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Description

FIELD OF THE INVENTION

[0001] The present invention relates to ultrasound im-
aging, particularly to a method and an apparatus for de-
tecting a gas pocket using ultrasound.

BACKGROUND OF THE INVENTION

[0002] Trauma is the leading cause of death in the Unit-
ed States for men and women under the age of 45 years
and the fourth overall cause of death for all ages. Trauma
also has a substantial economic impact on the health
care system, accounting for over one-third of all emer-
gency department visits and resulting in over $ 80 billion
per year in direct medical care cost, for example, in 2007,
over 180 000 people died of trauma, and abdominal in-
juries contributed to a large number of these deaths.
[0003] Pneumoperitoneum is a condition in which a
free gas pocket or tiny amount of free gas or air is trapped
within the abdominal cavity but not contained in a hollow
viscus. Identifying abnormal intra-abdominal gas pockets
or collections may be critically important in establishing
an accurate diagnosis. Increasing evidence supports that
ultrasound imaging is a very useful tool for diagnosis of
pneumoperitoneum with abnormal air/gas patterns be-
cause of its high accuracy and superiority as compared
to plain X-ray radiography. The sonographic air can be
outlined as comprising two categories: physiological air
or normal air; and pathologic air or abnormal air. Physi-
ological air is air in the gastrointestinal tract and lungs
(air projecting into the abdominal cavity).
[0004] Bedside ultrasound or Point-of-care Ultrasound
is widely used in emergency medicine for initial screening
and enables selection of hemodynamically unstable trau-
matic patients with severe hemoperitoneum for immedi-
ate surgery. The detection of intraperitoneal free air or
an intraperitoneal gas pocket is very helpful for bedside
diagnosis of acute abdomen and trauma patients. The
detection of a gas pocket may support doctors to assess,
although not in a direct way, if there is an abnormal gas
pocket from blunt abdominal trauma or from acute abdo-
men in (a) pre-hospital settings, (b) initial evaluation in
the emergency room, and (c) follow-up after some treat-
ments.
[0005] The sonographic appearance of gas pockets is
due to total ultrasound reflection (a strong reflector) at
the interface of soft tissue and gas pocket (air). This re-
flection is accompanied by reverberation of ultrasound
between the gas pocket and the ultrasound probe. There-
fore, sonographic images for gas pockets typically ap-
pear as high-amplitude echoes (brightness area in the
image) with distal artifactual reverberation echoes re-
ferred to as "dirty shadowing"; small reverberation arti-
facts have a characteristic comet-tail appearance. Small
gas pockets may show little or no distal reverberation
artifacts with standard abdominal transducers. The opti-

mal probe position for detecting intraperitoneal free air
after blunt abdominal trauma is in the right paramedian
epigastric area in the longitudinal direction.
[0006] Muradali et al. ("A specific sign of pneumoper-
itoneum on sonography: enhancement of the peritoneal
stripe", AJR, 1999, Vol. 173:1257-1262) studied the
signs of pneumoperitoneum from animal models, which
were then confirmed in patients who had undergone
laparoscopy. This kind of characteristics of gas pockets
in the ultrasound images is called Enhancement of the
Peritoneal Stripe Sign (EPSS). This EPSS is further con-
firmed by recent prospective study of six hundred con-
secutive patients with acute abdominal pain. The EPSS
had a sensitivity of 100%, a specificity of 99%, a positive
predictive value of 87.5% and a negative predictive value
of 100%. Therefore, EPSS is recommended as a reliable
and accurate sonographic sign for the diagnosis of pneu-
moperitoneum through visual observation.
[0007] Conventional gas pocket detection based on ul-
trasound imaging works well if gas pockets are quite
large, i.e. large enough to produce enhancement of the
peritoneal stripe sign (EPSS). It takes a long time for non-
experienced users to identify this kind of sign (EPSS)
from ultrasound images. It is really difficult for emergency
physicians to identify all gas pockets in an examination
time of around 5 minutes for the whole abdomen even if
they know the optimal probe position for detecting intra-
peritoneal free air after blunt abdominal trauma in the
right paramedian epigastric area in the longitudinal di-
rection.
[0008] In summary, larger gas pockets may appear as
bright, highly echogenic stripes or lines with distal rever-
beration and dirty shadowing artifacts or comet-tail arti-
facts which may even obscure the underlying abdominal
organs. Smaller gas pockets can appear as bright punc-
tuate foci without ring-down artifacts and shadowing with-
in the intestinal lumen, but may not have reverberation
within the image. Ultrasound imaging is superior to chest
X-rays for diagnosing intraperitoneal free air; quantities
as small as 1ml to 2 ml of intraperitoneal free air can be
detected by ultrasound. However, the detection of intra-
peritoneal free air might be difficult even for an experi-
enced sonographer in emergency situations under diffi-
cult patient conditions.
[0009] Thus, most of the existing gas pocket detection
approaches are based on visual observations of B-mode
ultrasound images showing comparisons between nor-
mal soft tissue and gas pockets. Such existing approach-
es are time-consuming and the accuracy is very depend-
ent on the operator’s experience. EP 0 150 997 A2 dis-
closes an ultrasound system and a related method for
characterizing an ultrasound transmitting medium in a
Region-of-Interest highly related to the invention. The
system comprises a an ultrasound probe for transmitting
an ultrasound signal toward the Region-of-Interest and
acquiring an ultrasound echo signal reflected from the
ROI along a plurality of scanning lines, an obtaining unit
for obtaining a first harmonic component of the ultra-
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sound echo signal for each depth of a plurality of depths
along each scanning line of the plurality of scanning lines,
and a deriving unit for deriving a change in a center fre-
quency of the first harmonic component along with the
depth.

SUMMARY OF THE INVENTION

[0010] Therefore, it would be advantageous to provide
an improved method and apparatus or system for detect-
ing a gas pocket in a Region-of-Interest (ROI).
[0011] According to an embodiment of a first aspect of
the present invention, there is proposed an ultrasound
system for detecting a gas pocket. The ultrasound sys-
tem comprises: an ultrasound probe for transmitting an
ultrasound pulse toward the ROI and acquiring an ultra-
sound echo signal reflected from the ROI along a plurality
of scanning lines; an obtaining unit for obtaining a second
harmonic component of the ultrasound echo signal for
each depth of a plurality of depths along each scanning
line of the plurality of scanning lines; and a deriving unit
for deriving a change in a center frequency of the second
harmonic component along with the depth. The term
"depth" refers to the penetration depth of the ultrasound
signal. The term "scanning line" is also called "receiving
line" in the field of ultrasound imaging.
[0012] The inventors of the present application recog-
nize that the center frequency of the second harmonic
component of the ultrasound echo signal is expected to
decrease along the penetration depth at a certain rate in
the area where the normal soft tissue is present, whilst
it is expected to change in a different manner along the
penetration depth in the area where the gas pocket is
present. For instance, along the scanning line, the de-
crease of the center frequency of the second harmonic
component (also referred to as the attenuation of the
center frequency) due to the presence of the gas pocket
at a specific depth is assumed to be greater than the
decrease due to the presence of the soft issue at the
same depth. Therefore, the inventors of the present ap-
plication propose the aforementioned method. A person
skilled in the art will appreciate that the term "area" is not
intended to be restricted to a two-dimensional spatial re-
gion within the field of view of the ultrasound probe, and
particularly, in case that the ultrasound probe is a 3D
ultrasound probe for imaging a 3D ultrasound image, the
term "area" can be understood as a two-dimensional or
three-dimensional spatial region within the field of view
of the ultrasound probe.
[0013] By means of the proposed method, the second
harmonic component of the ultrasound echo signal re-
flected from the ROI is obtained and the change of the
center frequency of the second harmonic component of
the echo signal along with the depth is derived. Then,
the gas pocket can be manually or automatically detected
based on the derived change in the center frequency of
the second harmonic component along with the depth.
In particular, the change in the center frequency of the

second harmonic component along with the depth can
indicate the trend of the center frequency along with a
plurality of depths (namely the trend along with the prop-
agation or penetration direction of the ultrasound signal).
In comparison with the decrease of the center frequency
at a depth, the change in the center frequency of the
second harmonic component reflects the trend of the de-
crease of the center frequency along with the depth and
is expected to be more reliably used for detecting a gas
pocket, especially a macro gas pocket.
[0014] According to an embodiment of a first aspect of
the present invention, the second harmonic component
is obtained by means of a pulse inversion technique.
[0015] It is appreciated by the person skilled the art
that in the case of pulse inversion technique, two trans-
missions (i.e. one positive pulse transmission and one
negative transmission) and two corresponding recep-
tions are conducted for each scanning line. By using
pulse inversion technique, the boundary of a possible
gas pocket and dark areas behind the gas pocket may
be clearly visible, and also the contrast between the
boundary of different tissues is improved.
[0016] According to an embodiment of a first aspect of
the present invention, the second harmonic component
is obtained by means of band-pass filtering. It is appre-
ciated by the person skilled in the art that in the case of
using band-pass filtering (hereinafter referred to as band-
pass filtering approach), the second harmonic compo-
nent can be derived from one transmission and one cor-
responding reception along each scanning line. Thus, in
comparison to the pulse inversion technique, the advan-
tages of the band-pass filtering approach include an in-
creased frame rate and/or less sensitivity to motion arti-
facts.
[0017] According to an embodiment of a first aspect of
the present invention, the deriving unit is configured to
derive, for each scanning line, a frequency-depth curve
representing the relationship between the center fre-
quency and the depth, and to derive the slope of the
frequency-depth curve at each depth of the plurality of
depths.
[0018] In other words, the frequency-depth curve rep-
resents the center frequency with respect to the depth,
and hence its slope represents the rate of the change of
the center frequency along with the depth.
[0019] According to an embodiment of a first aspect of
the present invention, the frequency-depth curve is
smoothened by averaging over a second predetermined
number of ultrasound scanning lines. For example, the
center frequency at a depth along a scanning line in the
smoothened frequency-depth curve is computed as the
moving average window (also known as the sliding av-
erage) with a size equal to the second predetermined
number of scanning lines. Given a sequence of samples,
the moving average of a sample is known to be defined
as the average value of all samples within a window con-
taining that sample.
[0020] By means of said smoothening over a number
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of ultrasound scanning lines, undesirable distortions
caused by noises and/or disturbances can be reduced
thanks to the averaging effect.
[0021] According to an embodiment, the ultrasound
system further comprises a display unit for generating an
ultrasound image representing the derived change in the
center frequency along with the depth, and for displaying
the ultrasound image.
[0022] In this way, users, such as doctors or sonogra-
phers, can obtain knowledge about the change of the
center frequency along with the depth by viewing the ul-
trasound image, and judge whether there is a gas pocket
based on the obtained knowledge. For example, if it is
observed that the center frequency drops sharply along
with the depths at a location, the users can infer that there
is a high possibility that a gas pocket exists at that loca-
tion.
[0023] According to an embodiment, the ultrasound
system further comprises a detecting unit for detecting a
gas pocket based on the change of the center frequency
along with the depth, and a display unit for displaying, in
an ultrasound image, an indicator for indicating the de-
tected gas pocket.
[0024] In this way, the results of gas pocket detection
are directly presented to the users. The indicator for the
detected gas pocket can be displayed in various types
of ultrasound images , such as a B-mode ultrasound im-
age, an ultrasound image illustrating the change of the
center frequency along with the depth, or a combination
thereof.
[0025] According to an embodiment, the second har-
monic component is obtained by means of pulse inver-
sion technique, and the gas pocket is detected at a depth
if an amount of the change in the center frequency along
with the depth exceeds a first predetermined threshold
at the depth. In other words, the gas pocket can be de-
tected in the case of a sharply changed center frequency
of the second harmonic component along with the depth,
whereas soft tissue can be detected in the case of a near-
ly linearly changed center frequency of the second har-
monic component along with the depth.
[0026] According to another embodiment, the second
harmonic component is obtained by means of a band-
pass filtering approach, and the detecting unit is config-
ured to obtain a first determining result indicating whether
the change in the center frequency along with the depth
in an area forms a bell shape, and to determine whether
a gas pocket is present in the area based on the first
determining result. In other words, if a gas pocket is
present in an area, the curve for the center frequency of
the second harmonic component with respect to the
depth is expected to increase initially at the gas-pocket
boundary and then decrease sharply, which combination
of generation and transmission process forms a bell-
shape curve. The person skilled in the art will understand
that the change of a parameter forms a bell shape if the
parameter first increases and then decreases.
[0027] According to the understanding of the inventors

of the present invention, the high frequency components
of the produced echo signal including the second or high-
er order harmonic component will become stronger when
the ultrasound signal hits the boundary of a gas pocket,
and then decrease sharply along the depth due to the
stronger attenuation caused by the same gas pocket.
[0028] According to another embodiment, the detect-
ing unit is configured to determine whether a gas pocket
is present between a first depth and a second depth along
a scanning line based on a second determining result,
wherein the second depth is deeper than the first depth,
and the second determining result indicates, along the
scanning line, whether the change in the center frequen-
cy along with the depth is greater than a non-negative
second predetermined threshold at the first depth and
less than a non-positive third predetermined threshold at
the second depth. In an example, both the second pre-
determined threshold and the third predetermined
threshold are zero. In this case, a gas pocket is detected
if a positive slope is followed by a negative slope in a
frequency-depth curve representing the relationship be-
tween center frequency of the second harmonic compo-
nent and depth.
[0029] According to an embodiment, the detecting unit
is configured to obtain a third determining result indicat-
ing whether the intensity of the ultrasound echo signal at
the first depth is lower than a fourth threshold, and to
determine whether a gas pocket is present between the
first depth and the second depth based on the second
determining result and the third determining result. In an
example, the fourth threshold is determined based on
the average intensity of the ultrasound echo signal in the
whole ROI. If the ultrasound echo signal in an area is far
below the average intensity in the whole ROI, the derived
change of the center frequency of the second harmonic
component along with the depth may be so contaminated
by noise and/or artifacts that the detecting based thereon
is not reliable anymore. Thus, the detection accuracy can
be improved if detecting the gas pocket is further based
on the intensity of the ultrasound echo signal. In various
embodiments, the intensity of the ultrasound echo signal
can be represented by the intensity of the fundamental
component, or the second harmonic component, or the
frequency component of the ultrasound echo signal.
[0030] According to an embodiment of a second aspect
of the present invention, there is proposed a method of
detecting a gas pocket. The method comprises: trans-
mitting an ultrasound signal toward the ROI and acquiring
an ultrasound echo signal reflected from the ROI along
a plurality of scanning lines; obtaining a second harmonic
component of the ultrasound echo signal for each depth
of a plurality of depths along each scanning line of the
plurality of scanning lines; and deriving a change in a
center frequency of the second harmonic component
along with the depth.
[0031] Other objects and advantages of the present
invention will become more apparent and can be easily
understood with reference to the description made in
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combination with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

[0032] The present invention will be described and ex-
plained hereinafter in more detail in combination with em-
bodiments and with reference to the drawings, wherein:

FIG.1 is a schematic diagram of an ultrasound sys-
tem for detecting a gas pocket in accordance with
an embodiment of the present invention;
FIG.2 shows the respective normalized spectra for
a regular ultrasound echo signal and its pulse inver-
sion version;
FIG.3a and FIG.3b show typical frequency-depth
curves for a gas pocket and normal soft tissue (liver);
FIG.4a shows a grey B-mode ultrasound image of a
region of interest (ROI), FIG.4b shows a colorized
parametric ultrasound image of the ROI, and FIG.4c
shows the colorized parametric ultrasound image
overlaid with the grey B-mode ultrasound image;
FIG.5a shows a grey B-mode ultrasound image of a
region of interest (ROI), FIG.5b shows one colorized
parametric ultrasound image of the ROI representing
the center frequency of the second harmonic com-
ponent, FIG.5c shows another colorized parametric
ultrasound image of the ROI representing the slope
of the center frequency of the second harmonic com-
ponent, FIG.5d shows the frequency-depth curve
along the 150th line in the ultrasound image of
FIG.5b, and FIG.5e shows the frequency-depth
curve at a depth of 4 cm in the ultrasound image of
FIG.5b; and
FIG.6 shows a flowchart for an exemplary method
of detecting a gas pocket.

[0033] The same reference signs in the figures indicate
similar or corresponding features and/or functionalities.

DETAILED DESCRIPTION

[0034] The present invention will be described with re-
spect 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
schematic 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.
[0035] FIG.1 shows a schematic diagram of an ultra-
sound system 100 for detecting a gas pocket in a Region-
of-Interest (ROI) in accordance with an embodiment of
the present invention. As shown in FIG.1, the ultrasound
system 100 includes an ultrasound probe 110 for trans-
mitting an ultrasound signal toward the ROI and acquiring
an ultrasound echo signal reflected from the ROI. The
ultrasound echo signal may be pre-processed to reduce
noise and/or motion artifacts.
[0036] The pre-processed signals are coupled to an

obtaining unit 130. The obtaining unit 130 is configured
to obtain a second harmonic component of the ultrasound
echo signal for each depth of a plurality of depths on a
scanning line in the ROI.
[0037] According to an embodiment of a first aspect of
the present invention, the second harmonic component
is obtained by means of a pulse inversion technique. As
known by the person skilled in the art, positive pulse
transmission and negative pulse transmission are suc-
cessively performed along with each scanning line, and
two corresponding RF (radio frequency) lines are re-
ceived, respectively. The pulse inversion version of the
ultrasound echo signal is the sum of the two RF lines,
namely the sum of the received echo of the positive pulse
transmission and the received echo of the negative pulse
transmission. Generally, when the ultrasound signal en-
counters a gas pocket, it alternately compresses the gas
pocket in the positive pressure phase and expands it in
the negative pressure phase. However, the extent to
which the gas pockets are compressed during the posi-
tive pressure phase does not correspond to the extent
of expansion in the negative pressure phase. In other
words, the compression and expansion are not symmet-
rical and thus harmonic components are produced.
[0038] In an exemplary embodiment, the received ul-
trasound echo signal comprises a raw 512-line RF signal
collected along 256 scanning lines in tissue harmonic
mode, 256 lines of which are the echoes of the positive
pulse transmission and the other 256 lines of which are
the echoes of the negative pulse transmission. Then, a
new 256-line RF signal indicating the pulse inversion ver-
sion is derived from the raw 512-line RF signal. The new
256-line RF signal is then pre-processed to reduce noise
or motion artifacts.
[0039] FIG.2 shows the respective normalized spectra
for a regular ultrasound echo signal and its pulse inver-
sion version. It can be seen that the energy of the second
harmonic component obtained from the pulse inversion
at a bandwidth of [2.5 to 5] MHz is around 70% to 80%
of the total energy from the pulse inversion signal. There-
fore, the second harmonic component can be generally
selected as the bandwidth for spectral analysis.
[0040] Harmonic imaging relies on transmitting at a
fundamental frequency and forming an image from har-
monic components of the ultrasound echo signal, where
filters are used to remove the fundamental component.
Pulse inversion technique can separate the fundamental
component of the gas pocket echoes from the harmonic
components even when they overlap. In pulse inversion
technique, any linear target (e.g., tissue) that responds
equally to positive and negative pressures will reflect
equally and its respective echo signals will cancel out.
[0041] Gas pockets respond differently to positive and
negative pressures and do not reflect identical inverted
waveforms. When these echo signals are added, they
do not cancel out completely. By using the pulse inversion
technique, the boundary of possible gas pockets and
dark areas behind the gas pockets becomes clearly vis-
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ible and also the boundary of different tissue exhibits bet-
ter contrast. By comparison, conventional B-scan images
do not show dark areas behind a gas pocket very clearly.
As such, a B-scan image from pulse inversion (major
second harmonic component) shows better contrast than
that from conventional ultrasound. As such, for further
non-linear analysis, the second harmonic component
mentioned above may be obtained by means of pulse
inversion technique.
[0042] Examples of signals used for further non-linear
analysis are not limited to second harmonic components
obtained by means of pulse inversion technique. For ex-
ample, regular second harmonic components can also
be selected for non-linear analysis.
[0043] According to another embodiment, the second
harmonic component is obtained by means of a band-
pass filtering approach. In particular, the obtaining unit
130 comprises a band-pass filter. Alternatively, the ob-
taining unit 130 can comprise a low-pass filter and a high-
pass filter.
[0044] As known by the skilled person, fundamental
component, second harmonics and even higher order
harmonics (if the bandwidth of the ultrasound probe is
wide enough to have higher order harmonics) are all
present in the ultrasound echo signal, and there is spec-
trum overlapping between fundamental component and
2nd harmonics as well as between second harmonics
and higher order harmonics.
[0045] In an embodiment, the ultrasound echo signal
along each scanning line is collected and then a band-
pass digital filter with a lower cut-off frequency f1 and an
upper cut-off frequency f2 is applied to obtain the second
harmonic component of the ultrasound echo signal. Al-
ternative to a band-pass digital filter, a high-pass digital
filter with the lower cut-off frequency f1 and a low-pass
digital filter with the upper cut-off frequency f2 can be
applied. The lower cut-off frequency and the upper cut-
off frequency can be predetermined based on the central
frequency of the ultrasound signal. In an example, the
central frequency of the ultrasound signal transmitted by
the ultrasound probe is 2 MHz, and hence the central
frequency of the second harmonic component is around
4 MHz. Thus, the lower cut-off frequency f1 can be set
in the range from 2.7MHz to 3.2 MHz, preferably at 3.0
MHz, and the upper cut-off frequency f2 can be set in the
range from 5.0 MHz to 5.5 MHz, preferably at 5.0 MHz.
[0046] In an exemplary embodiment, a raw 512-line
RF signal is collected along 256 scanning lines in tissue
harmonic mode, 256 lines of which are the echoes of the
positive pulse transmission and the other 256 lines of
which are the echoes of the negative pulse transmission.
Either the 256 lines of the positive pulse transmission or
the 256 lines of the negative pulse transmission are se-
lected, referred to as a new 256-line RF signal. The new
256-line RF signal is then pre-processed to reduce noise
and/or motion artifacts. Thereafter, the obtaining unit 150
obtains the second harmonic component from the pre-
processed new 256-line RF signal.

[0047] Referring back to FIG.1, the obtained second
harmonic component, for example the pulse inversion
version of the ultrasound echo signal, is coupled to a
deriving unit 140. The deriving unit 140 is configured to
derive a change in a center frequency of the second har-
monic component along with the depth.
[0048] The detection unit 130 and the deriving unit 140
can be implemented as a single processor or separate
processors.
[0049] An ultrasound system normally comprises one
or more processors such as a signal processor coupled
to a beamformer and a B mode processor coupled to the
signal processor. The signal processor can process the
received echo signals in various ways, such as bandpass
filtering, decimation, I and Q component separation, and
harmonic signal separation which is applied to separate
linear and nonlinear signals so as to enable identification
of nonlinear (higher harmonics of the fundamental fre-
quency) echo signals returned from tissue and microbub-
bles. The signal processor may also perform additional
signal enhancement such as speckle reduction, signal
compounding, and noise elimination. The bandpass filter
in the signal processor can be a tracking filter, with its
passband sliding from a higher frequency band to a lower
frequency band as echo signals are received from in-
creasing depths, thereby rejecting the noise at higher
frequencies from greater depths where these frequen-
cies are devoid of anatomical information. The processed
signals are coupled to the B mode processor. The B mode
processor employs detection of an amplitude of the re-
ceived 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 funda-
mental image mode or a combination of both, as de-
scribed in US Pat. 6,283,919 (Roundhill et al.) and US
Pat. 6,458,083 (Jago et al.). In various embodiments, the
detection unit 130 or the deriving unit 140 can be imple-
mented as part of the existing one or more processors,
or as a separate processor.
[0050] In order to derive the change in center frequen-
cy of the second harmonic component along with the
depth, the center frequency of the second harmonic com-
ponent at a depth along each scanning line is derived.
As known by the skilled person, the center frequency of
the second harmonic component can be derived, for ex-
ample, in the following way. The power spectrum of the
second harmonic component is derived using a sliding
window having a first predetermined number of samples.
The first predetermined number of samples can range
from 50 to 500 samples. Preferably, the first predeter-
mined number of samples is 150, i.e. the sliding window
can have a size of 150 samples. In an example, the sliding
window may move 2 samples at a time. The power spec-
trum of the second harmonic component at each depth
can be computed based on the first predetermined
number of samples, for example by using a 4096 or 8192-
point FFT (adding zeros after the first predetermined
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number of samples). In an example, the power spectrum
can be averaged over a number of RF lines, such as
three RF lines, by means of "sliding average". Thereafter,
the center frequency of the second harmonic component
is computed from the power spectrum. For example, from
the power spectrum Pl,d(f) at the d-th depth along the l-th

scanning line, the center frequency  at d-th depth

along the l-th scanning line is computed as: 

[0051] Since the attenuation/decrease of the center
frequency due to a gas pocket at a specific depth is as-
sumed to be greater than that due to soft issue at the
same depth, the change in the center frequency of the
second harmonic component along with the depth can
be used for indicating the existence of a gas pocket. For
example, a gas pocket might be detected in case of a
sharply changed center frequency of the second harmon-
ic component along with the depth, whereas soft tissue
might be detected in case of a nearly linearly changed
center frequency of the second harmonic component
along with the depth.
[0052] In an aspect, a frequency-depth curve for the
scanning line of the plurality of scanning lines in the ROI
can be derived by determining the center frequency of
the second harmonic component for each depth of the
scanning line. Such frequency-depth curve for the scan-
ning line can represent the relationship between the cent-
er frequency of the second harmonic component and the
depth and thus represent the change of the center fre-
quency of the second harmonic component along with
the depth.
[0053] Similarly, another frequency-depth curve for an-
other scanning line of the plurality of scanning lines in
the ROI can also be derived, and so on. As a result, for
each scanning line of the plurality of scanning lines in the
ROI, a respective frequency-depth curve can be derived.
As such, the frequency-depth map for the ROI can be
established based on all or a portion of the frequency-
depth curves for the plurality of scanning lines in the ROI.
[0054] According to an embodiment of the present in-
vention, the frequency-depth curve or map can be
smoothened by averaging over a second predetermined
number of scanning lines. For example, a smooth func-
tion such as a moving average function (also called slid-
ing average function) can be applied. Preferably, the sec-
ond predetermined number ranges between 2 and 50
lines. For example, the second predetermined number
of scanning lines can be selected to be 50 lines.
[0055] Two typical frequency-depth curves are shown
in FIG.3a and FIG.3b, where the relationship between

center frequency of the second harmonic component and
depth can be represented by such frequency-depth
curve. In the examples of FIG.3a and FIG.3b, the second
harmonic component is obtained by means of pulse in-
version technique.
[0056] Referring back to FIG.1, the deriving unit 140
is coupled to a detecting unit 150. The detecting unit 150
is configured to detect a gas pocket based on the change
of the center frequency of the second harmonic compo-
nent in the depth direction. The detection unit 130, the
deriving unit 140 and the detecting unit can be imple-
mented as a single processor or separate processors.
[0057] A display unit 160 is coupled to the deriving unit
140. The display unit 160 is configured to generate an
ultrasound image representing the derived change in the
center frequency of the second harmonic component
along with the depth.
[0058] Additionally or alternatively, the display unit 160
is coupled to the detecting unit 150 and is configured to
display, in an ultrasound image, an indicator for indicating
the detected gas pocket. The ultrasound image can be
of various types, such as a B-mode ultrasound image,
an ultrasound image representing the change of the cent-
er frequency along with the depth, or a combination there-
of. The B-mode ultrasound image may represent the
short-time energy of the echo signal or the short-time
energy of the second harmonic component of the echo
signal. The short-time energy may be derived using a
sliding window. The size of the sliding window may range
from 50 to 500 samples. For example, the sliding window
can have a size of 150 samples and move 2 samples at
a time.
[0059] The detecting unit 150 can be configured to de-
tect the gas pocket in various ways.
[0060] In an embodiment, in the case that the second
harmonic component is obtained by means of pulse in-
version technique, the detecting unit 150 is configured
to detect a gas pocket in the following way. If, in the depth
direction, the amount of change of the center frequency
of the second harmonic component at a depth exceeds
a first predetermined threshold, it is detected that there
is a gas pocket at said depth.
[0061] Referring again to FIG.3a and FIG.3b, the rela-
tionship between center frequency of the second har-
monic component and depth can be represented by each
of the two frequency-depth curve. In an aspect, the
change in center frequency along with depth can be re-
flected by a slope of the frequency-depth curve at a re-
spective depth. We note that in FIG.3a the center fre-
quency drops sharply at a depth around 2.3 cm to 3.0
cm; while in FIG.3b the center frequency decreases near-
ly linearly along with the depth.
[0062] Through analyzing data sets, the acoustical
characteristics of a gas pocket and normal soft tissue
can be determined through analysis of ultrasound echo
signals. In one aspect, a sharp drop of the average fre-
quency along with depth may be considered as being
caused by a gas pocket. In another aspect, a nearly lin-
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early average frequency along with depth may be con-
sidered as being caused by normal soft tissues. For ex-
ample, in FIG.3a and FIG.3b, the frequency-depth curve
in FIG.3a may relate to a gas pocket, and the frequency-
depth curve in FIG.3b may relate to normal soft tissue
(liver).
[0063] As described above, the gas pocket can be de-
tected by comparing the amount of change in the center
frequency of the second harmonic component along with
depth with a first predetermined threshold. If the amount
of change at a depth exceeds the first predetermined
threshold in an area, the area possibly contains a gas
pocket; otherwise, the area possibly contains soft tis-
sues. The first predetermined threshold can be experi-
mentally derived. For example, the first predetermined
threshold can be derived by performing a statistical anal-
ysis on the slopes of the aforementioned frequency-
depth curve for the presence of a gas pocket and normal
soft tissue. The absolution value of the slopes represents
the amount of change of the center frequency of the sec-
ond harmonic component.
[0064] A parametric slope map for the ROI can be gen-
erated to represent the slopes at the plurality of depths
of the smoothened frequency-depth curve for each scan-
ning line. The slope values can be for example in MHz
per cm. In an embodiment, the parametric slope map can
be colorized to obtain a colorized parametric slope map,
in which the slope value is represented by a color. A color
bar is often provided adjacent to each colorized paramet-
ric map to indicate the correspondence between the
colors and the values indicated by the colors. Typically,
the colorized parametric map is colorized with various
colors. As a particular example, the parametric map can
be colorized by various grey levels.
[0065] FIG.4a shows a grey B-mode ultrasound image
of a region of interest (ROI), FIG.4b shows a colorized
parametric ultrasound image of the ROI, and FIG. 4c
shows the colorized parametric ultrasound image over-
laid with the grey B-mode ultrasound image. The color-
ized parametric ultrasound image represents the color-
ized parametric slope map as described above. Dynamic
ranges for grey B-scan image and color map are 60 dB
and 0.3, respectively. In the example of Figs.4a-4c, the
second harmonic component is obtained by means of
pulse inversion technique.
[0066] Referring to FIG.4b, the blue color represents
a smaller slope (i.e. the absolution value of the slope is
higher) and thus a sharp drop of the center frequency of
the second harmonic component, whilst the red color rep-
resents a higher slope. Since the sharp drop of the center
frequency indicates that a gas pocket could exist, the
blue areas (such as areas 401) in FIG.4b illustrate the
locations of the possible gas pockets.
[0067] Referring to FIG.4c, it shows the colorized par-
ametric ultrasound image overlaid with the grey B-mode
ultrasound image. Such an overlaid ultrasound image
allows the users to detect the gas pocket using both the
proposed approach based on the change of the center

frequency of the second component and the conventional
approach based on the B-mode ultrasound image, re-
sulting in a more robust detection.
[0068] In some cases, the absolute value of the slope
at a tissue boundary can be also very high, just like at a
gas pocket. As is well-known, in the B-mode ultrasound
image, the tissue boundary is normally darker or has a
lower amplitude, whilst the gas pocket is normally bright-
er or has a higher amplitude. Through double checking
the brightness and/or the amplitude in the B-mode ultra-
sound image, the gas pocket can be distinguished from
the tissue boundary. In other words, the gas pocket may
be brighter or has a higher amplitude than the tissue
boundary.
[0069] In another embodiment, in the case that the sec-
ond harmonic component is obtained by means of a
band-pass filtering approach, the detecting unit 150 is
configured to obtain a first determining result indicating
whether the change in the center frequency along with
the depth in an area forms a bell shape, and to determine
whether a gas pocket is present in the area based on the
first determining result. For example, if the center fre-
quency of the second harmonic component in the middle
of the area is higher than that in the other part of the area,
it is determined that, in the area, the change of the center
frequency along with the depth forms a bell shape. It will
be appreciated by the skilled person that the first deter-
mining result, namely whether the change in the center
frequency along with the depth in an area forms a bell
shape, can be obtained in various ways such as by
means of any suitable pattern recognition methods.
[0070] Additionally or alternatively, the detecting unit
150 is configured to determine whether a gas pocket is
present between a first depth and a second depth along
a scanning line based on a second determining result,
wherein the second depth is deeper than the first depth,
and the second determining result indicates, along the
scanning line, whether the change in the center frequen-
cy along with the depth is greater than a positive second
predetermined threshold at the first depth and less than
a negative third predetermined threshold at the second
depth. In an embodiment, the change in the center fre-
quency along with the depth is represented by the slope
of the frequency-depth curve. The skilled person in the
art will appreciate that more than one scanning line may
go across the same gas pocket, and the determined first
and second depth along each of multiple adjacent scan-
ning lines can be used to determine the outline of the gas
pocket.
[0071] Experimental results show that the slope in the
area of gas pocket is obviously larger than the slope in
the area of surrounding normal soft tissue. Therefore,
the area of a gas pocket and the area of surrounding
normal soft tissue can be well differentiated based on the
slope of the frequency-depth curve, for example, by com-
paring the slope with the corresponding predetermined
thresholds.
[0072] In another embodiment, the detecting unit 150
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is configured to obtain a third determining result indicat-
ing whether the intensity of the ultrasound echo signal at
the first depth is lower than a fourth threshold, and to
determine whether a gas pocket is present between the
first depth and the second depth based on the second
determining result and the third determining result. Pref-
erably, the fourth threshold is determined based on the
average intensity over the whole ROI. The intensity of
the ultrasound echo signal can be, for example, repre-
sented by the short-time energy of the ultrasound echo
signal, such as the image value of a regular B-mode im-
age.
[0073] In particular, if the second determining result
indicates there might be a gas pocket, but the third de-
termining result indicates that the intensity of the ultra-
sound echo signal at the first depth is lower than the
fourth threshold, the detecting unit 150 is configured so
as not to determine there is a gas pocket.
[0074] In this way, the detecting accuracy can be im-
proved for the following considerations. If the averaged
intensity in an area after a positive slope is too low as
compared to the averaged intensity in the whole image,
said area is expected to be a near-field area associated
with skin and fat, or a boundary, or there is too much
noise or too many artifacts.
[0075] Figs.5a-5e shows an example in which the ul-
trasound echo signal is collected along 256 scanning
lines in a region of interest (ROI), and the second har-
monic component of the ultrasound echo signal is ob-
tained by means of band-pass filtering. FIG.5a shows a
grey B-mode ultrasound image of the ROI, FIG.5b shows
one colorized parametric ultrasound image of the ROI
representing the center frequency of the second harmon-
ic component, FIG.5c shows another colorized paramet-
ric ultrasound image of the ROI representing the slope
of the center frequency of the second harmonic compo-
nent, FIG.5d shows the frequency-depth curve along the
150th scanning line in the ultrasound image of FIG.5b,
and FIG.5e shows the frequency-depth curve at a depth
of 4 cm in the ultrasound image of FIG.5b.
[0076] Referring to FIG.5b, the x-axis represents the
indices of the scanning line, the y-axis represents the
depth in cm, and the color represents the center frequen-
cy of the second harmonic component of the ultrasound
echo signal received from the ROI in MHz, as indicated
by the color bar at one side. It can be seen from FIG.5b
that the center frequency generally decreases along with
the depth, but there is an increase followed by a further
decrease in area 501 and thereby a bell shape is formed
in area 501. As described in the above, based on such
a bell shape, it can be determined either manually (e.g.
by a clinician’s observation) or automatically (e.g. by the
detecting unit 150) that a gas pocket is present in area
501. FIG.5d shows the frequency-depth curve along the
150th scanning line in the ultrasound image of FIG.5b. It
can be clearly observed in FIG.5d that the frequency-
depth curve forms a bell shape approximately between
3.5 cm and 5 cm.

[0077] Referring to FIG.5c, the x-axis represents the
indices of the scanning line, the y-axis represents the
depth in cm, and the color represents the slope of the
center frequency of the second harmonic component
along each scanning line, as indicated by the color bar
at one side. It can be seen from FIG.5c that the slope is
generally in the range of [-0.2, 0.2] in the whole ROI, but
the slope is approximately 0.5 at around 3.5 cm (as in-
dicated by reference sign 502) and is approximately -0.5
at about 5 cm (as indicated by reference sign 503). As
described in the above, based on such information, it can
be determined either manually (e.g. by the clinician’s ob-
servation) or automatically (e.g. by the detecting unit 150)
that a gas pocket is present approximately between 3.5
cm and 5 cm.
[0078] Referring now to FIG.6, a method 600 of detect-
ing a gas pocket in the ROI is illustrated. While, for the
sake of simplicity of explanation, the method is shown
and described as a series of steps, it is to be understood
and appreciated that the methodology is not limited by
the order of steps, as some steps may occur, in accord-
ance with one or more aspects, in different orders and/or
concurrently with other steps as compared to the orders
and steps shown and described herein. For example,
those skilled in the art will understand and appreciate
that a methodology could alternatively be represented
as a series of interrelated states or events, such as in a
state diagram. Moreover, not all illustrated steps may be
utilized to implement a method in accordance with the
claimed subject matter. In general, a process can be im-
plemented as processor instructions, logical program-
ming functions, or other electronic sequence that sup-
ports the detecting of gas pockets described herein.
[0079] FIG.6 is an example gas pocket detection meth-
od 600 for an ultrasound system. The method 600 com-
prises step 10, step 20, step 30 and step 40.
[0080] At step 10, an ultrasound probe 110 is operated
to transmit an ultrasound signal toward the ROI and to
acquire an ultrasound echo signal reflected from the ROI
along a plurality of scanning lines.
[0081] At step 20, a second harmonic component of
the ultrasound echo signal may be obtained for each
depth of a plurality of depths along each of the plurality
of scanning lines. In an aspect, the second harmonic
component is obtained by means of pulse inversion tech-
nique.
[0082] At step 30, a change of the center frequency of
the second harmonic component along with the depth is
derived, wherein the change in the center frequency of
the second harmonic component along with the depth
can be used to indicate the existence of a gas pocket.
For example, a gas pocket might be detected in case of
a sharply changed center frequency of the second har-
monic component along with the depth, whereas soft tis-
sue might be detected in case of a nearly linearly changed
center frequency of the second harmonic component
along with the depth.
[0083] In an aspect, step 30 comprises deriving, for
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each scanning line, a frequency-depth curve represent-
ing the relationship between the center frequency of the
second harmonic component and the depth and deriving
the slope of the frequency-depth curve at each depth.
According to one example, the frequency-depth curve is
smoothened by averaging over a second predetermined
number of ultrasound scanning lines.
[0084] In another aspect, method 600 further compris-
es a step of detecting a gas pocket based on the change
in the center frequency along with the depth. In an ex-
ample, if an amount of the change in the center frequency
along with the depth exceeds, at a depth, a first prede-
termined threshold, the gas pocket is detected at said
depth. In another example, if the change in the center
frequency along with the depth forms a bell shape in an
area, it is detected that a gas pocket is present in the area.
[0085] Additionally, whether the detected gas pocket
is normal or abnormal can be further determined based
on the detected gas pocket and further information.
[0086] In an aspect, the further information may relate
to the location of the gas pocket and to what type of tissue
it is surrounded by. For example, a gas pocket surround-
ed by a liver-like texture might be abnormal since such
a gas pocket is not expected to be seen there. According
to another example, if the surrounding tissue of a gas
pocket has a bowel-like appearance, then the gas pocket
might be normal. According to yet another example, if
the surrounding tissue of a gas pocket is not bowel-like,
then, in general, the gas pocket might be abnormal.
[0087] At step 40, an ultrasound image is displayed.
[0088] In an embodiment, at step 40, an ultrasound
image is generated based on the derived change in the
center frequency of the second harmonic component
along with the depth and then displayed. For example,
the ultrasound image can be a colorized parametric ul-
trasound image as shown in FIG.4b or FIG.5c. In another
embodiment, at step 40, an ultrasound image is gener-
ated, based on the center frequency of the second har-
monic component along with the depth, and then dis-
played. For example, the ultrasound image can be a
colorized parametric ultrasound image as shown in
FIG.5b.
[0089] Additionally or alternatively, at step 40, an indi-
cator for indicating the detected gas pocket is displayed
in an ultrasound image which may be of various types,
such as a B-mode ultrasound image, an ultrasound im-
age illustrating the change of the center frequency along
with the depth, or a combination thereof. For example,
the ultrasound image can be a grey B-mode ultrasound
image as shown in FIG.4a or FIG.5a, a colorized para-
metric ultrasound image as shown in FIG.4b or FIG.5b
or FIG.5c, or the colorized parametric ultrasound image
overlaid with the grey B-mode ultrasound image as
shown in FIG.4c.
[0090] The technique processes described herein may
be implemented by various means. For example, these
techniques may be implemented in hardware, software,
or a combination thereof. For a hardware implementa-

tion, the processing units may be implemented within one
or more application specific integrated circuits (ASICs),
digital signal processors (DSPs), digital signal process-
ing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), proc-
essors, controllers, micro-controllers, microprocessors,
other electronic units designed to perform the functions
described herein, or a combination thereof. With soft-
ware, implementation can be through modules (e.g., pro-
cedures, functions, and so on) that perform the functions
described herein. The software codes may be stored in
a memory unit and executed by the processors.
[0091] Moreover, aspects of the claimed subject mat-
ter may be implemented as a method, apparatus, system,
or article of manufacture using standard programming
and/or engineering techniques to produce software,
firmware, hardware, or any combination thereof to control
a computer or computing components to implement var-
ious aspects of the claimed subject matter. The term "ar-
ticle of manufacture" as used herein is intended to en-
compass a computer program accessible from any com-
puter-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 many modifica-
tions may be made to this configuration without departing
from the scope of what is described herein.
[0092] As used in this application, the term "unit" such
as "obtaining unit", "deriving unit", "detecting unit" is in-
tended to refer to a processor or a computer-related en-
tity, either hardware, a combination of hardware and soft-
ware, software, or software in execution. For example, a
component may be, but is not limited to, a process run-
ning on a processor, a processor, an object, an execut-
able, a thread of execution, a program, and/or a compu-
ter. By way of illustration, both an application running 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.
[0093] What has been described above includes ex-
amples of one or more embodiments. It is, of course, not
possible to describe every conceivable combination of
components or methodologies for the purpose of describ-
ing the aforementioned embodiments, but one of ordinary
skill in the art may recognize that many further combina-
tions and permutations of various embodiments are pos-
sible. Accordingly, the described embodiments are in-
tended to embrace all such alterations, modifications and
variations that fall within the 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
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when employed as a transitional word in a claim.

Claims

1. An ultrasound system (100) for detecting a gas pock-
et in a Region-of-Interest, comprising:

an ultrasound probe (110) for transmitting an ul-
trasound signal toward the Region-of-Interest
and acquiring an ultrasound echo signal reflect-
ed from the Region-of-Interest along a plurality
of scanning lines;
an obtaining unit (130) for obtaining a second
harmonic component of the ultrasound echo sig-
nal for each depth of a plurality of depths along
each scanning line of the plurality of scanning
lines; and a deriving unit (140) for deriving a
change in a center frequency of the second har-
monic component along with the depth.

2. The ultrasound system according to claim 1, wherein
the second harmonic component is obtained by
means of pulse inversion technique.

3. The ultrasound system according to claim 1, wherein
the second harmonic component is obtained by
means of band-pass filtering.

4. The ultrasound system according to claim 1, wherein
the deriving unit is configured
to derive, for each scanning line, a frequency-depth
curve representing the relationship between the
center frequency and the depth; and
to derive a slope of the frequency-depth curve at
each depth of the plurality of depths.

5. The ultrasound system according to claim 4, wherein
the frequency-depth curve is smoothened by aver-
aging over a second predetermined number of ultra-
sound scanning lines.

6. The ultrasound system according to claim 1, further
comprising:

a display unit (160) for generating an ultrasound
image representing the derived change in the
center frequency along with the depth and dis-
playing the ultrasound image.

7. The ultrasound system according to claim 1, further
comprising:

a detecting unit (150) for detecting a gas pocket
based on the change in the center frequency
along with the depth; and
a display unit (160) for displaying, in an ultra-
sound image, an indicator for indicating the de-

tected gas pocket.

8. The ultrasound system according to claim 7, wherein
the second harmonic component is obtained by
means of pulse inversion technique; and
the gas pocket is detected at a depth if an amount
of the change in the center frequency along with the
depth exceeds a first predetermined threshold at the
depth.

9. The ultrasound system according to claim 7, wherein
the second harmonic component is obtained by
means of band-pass filtering; and
the detecting unit (150) is configured to obtain a first
determining result indicating whether the change in
the center frequency along with the depth in an area
forms a bell shape, and to determine whether a gas
pocket is present in the area based on the first de-
termining result.

10. The ultrasound system according to claim 7, wherein
the second harmonic component is obtained by
means of band-pass filtering; and
the detecting unit (150) is configured to determine
whether a gas pocket is present between a first depth
and a second depth along a scanning line based on
a second determining result, wherein the second
depth is deeper than the first depth, and the second
determining result indicates, along the scanning line,
whether the change of the center frequency along
with the depth is greater than a positive second pre-
determined threshold at the first depth and less than
a negative third predetermined threshold at the sec-
ond depth.

11. The ultrasound system according to claim 10, where-
in the detecting unit (150) is configured to obtain a
third determining result indicating whether the inten-
sity of the ultrasound echo signal at the first depth is
lower than a fourth threshold, and to determine
whether a gas pocket is present between the first
depth and the second depth along the scanning line
based on the second determining result and the third
determining result.

12. The ultrasound system according to claim 7, further
comprising:

a determining unit for determining if the detected
gas pocket is normal or abnormal based on the
detected gas pocket and further information,
wherein the further information relates to loca-
tion of the gas pocket and information on what
type of tissue surrounds the gas pocket.

13. A method of detecting a gas pocket in a Region-of-
Interest, comprising steps of:
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transmitting (step 10) an ultrasound signal to-
ward the Region-of-Interest and acquiring (step
10) an ultrasound echo signal reflected from the
Region-of-Interest along a plurality of scanning
lines;
obtaining (step 20) a second harmonic compo-
nent of the ultrasound echo signal for each depth
of a plurality of depths along each scanning line
of the plurality of scanning lines; and deriving
(step 30) a change in a center frequency of the
second harmonic component along with the
depth.

14. The method according to claim 13, further compris-
ing steps of:

generating (step 40) an ultrasound image based
on the derived change in the center frequency
along with the depth; and
displaying (step 40) the ultrasound image.

15. The method according to claim 13, further compris-
ing steps of:

detecting a gas pocket based on the change in
the center frequency along with the depth; and
displaying, in an ultrasound image, an indicator
for indicating the detected gas pocket.

Patentansprüche

1. Ultraschallsystem (100) zur Detektion von Gasbla-
sen in einer interessierenden Region, umfassend:

eine Ultraschallsonde (110) zum Aussenden ei-
nes Ultraschallsignals zur interessierenden Re-
gion und zum Erfassen eines von der interes-
sierenden Region reflektierten Ultraschallecho-
signals auf einer Vielzahl von Abtastlinien;
eine Erlangungseinheit (130) zum Erlangen ei-
ner zweiten harmonischen Komponente des Ul-
traschallechosignals für jede Tiefe einer Viel-
zahl von Tiefen auf jeder Abtastlinie der Vielzahl
von Abtastlinien; und
eine Ableitungseinheit (140) zum Ableiten einer
Veränderung in einer Mittenfrequenz der zwei-
ten harmonischen Komponente zusammen mit
der Tiefe.

2. Ultraschallsystem nach Anspruch 1, wobei die zwei-
te harmonische Komponente mithilfe von Pulsinver-
sionstechnik erlangt wird.

3. Ultraschallsystem nach Anspruch 1, wobei die zwei-
te harmonische Komponente mithilfe von Bandpass-
filterung erlangt wird.

4. Ultraschallsystem nach Anspruch 1, wobei die Ab-
leitungseinheit konfiguriert ist zum
Ableiten einer Frequenz-Tiefe-Kurve, die den Zu-
sammenhang zwischen der Mittenfrequenz und der
Tiefe darstellt, für jede Abtastlinie; und
Ableiten einer Steigung der Frequenz-Tiefe-Kurve
an jeder Tiefe der Vielzahl von Tiefen.

5. Ultraschallsystem nach Anspruch 4, wobei die Fre-
quenz-Tiefe-Kurve durch Mittelwertbildung über ei-
ne zweite vorgegebene Anzahl von Ultraschallab-
tastlinien geglättet wird.

6. Ultraschallsystem nach Anspruch 1, weiterhin um-
fassend:

eine Anzeigeeinheit (160) zum Erzeugen eines
Ultraschallbilds, das die abgeleitete Änderung
in der Mittenfrequenz zusammen mit der Tiefe
darstellt, und zum Anzeigen des Ultraschall-
bilds.

7. Ultraschallsystem nach Anspruch 1, weiterhin um-
fassend:

eine Detektionseinheit (150) zum Detektieren
einer Gasblase basierend auf der Änderung in
der Mittenfrequenz zusammen mit der Tiefe;
und
eine Anzeigeeinheit (160), um in einem Ultra-
schallbild einen Indikators zum Angeben der de-
tektierten Gasblase anzuzeigen.

8. Ultraschallsystem nach Anspruch 7, wobei
die zweite harmonische Komponente mittels Pulsin-
versionstechnik erlangt wird; und
die Gasblase in einer Tiefe detektiert wird, wenn ein
Maß der Änderung in der Mittenfrequenz zusammen
mit der Tiefe einen ersten vorgegebenen Schwellen-
wert bei der Tiefe überschreitet.

9. Ultraschallsystem nach Anspruch 7, wobei
die zweite harmonische Komponente mittels Band-
passfilterung erlangt wird; und
die Detektionseinheit (150) konfiguriert ist, um ein
erstens Ermittlungsergebnis zu erlangen, das an-
gibt, ob die Änderung in der Mittenfrequenz zusam-
men mit der Tiefe in einem Bereich eine Glockenform
bildet, und um basierend auf dem ersten Ermittlungs-
ergebnis zu ermitteln, ob eine Gasblase in dem Be-
reich vorhanden ist.

10. Ultraschallsystem nach Anspruch 7, wobei
die zweite harmonische Komponente mittels Band-
passfilterung erlangt wird; und
die Detektionseinheit (150) konfiguriert ist, um ba-
sierend auf einem zweiten Ermittlungsergebnis zu
ermitteln, ob eine Gasblase zwischen einer ersten
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Tiefe und einer zweiten Tiefe auf einer Abtastlinie
vorhanden ist, wobei die zweite Tiefe tiefer ist als die
erste Tiefe, und wobei das zweite Ermittlungsergeb-
nis angibt, ob entlang der Abtastlinie die Änderung
der Mittenfrequenz zusammen mit der Tiefe größer
als ein positiver zweiter vorgegebener Schwellen-
wert bei der ersten Tiefe und kleiner als ein negativer
dritter vorgegebener Schwellenwert bei der zweiten
Tiefe ist.

11. Ultraschallsystem nach Anspruch 10, wobei die De-
tektionseinheit (150) konfiguriert ist, um ein drittens
Ermittlungsergebnis zu erlangen, das angibt, ob die
Intensität des Ultraschallechosignals bei der ersten
Tiefe geringer ist als ein vierter Schwellenwert, und
um basierend auf dem zweiten Ermittlungsergebnis
und dem dritten Ermittlungsergebnis zu ermitteln, ob
eine Gasblase zwischen der ersten Tiefe und der
zweiten Tiefe entlang der Abtastlinie vorhanden ist.

12. Ultraschallsystem nach Anspruch 7, weiterhin um-
fassend:

eine Ermittlungseinheit, um basierend auf der
detektierten Gasblase und weiteren Informatio-
nen zu ermitteln, ob die detektierte Gasblase
normal oder abnormal ist, wobei sich die weite-
ren Informationen auf den Ort der Gasblase und
auf Angaben bezüglich der Art des die Gasblase
umgebenden Gewebes beziehen.

13. Verfahren zur Detektion einer Gasblase in einer in-
teressierenden Region, wobei das Verfahren die fol-
genden Schritte umfasst:

Aussenden (Schritt 10) eines Ultraschallsignals
zur interessierenden Region und Erfassen
(Schritt 10) eines von der interessierenden Re-
gion reflektierten Ultraschallechosignals auf ei-
ner Vielzahl von Abtastlinien;
Erlangen (Schritt 20) einer zweiten harmoni-
schen Komponente des Ultraschallechosignals
für jede Tiefe einer Vielzahl von Tiefen auf jeder
Abtastlinie der Vielzahl von Abtastlinien; und
Ableiten (Schritt 30) einer Veränderung in einer
Mittenfrequenz der zweiten harmonischen
Komponente zusammen mit der Tiefe.

14. Verfahren nach Anspruch 13, weiterhin die folgen-
den Schritte umfassend:

Erzeugen (Schritt 40) eines Ultraschallbilds ba-
sierend auf der abgeleiteten Änderung in der
Mittenfrequenz zusammen mit der Tiefe, und
Anzeigen (Schritt 40) des Ultraschallbilds.

15. Verfahren nach Anspruch 13, weiterhin die folgen-
den Schritte umfassend:

Detektieren einer Gasblase basierend auf der
Änderung in der Mittenfrequenz zusammen mit
der Tiefe; und
Anzeigen, in einem Ultraschallbild, eines Indi-
kators zum Angeben der detektierten Gasblase.

Revendications

1. Système ultrasonore (100) pour détecter une poche
de gaz dans une région d’intérêt, comprenant :

une sonde ultrasonore (110) pour émettre un
signal ultrasonore vers la région d’intérêt et pour
acquérir un signal d’écho ultrasonore réfléchi
par la région d’intérêt le long d’une pluralité de
lignes de balayage ;
une unité d’obtention (130) pour obtenir une se-
conde composante harmonique du signal
d’écho ultrasonore pour chaque profondeur
d’une pluralité de profondeurs le long de chaque
ligne de balayage de la pluralité de lignes de
balayage ; et
une unité de déduction (140) pour déduire un
changement de fréquence centrale de la secon-
de composante harmonique ainsi que de pro-
fondeur.

2. Système ultrasonore selon la revendication 1, dans
lequel la seconde composante harmonique est ob-
tenue au moyen d’une technique d’inversion d’im-
pulsion.

3. Système ultrasonore selon la revendication 1, dans
lequel la seconde composante harmonique est ob-
tenue au moyen d’un filtrage passe-bande.

4. Système ultrasonore selon la revendication 1, dans
lequel l’unité de déduction est configurée
pour déduire, pour chaque ligne de balayage, une
courbe de fréquence-profondeur représentant la re-
lation entre la fréquence centrale et la profondeur ; et
pour déduire une pente de la courbe de fréquence-
profondeur à chaque profondeur de la pluralité de
profondeurs.

5. Système ultrasonore selon la revendication 4, dans
lequel la courbe de fréquence-profondeur est lissée
par calcul de la moyenne sur un second nombre pré-
défini de lignes de balayage ultrasonore.

6. Système ultrasonore selon la revendication 1, com-
prenant en outre :

une unité d’affichage (160) pour générer une
image ultrasonore représentant le changement
déduit de la fréquence centrale ainsi que de la
profondeur et pour afficher l’image ultrasonore.
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7. Système ultrasonore selon la revendication 1, com-
prenant en outre :

une unité de détection (150) pour détecter une
poche de gaz sur la base du changement de la
fréquence centrale ainsi que de la profondeur ;
et
une unité d’affichage (160) pour afficher, dans
une image ultrasonore, un indicateur pour indi-
quer la poche de gaz détectée.

8. Système ultrasonore selon la revendication 7, dans
lequel
la seconde composante harmonique est obtenue au
moyen d’une technique d’inversion d’impulsion ; et
la poche de gaz est détectée à une profondeur si
une quantité du changement de la fréquence cen-
trale ainsi que de la profondeur dépasse un premier
seuil prédéfini à la profondeur.

9. Système ultrasonore selon la revendication 7, dans
lequel
la seconde composante harmonique est obtenue au
moyen d’un filtrage passe-bande ; et
l’unité de détection (150) est configurée pour obtenir
un premier résultat déterminant indiquant si le chan-
gement de la fréquence centrale ainsi que de la pro-
fondeur dans une zone se présente sous forme de
cloche, et pour déterminer si une poche de gaz est
présente dans la zone sur la base du premier résultat
déterminant.

10. Système ultrasonore selon la revendication 7, dans
lequel
la seconde composante harmonique est obtenue au
moyen d’un filtrage passe-bande ; et
l’unité de détection (150) est configurée pour déter-
miner si une poche de gaz est présente entre une
première profondeur et une seconde profondeur le
long d’une ligne de balayage sur la base d’un deuxiè-
me résultat déterminant, dans lequel la seconde pro-
fondeur est plus profonde que la première profon-
deur, et le deuxième résultat déterminant indique, le
long de la ligne de balayage, si le changement de la
fréquence centrale ainsi que de la profondeur est
plus important qu’un deuxième seuil positif prédéfini
à la première profondeur et inférieur à un troisième
seuil négatif prédéfini à la seconde profondeur.

11. Système ultrasonore selon la revendication 10, dans
lequel l’unité de détection (150) est configurée pour
obtenir un troisième résultat déterminant indiquant
si l’intensité du signal d’écho ultrasonore à la pre-
mière profondeur est inférieure à un quatrième seuil,
et pour déterminer si une poche de gaz est présente
entre la première profondeur et la seconde profon-
deur le long de la ligne de balayage sur la base du
deuxième résultat déterminant et du troisième résul-

tat déterminant.

12. Système ultrasonore selon la revendication 7, com-
prenant en outre :

une unité de détermination pour déterminer si
la poche de gaz détectée est normale ou anor-
male sur la base de la poche de gaz détectée
et d’informations supplémentaires, dans lequel
les informations supplémentaires concernent
un emplacement de la poche de gaz et des in-
formations concernant quel type de tissu entou-
re la poche de gaz.

13. Procédé de détection d’une poche de gaz dans une
région d’intérêt, comprenant les étapes suivantes :

l’émission (étape 10) d’un signal ultrasonore
vers la direction d’intérêt et l’acquisition (étape
10) d’un signal d’écho ultrasonore réfléchi par
la région d’intérêt le long d’une pluralité de lignes
de balayage ;
l’obtention (étape 20) d’une seconde compo-
sante harmonique du signal d’écho ultrasonore
pour chaque profondeur d’une pluralité de pro-
fondeurs le long de chaque ligne de balayage
de la pluralité de lignes de balayage ; et
la déduction (étape 30) d’un changement de fré-
quence centrale de la seconde composante har-
monique ainsi que de profondeur.

14. Procédé selon la revendication 13, comprenant en
outre les étapes suivantes :

la génération (étape 40) d’une image ultrasono-
re sur la base du changement déduit de la fré-
quence centrale ainsi que de la profondeur ; et
l’affichage (étape 40) de l’image ultrasonore.

15. Procédé selon la revendication 13, comprenant en
outre les étapes suivantes :

la détection d’une poche de gaz sur la base du
changement de la fréquence centrale ainsi que
de la profondeur ; et
l’affichage, dans une image ultrasonore, d’un in-
dicateur pour indiquer la poche de gaz détectée.
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