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ULTRASOUND SYSTEM AND METHOD FOR
DETECTING LUNG SLIDING

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasound
system and a method for detecting a lung sliding motion,
particularly a lung sliding motion on the basis of a temporal
sequence of ultrasound B-mode frames of a region of
interest including a pleural interface of a lung.

BACKGROUND OF THE INVENTION

[0002] Pneumothorax (PTX) is a commonly encountered
condition in the emergency room, the intensity or intensive
care unit (ICU), and the critical care unit (CCU). Ultrasound
imaging using the eFAST protocol (extended Focused
Assessment with Sonography on Trauma) is used for the
assessment of PTX. Expert consensus has led to the devel-
opment of the simplified BLUE (Bedside Lung Ultrasound
Examination) protocol where certain features such as Lung
sliding, B-lines, lung point, lung pulse are evaluated to
determine the presence or absence of PTX.

[0003] It is known from literature that when well-trained
experts evaluate the lung, the sensitivity of PTX detection is
around 92%, whereas for emergency room (ER) doctors
with the minimum required training it is only about 57%.
Chest X-ray (CXR) has also been shown to have poor
accuracy. While CT is the gold standard, it is not always
available, cannot be performed on unstable patients, and has
radiation concerns. Thus, a more automated method to
detect PTX using ultrasound would be useful in early
detection and improved care to the patient.

[0004] Inrural and emerging markets, the current adoption
of ultrasound, especially in non-traditional medical depart-
ments such as the emergency department and ICU/CCU etc.,
continues to be particularly low mainly due to lack of
training and experience in the ER community. In contrast,
patient throughput in such departments is high, making a
high demand on user-independent and robust methods for
trauma identification, especially for chest trauma. In China
in particular, most ER scans are performed by junior ultra-
sound doctors who lack training in emergency and critical
care ultrasound but who have experience in general ultra-
sound imaging, and eFAST protocols have not yet been
institutionalized.

[0005] Automated methods are expected to provide assis-
tance and guidance to such users; they will minimize the
amount of training needed and lead to better adoption of
ultrasound in the ER, the ICU/CCU, and/or any other
medical department.

[0006] US2013/197370 Al describes a method of deter-
mining the presence of a pneumothorax includes obtaining
a series of frames of image data relating to a region of
interest including a pleural interface of a lung.

[0007] WO2016/046140A1 discloses an ultrasound sys-
tem comprising a probe configured to obtain ultrasound data
relating to a scanning region including at least part of a
pleural interface of a lung and a data analyzer configured to
automatically detect information for determining lung slid-
ing and/or lung point using one or more cross correlation
maps derived from the data.
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SUMMARY OF THE INVENTION

[0008] Therefore, it would be advantageous to provide an
ultrasound system and method capable of deriving and
presenting quantitative and/or qualitative information so as
to facilitate understanding and/or interpretation of ultra-
sound data of the lung region. It would be also advantageous
to provide an ultrasound system and method for detecting
lung sliding and/or lung point.

[0009] In accordance with an embodiment of a first aspect
of the present invention, there is proposed an apparatus for
detecting lung sliding on the basis of a temporal sequence of
ultrasound data frames of a first region of interest. The
apparatus comprises a sub-region identifier configured to
identify, for each of the ultrasound data frames, a sub-region
of a scanned region of the ultrasound data frame, the
sub-region comprising at least part of the pleural interface;
alung sliding detector configured to derive a parametric map
for the sub-region on the basis of at least two ultrasound data
frames of the temporal sequence, parametric values of the
parametric map indicating a degree of tissue motion over the
at least two ultrasound frames; wherein the lung sliding
detector is further configured to extract data of the sub-
regions from the at least two ultrasound data frames, and to
derive the parametric map on the basis of the extracted data.
[0010] In some embodiments, the apparatus is part of an
ultrasound device or system capable of acquiring, via an
ultrasound probe, ultrasound data. Additionally or alterna-
tively, the apparatus is connectable to one or more storage
devices for storing ultrasound data, which may be the
storage device of a PACS (picture archiving and communi-
cation system) or hospital information system.

[0011] An ultrasound data frame is acquired by receiving
ultrasound echo signals from a region, and such a region is
often called the scanned region or the imaged region. The
scanned region can be two-dimensional or three-dimen-
sional. An ultrasound data frame for a two-dimensional scan
region can be directly acquired by a two-dimensional scan,
or can be reconstructed from ultrasound data of a three-
dimensional scan. Each ultrasound data frame of the tem-
poral sequence comprises ultrasound data of the first region
of interest at a different time point or instant, and thus, the
scanned region of each ultrasound data frame is intended to
be the same, namely the first region of interest. However, the
scanned region of each ultrasound data frame may be
different in practice due to, for example, probe movements.
Further, even if the scanned region in each ultrasound data
frame is the same, the same tissue in the first region of
interest may not appear at the same pixel location in each
ultrasound data frame due to, for example, tissue movements
inside the scanned region.

[0012] The ultrasound data frame can be a B-mode data
frame or any other suitable ultrasound data frame in which
each value represents the amplitude or intensity of the echo.
The temporal sequence of the ultrasound data frames can be
a B-mode video, also called B-mode cine-loop. The ultra-
sound data frame can, for example, be stored and transferred
in the format of DICOM (digital imaging and communica-
tions in Medicine) data. Alternatively, the ultrasound data
frame can be an ultrasound radio frequency (RF) data frame,
or any other suitable ultrasound data frame derived from the
ultrasound radio frequency data frame. The ultrasound radio
frequency data frame typically has a higher axial resolution.
In this case, the parametric map can be derived directly from
the ultrasound radio frequency data frame, by for example
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calculating the frame-to-frame phase difference, and alter-
natively, B-mode data frames are derived first from the
ultrasound radio frequency data frames and then the para-
metric map is derived from the B-mode data frames.
[0013] The derived parametric map indicates the degree of
tissue motion, and thus can facilitate the users to interpret
the ultrasound data, especially to identify tissue motion.
Taking PTX evaluation as an example, currently, clinicians
such as doctors and/or sonographers use their considerable
training to determine a lung sliding and/or lung point feature
on black and white B-mode cine-loops. In emergency situ-
ations this process adds to the time and effort involved,
while the clinician is trying to perform multiple critical
tasks. Moreover, it is difficult to manually identify subtle
motion features such as lung sliding compared to strong
background motion by visually observing the ultrasound B
mode videos, especially when the lung sliding is reduced.
The derived parametric map quantitatively represents the
degree of tissue motion, and thus can facilitate the clinicians
to identify the existence of lung sliding and/or lung point.
[0014] Furthermore, the inventors of the present invention
have proposed to identify first a sub-region of the scanned
region, such as a region around the pleural interface, and
then derive the parametric map only for the sub-region,
rather than the whole scanned region, on the basis of the
following recognitions. The inventors have recognized that
tissue motion around the pleural interface may be more
important for the detection of lung sliding and/or lung point,
the parametric map for the whole scanned region contains
more information than necessary, and the unnecessary infor-
mation, such as tissue motion other than lung motion, may
de-focus the users. Furthermore, the computational com-
plexity can be significantly reduced by restricting the deri-
vation of the parametric map in a sub-region of the scanned
region, which is very attractive especially for mobile ultra-
sound applications where such derivation is implemented in
a portable device. The portable device can be a tablet such
as a PAD or a smart phone.

[0015] In accordance with some embodiments, the appa-
ratus further comprises a user interface configured to visu-
alize the likelihood of Tung sliding on the basis of the derived
parametric map. The visualization can be achieved in dif-
ferent ways in various embodiments.

[0016] Inoneembodiment, the user interface is configured
to present at least part of the derived parametric map in the
form of a parametric image, overlaid with an image of at
least the sub-region generated on the basis of at least one of
the ultrasound data frames of the sequence. The parametric
image can represent the whole parametric map. Alterna-
tively, the parametric image can represent part of the para-
metric map, such as the parametric map for the region below
the pleural line. The image overlaying the parametric image
can, for example, be a B-mode image. The image overlaying
the parametric image can be generated on the basis of a
single ultrasound data frame of the temporal sequence, and
alternatively, it can be generated on the basis of more than
one ultrasound data frames by, for example, averaging
across the more than one ultrasound data frames. The image
overlaying the parametric image can be an image of the
whole scanned region of the ultrasound data frame(s), or
alternatively, it can be an image of a part of the scanned
region of the ultrasound data frame(s) which comprises the
sub-region. Through visually observing the parametric
image, the users can observe tissue motion in the region
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around the pleural interface in a more straightforward way,
and can thus identify the existence of lung sliding and/or
lung point faster and more reliably.

[0017] Additionally or alternatively, the user interface is
configured to visualize the likelihood of lung sliding in the
form of a strip. In particular, the lung sliding detector is
further configured to derive, on the basis of the parametric
map, a sliding profile representing sliding values as a
function of lateral positions, each sliding value for a lateral
position indicating the likelihood of lung sliding at the
lateral position; and the user interface is further configured
to present the derived sliding profile in the format of a strip,
overlaid with or next to an image of at least the sub-region
generated on the basis of at least one of the ultrasound data
frames of the sequence. The likelihood of lung sliding at a
lateral position is proportional to the extent or severity of
tissue motion around the pleural interface at that lateral
position. The more tissue motion at a lateral position, the
higher the likelthood of lung sliding at the lateral position is.
Typically, lung sliding appears along the whole pleural line
for a normal lung, may disappear under PTX conditions, and
may partially disappear at the boundary of the PTX (known
as lung point), meaning that it exists at certain lateral
positions while it does not exist at other lateral positions,
under partial PTX conditions. Through visually observing
the strip, the users can directly observe the likelihood of Tung
sliding at individual lateral positions, and identify the lung
point when determining the boundary of the PTX under
partial PTX conditions.

[0018] In accordance with some embodiments, the user
interface is further configured to receive a user input for
indicating a modification of a grayscale-coding or color-
coding scheme, and to modify the visualization on the basis
of the received user input. The user interface is configured
to visualize the likelihood of lung sliding in accordance with
a grayscale-coding or color-coding scheme. For example,
the aforementioned parametric image and/or strip can be
grayscale-coded or color-coded. The user interface is further
configured to receive a user input for indicating a modifi-
cation of the grayscale-coding or color-coding scheme, and
to modify the visualization on the basis of the received user
input. In one embodiment, the user interface comprises a
touchscreen and displays a bar, slider or the like representing
the grayscale-coding or color-coding scheme, and the user
can modify the grayscale-coding or color-coding scheme by
manipulating the bar, the slider or the like.

[0019] In accordance with some embodiments, the appa-
ratus further comprises a user interface configured to receive
a user input for indicating a modification to the identified
sub-region; and the sub-region identifier is configured to
modify the identified sub-region on the basis of the received
user input. Thus, the user is able to manually trim and/or
move the identified sub-region, which is particularly useful
for the cases where the automatic identification of the
sub-region fails to identify the region around the pleural
interface as the sub-region. In one embodiment, the user
interface comprises a touchscreen. The touchscreen allows
the user to perform various operations through physical
contact and interaction, such as touch or tap, drag and drop,
touch flow, multi-touch and/or other physical interaction. In
an embodiment, the sub-region identifier is configured to
modify, including move and/or resize, the identified sub-
region on the basis of one or more operations applied in the
displayed sub-region on the touch screen.
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[0020] The sub-region identifier can be configured to
identify the sub-region in different ways in accordance with
various embodiments.

[0021] In some embodiments, the sub-region is identified
on the basis of one or more predetermined parameters. The
one or more predetermined parameters can be set by default,
by user selection, or they can be derived on the basis of other
parameters. In an example, the one or more predetermined
parameters comprise a predetermined depth range, and the
sub-region is identified as part of the scanned region within
the predetermined depth range. Based on the observation
that the pleural interface is typically about 1.5-5 cm under
the skin surface from the top of the scanned region, the
predetermined depth range can be set as 0-6 or 1-6 cm for
example. Based on the observation that the depth of the
pleural interface increases with the BMI (body mass index)
of the subject, the predetermined depth range can be
adjusted on the basis of the BMI of the subject. Based on the
observation that the pleural interface is approximately 0.5
cm below the ribs, the predetermined depth range can be set
on the basis of the depth of the rib(s).

[0022] In some other embodiments, the apparatus further
comprises a pleural line detector configured to detect a
pleural line in at least one of the ultrasound data frames, and
the sub-region identifier is configured to identify the sub-
region for each of the ultrasound data frames on the basis of
the detected pleural line. As is well-known, the pleural
interface appears as an echogenic horizontal line, called a
pleural line, due to strong reflection at the pleural interface.
Once the pleural line is automatically detected in an ultra-
sound data frame, the sub-region in that ultrasound image
can be identified as surrounding the detected pleural line. In
an example, the top and bottom edges of an identified
sub-region are respectively above and below the detected
pleural line by a predetermined depth value, such as 0.5 cm.
The depth of the pleural line typically varies from 1.5-5 cm
from one subject to another. By knowing the location of the
pleural line for the subject under examination, a smaller
sub-region can be identified. In one example, the pleural line
is detected in each of the ultrasound data frames, and then
the sub-region in each ultrasound data frame is identified on
the basis of the detected pleural line in that ultrasound data
frame. Alternatively, the sub-region identifier is configured
to detect the pleural line and the sub-region in one ultra-
sound data frame, and then identify the sub-region in each
of other ultrasound data frames by assuming that the spatial
location of the sub-region is the same for all the ultrasound
data frames. In this case, a relatively large sub-region can be
identified so as to provide sufficient tolerance for possible
motion across the ultrasound data frames.

[0023] The automatic detection of the pleural line can be
implemented by any suitable existing and future-developed
detection algorithm. In accordance with one embodiment,
the pleural line detector is configured to estimate a depth of
the pleural interface, and detect a pleural line in at least one
of the ultrasound data frames of the temporal sequence on
the basis of the estimated depth. As compared to those
detection algorithms which search the pleural line through-
out the scanned region, it is proposed to search or detect the
pleural line on the basis of the estimated depth of the pleural
line, resulting in a faster and more reliable detection.

[0024] The depth of the pleural can be estimated in
different ways.
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[0025] In some embodiments, estimating the depth of the
pleural interface comprises: deriving, for each of one or
more predetermined lateral positions, an intensity profile
representing an intensity value as a function of depth, each
intensity value indicating an averaged ultrasound data value
at the corresponding depth over multiple ultrasound data
frames of the temporal sequence, on the basis of the multiple
ultrasound data frames of the temporal sequence, and esti-
mating the depth of the pleural interface on the basis of the
derived intensity profile(s). In this way, the depth of the
pleural line is estimated on the basis of multiple frames
rather than a single frame, and thus the estimated depth of
the pleural line is more reliable, especially when the pleural
line in a certain frame is difficult to detect. For example, the
pleural line in a certain frame is not a continuous bright
horizontal line, but is broken into several lines, and is
therefore difficult to be distinguished from other bright lines
in the scanned region. Lateral positions refer to multiple
points along the lateral direction or surface which is
orthogonal to the depth direction. For example, the one or
more predetermined lateral positions can comprise a center
position along the lateral direction and/or two positions apart
from the center position by a predetermined distance, such
as one-fourth of the width of the scanned region. In some
embodiments, the depth of the pleural interface is estimated
as the depth of the peak of the intensity profiles. In some
embodiments, when more than one intensity profiles are
derived, the depth of the pleural interface can be estimated
as an average of the depth of the peak of each intensity
profile.

[0026] In some other embodiments, estimating the depth
of the pleural interface comprises: receiving an ultrasound
data frame of a second region of interest including a pleural
interface of the lung and at least one rib, the second region
of interest being a transverse view of the lung; estimating a
depth of the at least one rib on the basis of the ultrasound
data frame; and estimating the depth of the pleural interface
on the basis of the estimated depth of the at least one rib and
a predetermined value. The pleural line consists of the
closely opposed visceral and parietal pleura. In a normal
lung, the visceral pleura slides horizontally against the
parietal pleura, producing a phenomenon called “lung slid-
ing”. Thus, the detection of the degree of tissue motion is
useful for the detection of lung sliding. The lung sliding
detector can be configured to derive the parametric map for
indicating the degree of tissue motion in various ways.

[0027] Insome embodiments, the parametric value can be
derived by estimating the motion vector by performing
block correlation or normalized cross correlation, or by
calculating optical flow vectors. Due to tissue motion, the
same tissue point may appear at different pixel locations in
different ultrasound data frames. The distance over which
the same tissue point moves can be used to represent the
degree of the tissue motion. The aforementioned algorithms
are intended to determine the motion of individual tissue
points so as to assess the degree of the tissue motion.

[0028] The inventors of the present invention have
observed and recognized that in the case of lung sliding, the
ultrasound data above the pleural line is a structured tissue-
reflection which is real and which is trackable by estimating
the motion vector, and the ultrasound data below the pleural
line contains a lot of artefacts which do not reflect any real
structure of body tissue for normal lungs, and the estimated
motion vector is not reliable. The inventors of the present
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invention have thus proposed to measure a single-pixel
intensity-change over time caused by tissue motion, rather
than estimating the motion vector of the tissue motion. In
particular, the parametric value for a pixel location in the
scanned region indicates, and is for example proportional to,
an amount of change in ultrasound data values of the pixel
location over the at least two ultrasound data frames as a
result of tissue motion.

[0029] In accordance with some embodiments, the appa-
ratus further comprises a background motion detector con-
figured to detect a degree of background motion and deter-
mine whether the degree of background motion exceeds a
predetermined threshold; and a user interface configured to
present the derived parametric map only if the degree of
background motion does not exceed the predetermined
threshold, and/or to present an indicator for indicating the
degree of background motion if the degree of background
motion exceeds the predetermined threshold. Background
motion is known to be typically caused by probe motion,
breathing, internal muscle movement are typical background
motions, and the existence of the background motion may
negatively impact the detection of lung sliding. In an
embodiment, the degree of background motion is deter-
mined on the basis of the derived parametric map. The
background motion may be determined in other ways, such
as by means of any motion detection algorithm or an
additional sensor provided on the probe etc. Preferably, in
accordance with an embodiment of the invention, the degree
of background motion is measured by an average of the
parametric values above the pleural line. Typically, the
B-mode values of pixels above the pleural line are higher.
The inventors of the present invention have recognized that
if there is background motion, all pixel values may change
due to the motion, but the value change of darker pixels is
smaller than the value change of brighter pixels, and there-
fore, it is advantageous to average the parametric values of
the brighter pixels.

[0030] In accordance with an embodiment of a second
aspect of the present invention, there is proposed an ultra-
sound system. The ultrasound system comprises: an ultra-
sound data acquisition unit comprising an ultrasound trans-
ducer array, configured to acquire a temporal sequence of
ultrasound data frames of a first region of interest including
a pleural interface of a lung; and a data processor for
processing the temporal sequence, configured to identify, for
each of the ultrasound data frames, a sub-region of a scanned
region of the ultrasound data frame, the sub-region com-
prising at least part of the pleural interface, to extract data of
the sub-regions from the at least two ultrasound data frames,
and to derive a parametric map for the sub-region on the
basis of the extracted data, parametric values of the para-
metric map indicating tissue motion over the at least two
ultrasound frames.

[0031] Inaccordance with an embodiment of a third aspect
of the present invention, there is proposed a method of
detecting lung sliding. The method comprises the steps of:
retrieving a temporal sequence of ultrasound data frames of
a first region of interest including a pleural interface of a
lung; identifying, for each of the ultrasound data frames, a
sub-region of the scanned region of the ultrasound data
frames, the sub-region comprising at least part of the pleural
interface; extracting data of the sub-regions from the at least
two ultrasound data frames; and deriving a parametric map
for the sub-region on the basis of the extracted data, para-
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metric values of the parametric map indicating tissue motion
over the at least two ultrasound frames.

[0032] In accordance with an embodiment of a fourth
aspect of the present invention, there is proposed a computer
product comprising computer program instructions which,
when being executed, perform the aforementioned method.
[0033] Other objects and advantages of the present inven-
tion will become more apparent and can be easily under-
stood with reference to the description made in combination
with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

[0034] The present invention will be described and
explained hereinafter in more detail in combination with
embodiments and with reference to the drawings, wherein:
[0035] FIG. 1 illustrates two typical scans, namely a
longitudinal scan and an oblique scan for a lung;

[0036] FIG. 2 illustrates the lung sliding phenomenon in a
schematic drawing and an ultrasound B-mode image;
[0037] FIG. 3 illustrates an ultrasound system in accor-
dance with an embodiment of the present invention;
[0038] FIG. 4 illustrates an apparatus for detecting lung
sliding in accordance with an embodiment of the present
invention;

[0039] FIG. 5illustrates a method of detecting lung sliding
in accordance with an embodiment of the present invention;
[0040] FIGS. 6A-6C each illustrate an ultrasound B-mode
image and a combined image of the ultrasound B-mode
image overlaid with a parametric map in accordance with an
embodiment of the present invention, wherein FIG. 6A
illustrates a case where lung sliding is present, FIG. 6B
illustrates a case where lung sliding is absent, and FIG. 6C
illustrates a case where lung sliding is partially present and
a lung point is present(?);

[0041] FIGS. 7A-7C each illustrate a combined image of
an ultrasound B-mode image and a horizontal strip for
indicating the likelihood of lung sliding in accordance with
an embodiment of the present invention, wherein FIG. 7A
illustrates a case where lung sliding is present, FIG. 7B
illustrates a case where lung sliding is absent, and FIG. 7C
illustrates a case where lung sliding is partially present and
a lung point is present;

[0042] FIG. 8 illustrates a method of detecting a pleural
line in accordance with an embodiment of the present
invention;

[0043] FIG. 9 illustrates an intensity profile representing
an intensity value averaged over multiple ultrasound data
frames as a function of depth values derived in accordance
with an embodiment of the present invention;

[0044] FIG. 10 illustrates, in an ultrasound B-mode image,
apleural line detected in accordance with an embodiment of
the present invention;

[0045] FIG. 11 illustrates an ultrasound B-mode image
overlaid with a line for visualizing the detected pleural line
in accordance with an embodiment of the present invention;
[0046] FIG. 12 illustrates an ultrasound B-mode image
overlaid with a box for visualizing the identified sub-region
in accordance with an embodiment of the present invention;
[0047] FIGS. 13A-13D each illustrate an ultrasound
B-mode image and an indicator for indicating the degree of
background motion if the degree of background motion
exceeds the predetermined threshold in accordance with an
embodiment of the present invention;
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[0048] FIGS. 14A-14E each illustrate an ultrasound
B-mode image overlaid with a parametric image; and
[0049] FIG. 15 illustrates an ultrasound B-mode image
and two sliding bars for dynamically changing one or more
parameters.

[0050] The same reference signs in the figures indicate
similar or corresponding features and/or functionalities.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0051] The present invention will be described with
respect to particular embodiments and with reference to
certain drawings, but the invention is not limited thereto but
only by the claims. The drawings described are only sche-
matic and are non-limiting. In the drawings, the size of some
of the elements may be exaggerated and not drawn to scale
for illustrative purposes.

[0052] FIG. 1 illustrates two typical scans, namely a
longitudinal scan and an oblique scan for a lung (G. Luna
and G. Volpocelli, ‘How I do it: Lung ultrasound’, Cardio-
vascular Ultrasound, 2014, Vol. 12:25). Referring to FIG. 1,
lung ultrasound (LUS) can be performed on the whole chest
by positioning the ultrasound transducer both longitudinally,
perpendicular to the ribs, and obliquely, along the intercostal
spaces, which are referred to as a longitudinal scan 110 and
an oblique scan 120, respectively.

[0053] FIG. 2 illustrates the lung sliding phenomenon in a
schematic drawing and an ultrasound B-mode image
(Philips Perera, et.al, ‘Rapid ultrasound in shock: The RUSH
protocol’, Emergency Medicine, April 2010, Volume 2010:
12-26).

[0054] PTX represents the second most common injury,
after rib fracture, in blunt and penetrating chest trauma cases
and can be detected on ultrasound using four lung features
including lung sliding, B-lines, lung point and lung pulse.
Small PTXs are usually asymptomatic and can safely be
managed without a chest drain, but emergency physicians
need to pay more attention to their progress. In cases where
the pneumothorax is due to blunt or penetrating trauma, any
size PTX should be treated with a thoracotomy tube to avoid
the creation of a tension PTX. Large PTXs may cause
respiratory distress, and tension PTXs can cause cardiorespi-
ratory failure.

[0055] Lung sliding is the dynamic horizontal movement
of the pleural line during respiration in an intact lung. FIG.
2 illustrates a schematic drawing of a lung on the left, and
a corresponding ultrasound B-mode image on the right.
Referring to FIG. 2, a superior rib 220 and an inferior rib 230
appear beneath the chest wall 210 at the superior side 201
and the inferior side 202, and dark regions appear right
beneath the ribs due to the strong reflection of the ribs and
are referred to as rib shadowing. The pleural interface
appears as an echogenic horizontal line 260 (called pleural
line) due to strong reflection at the pleural interface, located
approximately a half centimeter posterior to the ribs 220,
230. The pleural interface consists of the closely opposed
visceral pleura 250 and parietal pleura 240. In a normal lung,
the visceral pleura 250 slides horizontally against the pari-
etal pleura 240, producing a phenomenon called lung slid-
ing, with a glistening or shimmering appearance as the
subject breathes. Under a pneumothorax condition, the
aforementioned lung sliding phenomenon will disappear due
to air leaking into the chamber of the rib case and stopping
the penetration of ultrasound waves.
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[0056] FIG. 3 illustrates an ultrasound system in accor-
dance with an embodiment of the present invention. The
ultrasound system 300 can be a stand-alone ultrasound
diagnostic imaging system which can be either fixedly
mounted or equipped with wheels to enable movement. The
ultrasound system 300 can be a compatible, portable device.
The ultrasound system 300 can comprise an ultrasound
probe connectable, for example via a USB interface, to any
suitable portable device. The portal device can be a laptop,
a tablet, a smart phone or the like.

[0057] The ultrasound system 300 comprises an ultra-
sound data acquisition unit 310 capable of acquiring ultra-
sound data frames. The acquisition unit 310 may comprise
an ultrasound transducer array 312, a beamformer 314 and
a signal processor 316. The ultrasound transducer array 312
can comprise piezoelectric transducer elements formed of
materials such as PZT or PVDF. The ultrasound transducer
can alternatively be a CMUT transducer. The ultrasound
transducer array 312 can comprise a one- or two-dimen-
sional array of transducer elements capable of scanning in a
2D plane or in three dimensions for 3D imaging. The
ultrasound transducer array 312 can be a sector, linear,
curved or matrixed ultrasound transducer. The ultrasonic
transducer array 312 is configured to transmit ultrasonic
energy and receive echoes returned in response to this
transmission. A beamformer 314 can be configured to beam-
form the echo signals to produce coherent echo signals, such
as ultrasound raw radio frequency data. The beamformed
signals can be coupled to a signal processor 316. The signal
processor 316 can process the received echo signals in
various ways, such as bandpass filtering, decimation, I and
Q component separation, and harmonic signal separation.
The signal processor 316 can derive various ultrasound data,
such as ultrasound radio frequency (RF) data, B-mode data,
Doppler data, from the received ultrasound echo signals. For
example, it may employ detection of an amplitude of the
received ultrasound signal for the imaging of structures in
the body such as the tissue of organs and vessels in the body.
B mode images of structures of the body may be formed in
either the harmonic image mode or the fundamental image
mode or a combination of both as described in U.S. Pat. No.
6,283,919 (Roundhill et al.) and U.S. Pat. No. 6,458,083
(Jago et al.) The signal processor 316 can further arrange the
echo signals in the spatial relationship in which they were
received to form an ultrasound data frame. Ultrasound data
frames acquired at different timepoints can form a temporal
sequence of ultrasound data frames. The beamformer 314
and the signal processor 316 are illustrated as two units, but
the person skilled in the art would appreciate that they are
logic or functional units, and they can be implemented in a
single unit or each of them can be implemented by more than
one separate units. A so-called ultrasound probe, to be held
by the clinicians during the examination, comprises at least
the ultrasound transducer array 310, and can, optionally,
comprise part or all of the functions of the ultrasound
acquisition unit 310.

[0058] In accordance with an embodiment of the inven-
tion, the ultrasound acquisition unit 310 is configured to
acquire, via the ultrasound transducer array 312, a temporal
sequence of ultrasound data frames of a first region of
interest including a pleural interface of a lung. Either a
longitudinal scan 110 or an oblique scan 120 or both can be
performed by the clinician to acquire the ultrasound data.
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[0059] Theultrasound system 300 further comprises a data
processor 320 for processing the temporal sequence of
ultrasound data frames. The data processor 320 is coupled to
the ultrasound acquisition unit 310. Additionally, the data
processor 320 may be further coupled to a storage device of
another apparatus, such as a hospital information system,
and configured to retrieve the temporal sequence of ultra-
sound data frames from the storage device. The data pro-
cessor 320 is configured to identify, for each of the ultra-
sound data frames, a sub-region of the scanned region of the
ultrasound data frame, wherein the sub-region comprises at
least part of the pleural interface. The data processor 320 is
further configured to extract data of the sub-regions from the
at least two ultrasound data frames, and to derive a para-
metric map for the sub-region on the basis of the extracted
data. The parametric values of the parametric map indicate
tissue motion over the at least two ultrasound frames.

[0060] The ultrasound system 300 further comprises a user
interface 330 coupled to the data processor 320. The user
interface 330 is configured to visualize the likelihood of lung
sliding on the basis of the derived parametric map. The user
interface 330 may be further configured to receive one or
more user inputs.

[0061] Details of the derivation of the parametric map, the
visualization of the likelihood of lung sliding, as well as the
one or more user inputs will be described below with
reference to FIG. 4 and FIG. 5.

[0062] FIG. 4 illustrates an apparatus 400 for detecting
lung sliding in accordance with an embodiment of the
present invention. FIG. 5 illustrates a method 500 of detect-
ing lung sliding in accordance with an embodiment of the
present invention. The person skilled in the art would
appreciate that the components in FIG. 4 and the steps in
FIG. 5 are not intended to restrict the present invention, but
merely show a particular embodiment of the present inven-
tion, and some of them may be optionally omitted or
modified in various embodiments.

[0063] The apparatus 400 is configured to detect lung
sliding on the basis of ultrasound data comprising a temporal
sequence of ultrasound data frames of a first region of
interest, wherein the first region of interest includes a pleural
interface of a lung. In some embodiments, the apparatus 400
can be part of an ultrasound system, such as the data
processor 320 of the ultrasound system 300. In some other
embodiments, the apparatus 400 can be connectable to one
or more storage devices for temporally or permanently
storing ultrasound data, which may be the storage device of
an ultrasound system, an ultrasound probe, a PACS system
or other hospital information system.

[0064] In step S510, the apparatus 400 is configured to
retrieve a temporal sequence of ultrasound data frames of a
first region of interest, wherein the first region of interest
includes a pleural interface of a lung. The apparatus 400 can
detect lung sliding for a real-time temporal sequence of
ultrasound data frames, or it can detect lung sliding during
the post-processing of a previously acquired temporal
sequence of ultrasound data frames. Accordingly, the tem-
poral sequence of ultrasound data frames can be sequentially
retrieved in a real-time data stream, such as frame by frame,
or it can be retrieved at one time. The ultrasound data frame
can be a B mode data frame, which is the most widely used
ultrasound modality. The ultrasound data frame can be
another ultrasound data frame as well, such as an ultrasound
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radio frequency data frame, or any other suitable ultrasound
data frame derived from the ultrasound radio frequency data
frame.

[0065] The apparatus 400 comprises a sub-region identi-
fier 410. The sub-region identifier is configured to identify,
in step S520, for each of the ultrasound data frames, a
sub-region of the scanned region of the ultrasound data
frame, wherein the sub-region comprises at least part of the
pleural interface. The sub-region is preferably of the same
size across the ultrasound data frames so as to simplify the
calculation of the parametric map. In one embodiment, the
identified sub-region is the same among a plurality of
ultrasound data frames, or among all the ultrasound data
frames, of the temporal sequence. This is under the assump-
tion that although the location of the pleural interface may
change across the ultrasound data frames, such change is
limited in the same scan of a certain lung, and so the location
of the sub-region need not be updated every frame, provided
that the size of the sub-region is sufficiently large to tolerate
such change. For example, the sub-region is first identified
in one of the plurality of ultrasound data frames, such as the
first ultrasound data frame, and then the same sub-region is
applied to all the other ultrasound frames of the plurality of
ultrasound data frames. In another embodiment, the identi-
fied sub-region may be individually identified for each of the
ultrasound data frames, in which case the size of the
sub-region can be set smaller at the cost of more complexity.
[0066] For a certain ultrasound data frame, the sub-region
can be identified in different ways in various embodiments.
[0067] In some embodiments, the sub-region is identified
on the basis of one or more predetermined parameters. The
one or more predetermined parameters can be set by default,
by user selection, or it can be derived on the basis of other
parameters. In an example, the one or more predetermined
parameters comprise a predetermined depth range, and the
sub-region is identified as part of the scanned region within
the predetermined depth range. Based on the observation
that the pleural interface is typically about 1.5-5 cm down
from the top (i.e. skin surface) of the scanned region, the
predetermined depth range can be set to 0-6 or 1-6 cm for
example. Based on the observation that the depth of the
pleural interface increases with the BMI (body mass index)
of the subject, the predetermined depth range can be
adjusted on the basis of the BMI of the subject. Based on the
observation that the pleural interface is approximately 0.5
cm below the ribs, the predetermined depth range can be set
on the basis of the depth of the rib(s). In an example, the one
or more predetermined parameters may further comprise a
lateral position of one or more ribs present in the scanned
region, e.g. in the case of a longitudinal scan, and the
sub-region can be identified as part of the scanned region
within a predetermined lateral range so as to exclude rib-
shadow.

[0068] In some other embodiments, the apparatus 400
further comprises a pleural line detector 450. The pleural
line detector 450 is configured to detect, in step S560, a
pleural line in at least one of the ultrasound data frames, and
the sub-region identifier 410 is configured to identify, in step
520, the sub-region for each of the ultrasound data frames on
the basis of the detected pleural line. Once the pleural line
is automatically detected in an ultrasound data frame, the
sub-region in that ultrasound image can be identified as
surrounding the detected pleural line. For example, along the
depth direction, the top and bottom edges of the identified
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sub-region are identified respectively as extending above
and below the detected pleural line by a predetermined depth
value, such as 025 ¢m or 0.5 ¢cm. In other words, the
identified sub-region can be a fixed-size band or strip
following the detected pleural line. The predetermined depth
value can be set or dynamically changed via a user interface,
and/or it can be configured by a configure file. For example,
along the lateral direction, the left and right ends of an
identified sub-region are identified as being the same as the
two ends of the detected pleural line. The pleural line
appears to be substantially horizontal, but normally it is not
a straight line, and thus the corresponding sub-region
appears as a kind of strip following the detected pleural line.
In the embodiment illustrated in FIGS. 6A-6C, the sub-
region 630 is identified as a strip surrounding the detected
pleural line 640 by 0.25 cm on each side along the depth
direction. The skilled person would understand that the
lateral direction is a direction perpendicular to the depth
direction (which is the transceiver direction of the ultra-
sound signal, and which is also called range direction), and
in case of three dimensional imaging, the lateral direction
can be the elevation direction, or the azimuth direction, or
any direction in the plane perpendicular to the depth direc-
tion. In another example, the sub-region can have a regular
shape, such as a rectangular box surrounding or encompass-
ing the detected pleural line.

[0069] The automatic detection of the pleural line can be
implemented by means of any suitable existing and future-
developed detection algorithm. FIG. 8 illustrates a method
800 of detecting a pleural line in accordance with an
embodiment of the present invention. The pleural line detec-
tor 450 is configured to estimate, in step S810, a depth of the
pleural interface, and to detect, in step S820, a pleural line
in the at least one ultrasound data frame of the temporal
sequence on the basis of the estimated depth.

[0070] In one embodiment, in step S8§10, the depth of the
pleural interface is estimated on the basis of multiple ultra-
sound data frames of the temporal sequence. The number of
multiple ultrasound data frames can be experimentally
selected. In one embodiment, the number of multiple ultra-
sound data frames is 16, although more or fewer ultrasound
data frames could be used, as desired. In particular, the step
S810 of estimating the depth of the pleural interface com-
prises: a sub-step of deriving, for each of one or more
predetermined lateral positions, an intensity profile repre-
senting an intensity value as a function of depth, each
intensity value indicating an averaged ultrasound data value
at the corresponding depth over multiple ultrasound data
frames of the temporal sequence, on the basis of the multiple
ultrasound data frames of the temporal sequence. The step
S810 further comprises a sub-step of estimating the depth of
the pleural interface on the basis of the derived intensity
profile(s). The one or more predetermined lateral positions
may comprise the center lateral position. For example, in
case a scanned region has a width of 4 cm, one predeter-
mined lateral position is at 2 cm. Additionally or alterna-
tively, the one or more predetermined lateral positions may
comprise two lateral positions a predetermined distance
away from the center lateral position. For example, in case
a scanned region has a width of 4 cm, the predetermined
lateral positions may further comprise lateral positions at 1
cm and 2 cm. The intensity value at a certain depth can be
a sum, average, or weighted average of all ultrasound data
values at that depth in the multiple ultrasound data frames.
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[0071] FIG. 9 illustrates an intensity profile 900 represent-
ing an intensity value averaged over multiple B-mode ultra-
sound data frames as a function of depth values derived in
accordance with an embodiment of the present invention.
The intensity profile 900 is derived on the basis of the
ultrasound values at the center lateral position over 16
ultrasound data frames. The x-axis represents the depth
values D, in unit of cm, and the y-axis represents the
intensity value A averaged over the multiple ultrasound data
frames. Referring to FIG. 9, the highest peak 910 appears at
approximately 2.63 cm. Accordingly, the point at the depth
of 2.63 cm and the center lateral position can be used as the
initial search points (?) in step S820. In some embodiments,
additional prior knowledge may be used to estimate the
depth of the pleural interface, especially for cases where
there are multiple peaks in the intensity profile. For example,
the rib also appears as a bright horizontal line. The prior
knowledge includes, but is not limited to: the pleural line
depth is equal to the chest wall thickness, which is typically
around 2 cm from the surface for adults, the averaged
distance between the pleural line and the rib is around 0.5 cm
for adults, and the chest wall thickness (CWT) is predictable
from the body mass index, and there is a lower intensity
value below the rib than below the pleural line due to the
rib-shadowing, etc.

[0072] In another embodiment, in step S810, the depth of
the pleural interface is estimated on the basis of an ultra-
sound data frame of a second region of interest including a
pleural interface of the lung and at least one rib. Such
ultrasound data frame is acquired in a longitudinal scan, and
the second region of interest is a transverse view of the lung.
In case the temporal sequence of ultrasound data frames is
acquired in a longitudinal scan, the second region of interest
can be the same as the first region of interest and thus the
ultrasound data frame used to estimate the depth of the
pleural line can be one ultrasound data frame of the temporal
sequence of the first region of interest. In case the temporal
sequence of ultrasound data frames is acquired in an oblique
scan, the second region of interest is different from the first
region of interest and the ultrasound data frame of the
second region is acquired in an additional longitudinal scan.
In this case, the clinician may first perform a longitudinal
scan to acquire one ultrasound frame for estimating the
depth of the pleural interface, and then perform an oblique
scan to acquire a temporal sequence of ultrasound frames for
detecting lung sliding. In particular, the step 5810 of esti-
mating the depth of the pleural interface comprises: esti-
mating the depth of the at least one rib on the basis of the
ultrasound data frame of the second region, and then esti-
mating the depth of the pleural interface on the basis of the
estimated depth of the at least one rib and a predetermined
value. For instance, the depth of the pleural interface is
estimated as being 0.5 cm below the estimated depth of the
at least one rib.

[0073] FIG. 10 illustrates, in an ultrasound B-mode image
1000, a pleural line detected on the basis of detected rib
positions in accordance with an embodiment of the present
invention. Referring to FIG. 10, the x-axis represents the
width of the scanned region, the y-axis represents the depth
of the scanned region, and the gray value represents the
image value. Two ribs 1010 are detected as being located at
a depth of around 1.65 cm and in the width range of 0 t0 0.5
cm and 3.15 to 4 cm, and the location of the pleural line is
estimated as being at a depth of 2.4 to 2.65 cm.
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[0074] Once the estimated depth of the pleural interface is
available, the pleural line in the at least one ultrasound data
frame can be detected by any suitable detection algorithms.
In particular, the estimated depth of the pleural interface is
used as initial search point, and the pleural line is searched
at locations surrounding the estimated depth of the pleural
interface, which reduces the complexity and increases the
reliability. For example, starting from the initial search
point, the detection algorithm searches for neighboring
pleural line points and continues to grow the detected pleural
line along the lateral directions.

[0075] Inone embodiment, the pleural line can be detected
in each ultrasound data frame by using the depth of the
pleural interface estimated in step S810 as initial search
point. In another embodiment, once the pleural line is
detected in one ultrasound data frame, the pleural line in an
ultrasound data frame adjacent to that ultrasound data frame
is detected on the basis of the detected pleural line. This is
under the assumption that there is less change in the location
of the pleural line between adjacent ultrasound frames.
[0076] Referring to FIG. 4 and FIG. 5, the apparatus 400
further comprises a lung sliding detector 420. The lung
sliding detector 420 is configured to extract, in step S530,
data of the sub-regions from at least two ultrasound data
frames of the temporal sequence, and to derive, in step S540,
a parametric map for the sub-region on the basis of the at
least two ultrasound data frames, wherein parametric values
of the parametric map indicate a degree of tissue motion
over the at least two ultrasound frames. The number of the
at least two ultrasound frames can be experimentally
selected. For example, the number of the at least two
ultrasound frames is 16. The parametric map can be derived
every frame or every predetermined number of frames.
Assuming that the number of the at least two ultrasound
frames is N, in case the number of the parametric map is
updated every frame, the parametric map is derived from the
current frame and the previous N-1 frames.

[0077] Insome embodiments, the parametric value can be
derived by estimating the motion vector by performing
block correlation or normalized cross correlation, or by
calculating optical flow vectors. Due to tissue motion, the
same tissue point may appear at different pixel locations in
different ultrasound data frames. The distance over which
the same tissue point moves can be used to represent the
degree of the tissue motion. The aforementioned algorithms
intend to determine the motion of individual tissue points so
as to assess the degree of the tissue motion.

[0078] In some other embodiments, it is proposed to
measure a single-pixel intensity change over time caused by
the tissue motion, rather than estimating the motion vector
of the tissue motion. In particular, the parametric value for
a pixel location in the scanned region indicates, and for
example is proportional to, an amount of change in ultra-
sound data values of the pixel location over the at least two
ultrasound data frames caused by the tissue motion. Such
single-pixel intensity change can be derived using various
methods, including but not limited to pixel-by-pixel corre-
lation, FFT algorithm, differentiation etc.

[0079] Referring to FIG. 4 and FIG. 5, the apparatus 400
further comprises a user interface 430. The user interface
430 is configured to visualize, in step S550, the likelihood of
lung sliding on the basis of the derived parametric map. The
user interface 430 can be further configured to optionally
visualize the detected pleural line. In some embodiments,
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the detected pleural line is displayed as a line, which
delineates the detected pleural line, overlaid on an image of
at least the sub-region. The line can be in any suitable
format, such as solid, dashed, or colored. For example, the
line can be colored in white, dark, red or a color selected by
the user. The user interface 430 can be further configured to
optionally visualize the identified sub-region. In some
embodiments, the identified sub-region is displayed as a box
which delineates the identified sub-region.

[0080] The visualization of the likelihood of lung sliding
can be implemented in various ways.

[0081] In an embodiment, the user interface 430 is con-
figured to visualize the likelihood of lung sliding by pre-
senting the derived parametric map in the form of a para-
metric image, overlaid with an image of at least the sub-
region. The image of at least the sub-region can be generated
on the basis of at least one of the ultrasound data frames of
the sequence. The parametric image can be color coded or
gray-scale coded. The image of at least the sub-region can be
an ultrasound B-mode image of the scanned region. The
image of at least the sub-region can also be an ultrasound
B-mode image of part of the scanned region which com-
prises the sub-region. The overlaid image of at least the
sub-region can be generated on the basis of one of the at least
two ultrasound data frames used to derive the parametric
map, such as the latest frame of the at least two ultrasound
data frames.

[0082] FIGS. 6A-6C each illustrate an ultrasound B-mode
image 610 and a combined image 620 of the ultrasound
B-mode image 610 overlaid with a parametric image 630 in
accordance with an embodiment of the present invention,
wherein FIG. 6A illustrates a case where lung sliding is
present, FIG. 6B illustrates a case where lung sliding is
absent, and FIG. 6C illustrates a case where lung sliding is
partially present. In each of FIGS. 6A-6C, the x-axis rep-
resents the width of the scanned region, the y-axis represents
the depth of the scanned region, and the gray value repre-
sents the image value of the B-mode image or the parametric
image, wherein a higher parametric value is represented by
a brighter gray value. Alternatively, the B-mode image 610
can be gray-scale coded and the parametric image 630 can
be color-coded. Furthermore, the detected pleural line 640 is
delineated as a black solid line.

[0083] Referring to FIG. 6A, the sub-region, especially the
part of the sub-region below the detected pleural line,
appears to be relatively brighter, which corresponds to
higher parametric values. Since higher parametric values
indicate a higher degree of tissue motion, this also indicates
the presence of lung sliding. Referring to FIG. 6B, the
sub-region appears to be relatively dark, which corresponds
to a lower parametric value, and thus indicates the absence
of lung sliding. Referring to FIG. 6C, the parametric image
of the sub-region changes from dark to bright at a width of
about 2 cm, which indicates that lung sliding is absent in the
width range of 0 to 2 cm, lung sliding is present in the width
range of 2 to 4 cm, and a lung point is present at the width
of about 2 cm.

[0084] In another embodiment, the user interface 430 is
configured to visualize the likelihood of lung sliding by
presenting a sliding profile in the format of a strip, overlaid
with or next to an image of at least the sub-region. In
particular, the lung sliding detector 420 is further configured
to derive, on the basis of the parametric map, the sliding
profile. The sliding profile represents sliding values as a
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function of lateral positions of the pleural interface, wherein
each sliding value for a lateral position indicates the likeli-
hood of lung sliding at the lateral position; and the user
interface 430 is further configured to present the derived
sliding profile. In an embodiment, the sliding value for a
particular lateral position is derived as indication of the
averaged parametric value for that particular lateral position
over the depth direction. For example, the sliding value can
be a sum, average, or weighted average of the parametric
values at all depths at that particular lateral position.
[0085] FIGS. 7A-7C each illustrate a combined image of
an ultrasound B-mode image 710 and a horizontal strip 720
for indicating the likelihood of lung sliding in accordance
with an embodiment of the present invention, wherein FIG.
7A illustrates a case where lung sliding is present, FIG. 7B
illustrates a case where lung sliding is absent, and FIG. 7C
illustrates a case where lung sliding is partially present.
[0086] Referring to the B-mode image 710 illustrated in
each of FIGS. 7A-7C, the x-axis represents the width of the
scanned region, the y-axis represents the depth of the
scanned region, and the gray value represents the image
value of the B-mode image. Referring to the horizontal strip
720, the sliding values are gray-scale coded, wherein a
higher sliding value is coded as a brighter gray value. The
horizontal strip represents sliding values as a function of the
lateral positions and is aligned with the B-mode image in
lateral positions, namely the widths in FIGS. 7A-7C. Instead
of a gray-scale, the horizontal strip 720 can be color-coded.
[0087] Referring to FIG. 7A, the horizontal strip 720 is
dominant due to the brighter values, which corresponds to
higher sliding values. Since higher sliding values indicate a
higher degree of tissue motion, this also indicates the
presence of lung sliding. Referring to FIG. 7B, the horizon-
tal strip 720 appears to be dark at all lateral positions, and
thus indicates the absence of lung sliding. Referring to FIG.
7C, the horizontal strip changes from dark to bright at a
width of about 2 cm, which indicates that lung sliding is
absent in the width range of 0 to 2 cm, lung sliding is present
in the width range of 2 to 4 c¢m, and a lung point is present
at the width of about 2 cm.

[0088] In another embodiment, the user interface 430 is
configured to visualize the likelihood of lung sliding by
presenting a value indicating the percentage of the presence
of lung sliding. Theoretically, the percentage is 100% in the
case of full presence of lung sliding in the scanned region,
the percentage is 0% in the case of no lung sliding in the
scanned region, and the percentage is between 0%-100% in
the case of partial lung sliding, where a lung point may be
present. In particular, the lung sliding detector 420 is con-
figured to derive a value for indicating the percentage of the
presence of lung sliding along the lateral direction on the
basis of the parametric map or the sliding profile. In an
embodiment, the value is derived by comparing the sliding
values with a predetermined threshold. For example, the
value is derived as being equal to the percentage of sliding
values which are greater than the predetermined threshold.
[0089] The user interface 430 may be further configured to
receive, in step S570, one or more user inputs.

[0090] In an embodiment, the user interface 430 is con-
figured to receive a user input for indicating a modification
of the grayscale-coding or color-coding scheme used to
visualize the parametric map or the sliding profile, and to
modify the visualization on the basis of the received user
input.
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[0091] In another embodiment, the user interface 430 is
configured to receive a user input for indicating a modifi-
cation to the identified sub-region, and the sub-region iden-
tifier 410 is configured to modify the identified sub-region
on the basis of the received user input. In an example, the
user interface 430 is a touchscreen, and the user input
comprises a finger operation on the corresponding region of
the touchscreen where the parametric map or the identified
sub-region is presented.

[0092] In another embodiment, the user interface 430 is
configured to receive a user input for starting the method 500
of detecting lung sliding. A button or menu can be provided
on the user interface 430 and the button or menu will initiate
an automatic lung ultrasound feature extraction app, such as
the method 500 of detecting lung sliding.

[0093] In another embodiment, the user interface 430 is
configured to receive a user input for setting and/or changing
one or more parameters used in the method 500. Such setting
or changing can be performed prior to performing the
method 500, or it can be performed on the fly during
performing the method 500. In some embodiments, the one
or more parameters comprise parameters used in identifying
the sub-region such as the predetermined depth value, or
parameters used in detecting the pleural line such as the
number of multiple ultrasound frames for estimating the
depth of the pleural interface, or parameters used in deter-
mining background motion such as the predetermined
threshold, or the like. In some embodiments, various user
input means such as sliding bars, text input boxes, selectable
lists or the like can be provided in the user interface 430 so
as to receive one more user inputs.

[0094] Additionally or alternatively, the one or more
parameters can be configured on the basis of a configuration
file.

[0095] Further referring to FIG. 4 and FIG. 5, the appa-
ratus 400 may further comprise a background motion detec-
tor 440 coupled to the lung sliding detector 420 and/or user
interface 430. In step S580, the background motion detector
440 is configured to detect a degree of background motion
and determine whether the degree of background motion
exceeds a predetermined threshold. Then, the user interface
430 is configured to present the derived parametric map only
if the degree of background motion does not exceed the
predetermined threshold. Additionally or alternatively, the
user interface 430 is configured to present an indicator for
indicating the degree of background motion if the degree of
background motion exceeds the predetermined threshold.
Optionally, the lung sliding detector 420 can be configured
to derive the parametric map only if the degree of back-
ground motion does not exceed the predetermined threshold.
In an embodiment, the degree of background motion is
determined on the basis of the derived parametric map. The
background motion may be determined in other ways, such
as by means of any motion detection algorithm or additional
sensor equipped on the probe etc. Preferably, in accordance
with an embodiment of the invention, the degree of back-
ground motion is quantified as an average of the parametric
values above the pleural line.

[0096] FIG. 11 illustrates an ultrasound B-mode image
1100 overlaid with a line 1115 for visualizing the detected
pleural line in accordance with an embodiment of the
present invention. In FIG. 11, the line 1115 delineates the
detected pleural line, and is colored in white. Alternatively,
the line 1115 can be colored in any suitable color. Optionally,
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the color of the line 1115 is selectable by the user. In FIG.
11, the bar 1110 represents the gray scale of the ultrasound
B-mode image 1100. The bar 1110 is optionally presented by
the user interface.

[0097] FIG. 12 illustrate an ultrasound B-mode image
1200 overlaid with a box 1220 for visualizing the identified
sub-region in accordance with an embodiment of the present
invention. The bar 1210 represents the gray scale of the
ultrasound B-mode image 1200. The bar 1210 is optionally
presented by the user interface. The rectangular box 1220 is
used to indicate the identified sub-region. In case the iden-
tified sub-region itself is in a rectangular shape, the rectan-
gular box 1220 delineates the identified sub-region. In case
the identified sub-region is not rectangular shaped, the
rectangular box 1220 can encompass the identified sub-
region. In an example, the upper and bottom edges of the
box 1220 correspond to the topmost point and the bottom-
most point of the identified sub-region, respectively. In
another example, the upper edge of the box 1220 is set at
around 0.5 cm, or any suitable predetermined value, above
the highest point of the detected pleural line, and the bottom
edge of the box 1220 is set at around 0.5 cm, or any suitable
predetermined value, below the lowest point of the pleural
line. The edges of the box 1220 can be presented in various
forms. As illustrated in FIG. 12, the edges of the box 1220
are solid lines colored in white. Alternatively, the edges of
the box 1220 can be colored in other colors such as red, or
the edges of the box 1220 are in the form of dotted or dashed
lines instead of a solid line.

[0098] FIGS. 13A-13D each illustrate an ultrasound
B-mode image 1300 and an indicator for indicating the
degree of background motion if the degree of background
motion exceeds the predetermined threshold in accordance
with an embodiment of the present invention. In some
embodiments, the indicator can be a color change or format
change of the box 1320 for indicating the identified sub-
region. As illustrated in FIG. 13 A, the edges of the box 1320
are changed from a color to a different color, such as from
white to red, to indicate a strong background motion. As
illustrated in FIG. 13B, the edges of the box 1320 are
changed from a solid line to a dashed or dotted line in color
to indicate a strong background motion. Alternatively, the
box 1320 can be set to flash if the detected background
motion is strong, e.g. above a certain threshold. As illus-
trated in FIG. 13C, a flashing spot 1330 can be used as the
indicator. For example, a flashing red spot 1330 indicates a
strong background motion, and a solid green spot 1330
indicates no background motion. Alternatively or addition-
ally, one or more text lines can be displayed at any suitable
location to indicate a strong background motion. As illus-
trated in FIG. 13D, the text line 1340 “insufficient data
quality” is displayed adjacent to the bottom side of the
ultrasound B-mode image 1300.

[0099] FIGS. 14A-14E each illustrate an ultrasound
B-mode image 1400 overlaid with a parametric image 1450
for visualizing lung sliding. The bar 1410 is optionally
shown and represents the coding scheme of the parametric
image 1450. As illustrated in FIG. 14A and FIG. 14B, texts
1412, 1414 can be added to the bar 1410 to indicate the
correspondence between the gray-scale and the likelihood of
lung sliding. For example, text 1412 “sliding present” on the
bright side of the bar and text 1414 “sliding absent” on the
dark side show that the likelihood of lung sliding is repre-
sented by the brightness, and more particularly, a brighter
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pixel of the parametric image indicates a higher possibility
of presence of sliding. In some other embodiments, a red
color is used to indicate the absence of lung sliding, and a
blue color is used to indicate the presence of lung sliding, or
vice versa. In FIG. 14A, the parametric image 1450 is of the
same size as the box 1420 for visualizing the identified
sub-region. In FIG. 14B, the parametric image 1450 is in the
form of a band encompassing the pleural line 1415, wherein
the band follows the trend of the pleural line 1415 and has
a fixed size above and below the pleural line 1415. In each
of FIGS. 14C-FIG. 14E, the parametric image 1450 is in the
form of a band below the pleural line 1415, and the band
follows the trend of the pleural line and has a fixed size
below the pleural line 1415. FIG. 14C illustrates a normal
case where lung sliding is present. FIG. 14D illustrates a
single lung point case where lung sliding is partially present
and there is a single lung point 1460, and particularly, lung
sliding is absent at the left of the Iung point 1460, and lung
sliding is present at the right of the lung point 1460. FIG.
14E illustrates a double lung point case where lung sliding
is partially present and there are two lung points 1460. FIG.
15 illustrates an ultrasound B-mode image 1500 and two
sliding bars 1570 for dynamically changing one or more
parameters. As illustrated in FIG. 15, the two sliding bars
1570 are displayed below the B-mode image 1500. One
sliding bar is used to adjust the predetermined threshold for
determining the background motion, and the other sliding
bar is used to adjust the predetermined threshold for deter-
mining the presence of lung sliding. In FIG. 15, the box 1520
for visualizing the identified sub-region, the line 1515 for
visualizing the detected pleural line and the parametric
image 1550 are also displayed.

[0100] The technique processes described herein may be
implemented by various means. For example, these tech-
niques may be implemented in hardware, software, or a
combination thereof. For a hardware implementation, the
processing units may be implemented within one or more
application-specific integrated circuits (ASICs), digital sig-
nal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field pro-
grammable gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, other electronic units
designed to perform the functions described herein, or a
combination thereof. Using software, the implementation
can be carried out through modules (e.g., procedures, func-
tions, and so on) that perform the functions described herein.
The software codes may be stored in a memory unit and
executed by the processors.

[0101] Moreover, aspects of the claimed subject matter
may be implemented as a method, apparatus, system, or
article of manufacture using standard programming and/or
engineering techniques to produce software, firmware, hard-
ware, or any combination thereof to control a computer or
computing components to implement various aspects of the
claimed subject matter. The term “article of manufacture” as
used herein is intended to encompass a computer program
accessible from any computer-readable device, carrier, or
media. For example, computer readable media can include
but are not limited to magnetic storage devices (e.g., hard
disk, floppy disk, magnetic strips . . . ), optical disks (e.g.,
compact disk (CD), digital versatile disk (DVD). . .), smart
cards, and flash memory devices (e.g., card, stick, key drive
... ). Of course, those skilled in the art will recognize that
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many modifications may be made to this configuration
without departing from the scope or spirit of what is
described herein.

[0102] As used in this application, the terms “beam-
former™, “processor” such as “signal processor”, “data pro-
cessor”, “identifier”, “detector” such as “lung sliding detec-
tor”, “background motion detector”, “pleural line detector”,
and “estimator” are intended to refer to a processor or a
computer-related entity, either hardware, a combination of
hardware and software, software, or software in execution.
For example, a component may be, but is not limited to, a
process running on a processor, a processor, an object, an
executable, a thread of execution, a program, and/or a
computer. By way of illustration, both an application run-
ning on a server and the server can be a component. One or
more components may reside within a process and/or thread
of execution and a component may be localized on one
computer and/or distributed among two or more computers.
[0103] What has been described above includes examples
of one or more embodiments. It is, of course, not possible to
describe every conceivable combination of components or
methodologies for the purpose of describing the aforemen-
tioned embodiments, but one of ordinary skill in the art may
recognize that many further combinations and permutations
of various embodiments are possible. Accordingly, the
described embodiments are intended to embrace all such
alterations, modifications and variations that fall within the
spirit and scope of the appended claims. Furthermore, to the
extent that the term “includes” is used in either the detailed
description or the claims, such term is intended to be
inclusive in a manner similar to the term “comprising” as
“comprising” is interpreted when employed as a transitional
word in a claim.

1. An apparatus for detecting lung sliding on the basis of
a temporal sequence of ultrasound data frames of a first
region of interest, the first region of interest including a
pleural interface of a lung, comprising:

a sub-region identifier configured to identify, for each of
at least two ultrasound data frames, a sub-region of a
scanned region of the ultrasound data frame, the sub-
region comprising at least part of the pleural interface;

a lung sliding detector configured to derive a parametric
map for the sub-region on the basis of at least two
ultrasound data frames of the temporal sequence, the
parametric values of the parametric map indicating a
degree of tissue motion over the at least two ultrasound
frames;

wherein the lung sliding detector is further configured to
extract data of the sub-regions from the at least two
ultrasound data frames, and to derive the parametric
map on the basis of the extracted data, and

wherein the lung sliding detector is further configured to
derive, on the basis of the parametric map, a sliding
profile representing sliding values as a function of the
likelihood of lung sliding at a lateral position.

2. The apparatus of claim 1, further comprising a user
interface configured to visualize the likelihood of lung
sliding on the basis of the derived parametric map.

3. The apparatus of claim 2, wherein the user interface is
configured to present at least part of the derived parametric
map in the form of parametric image, overlaid with an image
of at least the sub-region generated on the basis of at least
one of the ultrasound data frames of the sequence.
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4. The apparatus of claim 2, wherein

the user interface is further configured to present the
derived sliding profile in the format of a strip, overlaid
with or next to an image of at least the sub-region
generated on the basis of at least one of the ultrasound
data frames of the sequence.

5. The apparatus of claim 2, wherein

the user interface is further configured to receive a user
input for indicating a modification of the grayscale-
coding or color-coding scheme, and to modify the
visualization on the basis of the received user input.

6. The apparatus of claim 1, further comprising a user
interface, preferably a touch user interface, wherein

the user interface is configured to receive a user input for
indicating a modification to the identified sub-region;
and

the sub-region identifier is configured to modify the
identified sub-region on the basis of the received user
input.

7. The apparatus of claim 1, further comprising:

a pleural line detector configured to detect a pleural line
in at least one of the ultrasound data frames;

wherein the sub-region identifier is configured to identify
the sub-region for each of the ultrasound data frames on
the basis of the detected pleural line.

8. The apparatus of claim 7, wherein the pleural line

detector is configured to:

estimate the depth of the pleural interface; and

detect a pleural line in at least one of the ultrasound data
frames of the temporal sequence on the basis of the
estimated depth.

9. The apparatus of claim 8, wherein estimating the depth

of the pleural interface comprises:

deriving, for each of one or more predetermined lateral
positions, an intensity profile representing an intensity
value as a function of depth, each intensity value
indicating an averaged ultrasound data value at the
corresponding depth over multiple ultrasound data
frames of the temporal sequence, on the basis of the
multiple ultrasound data frames of the temporal
sequence; and

estimating the depth of the pleural interface on the basis
of the derived intensity profile(s).

10. The apparatus of claim 8, wherein estimating the

depth of the pleural interface comprises:

receiving an ultrasound data frame of a second region of
interest including a pleural interface of the lung and at
least one rib, the second region of interest being a
transverse view of the lung;

estimating the depth of the at least one rib on the basis of
the ultrasound data frame; and

estimating the depth of the pleural interface on the basis
of the estimated depth of the at least one rib and a
predetermined value.

11. The apparatus of claim 1, wherein the parametric
value for a pixel location in the scanned region indicates an
amount of a change in ultrasound values of the pixel location
over the at least two ultrasound data frames caused by the
tissue motion.

12. The apparatus of claim 1, further comprising:

a background motion detector configured to detect a
degree of background motion and determine whether
the degree of background motion exceeds a predeter-
mined threshold; and
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a user interface configured to
present the derived parametric map only if the degree
of background motion does not exceed the predeter-
mined threshold; and/or
present an indicator for indicating the degree of back-
ground motion if the degree of background motion
exceeds the predetermined threshold.
13. An ultrasound system, comprising:
an ultrasound data acquisition unit comprising an ultra-
sound transducer array, configured to acquire a tempo-
ral sequence of ultrasound data frames of a first region
of interest including a pleural interface of a lung; and
a data processor for processing the temporal sequence,
configured to
identify, for each of the ultrasound data frames, a
sub-region of a scanned region of the ultrasound data
frame, the sub-region comprising at least part of the
pleural interface;
extract data of the sub-regions from the at least two
ultrasound data frames;
derive a parametric map for the sub-region on the basis
of the extracted data, parametric values of the para-
metric map indicating tissue motion over the at least
two ultrasound frames; and
derive, on the basis of the parametric map, a sliding
profile representing sliding values as a function of
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lateral position, each sliding value for a lateral posi-
tion indicating the likelihood of lung sliding at the
lateral position.
14. A method of detecting lung sliding, comprising the
steps of:
retrieving a temporal sequence of ultrasound data frames
of a first region of interest including a pleural interface
of a lung;
identifying, for each of the ultrasound data frames, a
sub-region of a scanned region of the ultrasound data
frame, the sub-region comprising at least part of the
pleural interface;
extracting data of the sub-regions from the at least two
ultrasound data frames;
deriving a parametric map for the sub-region on the basis
of the extracted data, parametric values of the paramet-
ric map indicating tissue motion over the at least two
ultrasound frames, and
deriving, on the basis of the parametric map, a sliding
profile representing sliding values as a function of
lateral position, each sliding value for a lateral position
indicating the likelihood of lung sliding at the lateral
position.
15. A computer product, comprising computer program
instructions which, when being executed, performs the
method of claim 14.
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