be sequentially modified so that the display 41
sequentially displays the additional ultrasound acquisi-
tions 42, 43, 44 as they are positioned with respect to a
direction.

[0135] Inonesuchexample,theinitial display data may
be firstly modified so that the additional ultrasound ac-
quisition 42 associated with a location closest to a pre-
determined location 45 on the 3D ultrasound image is
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displayed. The display data may then be sequentially
modified so that increasingly distant additional ultra-
sound acquisitions 43, 44 are sequentially displayed.
Thus, the more distant the location of the additional ul-
trasound acquisition from the predetermined location, the
later in the sequence that said additional ultrasound ac-
quisition is provided the display data. This may, for ex-
ample, allow for sequential display of additional ultra-
sound acquisitions from a top of the display (e.g. a top
of a user’s leg) to a bottom of the display (e.g. a bottom
of the user’s leg).

[0136] In another embodiment, the display data is se-
quentially modified based on the time at which each ad-
ditional ultrasound acquisition is obtained or captured.
[0137] By way of example, the display data may be
sequentially modified so that the oldest (i.e. earliest cap-
tured) additional ultrasound acquisition is displayed first,
with subsequently captured additional ultrasound acqui-
sitions being displayed in the order of their capture. Thus,
the initial display data may be firstly modified so that ad-
ditional ultrasound acquisition that was captured first is
displayed, and then subsequently modified so that the
additional ultrasound acquisition which was captured
second is displayed, and so on. In this way, the later that
an additional ultrasound acquisition was captured, the
laterinthe sequence that additional ultrasound sequence
is in the display data.

[0138] The sequential modification to the initial display
data may be triggered by a userinput. By way of example,
a user may define a location of a predetermined location
45 (or desired direction) on the displayed 3D ultrasound
image, which triggers a sequential modification to the
initial display data based on distance from the predeter-
mined location 45.

[0139] In another example, a user may define a start
time for display of additional ultrasound acquisitions, and
the display data is modified so that a sequence of addi-
tional acquisitions captured after that start time is se-
quentially included (from earliest to latest) in the display
data.

[0140] Thedisplay datais modified so that the relevant
additional ultrasound acquisition(s) is displayed at the
location of the additional ultrasound acquisition on the
displayed 3D ultrasound image. This provides a user with
additional information and prevents confusion or misin-
terpretation.

[0141] Thus, the display data may be sequentially
modified so that a plurality of additional ultrasound ac-
quisitions are sequentially displayed in either an order of
acquisition or an order as determined during post-
processing of the additional ultrasound acquisitions.
Thus, post-processing of the additional ultrasound ac-
quisitions may be performed to determine a sequence
order (e.g. along a particular direction).

[0142] Thus, embodiments propose to sequentially
modify the display data to provide a sequential display
of additional ultrasound acquisitions. The order of the
sequential display may be based on, for example, a cap-
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ture order, a location order, an order representing a typ-
ical or known medical examination procedure and so on.
Sequential display of the ultrasound acquisitions advan-
tageously reduces an amount of memory required to dis-
play the images and also provides additional information
to a user or observer (i.e. the order of display provides
new information, such as a capture order, beyond that
previously available).

[0143] Figure 6 illustrates an ultrasound image display
system 50 according to an embodiment of the invention.
The ultrasound image display system 50 comprises a
three-dimensional ultrasound image processing system
7 and a 3D ultrasound image display 8.

[0144] Optionally, the ultrasound image display sys-
tem 50 comprises a user input device 51.

[0145] The 3D image processing system 7 is adapted
to obtain a 3D ultrasound image of a volume from an
ultrasound imaging system 2 comprising an ultrasound
probe (not shown) and an ultrasound probe tracker (not
shown).

[0146] The 3D image processing system 7 is also
adapted to obtain an additional ultrasound acquisition,
of a portion of interest of the volume, and identify a loca-
tion of the additional ultrasound acquisition within the 3D
ultrasound image.

[0147] The 3D image processing system 7 obtains sig-
nals, directly or indirectly, from the additional ultrasound
acquisition from the ultrasound imaging system 2 (e.g. a
2D ultrasound image). The 3D image processing system
7 may identify the location of the additional ultrasound
acquisition by obtaining a location from the ultrasound
imaging system, e.g. where the ultrasound probe marks
a location of the portion of interest or the additional ultra-
sound acquisition, or the user input device 43.

[0148] The 3D image processing system 7 is adapted
to provide or generate display data for display of the 3D
ultrasound image and the additional ultrasound acquisi-
tion.

[0149] The 3D ultrasound image display 8 is adapted
to display the 3D ultrasound image. In particular, the 3D
ultrasound image display is adapted to receive the dis-
play data; and display the 3D ultrasound image and the
additional ultrasound acquisition, with the display of the
additional ultrasound acquisition being based on the lo-
cation of the additional ultrasound acquisition.

[0150] Where initial or first display data is for display
ofthe 3D ultrasound image and a user-selectable marker,
the user input device 51 allows a user to select the user-
selectable marker displayed by the 3D ultrasound image
display 8. The user input device may comprise, for ex-
ample, a mouse, keyboard and/or touch-sensitive inter-
face (e.g. coupled to the display 8).

[0151] In some embodiments, the 3D image process-
ing system 7 is adapted to generate the 3D ultrasound
image itself. By way of example, the ultrasound imaging
system may output a series of 2D ultrasound images, to
which the 3D image processing system 7 applies a 3D
reconstruction process previously described. In other
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embodiments, the ultrasound image system 2 provides
a reconstructed or captured 3D ultrasound image.
[0152] In any of the herein described embodiments, a
relative orientation of the additional ultrasound acquisi-
tion with respect to the 3D ultrasound image may be ob-
tained. The display data may be adapted so that the ori-
entation of the displayed additional ultrasound acquisi-
tion (or an associated user-selectable marker) is based
on its relative orientation. In particular, the orientation of
the displayed additional ultrasound acquisition may cor-
respond with the orientation of the additional ultrasound
acquisition (when captured) relative to the 3D ultrasound
image.

[0153] Optionally, as the 3D ultrasound image is rotat-
ed (e.g. in the display), so the additional ultrasound ac-
quisition is rotated to maintain its relative orientation.
[0154] The ultrasound imaging system may capture
one or more orientation reference points of the 3D ultra-
sound image during the 3D ultrasound imaging process.
For example, a first orientation reference point may be
captured at a beginning of the ultrasound imaging proc-
ess.

[0155] The relative orientation for the displayed infor-
mation may then be captured by the ultrasound imaging
system. For example, the ultrasound probe tracker may
determine a relative orientation of the ultrasound probe
to the one or more orientation reference points when cap-
turing a location of the portion of interest. The ultrasound
probe tracker may comprise a probe orientation deter-
miner for capturing an orientation reference point. The
determiner may comprise, for example, an accelerome-
ter, gyrometer or other orientation-determining device.
[0156] In this way, both a translational position (i.e. lo-
cation) and a rotational position (i.e. orientation) of the
portion of interest can be used to position the additional
ultrasound acquisition or the user-selectable marker.
[0157] In some herein described embodiments, infor-
mation about a portion of interest may be provided by a
user. This information may be associated with the 3D
ultrasound image or an additional ultrasound acquisition.
The information about the portion of interest may com-
prises mark-up, graphical, textual or numerical informa-
tion of the portion of interest. By way of example, the
information may comprise a measurement of a portion
of interest, an annotation of the portion of interest, graph-
ical information associated with the portion of interest, a
label for the portion of interest, a highlight of the portion
of interest, a graphical overlay for the portion of interest
and so on.

[0158] In some preferred embodiments, the additional
ultrasound acquisition may be modifiable by a user to
contain annotations, measurements or other textual/nu-
merical information of a portion of interest. Thus, multiple
pieces of information about a portion of interest can be
combined into a single additional ultrasound acquisition,
reducing a number of memory accesses to provide the
information about the portion of interest and increasing
an efficiency of the system. The textual/numerical infor-
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mation may be input via the user input 51, which may
comprise, for example, a mouse and keyboard combina-
tion or a touchscreen.

[0159] Textual information may be added to an addi-
tional ultrasound acquisition during a capture process of
the additional ultrasound acquisition. Thus, a clini-
cian/user may label or indicate other important features
during a capture of additional ultrasound acquisition.
[0160] Figure 7 illustrates a method 60 of providing a
three-dimensional, 3D, ultrasound image with an addi-
tional ultrasound acquisition.

[0161] The method 60 comprises a step 61 of obtaining
a 3D ultrasound image of a volume from an ultrasound
imaging system comprising an ultrasound probe and an
ultrasound probe tracker.

[0162] The method 60 also comprises a step 62 of ob-
taining, from the ultrasound imaging system, an addition-
al ultrasound acquisition of a portion of interest of the
volume.

[0163] Themethod 60 alsocomprisesastep 63 ofiden-
tifying a location of the additional ultrasound acquisition
relative to the 3D ultrasound image.

[0164] The method 60 comprises a step 64 of gener-
ating display data for display of the 3D ultrasound image
and the additional ultrasound acquisition by a 3D ultra-
sound image display, with the display of the additional
ultrasound acquisition being based on the location of the
additional ultrasound acquisition.

[0165] The method may be adapted to carry out any
number of steps performed by the three-dimensional ul-
trasound image processing system previously described.
[0166] In all described embodiments, to avoid over-
burdening a memory or processor for the 3D ultrasound
image display, there may be a maximum number of dis-
played additional ultrasound acquisitions. Thus, the dis-
play data may be adapted to only provide for display of
a limited number of additional ultrasound acquisitions.
By way of example, if more than a predetermined number
(e.g. 5) of additional ultrasound acquisition is expected,
the display data associated with the longest display time
(e.g. that additional ultrasound acquisition which has
been displayed for the longest) may be removed from
display.

[0167] In all described embodiments, the method or
image processing system may be adapted so that the
display data removes display data associated with a par-
ticular additional ultrasound acquisition in response to a
particular user input. By way of example only, inclusion
in display data of another additional ultrasound acquisi-
tion may remove an earlier additional ultrasound acqui-
sition from the display data. In another example, there
may be a user-selectable button for removing data for
display of an additional ultrasound acquisition from the
display data.

[0168] In atleast one embodiment, the 3D ultrasound
image is displayed so that it is aligned with the main di-
rections of the patient to thereby mimic a conventional
CT or MR scan. The ultrasound probe may be adapted
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to record an orientation in space of the patient (e.g. to
identify an axial view of a patient). This may be per-
formed, for example, by placing the probe in alignment
with the subject or patient. By way of example, if the sub-
ject is a patient on a hospital bed, the probe may be
aligned with the main direction of the bed (i.e. arranged
to lie in a direction from a head of the bed to a foot of the
bed). It is a fair assumption that the patient will be well
aligned with the bed, so that the probe can thereby be
aligned with the axial direction of a patient. This provides
a simple and intuitive mechanism for determining a di-
rection of a patient using an ultrasound probe.

[0169] As described in the preceding passages, the
additional ultrasound acquisition may be a 2D ultrasound
image/video, such as a Doppler or contrast enhanced
ultrasound image. Preferably, the 2D ultrasound im-
agel/video is of a higher resolution, contrast, quality or
informative value than the 3D ultrasound image, or pro-
vides information (e.g. blood-flow information) not avail-
able in the 3D ultrasound image alone. In this way, pro-
vision of a 2D image may significantly increase a clini-
cian’s or user’s understanding of the imaged volume.
[0170] The proposed methods and processing sys-
tems are particularly suited to providing additional ultra-
sound acquisitions in response to a user selecting a user-
selectable marker on a display of a 3D ultrasound image,
as additional ultrasound acquisitions may require signif-
icant processing power and/or memory requirements to
retrieve and display. By only displaying additional ultra-
sound acquisitions when a corresponding marker is se-
lected, an efficiency of the system may be significantly
improved without affecting an availability of an image to
a clinician or user.

[0171] As discussed above, embodiments make use
of athree-dimensional ultrasound image processing sys-
tem. The processing system can be implemented in nu-
merous ways, with software and/or hardware, to perform
the various functions required. For example, the process-
ing system may comprise a controller, which employs
one or more microprocessors that may be programmed
using software (e.g., microcode) to perform the required
functions. A processing system may however be alter-
natively implemented without employing a processor,
and also may be implemented as a combination of ded-
icated hardware to perform some functions and a proc-
essor (e.g., one or more programmed microprocessors
and associated circuitry) to perform other functions.
[0172] Examples of processing system components
that may be employed in various embodiments of the
present disclosure include, but are not limited to, con-
ventional microprocessors, application specific integrat-
ed circuits (ASICs), and field-programmable gate arrays
(FPGAs).

[0173] In various implementations, a processing sys-
tem may be associated with one or more storage media
such as volatile and non-volatile computer memory such
as RAM, PROM, EPROM, and EEPROM. The storage
media may be encoded with one or more programs that,
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when executed on one or more processors and/or con-
trollers, perform the required functions. Various storage
media may be fixed within a processor or controller or
may be transportable, such that the one or more pro-
grams stored thereon can be loaded into a processing
system.

[0174] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
In the claims, the word "comprising" does not exclude
other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. The mere fact that cer-
tain measures are recited in mutually different dependent
claims does not indicate that a combination of these
measures cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting
the scope.

Claims

1. A method (60) of providing a three-dimensional, 3D,
ultrasound image (21) along with an additional ultra-
sound acquisition (23), the method comprising:

obtaining (61) a 3D ultrasound image of a vol-
ume from an ultrasound imaging system (2)
comprising an ultrasound probe and an ultra-
sound probe tracker;

obtaining (62), from the ultrasound imaging sys-
tem, an additional ultrasound acquisition of a
portion of interest of the volume;

identifying (63) a location of the additional ultra-
sound acquisition relative to the 3D ultrasound
image; and

generating (64) display data for display of the
3D ultrasound image and the additional ultra-
sound acquisition by a 3D ultrasound image dis-
play (8), with the display of the additional ultra-
sound acquisition being based on the location
of the additional ultrasound acquisition.

2. The method of claim 1, wherein the step of generat-
ing display data comprises:

generating first display data for display of the 3D
ultrasound image.

receiving a first user input;

in response to the first user input, generating
second display data for display of the 3D ultra-
sound image (21) and the additional ultrasound
acquisition (23), with the display of the additional
ultrasound acquisition being based on the loca-
tion of the additional ultrasound acquisition.

3. The method of claim 2, wherein:
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the first display data is for display of the 3D ul-
trasound image (21) and a user-selectable
marker (22), the display location of the user-se-
lectable marker being based on the location of
the additional ultrasound acquisition; and

the step of receiving a first user input comprises
receiving a first user input in response to the
user selecting the user-selectable marker.

The method of any preceding claim, further compris-
ing determining an orientation of the additional ultra-
sound acquisition with respect to the 3D ultrasound
image, wherein the display of the additional ultra-
sound acquisition is based on the determined orien-
tation of the additional ultrasound acquisition.

The method of any preceding claim, further compris-
ing:

determining how the additional ultrasound ac-
quisition overlays the 3D ultrasound image
based on the identified location; and

the step of generating the display data compris-
es generating display data for display of the 3D
ultrasound image with the additional ultrasound
acquisition overlaying the 3D ultrasound image
at the identified location.

The method of any preceding claim wherein the step
of identifying a location of the additional ultrasound
acquisition comprises obtaining the location from the
ultrasound probe tracker.

The method of any preceding claim, comprising
steps of:

obtaining, from the ultrasound imaging system,
a plurality of additional ultrasound acquisitions
(42, 43, 44) of different portions of interest of the
volume;

identifying a location of each additional ultra-
sound acquisition relative to the 3D ultrasound
image (41); and

generating (64) display data for display of the
3D ultrasound image and at least one of the plu-
rality of additional ultrasound acquisitions by a
3D ultrasound image display (8), with the display
ofthe least one additional ultrasound acquisition
being based on the respective locations of each
at least one additional ultrasound acquisition.

The method of claim 7, wherein the step of generat-
ing display data comprises:

generating display data for display of the 3D ultra-
sound image (4 1) and sequential display of each ad-
ditional ultrasound acquisition (42, 43, 44), with the
sequential display of each additional ultrasound ac-
quisition being based on the respective locations of
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28
each of the additional ultrasound acquisitions.

The method of claim 7, wherein the step of generat-
ing display data comprises:

generating display data for display of the 3D ultra-
sound image (41) and sequential display of each ad-
ditional ultrasound acquisition (42, 43, 44), with the
sequential display of each additional ultrasound ac-
quisition being based on the respective time at which
each additional ultrasound acquisitions was cap-
tured by the ultrasound imaging system.

The method of any preceding claim, further compris-
ing:

receiving a second user input;

identifying a location of a region of interest in the
3D ultrasound image based on the second user
input;

obtaining information about the region of inter-
est; and

generating display data for display of the 3D ul-
trasound image and the information about the
region of interest, with the display of the infor-
mation about the region of interest being based
on the location of the region of interest.

The method of any preceding claim, further compris-
ing:

receiving a third user input; and
modifying the additional ultrasound acquisition
based on the third user input.

The method of any preceding claim, wherein:

the step of obtaining the additional ultrasound
acquisition comprises obtaining a plurality of ad-
ditional ultrasound acquisitions of respective
portions of interest of the volume;

the step of identifying a location of the additional
ultrasound acquisition comprises identifying, for
each additional ultrasound acquisition, a re-
spective location of the additional ultrasound ac-
quisition with respect to the 3D ultrasound im-
age; and

the step of generating display data comprises
generating display data for display of the 3D ul-
trasound image and a selection of the additional
ultrasound acquisitions by a 3D ultrasound im-
age display, with the display of the selection of
additional ultrasound acquisitions being based
on the location of each selected additional ultra-
sound acquisition,

wherein the selection of the additional ultra-
sound acquisitions comprises fewer than the to-
tal number of additional ultrasound acquisitions.
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13. A computer program product comprising a compu-
ter-readable storage medium having computer-
readable program code embodied therewith, the
computer-readable program code configured to per-
form all of the steps of any preceding claim. 5

14. Athree-dimensional, 3D, ultrasound image process-
ing system (7) adapted to:

obtain a 3D ultrasound image (21) of a volume 70
from an ultrasound imaging system (2) compris-

ing an ultrasound probe (5) and an ultrasound
probe tracker (6);

obtain, from the ultrasound imaging system, an
additional ultrasound acquisition (23) of a por- 15
tion of interest of the volume;

identify a location of the additional ultrasound
acquisition relative to the 3D ultrasound image;

and

generate display data for display of the 3D ul- 20
trasound image and the additional ultrasound
acquisition by a 3D ultrasound image display (8),

with the display of the additional ultrasound ac-
quisition being based on the location of the ad-
ditional ultrasound acquisition. 25

15. A three-dimensional, 3D, ultrasound image display
system (50) comprising:

a 3D ultrasound image processing system (7) 30
according to claim 14; and

a 3D ultrasound image display (8) adapted to
receive the display data; and display the 3D ul-
trasound image and the additional ultrasound
acquisition, with the display of the additional ul- 35
trasound acquisition being based on the location

of the additional ultrasound acquisition.

40

45

50

55

16



EP 3 530 193 A1

101
102 4[

108

106 F y (
. Ff:le——l__
130
136 le/
£ Lk /
) )
140 132 128
142 144
FIG. 1
8

FIG. 2

17



Xy =

20A

21

EP 3 530 193 A1

21

\

/22
L~ 22
1 ) 5
Y1 Y2
21
N
Q
\
22
FIG. 3
N
23
/
) )

FIG. 4

18




EP 3 530 193 A1

=l

41

FIG. 5

--------------------------------------------

FIG. 6

19



FIG. 7

60



10

15

20

25

30

35

40

45

50

55

EP 3 530 193 A1

9

Européisches
Patentamt

European

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

patent Office EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 18 29 0014

Category Citation of document with indication, where appropriate, Relev_ant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X WO 2017/076758 Al (KONINKLIJKE PHILIPS NV |1-15 INV.
[NL]) 11 May 2017 (2017-05-11) A61B8/06
* page 1, lines 1-16; claim *; figure * * A61B8/00
* page 2, line 9 - page 5, line 14 * A61B8/08
* page 6, line 20 - page 22, line 13 *
X WO 2017/211910 Al (KONINKLIJKE PHILIPS NV |1,13,14
[NL]) 14 December 2017 (2017-12-14)
A * the whole document * 2-12,15
X US 2017/238907 Al (KOMMU CHS MOHAN KRISHNA|[1,13,14
[IN]) 24 August 2017 (2017-08-24)
A * the whole document * 2-12,15
X DE 10 2016 105690 Al (SIEMENS MEDICAL 1,13,14
SOLUTIONS USA INC [US])
6 October 2016 (2016-10-06)
A * the whole document * 2-12,15
A US 2015/182191 Al (CALUSER CALIN [US] ET |7-12
AL) 2 July 2015 (2015-07-02) TECHNICAL FIELDS
* the whole document * SEARCHED (PO
----- A61B
A JP 2017 170131 A (TOSHIBA MEDICAL SYS 1-15

CORP) 28 September 2017 (2017-09-28)
* the whole document *

The present search report has been drawn up for all claims

Place of search Date of completion of the search

Munich 20 July 2018

Examiner

Mundakapadam, S

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

21




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 530 193 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 18 29 0014

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

20-07-2018
Patent document Publication Patent family Publication

cited in search report date member(s) date

W0 2017076758 Al 11-05-2017  NONE

W0 2017211910 Al 14-12-2017  NONE

US 2017238907 Al 24-08-2017  NONE

DE 102016105690 Al 06-10-2016  CN 106037797 A 26-10-2016
DE 102016105690 Al 06-10-2016
JP 6297085 B2 20-03-2018
JP 2016190032 A 10-11-2016
US 2016287214 Al 06-10-2016

US 2015182191 Al 02-07-2015 EP 3089670 Al 09-11-2016
US 2015182191 Al 02-07-2015
WO 2015103388 Al 09-07-2015

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

22



EP 3 530 193 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

.«  US 5997479 A, Savord [0056] .« US 6458083 B, Jago [0062]
«  US 6013032 A, Savord [0056] . US 6443896 B, Detmer [0065]
.+ US 6623432 B, Powers [0056] . US 6530885 B, Entrekin [0065]

* US 6283919 B, Roundhill [0062]

23



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN
IPCH %5
REM(F)
ShEREESE

BEX)

—MATRERMH#=

RE=ZS#EFEH

EP3530193A1 AFF(AE)A
EP2018290014 % B
ERTFHBFRHBERAA

ERTEFEN.V.

ERTERAEN.V.

ROUET LAURENCE

ROUET, LAURENCE

A61B8/06 A61B8/00 A61B8/08
ROCHE , DENIS

Espacenet

4#3DBFEGUR B ANESREN T ENLERS,

BEXT=4BFREGNMNMESRENNVE, ERETHE , HHH
MBEERENERETHMBEEREEN T =Z4BFRGNLE.

patsnap

2019-08-28

2018-02-26

FIG. 2


https://share-analytics.zhihuiya.com/view/ca96434f-40d7-4eb9-86fc-df0f7db54d63
https://worldwide.espacenet.com/patent/search/family/061622472/publication/EP3530193A1?q=EP3530193A1

