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(57)  There is provided a method of processing an
ultrasound spectrum image. According to such method,
a spectrum image is formed based on ultrasound data
and then the noise is removed from the spectrum image.
The noise-removed spectrum image is matched with one
or more spectrum models representing specific spectrum
types. Then, whether or not the noise-removed spectrum
image contains an aliasing is checked. If the noise-re-
moved spectrum image contains the aliasing, then the

aliasing is removed from the noise-removed spectrum
image to provide a noise-removed spectrum image with-
out the aliasing. Thereafter, contour tracing is performed
on the noise-removed spectrum image without the alias-
ing to detect contour points. Further, peak tracing is per-
formed on the noise-removed spectrum image without
the aliasing to detect peaks.
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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] 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 system is widely em-
ployed to diagnose the heart, abdomen and urinary or-
gans, especially in the fields of obstetrics, gynecology
and the like.

[0003] 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
velocity measurement of a blood flow based on the ob-
tained velocity information.

[0004] 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.
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[0005] Further, asthe 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.

[0006] ltis, therefore, an object of 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.

[0007] According to one aspect of the present inven-
tion, there is provided a method of processing an ultra-
sound spectrum image, which comprises the following
steps: (a) forming a spectrum image based on ultrasound
data; (b) removing noise from the spectrum image to pro-
vide a noise-removed spectrum image; (c) matching the
noise-removed spectrum image with one or more spec-
trum models representing specific spectrum types to
check whether the noise-removed spectrum image con-
tains an aliasing or not; (d) if it is determined that the
noise-removed spectrum image contains the aliasing, re-
moving the aliasing from the noise-removed spectrum
image to provide a noise-removed spectrum image with-
out the aliasing; (e) performing contour tracing on the
noise-removed spectrum image without the aliasing to
detect contour points; and (f) performing peak tracing on
the noise-removed spectrum image without the aliasing
to detect peaks.

[0008] According to another aspect of the present in-
vention, there is provided a method of processing an ul-
trasound spectrum image, which comprises the following
steps: forming a spectrum image based on ultrasound
data; dividing the spectrum image into a number of sec-
tions; for each of the sections, calculating an average
intensity of pixels in the section; comparing the average
intensities calculated for the sections to select a section
having a smallest average intensity; analyzing a histo-
gram of the section having the smallest average intensity
to detect a maximum intensity in the histogram; deter-
mining the detected maximum intensity as a threshold
for removing noise from the spectrumimage; and remov-
ing the noise from the spectrum image based on the de-
termined threshold.

[0009] According to yet another aspect of the present
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invention, there is provided a method of processing an
ultrasound spectrum image, which comprises the follow-
ing steps: forming a spectrum image based on ultrasound
data; analyzing the spectrumimage; detecting a direction
and a magnitude of an aliasing, if exists, by using one or
more spectrum models representing specific spectrum
types; and shifting a baseline of the spectrum image
based on the detected direction and magnitude of the
aliasing to remove the aliasing.

[0010] According to yet another aspect of the present
invention, there is provided a method of processing an
ultrasound spectrum image, which comprises the follow-
ing steps: (a) forming a spectrum image based on ultra-
sound data; (b) checking whether a peak tracing for de-
tecting peaks in the spectrum image is 1-peak tracing or
2-peak tracing; (c) if it is determined that the peak tracing
is the 1-peak tracing, performing the 1-peak tracing on
the spectrum image; and (d) if it is determined that the
peak tracing is the 2-peak tracing, performing the 2-peak
tracing on the spectrum image.

[0011] According to still yet another aspect of the
present invention, there is provided an ultrasound diag-
nostic system, which comprises the following: means for
forming a spectrum image based on ultrasound data;
means for removing a noise from the spectrum image to
provide a noise-removed spectrum image; means for
matching the noise-removed spectrum image with one
or more spectrum models representing specific spectrum
types to check whether the noise-removed spectrum im-
age contains an aliasing or not; if it is determined that
the noise-removed spectrum image contains the alias-
ing, means for removing the aliasing from the noise-re-
moved spectrum image to provide a noise-removed
spectrum image without the aliasing; means for perform-
ing a contour tracing on the noise-removed spectrum im-
age without the aliasing to detect contour points; and
means for performing a peak tracing on the noise-re-
moved spectrum image without the aliasing to detect
peaks.

[0012] 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
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
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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
(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-
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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 spectrumimage 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.

[0013] The preferred embodiments of the present in-
vention will be described below with reference to Figs. 3
to 22.

[0014] 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.

[0015] The probe 110 preferably includes a one-di-
mensional (1D) 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.
[0016] Theimage 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.
[0017] 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.

[0018] 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
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-
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essor 130 compares the average intensities calculated
for the respective sections so as to detect a section with
the smallest average intensity (S 140). The section hav-
ing the smallest average intensity is assumed to contain
only the noise and not the spectrum. The image proces-
sor 130 then detects the maximum intensity of the noise
by analyzing a histogram of the section having the small-
est 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 determined threshold (S 170). That is, the image
processor 130 removes the noise from the noise-con-
taining spectrum image (as shown in Fig. 6A) based on
the determined 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.

[0019] After completing step S100, the image proces-
sor 130 determines a range covering the spectrumin the
noise-removed spectrum image (S200). Step S200 will
be described in more detail with reference to Figs. 7 and
8.

[0020] 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 (§210). 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).

[0021] 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.

[0022] 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 spectrumtypes. More specifically, the spectrum mod-
els may include the spectrum types wherein a spectrum
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
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lower side of the baseline (Fig. 9C). Step S300 will be
described in more detail with reference to Figs. 10, 11A
and 11 B.

[0023] 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 spectrum image (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 that the spectrum type 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).

[0024] 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.

[0025] 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.

[0026] In case 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
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-
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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 of intensities 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).

[0027] 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).

[0028] 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.

[0029] 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.

[0030] 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.

[0031] 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, if the peak tracing direction is the up/down direction,
then it proceeds to step S700.

[0032] 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
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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.

[0033] Incase itis 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.

[0034] 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.

[0035] 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
gradethreshold (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
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
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specific grade threshold.

[0036] 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).

[0037] 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).

[0038] 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, the image 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.
[0039] 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).
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
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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.
[0040] Howevers, 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.

[0041] 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 (S 1010) 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.

[0042] 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 is 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 (S 1200).

[0043] As discussed above, the present invention 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.

[0044] 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 without departing from
the spirit and scope of the invention as defined in the
appended claims.

Claims

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

(a) forming a spectrum image based on ultra-
sound data;

(b) removing a noise from the spectrum image
to provide a noise-removed spectrum image;
(c) matching the noise-removed spectrum im-
age with one or more spectrum models repre-
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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.

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

(b1) determining a first 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.

3. 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 select a 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.

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

(e1) receiving a contour tracing direction select-
ed by an operator and checking whether the con-
tour tracing direction indicates performing the
contour tracing for both upper side and lower
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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:

checking whether or not the peak tracing direc-
tion indicates performing the peak tracing for
both upper side and lower side spectrums;
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if it is determined that the peak tracing direction
indicates performing the peak tracing for both
the upper side and lower side spectrums, then
analyzing at least one of density, intensity and
velocity for each of the upper side spectrum and
the lower side spectrum;

comparing said at least one of the density, in-
tensity and velocity between the upper side
spectrum and the lower side spectrum to select
one of the spectrums; and

determining the peak tracing direction so that
the peak tracing is performable for the selected
spectrum.

11. The method of Claim 9, wherein the step (f2) com-
prises:

(f21) checking whether the peak tracing is 1-
peak tracing or 2-peak tracing;

(f22) if it is determined that the peak tracing is
the 1-peak tracing, then performing the 1-peak
tracing on the spectrum image; and

(f23) if it is determined that the peak tracing is
the 2-peak tracing, then performing the 2-peak
tracing on the spectrum image.

12. The method of Claim 11, wherein the step (f22) com-
prises:

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

(92) selecting the actual peaks out of the candi-
date peaks.

13. The method of Claim 12, wherein the step (g2) com-
prises:

(921) determining a second threshold for filter-
ing the candidate peaks;

(922) selecting candidate peaks satisfying the
second threshold out of the candidate peaks;
(923) detecting peak start positions for the se-
lected candidate peaks;

(g24) determining a specific distance from the
lowest position of a spectrum in the spectrum
image as a third threshold for verifying the peak
start positions; and

(925) selecting peak start positions satisfying
the third threshold out of the peak start positions
and selecting the candidate peaks correspond-
ing to the selected peak start positions as the
actual peaks out of the candidate peaks selected
in the step (g23).

14. The method of Claim 13, wherein the step (g21) com-
prises:
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(h1) determining grade thresholds in a range of 18. The method of Claim 11, wherein the step (f23) com-
the spectrum; prises:

(h2) for each of the grade thresholds, calculating
the number of candidate peaks above the grade

peak corresponding to the peak start position;
and

(i4) repeating the steps (i1) to (i3) for each of the
peak start positions.

performing the 2-peak tracing to detect candi-

threshold; 5 date peaks;
(h3) determining the second threshold based on determining a first detected candidate peak as
whether or not the calculated number of candi- an E-peak (end of rapid filling peak); and
date peaks are constantly repeated up to a spe- determining a candidate peak detected after the
cific grade threshold. E-peak as an A-peak (atrial contraction peak).
10
15. The method of Claim 14, wherein the step (h3) com- 19. A method of processing an ultrasound spectrum im-
prises: age, comprising the steps of:
if it is determined that the calculated numbers forming a spectrum image based on ultrasound
of candidate peaks are constantly repeated up 75 data;
to the specific grade threshold, then detecting a dividing the spectrum image into a number of
candidate peak of the lowest position among sections;
candidate peaks above the specific grade calculating an average intensity of pixels in each
threshold; and of the sections;
determining a grade threshold immediately be- 20 comparing the average intensities calculated for
low the detected candidate peak as the second the sections to select a section having a smallest
threshold. average intensity;
analyzing a histogram of the section having the
16. The method of Claim 14, wherein the step (h3) com- smallest average intensity to detect a maximum
prises: 25 intensity in the histogram;
determining the detected maximum intensity as
if it is determined that the calculated number of a threshold for removing a noise from the spec-
candidate peaks are not constantly repeated up trum image; and
to the specific grade threshold, then calculating removing the noise from the spectrum image
height differences in every pair of the candidate 30 based on the determined threshold.
peaks;
calculating a variance for each of the candidate 20. A method of processing an ultrasound spectrum im-
peaks by using the calculated height differenc- age, comprising the steps of:
es;
detecting a candidate peak having the smallest 35 forming a spectrum image based on ultrasound
variance; and data;
determining a grade threshold corresponding to analyzing the spectrum image;
the detected candidate peak as the second detecting a direction and a magnitude of an
threshold. aliasing, if exists, by using one or more spectrum
40 models representing specific spectrum types;
17. The method of Claim 13, wherein the step (925) com- and
prises: shifting a baseline of the spectrum image based
on the detected direction and magnitude of the
(i1) checking whether or not one of the peak start aliasing to remove the aliasing.
positions satisfies the third threshold; 45
(i2) if it is determined that the peak start position 21. A method of processing an ultrasound spectrum im-
satisfies the third threshold, then determining age, comprising the steps of:
the peak start position as an end diastolic veloc-
ity (EDV) and determining the candidate peak (a) forming a spectrum image based on ultra-
corresponding to the peak start position as a 50 sound data;
peak systolic velocity (PSV); (b) checking whether a peak tracing for detecting
(i3) if it is determined that the peak start position peaks in the spectrum image is 1-peak tracing
does not satisfy the third threshold, then remov- or 2-peak tracing;
ing the peak start position and the candidate (c) if it is determined that the peak tracing is the
55

1-peak tracing, then performing the 1-peak trac-
ing on the spectrum image; and

(d) if it is determined that the peak tracing is the
2-peak tracing, then performing the 2-peak trac-
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ing on the spectrum image. prises:

22. The method of Claim 21, wherein the step (c) com- if it is determined that the calculated number of
prises: candidate peaks are not constantly repeated up

threshold.

26. The method of Claim 24, wherein the step (e3) com-

10

5 to the specific grade threshold, then calculating
(c1) performing the 1-peak tracing on the spec- height differences in every pair of the candidate
trum image to detect candidate peaks including peaks;
actual peaks and quasi-peaks; and calculating a variance for each of the candidate
(c2) selecting the actual peaks out of the candi- peaks by using the calculated height differenc-
date peaks. 10 es;
detecting a candidate peak having a smallest
23. The method of Claim 22, wherein the step (c2) com- variance; and
prises: determining a grade threshold corresponding to
the detected candidate peak as the first thresh-
(c21) determining a first threshold for filtering 15 old.
the candidate peaks;
(c22) selecting candidate peaks satisfying the 27. The method of Claim 23, wherein the step (¢25) com-
first threshold out of the candidate peaks; prises:
(c23) detecting peak start positions for the se-
lected candidate peaks; 20 (f1) checking whether or not one of the peak
(c24) determining a specific distance from the start positions satisfies the second threshold;
lowest position of a spectrum in the spectrum (f2) if it is determined that the peak start position
image as a second threshold for verifying the satisfies the second threshold, then determining
peak start positions; and the peak start position as an end diastolic veloc-
(c25) selecting peak start positions satisfying 25 ity (EDV) and determining the candidate peak
the second threshold out of the peak start posi- corresponding to the peak start position as a
tions and selecting the candidate peaks corre- peak systolic velocity (PSV);
sponding to the selected peak start positions as (f3) if it is determined that the peak start position
the actual peaks out of the candidate peaks se- does not satisfy the second threshold, then re-
lected in the step (c23). 30 moving the peak start position and the candidate
peak corresponding to the peak start position;
24. The method of Claim 23, wherein the step (c21) com- and
prises: (f4) repeating the steps (f1) to (f3) for each of
the peak start positions.
(e1) determining grade thresholds in a range of 35
the spectrum; 28. The method of Claim 21, wherein the step (d) com-
(e2) for each of the grade thresholds, calculating prises:
the number of candidate peaks above the grade
threshold; performing the 2-peak tracing to detect candi-
(e3) determining the first threshold based on 40 date peaks;
whether or not the calculated number of candi- determining a first detected candidate peak as
date peaks are constantly repeated up to a spe- an E-peak (end of rapid filling peak); and
cific grade threshold. determining a candidate peak detected after the
E-peak as an A-peak (atrial contraction peak).
25. The method of Claim 24, wherein the step (e3) com- 45
prises: 29. An ultrasound diagnostic system, comprising:
if it is determined that the calculated number of means for forming a spectrum image based on
candidate peaks are constantly repeated up to ultrasound data;
the specific grade threshold, then detecting a 50 means for removing a noise from the spectrum
candidate peak of the lowest position among image to provide a noise-removed spectrum im-
candidate peaks above the specific grade age;
threshold; and means for matching the noise-removed spec-
determining a grade threshold immediately be- trum image with one or more spectrum models
low the detected candidate peak as the first 55 representing specific spectrum types to check

whether or not the noise-removed spectrum im-
age contains an aliasing;
if it is determined that the noise-removed spec-
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trum image contains the aliasing, means for re-
moving the aliasing from the noise-removed
spectrum image to provide a noise-removed
spectrum image without the aliasing;

means for performing contour tracing on the
noise-removed spectrum image without the
aliasing to detect contour points; and

means for performing peak tracing on the noise-
removed spectrum image without thealiasing to
detect peaks.
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Fig. 4
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Fig. 5
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Fig. 7
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Fig. 10
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Fig. 12

TRACIN
OF T

PERFORM CONTOUR TRACING IN
CORRESPONDING CONTOUR
TRACING DIRECTION

|

DETECT CONTOUR POINT

)

5480

CONTOU
IRECTION IS ALL

GD
HE DIRECTIONS?

R

5410

YES

S470
S420 —

PERFORM CONTOUR TRACING
FOR EACH OF UPPER SIDE AND
LOWER SIDE SPECTRUMS

:

5430 —

DETECT CONTOUR POINTS
IN RESPECTIVE SPECTRUMS

}

S440 —

CALCULATE SUM OF INTENSITIES
OF DETECTED CONTOUR POINTS
FOR EACH SPECTRUM

;

5450 —

COMPARE CALCULATED
SUM OF INTENSITIES

!

5460 —

SELECT CONTOUR POINTS OF
SPECTRUM HAVING GREATER
SUM OF INTENSITIES

22




EP 1726 262 A1
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