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Description

[0001] The presentinvention generally relates to ultra-
sound diagnostic systems, and more particularly to an
ultrasound diagnostic system for processing an ultra-
sound spectrum image and a method of implementing
the same.

[0002] Document US 2002/0116141 A1 describes an
ultrasound transmitter that generates ultrasound signals
at an adjustable pulse repetition rate. According to the
method described therein, the positive and negative fre-
quency portions of the spectral data are rearranged. Fur-
thermore, the aliasing of the spectral data according to
positions of edge 1 and edge 2 in the re-arranged spectral
data is checked.

[0003] US 6,050,948 discloses an ultrasound Doppler
diagnostic apparatus for accurately tracing a maximum
or minimum frequency in each of Doppler-shifted fre-
quency spectra arranged in a sequential order of time on
the time axis as an m-mode Doppler image.

[0004] An ultrasound diagnostic system is now widely
used to inspect the internal condition of a human body.
The ultrasound diagnostic system may obtain an image
of the single layer or blood flow of a soft tissue without
using an invasive needle. This is typically performed
through the process of radiating an ultrasound signal
from the body surface of a target object to be diagnosed
to a desired portion in the body, receiving the reflected
ultrasound signal, and processing the received ultra-
sound signal (ultrasound echo signal). Compared to oth-
er medical imaging systems (e.g., X-ray diagnostic sys-
tem, X-ray Computerized Tomography (CT) scanner,
Magnetic Resonance Imaging (MRI) system, nuclear
medicine diagnostic system, etc.), the ultrasound diag-
nostic system is relatively small in size and inexpensive.
The ultrasound diagnostic system is further capable of
displaying images in real-time and is highly safe from
exposure to X-ray radiation or the like. Due to such ad-
vantages, the ultrasound diagnostic systemis widely em-
ployed to diagnose the heart, abdomen and urinary or-
gans, especially in the fields of obstetrics, gynecology
and the like.

[0005] Inaconventional ultrasound diagnostic system,
transducers transmit ultrasound signals to a target object
and receive signals reflected by the target object (echo
signals). The echo signals show different patterns de-
pending on whether the target object is stationary or mov-
ing. When the target object is moving toward the trans-
ducers, received signals have higher frequencies than
when the target object is stationary. On the other hand,
when the target object is moving away from the trans-
ducers, received signals have lower frequencies than
when the target object is stationary. As such, the echo
signals reflected by the moving target object are subject
to the Doppler shift phenomenon. Due to the Doppler
shift, the ultrasound diagnostic system can obtain veloc-
ity information that can be displayed on a display device.
Further, the ultrasound diagnostic system can offer the
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velocity measurement of a blood flow based on the ob-
tained velocity information.

[0006] Generally, contour tracing is required to detect
the contour (sometimes referred to as a’trace line’) of a
spectrum image. However, even when the spectrum im-
age has aliasing, the conventional ultrasound diagnostic
system does not consider the magnitude and direction
of the aliasing when performing contour tracing. For this
reason, the conventional ultrasound diagnostic system
is disadvantageous since it cannot perform accurate con-
tour tracing, as shown in Fig. 1. Therefore, the conven-
tional ultrasound diagnostic system cannot provide ac-
curate peak tracing.

[0007] Further, as the pulse wave (PW)gain for a spec-
trum image increases, the noise also tends to increase.
Also, the noise varies for each spectrum image. Howev-
er, when the conventional ultrasound diagnostic system
performs the contour tracing on a spectrum image with
increased noise, it determines a threshold for removing
the noise based on the PW gain without analyzing the
noise. Thus, since the noise varies depending on external
environments (e.g., gel existence, probe type, etc.), the
conventional ultrasound diagnostic system is disadvan-
tageous in that it cannot perform accurate contour trac-
ing, as shown in Fig. 2. Therefore, the conventional ul-
trasound diagnostic system cannot provide accurate
peak tracing.

[0008] Itis, therefore, an objectof the presentinvention
to address and resolve the above-mentioned deficien-
cies ofthe prior art. In this regard, the object of the present
invention is to provide an apparatus and method for
processing an ultrasound spectrum image, which can ac-
curately perform both contour tracing and peak tracing
by removing the noise from a noise-containing spectrum
image and removing aliasing from an aliasing-containing
spectrum image through automatically shifting the base-
line.

[0009] According to one aspect of the present inven-
tion, there is provided a method of processing an ultra-
sound spectrum image, according to claim 1.

[0010] According to still yet another aspect of the
present invention, there is provided an ultrasound diag-
nostic system, according to claim 19.

[0011] The above and other objects and features of
the present invention will become apparent from the fol-
lowing descriptions of preferred embodiments given in
conjunction with the accompanying drawings, in which:

Fig. 1 shows the result of contour tracing for an alias-
ing-containing spectrum image in a conventional ul-
trasound diagnostic system;

Fig. 2 shows the result of contour tracing for a spec-
trum image with increased pulse wave (PW) gain in
a conventional ultrasound diagnostic system;

Fig. 3 is a schematic block diagram illustrating an
ultrasound diagnostic system constructed in accord-
ance with one embodiment of the present invention;
Fig. 4 is a flowchart showing the operations of an
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image processor included in the ultrasound diagnos-
tic system shown in Fig. 3;

Fig. 5 is a flowchart showing the process of deter-
mining a threshold for discriminating between a
noise and a spectrum in a spectrum image and re-
moving the noise from the spectrum image based
on the determined threshold;

Fig. 6A shows a noise-containing spectrum image;
Fig. 6B shows a noise-removed spectrum image;
Fig. 6C is a graph of velocity versus time, wherein a
frequency component at a specific time and velocity
is represented by gray shading;

Fig. 7 is a flowchart showing the process of deter-
mining the range of a spectrum in a noise-removed
spectrum image;

Fig. 8 shows the accumulation of gray values of a
spectrum along a horizontal axis, as well as a spec-
trum start position and a spectrum end position, in
accordance with one embodiment of the present in-
vention;

Figs. 9A to 9C show the spectrum models in accord-
ance with one embodiment of the present invention;
Fig. 10 is a flowchart showing the process of con-
verting an aliasing-containing spectrum image into
an aliasing-removed spectrum image by shifting a
baseline based on its spectrum model;

Fig. 11A shows an aliasing-containing spectrum im-
age;

Fig. 11B shows a spectrum image with a baseline
shifted in accordance with one embodiment of the
present invention;

Fig. 12 is a flowchart showing the process of deter-
mining a contour tracing direction for a spectrum im-
age and performing contour tracing in the deter-
mined direction;

Fig. 13 is a flowchart showing the process of per-
forming mean contour tracing for a spectrum image;
Fig. 14 shows the contour points, mean contour
points, result of contour tracing and result of mean
contour tracing, which are obtained in accordance
with one embodiment of the present invention;

Fig. 15 is a flowchart showing the process of deter-
mining the peak tracing direction of a spectrum im-
age;

Fig. 16 is a flowchart showing the process of per-
forming 1-peak tracing in a peak tracing direction of
a spectrum image;

Fig. 17A shows an example wherein the number of
peaks, which are above their respective grade
thresholds, are constant up to a specific grade
threshold in accordance with one embodiment of the
present invention;

Fig. 17B shows an example wherein the number of
peaks, which are above their respective grade
thresholds, are not constant in accordance with one
embodiment of the present invention;

Fig. 18 shows the end diastolic velocity (EDV) veri-
fication condition, EDVs and peak systolic velocities
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(PSVs);

Fig. 19 shows the result of 1-peak tracing in accord-
ance with one embodiment of the present invention;
Fig. 20 is a flowchart showing the process of per-
forming 2-peak tracing in a peak tracing direction of
a spectrum image;

Fig. 21 shows the result of 2-peak tracing in accord-
ance with one embodiment of the present invention;
and

Fig. 22 shows a spectrum image with a baseline shift-
ed back to an original position after completing con-
tour tracing and peak tracing in accordance with one
embodiment of the present invention.

[0012] The preferred embodiments of the present in-
vention will be described below with reference to Figs. 3
to 22.

[0013] Referring now to Fig. 3, an ultrasound diagnos-
tic system 100, which is constructed in accordance with
the present invention, generally includes a probe 110, a
beam-former 120, an image processor 130, a memory
140 and a display unit 150.

[0014] The probe 110 preferably includes a one-di-
mensional (ID) or two-dimensional (2D) array of trans-
ducers 112. The probe 110 is configured to transmit ul-
trasound signals to a target object and receive ultrasound
echo signals. The beam-former 120 controls the trans-
mission and reception of the probe 110. Further, in order
to form a coherent beam of the echo signals from the
target object, the beam-former 120 processes the re-
ceived ultrasound echo signals. The image processor
130 produces spectrum signals based on the ultrasound
echo signals and produces a noise-removed spectrum
image based on the spectrum signals, wherein afrequen-
cy component at a specific time and velocity is represent-
ed by a shade of gray. The image processor 130 then
performs contour tracing and peak tracing on the pro-
duced spectrum image to thereby provide a processed
spectrum image. The processed spectrum image, which
is provided by the image processor 130, is stored in the
memory 140 and/or is displayed on the display unit 150.
Alternatively, the memory 140 may store the raw spec-
trum signals instead of the resulting spectrum image.
[0015] The image processor 130, which is constructed
in accordance with the present invention, will be de-
scribed below in detail with reference to Figs. 4 to 22.
[0016] Fig. 4 is a flowchart showing the operations of
the image processor 130. The image processor 130 de-
termines a threshold for discriminating between a noise
and a spectrum in a spectrum image. It then removes
the noise based on the determined threshold (S100).
Step S100 will be described in more detail in view of Figs.
5, 6A and 6B.

[0017] As shown in Fig. 5, the image processor 130
produces a spectrum image based on the spectrum sig-
nals (S110). Then, the image processor 130 divides the
produced spectrum image into a number of sections
(S120). Each of the sections may or may not overlap with
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neighboring sections. Thereafter, for each of the sec-
tions, the image processor 130 calculates the average
intensity of pixels, the intensities of which are greater
than a specific magnitude (S130). Next, the image proc-
essor 130 compares the average intensities calculated
for the respective sections so as to detect a section with
the smallest average intensity (S140). The section having
the smallest average intensity is assumed to contain only
the noise and not the spectrum. The image processor
130 then detects the maximum intensity of the noise by
analyzing a histogram of the section having the smallest
average intensity (S150). The image processor 130 then
determines the detected maximum intensity of the noise
as the threshold for discriminating between the noise and
the spectrum (S160). The image processor 130 removes
the noise from the spectrum image based on the deter-
mined threshold (S170). That is, the image processor
130 removes the noise from the noise-containing spec-
trum image (as shown in Fig. 6A) based on the deter-
mined threshold, thereby providing a spectrum image
containing only the spectrum (as shown in Fig. 6B). Fig.
6C represents Fig. 6B in more detail, wherein a frequency
component at a specific time and velocity is represented
by a gray scale variation.

[0018] After completing step S100, the image proces-
sor 130 determines a range covering the spectrum in the
noise-removed spectrum image (S200). Step S200 will
be described in more detail with reference to Figs. 7 and
8.

[0019] The image processor 130 accumulates gray
values of the spectrum in the noise-removed spectrum
image along the spectrum movement direction (direction
of X-axis), as shown in Fig. 8 (S210). The image proc-
essor 130 then detects the range including upper side
and lower side spectrums from a baseline (S220). The
image processor 130 determines the highest position (or
velocity) of the upper side spectrum from the baseline as
a spectrum start position 210 (S230). Further, the image
processor 130 determines the lowest position (or veloc-
ity) of the lower side spectrum from the baseline as a
spectrum end position 220 (S240).

[0020] In an alternative embodiment, the image proc-
essor 130 may detect the velocities of the upper side and
lower side spectrums from the baseline. It can then de-
termine the highest spectrum velocity in the upper side
spectrum as the spectrum start position, while further de-
termining the highest spectrum velocity in the lower side
spectrum as the spectrum end position.

[0021] After completing step S200, the image proces-
sor 130 checks whether an aliasing exists in the spectrum
image or not. In case the spectrum image contains the
aliasing, the image processor 130 shifts the baseline of
the spectrum image to convert the aliasing-containing
spectrum image into an aliasing-removed spectrum im-
age (S300). Whether an aliasing exists or not is deter-
mined based on the spectrum models, which represent
the spectrum types. More specifically, the spectrum mod-
els may include the spectrum types wherein a spectrum
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resides in the upper side of the baseline (Fig. 9A), the
spectrum types wherein a spectrum resides in the lower
side of the baseline (Fig. 9B), and the spectrum types
wherein a spectrum resides in both the upper side and
lower side of the baseline (Fig. 9C). Step S300 will be
described in more detail with reference to Figs. 10, 11A
and 11B.

[0022] As shown in Fig. 10, the image processor 130
matches the spectrum image with the spectrum types in
the spectrum models (S310). By doing so, the image
processor 130 detects a spectrum type that corresponds
to the spectrum image (S320). For example, by matching
the spectrumimage (as shown in Fig. 11A) with the spec-
trum types (as shown in Figs. 9A to 9C), the image proc-
essor 130 detects the second spectrum type in Fig. 9C
as the spectrum type corresponding to the spectrum im-
age. Thereafter, the image processor 130 checks wheth-
er the detected spectrum type contains the aliasing or
not (S330). In case the detected spectrum type does not
contain the aliasing, it proceeds to step S400. In case
the aliasing exists in the detected spectrum type, the im-
age processor 130 detects the direction of the aliasing
in the spectrum type and determines the direction in
which the baseline should be shifted based on the de-
tected direction (S340). For example, the image proces-
sor 130 determines thatthe spectrumtype corresponding
to the spectrum image shown in Fig. 11A (second spec-
trum type in Fig. 9C) contains the aliasing in the upper
side spectrum, and further determines that the baseline
should be shifted downward. Moreover, the image proc-
essor 130 analyzes the spectrum between the spectrum
start position and the spectrum end position in the spec-
trum image (S350) so as to obtain the height of the alias-
ing from the spectrum start position or the spectrum end
position (S360). Then, the image processor 130 shifts
the baseline of the spectrum image based on the aliasing
direction detected at step S340 and the aliasing height
obtained at step S360 in order to remove the aliasing, as
shown in Fig. 11B (S370).

[0023] After completing step S300, the image proces-
sor 130 determines a contour tracing direction of the
spectrum image and performs contour tracing in the de-
termined direction (S400). Step S400 will be described
in more detail with reference to Fig. 12.

[0024] As shown in Fig. 12, the image processor 130
checks whether the contour tracing direction selected by
an operator is all of the directions or an up/down direction
(S410). If the up direction is selected, the contour tracing
is performed for the upper side spectrum above the base-
line. If the down direction is selected, the contour tracing
is performed for the lower side spectrum below the base-
line. If all the directions are selected, the contour tracing
is performed for both the upper side and lower side spec-
trums.

[0025] Incase itis determined that the contour tracing
direction is all of the directions at step 410, the contour
tracing is performed for each of the upper side and lower
side spectrums (S420) to detect contour points in the
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respective spectrums (S430). Next, for each of the upper
side and lower side spectrums, the image processor 130
calculates the sum of the intensities of the detected con-
tour points (S440). The intensity refers to the sum of fre-
quency components with regard to specific velocities and
time points in a spectrum. For example, as the contour
point A in Fig. 6C includes the information of frequency
components of various velocities (60 cm/sec, 65 cm/sec,
70 cm/sec, 75 cm/sec and 80 cm/sec), the image proc-
essor 130 calculates the intensity of the contour point A
by summing up the velocity magnitude multiplied by the
frequency components. The image processor 130 com-
pares the calculated sum ofintensities between the upper
side spectrum and the lower side spectrum (S450) to
select the contour points of the spectrum having the
greater sum of intensities (S460).

[0026] On the other hand, in case it is determined that
the contour tracing direction is the up or down direction
at step 410, the image processor 130 performs the con-
tour tracing in the corresponding contour tracing direction
(S470) to detect contour points (S480).

[0027] After completing step S400, the image proces-
sor 130 performs mean contour tracing to detect mean
contour points (S500). The intensity at each of the mean
contour points is half the intensity at the corresponding
contour point. Step S500 will be described in more detail
with reference to Figs. 13 and 14.

[0028] As shown in Fig. 13, the image processor 130
calculates the intensities of the contour points (S510).
The image processor 130 then performs mean contour
tracing (S520) to detect mean contour points (S530). For
example, as shown in Fig. 14, the image processor 130
performs the mean contour tracing to detect a mean con-
tour point 321 for a contour point 311 (the former having
half the intensity of the latter) when the baseline is adopt-
ed as the reference. In Fig. 14, reference numeral 312
represents the result of the contour tracing, while refer-
ence numeral 322 represents the result of the mean con-
tour tracing.

[0029] After completing step S500, the image proces-
sor 130 determines a peak tracing direction of the spec-
trum image (S600). Step S600 will be described in more
detail with reference to Fig. 15.

[0030] As shown in Fig. 15, the image processor 130
checks whether the peak tracing direction selected by an
operator is all of the directions or an up/down direction
(S610). If the selected peak tracing direction is all of the
directions, then the image processor 130 analyzes the
density, intensity and/or velocity for each of the upper
side and lower side spectrums from the baseline (S620).
The image processor 130 determines the peak tracing
direction based on the result of the analysis (S630). Pref-
erably, the image processor 130 determines the peak
tracing direction to correspond to the spectrum having
the higher density, intensity and/or velocity (between the
upper side spectrum and the lower side spectrum). How-
ever, ifthe peak tracing direction is the up/down direction,
then it proceeds to step S700.
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[0031] After completing step S600, the image proces-
sor 130 checks whether the peak tracing, which is per-
formed to detect peaks, is 1-peak tracing or 2-peak trac-
ing (S700). The 1-peak tracing is generally used for a
spectrum image having one peak per cycle (e.g., a spec-
trum image obtained far from the heart) to detect peaks
and peak start positions. The 2-peak tracing is generally
used for a spectrum image having two peaks per cycle
(e.g., aspectrumimage obtained near the heart) to detect
two peaks for each cycle.

[0032] In caseitis determined that the peak tracing is
the 1-peak tracing at step S700, the image processor
130 performs the 1-peak tracing in the peak tracing di-
rection (S800). Step S800 will be described in more detail
with reference to Figs. 16 to 19.

[0033] As shown in Fig. 16, the image processor 130
performs the 1-peak tracing (S810) to detect candidate
peaks (S820). The candidate peaks include actual peaks
corresponding to the peak systolic velocity (PSV) and
quasi-peaks, which are similar to the actual peaks. The
image processor 130 determines grade thresholds,
which divide the range between the spectrum start posi-
tion and the spectrum end position into several grades
of the peak velocity (S830). Then, for each of the grade
thresholds starting from the spectrum start position (or
the spectrum end position), the image processor 130 de-
tects the number of candidate peaks higher than the cor-
responding grade threshold (S840). For illustration, the
image processor 130 may determine the grade thresh-
olds between the spectrum start position and the spec-
trum end position (as shown in Fig. 17A or Fig. 17B) and
then detect the number of candidate peaks residing
above each of the grade thresholds. In Fig. 17A, the
number of candidates peaks above the first grade thresh-
old is four and above the second grade threshold is four.
Further, the number of candidate peaks above the third
grade threshold is five and above the fourth grade thresh-
old is eight.

[0034] The image processor 130 checks whether or
not the number of candidate peaks above the respective
grade thresholds are constantly repeated up to a specific
grade threshold (S850). Ifitis determined that the number
of candidate peaks above the grade thresholds are con-
stantly repeated up to the specific grade threshold at step
S850, then the image processor 130 detects the candi-
date peak of the lowest position among the candidate
peaks above the specific grade threshold (S860). Then,
the image processor 130 determines as a first peak-fil-
tering threshold, which is used for filtering the candidate
peaks, the grade threshold immediately below the de-
tected candidate peak of the lowest position (S870). For
illustration, in case of Fig. 17A, the image processor 130
determines that the number of candidate peaks are con-
stantly repeated at four up to the second grade threshold.
The image processor 130 then determines the first grade
threshold located immediately below the candidate peak
150, which has the lowest position among the candidate
peaks above the second grade threshold, as the first
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peak-filtering threshold. In another embodiment, the im-
age processor 130 may determine as the first peak-fil-
tering threshold the position of the candidate peak of the
lowest position among the candidate peaks above the
specific grade threshold.

[0035] On the other hand, at step S850, it may be de-
termined that the number of candidate peaks above the
respective grade thresholds are not constantly repeated
up to any specific grade threshold. For example, in Fig.
17B, the number of candidate peaks are as follows:
above the first grade threshold is four; above the second
grade threshold is eight; above the third grade threshold
is ten; and above the fourth grade threshold is twelve. In
such a case, the image processor 130 calculates the
height differences in every pair of the candidate peaks
(S880). Then, the image processor 130 calculates the
variance for each of the candidate peaks based on the
calculated height differences (S890). The image proces-
sor 130 then detects the candidate peak having the small-
est variance and determines as a second peak-filtering
threshold, which is used for filtering the candidate peaks,
the grade threshold immediately below the detected can-
didate peak (S900).

[0036] Based on the distance between the spectrum
start position and the spectrum end position, the image
processor 130 determines the end diastolic velocity
(EDV) verification condition, which is used for verifying
the peak start positions, to be a position corresponding
to a specific distance (preferably 30% of the distance
between the spectrum start position and the spectrum
end position) from the spectrum end position (S910). The
image processor 130 selects the candidate peaks satis-
fying the first or second peak-filtering threshold out of all
the candidate peaks (S920). Then, the image processor
130 detects the peak start positions corresponding to the
selected candidate peaks (S930). The image processor
130 checks whether each of the detected peak start po-
sitions satisfies the EDV verification condition deter-
mined at step S910 or not (S940).

[0037] Ifthe peak start position is determined to satisfy
the EDV verification condition at step S940, then the peak
start position is determined as an EDV and the candidate
peak corresponding thereto is determined as a PSV
(S950). Forexample, in Fig. 18, the image processor 130
detects the peak start positions 621, 622, 623 and 624
for the respective candidate peaks 611, 612, 613 and
614 that satisfy the first or second peak-filtering thresh-
old. Then, theimage processor 130 selects the peak start
positions 621 and 623, which satisfy the EDV verification
condition, out of the detected peak start positions 621,
622,623 and 624. The image processor 130 determines
the peak start positions 621 and 623 as EDVs and de-
termines the candidate peaks 611 and 613 correspond-
ing to the peak start positions 621 and 623 as PSVs.
[0038] On the other hand, if the peak start position is
determined not to satisfy the EDV verification condition
at step S940, then the peak start position and the candi-
date peak corresponding thereto are removed (S970).
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For example, in Fig. 18, the peak start positions 622 and
624 and the candidate peaks 612 and 614 corresponding
thereto are removed. By determining EDVs and PSVs
along the aforementioned steps, the image processor
130 can automatically detect individual cycles in the
spectrum image. The image processor 130 then outputs
the result of the 1-peak tracing, as shown in Fig. 19.
[0039] However, ifitis determined thatthe peak tracing
is 2-peak tracing at step S700, then the image processor
130 performs the 2-peak tracing in the peak tracing di-
rection (S1000). Step S1000 will be described in more
detail with reference to Figs. 20 and 21.

[0040] As shown in Fig. 20, the image processor 130
performs the 2-peak tracing in the peak tracing direction
within a range determined by an operator (S1010) so as
to detect candidate peaks (S1020). Next, among the de-
tected candidate peaks, the image processor 130 deter-
mines a first detected candidate peak as an E-peak (end
of rapid filling peak) (S1030) and further determines a
candidate peak detected after the E-peak as an A-peak
(atrial contraction peak) (S1040). Thereafter, the image
processor 130 outputs the result of the 2-peak tracing as
shown in Fig. 21.

[0041] After completing step S800 or S1000, in case
the baseline of the spectrum image was shifted at step
S340, the image processor 130 shifts the baseline of the
spectrum image back to the original position (i.e., the
position before the shift at step S340), as shown in Fig.
22 (S1100). Step S1100 s carried out only for a spectrum
image determined to contain an aliasing at step S330
and the baseline of which was shifted at step S340. Step
S1100 is not carried out for a spectrum image that was
determined not to contain an aliasing at step S330.
Thereafter, the image processor 130 stores the process-
ing result in the memory unit 140 and/or displays the
same on the display unit 150 (S1200).

[0042] As discussed above, the presentinvention can
remove the noise from a noise-containing spectrum im-
age, as well as being able to remove the aliasing from
an aliasing-containing spectrum image by automatically
shifting the baseline. As such, the present invention can
provide accurate contour tracing and accurate peak trac-
ing.

[0043] While the present invention has been shown
and described with respect to a preferred embodiment,
those skilled in the art will recognize that various changes
and modifications may be made.

Claims

1. A method of processing an ultrasound spectrum im-
age in an ultrasound diagnostic system, comprising
the steps of:

(a) forming a spectrum image based on ultra-
sound data, said spectrum image representing
a velocity at a specific time;
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(b) removing a noise from the spectrum image
to provide a noise-removed spectrum image;
characterized by

(c) matching the noise-removed spectrum im-
age with one or more spectrum models repre-
senting specific spectrum types to check wheth-
er or not the noise-removed spectrum image
contains an aliasing;

(d) if it is determined that the noise-removed
spectrum image contains the aliasing, then re-
moving the aliasing from the noise-removed
spectrum image to provide a noise-removed
spectrum image without the aliasing;

(e) performing a contour tracing on the noise-
removed spectrum image without the aliasing to
detect contour points; and

(f) performing a peak tracing on the noise-re-
moved spectrum image without the aliasing to
detect peaks.

The method of Claim 1, wherein the step (b) com-
prises:

(b1) determining afirst threshold for discriminat-
ing between the noise and a spectrum in the
spectrum image; and

(b2) removing the noise from the spectrum im-
age based on the first threshold.

The method of Claim 2, wherein the step (b1) com-
prises:

dividing the spectrum image into a number of
sections;

calculating an average intensity of pixels in each
of the sections;

comparing the average intensities calculated for
the sections to selecta section having a smallest
average intensity;

analyzing a histogram of the section having the
smallest average intensity to detect the maxi-
mum intensity in the histogram; and
determining the detected maximum intensity as
the first threshold.

4. The method of Claim 1, wherein the step (d) com-

prises:

if it is determined that the noise-removed spec-
trum image contains the aliasing, then detecting
a direction and a magnitude of the aliasing
based on the matched spectrum model; and

shifting a baseline of the noise-removed spec-
trum image based on the detected direction and
magnitude of the aliasing to remove the aliasing.

The method of Claim 1, wherein the step (e) com-
prises:
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6.

10.

(e1) receiving a contour tracing direction select-
ed by anoperator and checking whether the con-
tour tracing direction indicates performing the
contour tracing for both upper side and lower
side spectrums or performing the contour trac-
ing for either the upper side or the lower side
spectrum;

(e2) if it is determined that the contour tracing
direction indicates performing the contour trac-
ing for both the upper side and lower side spec-
trums, then performing the contour tracing for
both the upper side and lower side spectrums
to detect the contour points; and

(e3) if it is determined that the contour tracing
direction indicates performing the contour trac-
ing for either the upper side or the lower side
spectrum, then performing the contour tracing
for the corresponding spectrum to detect the
contour points.

The method of Claim 5, wherein the step (e2) com-
prises:

for each of the upper side and lower side spec-
trums, calculating the sum of intensities of the
contour points in the corresponding spectrum;
comparing the sum of intensities of the contour
points in the upper side spectrum and the sum
of intensities of the contour points in the lower
side spectrum to determine which of the spec-
trums has the greater sum of intensities; and
selecting the contour points of the spectrum hav-
ing the greater sum of intensities.

The method of Claim 6, wherein the sum of intensi-
ties is calculated based on velocities and frequency
components of the corresponding spectrum.

The method of Claim 5, wherein the step (e) further
comprises:

calculating intensities of the contour points; and
performing mean contour tracing in the contour
tracing direction to detect mean contour points,
wherein intensities of the mean contour points
are half of the intensities of the corresponding
contour points.

The method of Claim 1, wherein the step (f) compris-
es:

(f1) determining a peak tracing direction for the
spectrum image; and

(f2) performing the peak tracing in the peak trac-
ing direction.

The method of Claim 9, wherein the step (f1) com-
prises:
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checking whether or not the peak tracing direc- 14. The method of Claim 13, wherein the step (g21) com-
tion indicates performing the peak tracing for prises:

both upper side and lower side spectrums;
if it is determined that the peak tracing direction

(h1) determining grade thresholds in a range of

indicates performing the peak tracing for both 5 the spectrum;
the upper side and lower side spectrums, then (h2) for each of the grade thresholds, calculating
analyzing at least one of density, intensity and the number of candidate peaks above the grade
velocity for each of the upper side spectrum and threshold;
the lower side spectrum; (h3) determining the second threshold based on
comparing said at least one of the density, in- 70 whether or not the calculated number of candi-
tensity and velocity between the upper side date peaks are constantly repeated up to a spe-
spectrum and the lower side spectrum to select cific grade threshold.
one of the spectrums; and
determining the peak tracing direction so that 15. The method of Claim 14, wherein the step (h3) com-
the peak tracing is performable for the selected 75 prises:
spectrum.
if it is determined that the calculated numbers
11. The method of Claim 9, wherein the step (f2) com- of candidate peaks are constantly repeated up
prises: to the specific grade threshold, then detecting a
20 candidate peak of the lowest position among
(f21) checking whether the peak tracing is 1- candidate peaks above the specific grade
peak tracing or 2-peak tracing; threshold; and
(f22) if it is determined that the peak tracing is determining a grade threshold immediately be-
the 1-peak tracing, then performing the 1-peak low the detected candidate peak as the second
tracing on the spectrum image; and 25 threshold.
(f23) if it is determined that the peak tracing is
the 2-peak tracing, then performing the 2-peak 16. The method of Claim 14, wherein the step (h3) com-
tracing on the spectrum image. prises:

12. The method of Claim 11, wherein the step (f22) com- 30 if it is determined that the calculated number of
prises: candidate peaks are not constantly repeated up

(g1) performing the 1-peak tracing on the spec-
trum image to detect candidate peaks including

actual peaks out of the candidate peaks selected
in the step (g23).

to the specific grade threshold, then calculating
height differences in every pair of the candidate
peaks;

actual peaks and quasi-peaks; and 35 calculating a variance for each of the candidate
(g2) selecting the actual peaks out of the candi- peaks by using the calculated height differenc-
date peaks. es;
detecting a candidate peak having the smallest
13. The method of Claim 12, wherein the step (g2) com- variance; and
prises: 40 determining a grade threshold corresponding to
the detected candidate peak as the second
(921) determining a second threshold for filter- threshold.
ing the candidate peaks;
(922) selecting candidate peaks satisfying the 17. The method of Claim 13, wherein the step (g25) com-
second threshold out of the candidate peaks; 45 prises:
(923) detecting peak start positions for the se-
lected candidate peaks; (i1) checking whether or not one of the peak start
(g24) determining a specific distance from the positions satisfies the third threshold;
lowest position of a spectrum in the spectrum (i2) if it is determined that the peak start position
image as a third threshold for verifying the peak 50 satisfies the third threshold, then determining
start positions; and the peak start position as an end diastolic veloc-
(925) selecting peak start positions satisfying ity (EDV) and determining the candidate peak
the third threshold out of the peak start positions corresponding to the peak start position as a
and selecting the candidate peaks correspond- peak systolic velocity (PSV);
ing to the selected peak start positions as the 55 (i3) if it is determined that the peak start position

does not satisfy the third threshold, then remov-
ing the peak start position and the candidate
peak corresponding to the peak start position;
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and
(i4) repeating the steps (i1) to (i3) for each of the
peak start positions.

18. The method of Claim 11, wherein the step (f23) com-
prises:

performing the 2-peak tracing to detect candi-
date peaks;

determining a first detected candidate peak as
an E-peak (end of rapid filling peak); and
determining a candidate peak detected after the
E-peak as an A-peak (atrial contraction peak).

19. An ultrasound diagnostic system, comprising:

means for forming a spectrum image based on
ultrasound data, said spectrum image repre-
senting a velocity at a specific time;

means (130) for removing a noise from the spec-
trum image to provide a noise-removed spec-
trum image;

characterized by

means (130) for matching the noise-removed
spectrum image with one or more spectrum
models representing specific spectrum types to
check whether or not the noise-removed spec-
trum image contains an aliasing;

if it is determined that the noise-removed spec-
trum image contains the aliasing, means (130)
for removing the aliasing from the noise-re-
moved spectrum image to provide a noise-re-
moved spectrum image without the aliasing;
means (130) for performing contour tracing on
the noise-removed spectrum image without the
aliasing to detect contour points; and

means (130) for performing peak tracing on the
noise-removed spectrum image without the
aliasing to detect peaks.

Patentanspriiche

Verfahren zum Verarbeiten eines Ultraschallspek-
tralbilds in einem Ultraschalldiagnosesystem, wel-
ches die folgenden Schritte aufweist:

a) Erzeugen eines Spektralbilds basierend auf
Ultraschalldaten, wobei das Spektralbild eine
Geschwindigkeit zu einer spezifischen Zeit re-
prasentiert;

b) Entfernen von Rauschen aus dem Spektral-
bild, um ein Spektralbild zu erzeugen, aus dem
das Rauschen entfernt wurde;
gekennzeichnet durch

c) Vergleichen des Spektralbilds, aus dem das
Rauschen entfernt wurde, mit einem oder meh-
reren Spektralmodellen, die spezifische Spek-
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tralarten reprasentieren, um zu priifen, ob das
Spektralbild, aus dem das Rauschen entfernt
wurde, einen Alias-Effekt aufweist;

d) wenn festgestellt wird, dass das Spektralbild,
aus dem das Rauschen entfernt wurde, den Ali-
as-Effekt aufweist, Entfernen des Alias-Effekts
aus dem Spektralbild, aus dem das Rauschen
entfernt wurde, um ein Spektralbild, aus dem
das Rauschen entfernt wurde, ohne den Alias-
Effekt zu erzeugen;

e) Durchfiihren einer Konturverfolgung an dem
Spektralbild, aus dem das Rauschen entfernt
wurde, ohne den Alias-Effekt, um Konturpunkte
zu detektieren; und

f) Durchfiihren einer Peakverfolgung an dem
Spektralbild, aus dem das Rauschen entfernt
wurde, ohne den Alias-Effekt, um Peaks zu de-
tektieren.

2. Verfahren nach Anspruch 1, wobei der Schritt (b)
folgendes aufweist:

(b1) Ermitteln eines ersten Grenzwerts zum Un-
terscheiden zwischen dem Rauschen und ei-
nem Spektrum in dem Spektralbild, und

(b2) Entfernen des Rauschens aus dem Spek-
tralbild basierend auf dem ersten Grenzwert.

3. Verfahren nach Anspruch 2, wobei der Schritt (b1)
folgendes aufweist:

Einteilen des Spektralbilds in eine Vielzahl von
Abschnitten;

Berechnen einer durchschnittlichen Intensitat
von Pixeln in jedem der Abschnitte;
Vergleichen der durchschnittlichen Intensitaten,
die flir die Abschnitte berechnet wurden, um ei-
nen Abschnitt auszuwahlen, der eine geringste
durchschnittliche Intensitat aufweist;
Analysieren eines Histogramms des Abschnitts,
welcher die geringste durchschnittliche Intensi-
tat aufweist, um die maximale Intensitat in dem
Histogramm zu detektieren; und

Festlegen der detektierten maximalen Intensitat
als den ersten Grenzwert.

4. Verfahren nach Anspruch 1, wobei der Schritt (d)
folgendes aufweist:

wenn festgestellt wird, dass das Spektralbild,
aus dem das Rauschen entfernt wurde, den Ali-
as-Effekt aufweist, Detektieren einer Richtung
und einer Grof3e des Alias-Effekts basierend auf
dem angepassten bzw. verglichenen Spektral-
modell; und

Verschieben einer Basis des Spektralbilds, aus
dem das Rauschen entfernt wurde, basierend
auf der ermittelten Richtung und Grofie des Ali-



17 EP 1726 262 B1

as-Effekts, um den Alias-Effekt zu entfernen.

5. Verfahren nach Anspruch 1, wobei der Schritt (e)
folgendes aufweist:

(e1) Empfangen einer Konturverfolgungsrich-
tung, die von einer Bedienperson ausgewahlt
wurde, und Prifen, ob die Konturverfolgungs-
richtung die Durchfiihrung der Konturverfolgung
sowohl fiir das oberseitige als auch fir das un-
terseitige Spektrum anzeigt, oder Durchfiihren
der Konturverfolgung entweder fiir das obersei-
tige oder das unterseitige Spektrum;

(e2) wenn ermittelt wird, dass die Konturverfol-
gungsrichtung die Durchfiihrung der Konturver-
folgung sowohl fiir das oberseitige als auch fir
das unterseitige Spektrum anzeigt, Durchflihren
der Konturverfolgung sowohl fiir das oberseitige
als auch fir das unterseitige Spektrum, um die
Konturpunkte zu detektieren; und

(e3) wenn festgestellt wird, dass die Konturver-
folgungsrichtung die Konturverfolgung entwe-
der fiir das oberseitige oder fiir das unterseitige
Spektrum anzeigt, Durchfiihren der Konturver-
folgung fir das entsprechende Spektrum, um
die Konturpunkte zu detektieren.

6. Verfahren nach Anspruch 5, wobei der Schritt (e2)
folgendes aufweist:

fir jedes der oberseitigen und unterseitigen
Spektren Berechnen der Summe der Intensita-
ten der Konturpunkte in dem entsprechenden
Spektrum;

Vergleichen der Summe der Intensitaten der
Konturpunkte in dem oberseitigen Spektrum
und der Summe der Intensitadten der Kontur-
punkte in dem unterseitigen Spektrum, um zu
ermitteln, welches der Spektren die gréRere
Summe an Intensitaten aufweist; und
Auswahlen der Konturpunkte des Spektrums,
welches die grolRere Summe von Intensitaten
aufweist.

7. Verfahren nach Anspruch 6, wobei die Summe der
Intensitaten basierend auf Geschwindigkeiten und
Frequenzkomponenten des entsprechenden Spek-
trums berechnet wird.

8. Verfahren nach Anspruch 5, wobei der Schritt (e)
des Weiteren folgendes aufweist:

Berechnen von Intensitaten der Konturpunkte;
und

Durchfiihren einer mittleren Konturverfolgungin
der Konturverfolgungsrichtung, um mittlere
Konturpunkte zu detektieren, wobei Intensitaten
der mittleren Konturpunkte die Halfte der Inten-
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sitaten der entsprechenden Konturpunkte sind.

9. Verfahren nach Anspruch 1, wobei der Schritt (f) fol-
gendes aufweist:

(f1) Ermitteln einer Peakverfolgungsrichtung fur
das Spektralbild; und

(f2) Durchfihren der Peakverfolgung in der
Peakverfolgungsrichtung.

10. Verfahren nach Anspruch 9, wobei der Schritt (f1)
folgendes aufweist:

Prifen, ob die Peakverfolgungsrichtung das
Durchfiihren der Peakverfolgung sowohl fiir das
oberseitige als auch fur das unterseitige Spek-
trum anzeigt;

wenn festgestellt wird, dass die Peakverfol-
gungsrichtung das Durchfiihren der Peakverfol-
gung sowohl fiir das oberseitige als auch fiir das
unterseitige Spektrum anzeigt, Analysieren von
wenigstens einem von Dichte, Intensitat und
Geschwindigkeit sowohl fiir das oberseitige
Spektrum als auch fiir das unterseitige Spek-
trum;

Vergleichen von wenigstens einem von Dichte,
Intensitat und Geschwindigkeit zwischen dem
oberseitigen Spektrum und dem unterseitigen
Spektrum, um eines der Spektren auszuwahlen;
und

Ermitteln der Peakverfolgungsrichtung, so dass
die Peakverfolgung fiir das ausgewahlte Spek-
trum durchfihrbar ist.

11. Verfahren nach Anspruch 9, wobei der Schritt (f2)
folgendes aufweist:

(f21) Prifen, ob die Peakverfolgung eine 1-
Peakverfolgung oder eine 2-Peakverfolgung ist;
(f22) wenn festgestellt wird, dass die Peakver-
folgung die 1-Peakverfolgung ist, Durchfiihren
der 1-Peakverfolgung an dem Spektralbild; und
(f23) wenn festgestellt wird, dass die Peakver-
folgung die 2-Peakverfolgung ist, Durchfiihren
der 2-Peakverfolgung an dem Spektralbild.

12. Verfahren nach Anspruch 11, wobei der Schritt (f22)
folgendes aufweist:

(g1) Durchfiihren der 1-Peakverfolgung an dem
Spektralbild, um Kandidaten-Peaks zu ermit-
teln, die tatsachliche Peaks und Quasi-Peaks
beinhalten; und

(92) Auswahlen der tatsachlichen Peaks aus
den Kandidaten-Peaks.

13. Verfahren nach Anspruch 12, wobei der Schritt (g2)
folgendes aufweist:
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(921) Ermitteln eines zweiten Grenzwerts zum
Filtern der Kandidaten-Peaks;

(g22) Auswahlen derjenigen Kandidaten-
Peaks, die den zweiten Grenzwert erflillen, aus
den Kandidaten-Peaks;

(923) Ermitteln von Peak-Startpositionen fiir die
ausgewahlten Kandidaten-Peaks;

20

Hohendifferenzen;

Detektieren eines Kandidaten-Peaks, der die
geringste Varianz aufweist; und

Ermitteln eines Stufengrenzwerts, das mit dem
detektierten Kandidaten-Peak korrespondiert,
als den zweiten Grenzwert.

(924) Ermitteln eines spezifischen Abstands von 17. Verfahren nach Anspruch 13, wobei der Schritt (g25)
der untersten Position eines Spektrums in dem folgendes aufweist:

Paar der Kandidaten-Peaks;
Berechnen einer Varianz fiir jeden der Kandida-
ten-Peaks unter Verwendung der berechneten

1"

Spektralbild als einen dritten GrenzwertzumVe- 70
rifizieren der Peak-Startpositionen; und (i1) Prifen ob eine der Peak-Startpositionen den
(925) Auswahlen derjenigen Peak-Startpositio- dritten Grenzwert erfiillt oder nicht;
nen, welche den dritten Grenzwert erfiillen, aus (i2) wenn festgestellt wird, dass die Peak-Start-
den Peak-Startpositionen und Auswahlen der- position den dritten Grenzwert erfilllt, Festlegen
jenigen Kandidaten-Peaks, welche mitden aus- 15 der Peak-Startposition als eine end-diastolische
gewahlten Peak-Startpositionen korrespondie- Geschwindigkeit (EDV) und Festlegen des Kan-
ren, als die tatsachlichen Peaks aus den Kan- didaten-Peaks, der mit der Peak-Startposition
didaten-Peaks, die in dem Schritt (g23) ausge- korrespondiert, als eine systolische Peakge-
wahlt wurden. schwindigkeit (PSV);
20 (i3) wenn festgestellt wird, dass die Peak-Start-
14. Verfahren nach Anspruch 13, wobeider Schritt (g21) position den dritten Grenzwert nicht erfillt, Ent-
folgendes aufweist: fernen der Peak-Startposition und des Kandida-
ten-Peaks, der der Peak-Startposition ent-
(h1) Ermitteln von Stufengrenzwerten in einem spricht; und
Bereich des Spektrums; 25 (i4) Wiederholen der Schritte (i1) bis (i3) fir jede
(h2) Berechnen der Anzahl von Kandidaten- der Peak-Startpositionen.
Peaks oberhalb des Stufengrenzwerts fiir jeden
der Stufengrenzwerte; 18. Verfahren nach Anspruch 11, wobei der Schritt (f23)
(h3) Ermitteln des zweiten Grenzwerts basie- folgendes aufweist:
rend darauf, ob die berechnete Anzahl an Kan- 30
didaten-Peaks bis zu einem spezifischen Stu- Durchfiihren der 2-Peakverfolgung, um Kandi-
fengrenzwert konstant wiederholt werden oder daten-Peaks zu ermitteln;
nicht. Festlegen eines ersten detektierten Kandida-
ten-Peaks als einen E-Peak (Ende des schnell
15. Verfahren nach Anspruch 14, wobei der Schritt (h3) 35 fullenden Peaks); und
folgendes aufweist: Ermitteln eines Kandidaten-Peaks, das nach
dem E-Peak ermittelt wurde, als ein A-Peak (At-
wenn festgestellt wird, dass die berechnete An- riumkontraktions-Peak).
zahl von Kandidaten-Peaks bis zu dem spezifi-
schen Stufengrenzwert konstant wiederholt 40 19. Ultraschalldiagnosesystem, welches folgendes auf-
werden, Detektieren eines Kandidaten-Peaks weist:
der untersten Position unter den Kandidaten-
Peaks oberhalb des spezifischen Stufengrenz- eine Einrichtung zum Erzeugen eines Spektral-
werts; und bilds basierend auf Ultraschalldaten, wobei das
Ermitteln eines Stufengrenzwerts unmittelbar 45 Spektralbild eine Geschwindigkeit zu einer spe-
unterhalb des detektierten Kandidaten-Peaks zifischen Zeit reprasentiert;
als den zweiten Grenzwert. eine Einrichtung (130) zum Entfernen von Rau-
schen aus dem Spektralbild, um ein Spektralbild
16. Verfahren nach Anspruch 14, wobei der Schritt (h3) zu erzeugen, aus dem das Rauschen entfernt
folgendes aufweist: 50 wurde;
gekennzeichnet durch
wenn festgestellt wird, dass die berechnete An- eine Einrichtung zum Vergleichen des Spektral-
zahl an Kandidaten-Peaks nicht bis zu dem spe- bilds, aus dem das Rauschen entfernt wurde,
zifischen Stufengrenzwert konstant wiederholt mit einem oder mehreren Spektralmodellen, die
wird, Berechnen von Héhendifferenzeninjedem 55 spezifische Spektralarten reprasentieren, umzu

prifen, ob das Spektralbild, aus dem das Rau-
schen entfernt wurde, einen Alias-Effekt auf-
weist oder nicht;
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wenn festgestellt wird, dass das Spektralbild,
aus dem das Rauschen entfernt wurde, den Ali-
as-Effekt aufweist, eine Einrichtung (130) zum
Entfernen des Alias-Effekts aus dem Spektral-

22

I’étape (b1) comprend les étapes consistant a :

diviser I'image spectrale en un certain nombre
de sections ;

bild, aus dem das Rauschen entfernt wurde,um % calculer une intensité moyenne de pixels dans
ein Spektralbild, aus dem das Rauschen ent- chacune des sections ;

fernt wurde, ohne den Alias-Effekt zu erzeugen; comparer les intensités moyennes calculées
eine Einrichtung (130) zum Durchfiihren einer pour les sections afin de sélectionner une sec-
Konturverfolgung an dem Spektralbild, aus dem tion ayant une intensité moyenne la plus petite ;
das Rauschen entfernt wurde, ohne den Alias- 170 analyser un histogramme de la section ayant la
Effekt, um Konturpunkte zu detektieren; und plus petite intensité moyenne pour détecter I'in-
eine Einrichtung (130) zum Durchfiihren einer tensité maximum dans I'histogramme ; et
Peakverfolgung an dem Spektralbild, aus dem déterminerl'intensité maximum détectée en tant
das Rauschen entfernt wurde, ohne den Alias- que premier seuil.

Effekt, um Peaks zu detektieren. 15

4. Méthode selon la revendication 1, dans laquelle
I’étape (d) comprend les étapes consistant a :
Revendications
s’il est déterminé que I'image de spectre a bruit
supprimé contient le crénelage, détecter alors
une direction et une amplitude du crénelage sur
la base du modeéle de spectre adapté ; et

1. Méthode de traitement d’une image spectrale ultra- 20
sonore dans un systeme de diagnostic ultrasonore,
comprenant les étapes consistant a :

(a) former une image spectrale sur la base de

décaler une ligne de base de I'image spectrale
a bruit supprimé sur la base de la direction et de

données ultrasonores, ladite image spectrale 25 I'amplitude détectées du crénelage afin de sup-
représentant une vitesse a un instant primer le crénelage.

spécifique ;

(b) éliminer un bruit a partir de 'image spectrale 5. Méthode selon la revendication 1, dans laquelle
pour fournir une image spectrale a bruit I’étape (e) comprend les étapes consistant a :
supprimeé ; 30

caractérisée par les étapes consistant a (e1)recevoirunedirection de tragage de contour
(c) faire correspondre I'image spectrale a bruit sélectionnée par un opérateur et vérifier si la
supprimé avec un ou plusieurs modéles de direction de tragage de contour indique I'exécu-
spectre représentant des types de spectre spé- tion du tragcage de contour pour des spectres
cifiques pour vérifier si 'image spectrale a bruit 35 cbté supérieur et coté inférieur ou I'exécution du
supprimé contient ou non un crénelage ; tracage de contour pour le spectre de cbté su-
(d) s’il est déterminé que I'image spectrale a périeur ou de c6té inférieur ;

bruit supprimé contient le crénelage, éliminer (e2) s’ilestdéterminé que la direction de tragage
alors le crénelage a partir de I'image spectrale de contour indique I'exécution du tragage de
a bruit supprimé pour fournir une image spec- 40 contour pour les spectres coté supérieur et coté
trale a bruit supprimé sans le crénelage ; inférieur, alors exécuter le tracage de contour
(e) effectuer un tragage de contour sur I'image pour les spectres coté supérieur et cété inférieur
spectrale a bruit supprimé sans le crénelage pour détecter les points de contour ; et

pour détecter des points de contour ; et (e3) s’ilestdéterminé que la direction de tragage
(f) effectuer un tragcage de pic sur I'image spec- 45 de contour indique I'exécution du tragcage de

trale a bruit supprimé sans le crénelage pour
détecter des pics.

contour pour le spectre de c6té supérieur ou de
cé6té inférieur, alors exécuter le tragage de con-
tour pour le spectre correspondant pour détecter

2. Meéthode selon la revendication 1, dans laquelle
I'étape (b) comprend les étapes consistant a : 50

les points de contour.

6. Méthode selon la revendication 5, dans laquelle
(b1) déterminer un premier seuil de discrimina- I’étape (e2) comprend les étapes consistant a :
tion entre le bruit et un spectre dans l'image
spectrale ; et
(b2) éliminer le bruit a partir de I'image spectrale 55

sur la base du premier seuil.

pour chacun des spectres de c6té supérieur et
de coté inférieur, calculer la somme d’intensités
des points de contour dans le spectre
correspondant ;

3. Meéthode selon la revendication 2, dans laquelle comparer la somme d’intensités des points de

12
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contour dans le spectre de c6té supérieur et la
somme d’intensités des points de contour dans
le spectre de co6té inférieur pour déterminer le-
quel des spectres a la somme d’intensités plus
importante ; et

sélectionner les points de contour du spectre
ayant la somme d’intensités plus importante.

Méthode selon la revendication 6, dans laquelle la
somme d’intensités est calculée sur la base de vi-
tesses et de composantes fréquentielles du spectre
correspondant.

Méthode selon la revendication 5, dans laquelle
I'étape (e) comprend en outre les étapes consistant
a:

calculer des intensités des points de contour ; et
effectuer un tragage de contour moyen dans la
direction de tracage de contour pour détecter
des points de contour moyens, dans laquelle
des intensités des points de contour moyens re-
présententla moitié des intensités des points de
contour correspondants.

Méthode selon la revendication 1, dans laquelle
I'étape (f) comprend les étapes consistant a :

(f1) déterminer une direction de tragcage de pic
pour I'image spectrale ; et

(f2) effectuer le tragcage de pic dans la direction
de tracage de pic.

Méthode selon la revendication 9, dans laquelle
I'étape (f1) comprend les étapes consistant a :

vérifier si la direction de tragage de pic indique
ou non I'exécution du tragage de pic pour les
spectres de coté supérieur et de coté inférieur ;
s’il est déterminé que la direction de tragage de
pic indique I'exécution du tragcage de pic pour
les spectres de coté supérieur et de coté infé-
rieur, analyser alors au moins I'une d’'une den-
sité, d’'une intensité etd’'une vitesse pour chacun
du spectre de c6té supérieur et du spectre de
coté inférieur ;

comparer ladite au moins une de la densité, de
lintensité et de la vitesse entre le spectre de
coté supérieur et le spectre de coté inférieur
pour sélectionner I'un des spectres ; et
déterminer la direction de tracage de pic afin
que le tragage de pic soit réalisable pour le spec-
tre sélectionné.

Méthode selon la revendication 9, dans laquelle
I'étape (f2) comprend les étapes consistant a :

(f21) vérifier si le tracage de pic est un tracage
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a un pic ou un tragcage a deux pics ;

(f22) s’il est déterminé que le tragcage de pic est
le tragage a un pic, exécuter alors le tragage a
un pic sur 'image spectrale ; et

(f23) s'’il est déterminé que le tragcage de pic est
le tragcage a deux pics, exécuter alors le tragcage
a deux pics sur I'image spectrale.

. Méthode selon la revendication 11, dans laquelle

I’étape (f22) comprend les étapes consistant a :

(g1) effectuer le tragage a un pic sur l'image
spectrale pour détecter des pics candidates, y
compris des pics réels et des quasi-pics ; et
(g2) sélectionner les pics réels parmi les pics
candidats.

. Méthode selon la revendication 12, dans laquelle

I’étape (g2) comprend les étapes consistant a :

(921) déterminer un deuxieme seuil pour filtrer
les pics candidats ;

(922) sélectionner des pics candidats satisfai-
santle deuxiéme seuil parmiles pics candidats ;
(923) détecter des positions de début de pic pour
les pics candidats sélectionnés ;

(g24) déterminer une distance spécifique a par-
tir de la position la plus basse d’un spectre dans
'image spectrale en tant que troisieme seuil
pour vérifier les positions de début de pic ; et
(925) sélectionner des positions de début de pic
satisfaisant le troisieme seuil parmi les positions
de début de pic et sélectionner les pics candi-
dats correspondant aux positions de début de
pic sélectionnées en tant que pics réels parmi
les pics candidats sélectionnés a I'étape (g23).

14. Méthode selon la revendication 13, dans laquelle

I’étape (g21) comprend les étapes consistant a :

(h1) déterminer des seuils de niveau dans une
plage du spectre ;

(h2) pour chacun des seuils de niveau, calculer
le nombre de pics candidats au-dessus du seuil
de niveau ;

(h3) déterminer le deuxieme seuil sur la base
de larépétition constante ou non du nombre cal-
culé de pics candidats jusqu’a un seuil de niveau
spécifique.

15. Méthode selon la revendication 14, dans laquelle

I’étape (h3) comprend les étapes consistant a :

s'il est déterminé que les nombres calculés de
pics candidats sont constamment répétés jus-
qgu’au seuil de niveau spécifique, détecter alors
un pic candidatde la position la plus basse parmi
des pics candidats au-dessus du seuil de niveau
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spécifique ; et

déterminer un seuil de niveau immédiatement
en dessous du pic candidat détecté en tant que
deuxiéme seuil.

16. Méthode selon la revendication 14, dans laquelle
I'étape (h3) comprend les étapes consistant a :

s’il est déterminé que le nombre calculé de pics
candidats n'est pas constamment répété jus-
qu’au seuil de pente spécifique, alors calculer
les différences de hauteur dans chaque paire
de pics candidats ;

calculer une variance pour chacun des pics can-
didats en utilisant les différences de hauteur
calculées ;

détecter un pic candidat ayant la plus petite
variance ; et

déterminer un seuil de niveau correspondant au
pic candidat détecté en tant que deuxieme seuil.

17. Méthode selon la revendication 13, dans laquelle
I'étape (g25) comprend les étapes consistant a :

(i1) vérifier si 'une des positions de début de pic
satisfait ou non au troisieme seuil ;

(i2) s’il est déterminé que la position de début
de pic satisfait le troisieme seuil, déterminer
alors la position de début de pic en tant que vi-
tesse diastolique finale (EDV) et déterminer le
pic candidat correspondant a la position de dé-
but de pic en tant que vitesse systolique de pic
(PSV);

(i3) s’il est déterminé que la position de début
de pic ne satisfait pas au troisieme seuil, éliminer
alors la position de début de pic etle pic candidat
correspondant a la position de début de pic ; et
(i4) répéter les étapes (il) a (i3) pour chacune
des positions de début de pic.

18. Méthode selon la revendication 11, dans laquelle
I'étape (f23) comprend les étapes consistant a :

effectuer le tracage a deux pics pour détecter
des pics candidats ;

déterminer un premier pic candidat détecté en
tantque pic E (fin de pic de remplissage rapide) ;
et

déterminer un pic candidat détecté apres le pic
E en tant que pic A (pic de contraction auricu-
laire).

19. Systéme de diagnostic par ultrasons, comprenant :

des moyens pour former une image spectrale
sur labase de données ultrasonores, ladite ima-
ge spectrale représentant une vitesse a un ins-
tant spécifique ;
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des moyens (130) pour éliminer un bruit a partir
de I'image spectrale pour fournir une image
spectrale a bruit supprimé ;

caractérisé par

des moyens (130) pour faire correspondre I'ima-
ge spectrale a bruit supprimé avec un ou plu-
sieurs modeéles de spectre représentant des ty-
pes de spectre spécifiques pour vérifier si I'ima-
ge spectrale a bruit supprimé contient ou non
un crénelage ;

s’il est déterminé que I'image spectrale a bruit
supprimé contient le crénelage, des moyens
(130) pour éliminer le crénelage a partir de 'ima-
ge spectrale a bruit supprimé pour fournir une
image spectrale a bruit supprimé sans le
crénelage ;

des moyens (130) pour effectuer un tracage de
contour sur I'image spectrale a bruit supprimé
sans le crénelage pour détecter des points de
contour ; et

des moyens (130) pour effectuer un tracage de
pic sur 'image spectrale a bruit supprimé sans
le crénelage pour détecter des pics.
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Fig. 7
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