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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority from Ko-
rean Patent Application No. 10-10-2009-0038474 filed
on April 30, 2009.

TECHNICAL FIELD

[0002] The presentdisclosure relates to ultrasound im-
age processing, and more particularly to color Doppler
mode image processing in an ultrasound system.

BACKGROUND

[0003] Recently, an ultrasound system has been ex-
tensively used in the medical field due to its non-invasive
and non-destructive nature. Modem high-performance
ultrasound imaging diagnostic systems and techniques
are typically used to produce two- or three-dimensional
ultrasound images of internal features of patients. To pro-
vide the ultrasound images, the ultrasound system op-
erates in various image modes such as a brightness
mode, a Doppler mode and the like to acquire ultrasound
images for diagnosis.

[0004] In the Doppler mode, the ultrasound system
provides a color Doppler mode image visualizing veloc-
ities of moving objects such as blood flow, heart, etc. The
color Doppler mode image includes a power image vis-
ualizing powers of Doppler signals as 2-dimensional dis-
tribution and a velocity image visualizing velocities of the
moving objects, which may be computed from the Dop-
pler signals, as 2-dimensional distribution. The color
Doppler mode image may visualize the blood flow in real
time and a wide range from the blood flow of a high ve-
locity in a large vessel to the blood flow of a low velocity
in a small vessel.

[0005] Conventionally, smoothing has been carried out
upon the velocity image for enhancement. However,
since the blood flow on the velocity image may be ex-
tended to the vessel region due to the smoothing, bleed-
ing, which shows blood escape from the real vessel on
the velocity image, may be caused. Further, a loss of
small vessels may occur. Also, the connectivity loss, i.e.,
portions of vessel are cut in the velocity image, may be
generated. The peaks of the blood flow may be important
clinical information in the velocity image. However, the
peak loss, i.e., peaks of the blood flow are disappeared
in the velocity image, may be also generated due to the
smoothing thereupon.

[0006] Further, the effectiveness of pixels in the power
image is determined through the fixed thresholding meth-
od. However, since the power of blood flow varies ac-
cording to the heartbeat, the vascular collapse, i.e., the
blood vessel region is collapsed in the power image, may
occur.

[0007] An ultrasound system according to the pream-
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ble of claim 1 and a method of processing a color Doppler
mode image in an ultrasound system according to the
preamble of claim 9 are known from EP 0 871 043 A2.

SUMMARY

[0008] Embodiments for processing a color Doppler
mode image in an ultrasound system are provided. The
ultrasound system comprises the features as stated in
claim 1.

[0009] A method of processing a color Doppler mode
image in an ultrasound system including a Doppler signal
acquisition unit and a processing unit comprises the fea-
tures as stated in claim 9.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

FIG. 1is a block diagram showing an illustrative em-
bodiment of an ultrasound system.

FIG. 2 is a block diagram showing an illustrative em-
bodiment of a signal acquisition unit in FIG. 1.

FIG. 3 is a block diagram showing an illustrative em-
bodiment of a processing unit in FIG. 1.

FIG. 4 is an exemplary diagram showing an example
of a graph of mean powers for power images and
formation of compound images.

FIG. 5A is a diagram showing an example of setting
a mask.

FIG. 5B is a diagram showing an example of detect-
ing contours of a mask.

FIG. 5C is a diagram showing an example of
smoothed contours of a mask.

FIG. 5D is a diagram showing an example resulting
from performing filling upon a mask.

FIG.6is adiagram showing an example of adistance
transform image.

DETAILED DESCRIPTION

[0011] A detailed descriptionis provided with reference
to the accompanying drawings.

[0012] Referring to FIG. 1, an illustrative embodiment
of an ultrasound system 100 is shown. As depicted there-
in, the ultrasound system. 100 includes a signal acquisi-
tion unit 110. The signal acquisition unit 110 is operable
to alternately transmit and receive ultrasound signals to
and from a moving target object (e.g., heart, blood flow,
etc). The signal acquisition unit 110 acquires Doppler
signals corresponding to a plurality of frames based on
the received ultrasound signals. In one embodiment, the
frames may include color Doppler mode image frames.
[0013] FIG.2is ablock diagram showing anillustrative
embodiment of the signal acquisition unit 110 in FIG. 1.
Referring to FIG 2, the signal acquisition unit 110 includes
a transmit (Tx) signal generating section 111. The Tx
signal generating section 111 is operable to generate a
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plurality of transmit signals.

[0014] The signal acquisition unit 110 further includes
an ultrasound probe 112 containing a plurality of trans-
ducer elements for reciprocally converting ultrasound
signals and electrical signals. The ultrasound probe 122
is operable to transmit ultrasound signals into a target
objectinresponse to the transmit signals. The ultrasound
probe 112 is further operable to receive echo signals re-
flected from the target object to thereby output electrical
receive signals, which are analog signals. The transmis-
sion and reception of the ultrasound signals are alter-
nately carried out to output a plurality of electrical receive
signals.

[0015] The signal acquisition unit 110 further includes
a beam forming section 113. The beam forming section
113 is operable to convert the electrical receive signals
into digital signals. The beam forming section 113 is fur-
ther operable to apply delays to the digital signals in con-
sideration of distances between the elements and focal
points, thereby outputting digital receive-focused signals.
[0016] The signal acquisition unit 110 further includes
a Doppler signal forming section 114 that is operable to
form Doppler signals based on the digital receive-fo-
cused signals. The Doppler signals contain power infor-
mation and velocity information. The Doppler forming
section 114 is operable to perform signal processing
(e.g., gain adjustment, filtering and the like) necessary
for forming the Doppler signals upon the digital receive-
focused signals.

[0017] The ultrasound system 100 further includes a
processing unit 120 coupled to the signal acquisition unit
110. The processing unit 120 is operable to form a color
Doppler mode image based on the Doppler signals pro-
vided from the signal acquisition unit 110. The processing
unit 120 is further operable to form a mask for detecting
a blood vessel region by using the color Doppler mode
image and perform masking upon the color Doppler
mode image. The color Doppler mode image includes a
power image indicative of powers of the Doppler signals
as 2-dimensional distribution and a velocity image indic-
ative of velocities of the Doppler signals as 2-dimensional
distribution.

[0018] FIG. 3is ablock diagram showing an illustrative
embodiment of the processing unit. Referring to FIG. 3,
the processing unit 120 includes an image forming sec-
tion 121, a mask forming section 122, a first image
processing section 123 and a second image processing
section 124.

[0019] The image forming section 121 is operable to a
power image and a velocity image based on the Doppler
signals provided from the signal acquisition unit 121. The
mask forming section 122 is operable to form a mask for
detecting a blood vessel region, which is a region of in-
terest, onthe powerimage. In one embodiment, the mask
forming section 122 includes a power image processing
section 122a, a mask setting section 122b, a mask
processing section 122¢ and a flash noise removing sec-
tion 122d.
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[0020] The power image processing section 122a is
operable to analyze the power images sequentially pro-
vided from the image forming section 121 to set a refer-
ence power image. In one embodiment, a power image
having a mean power greater than a predetermined
threshold is set as the reference powerimage. The power
image processing section 122a is further operable to
compound powerimages, of which mean powers are less
than the predetermined threshold, with the reference
power image to thereby form compound images.
[0021] FIG. 4 shows an example of mean powers of
the power images and examples of setting the reference
power image to form the compound images by using the
power images. Referring to FIG. 4, if a first power image
P14 is provided, then the power image processing section
122a is operable to compute a mean power of the first
power image (hereinafter, referred to as "first mean pow-
er"). The power image processing section 122a initially
sets the first power image P11 and the first mean power
as the reference power image and the reference mean
power.

[0022] If a second power image Pl, is provided from
the image forming section 121, then the power image
processing section 122a is operable to compute the
mean power of the second power image PI, (hereinafter,
referred to as "second mean power"). The power image
processing section 112a checks whether the second
mean power is greater than the predetermined threshold
(e.g., reference mean power X 0.8). If the second mean
power is greater than the predetermined threshold, then
the power image processing section 122a is operable to
setthe second power image P, as a new reference pow-
er image.

[0023] If a third power image Pl is provided from the
image forming section 121, then the power image
processing section 122a is operable to compute the
mean power of the third power image Pl; (hereinafter,
referred to as "third mean power"). The power image
processing section 122a checks whether the third mean
power is greater than the predetermined threshold (e.g.,
reference mean power X 0.8). If the third mean power is
greater than the predetermined threshold, then the power
image processing section 122a is operable to set the
third power image Pl5 as a new reference power image.
[0024] If a fourth power image Pl, is provided from the
image forming section 121, then the power image
processing section 122a is operable to compute the
mean power of the fourth power image Pl, (hereinafter,
referred to as "fourth mean power"). The power image
processing section 122a checks whether the fourth mean
power is greater than the predetermined threshold (e.g.,
reference mean power 0.8). If the fourth mean power is
less than the predetermined threshold, then the power
image processing section 122a is operable to compound
the fourth power image Pl and the reference power im-
age, thereby forming a compound image Cl,. In one em-
bodiment, since the power image having relatively low
mean power is compounded with the reference power
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image, it may be prevented that the blood vessel region
is indicated as a small region on the power image due to
the low mean power.

[0025] If fifth to eighth power images Plg-Plg are pro-
vided from theimage forming section 121, then the power
image processing section 122a is operable to compute
mean powers of the fifth to eighth power images Pl5-Plg
(hereinafter, referred to as "fifth to eighth mean powers").
The powerimage processing section 122a compares the
fifth to eighth mean powers with the predetermined
threshold (e.g., reference mean power X 0.8). If the fifth
to eighth mean powers are less than the predetermined
threshold, then the powerimage processing section 122a
is operable to compound the respective fifth to eighth
power images Plgs-Plg with the reference power image.

[0026] If a ninth power image PI9 is provided from the
image forming section 121, then the power image
processing section 122a is operable to compute the
mean power of the ninth power image Plg (hereinafter,
referred to as "ninth mean power"). The power image
processing section 122a checks whether the ninth mean
power is greater than the predetermined threshold (e.g.,
reference mean power 0.8). If the ninth mean power is
greater than the predetermined threshold, then the power
image processing section 122a is operable to set the
ninth power image Plg as a new reference power image.
[0027] If tenth to twelfth power images Ply-Pl4, are
provided from the image forming section 121, then the
power image processing section 122a is operable to
compute mean powers of the tenth to twelfth power im-
ages Ply-Pl45 (hereinafter, referred to as "tenth to twelfth
mean powers"). The power image processing section
122a compares each of the tenth to twelfth mean powers
with the predetermined threshold (e.g., reference mean
power X 0.8). If the tenth to twelfth mean powers are less
than the predetermined threshold, then the power image
processing section 122a is operable to compound each
of the tenth to twelfth power images Pl,4-Pl4, with the
reference power image Plg, thereby forming compound
images Cl4¢-Cly,.

[0028] The mask setting section 122b is operable to
set a region of interest, i.e., a mask for detecting a blood
vessel region on each of the reference power images
Pl4-Pl5 and Plg and the compound images Cl,-Clg and
Cl4o-Clyo, as shown in FIG. 5A. The mask includes one
or more sub regions. In one embodiment, the mask is set
by using various well-known methods, such as a thresh-
olding method, an area expanding method, an area seg-
menting method, a contour extracting method, a graph
method, a watershed method, and the like.

[0029] The mask processing section 122c is operable
to detect contours of the mask set in the mask setting
section 122b, as illustrated in FIG. 5B. In one embodi-
ment, by way of non-limiting example, the contours are
detected by using contour following, mathematical mor-
phological operation and the like. The mask processing
section 122c¢ is operable to perform smoothing upon the
detected contours of the mask, as shown in FIG. 5C. The
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smoothing is performed through at least one of Fourier
descriptor based algorithm, chain codes, active contour
and the like. The mask processing section 122c is further
operable to perform filling upon the smoothed mask, as
shown in FIG. 5D.

[0030] The flash noise removing section 122d is oper-
able to remove flash noises from the mask provided from
the mask processing section 122c. The flash noises oc-
cur due to muscles neighboring to the blood vessels,
heart muscles and the like whose moving velocities are
slower than those of the blood flows while their moving
powers are greater than those of the blood flows. The
flash noises are appeared and disappeared in a flash. In
one embodiment, the flash noise removing section 122d
is operable to perform region labeling upon the mask of
the frame (reference power image or compound image)
to assign a specific index to each of the sub regions in
the mask. The flash noise removing section 122d com-
pares the mask of the current frame with the masks of
the predetermined number of the previous frames (e.g.,
3 frames). If the indices in the mask of the current frame
are not identical to those of the respective sub regions
of the predetermined number of the previous frames,
then the flash noise removing section 122d determines
the different indexed sub region(s) in the mask of the
currentframe as the flash noises to thereby remove them.
In another embodiment, the flash noise removing section
122d checks whether each of the sub regions in the mask
is effective as the blood vessel. The flash noise removing
section 122d removes the sub regions, which do not have
the effective values. The effectiveness is determined by
checking whether the maximum value of pixels in each
sub region in the mask is greater than a predetermined
value. When the maximum value of pixels in the sub re-
gion is less than the predetermined value, the corre-
sponding region sub is determined as the noise. Also,
the effectiveness is determined by checking whether the
contours of the sub regions in the mask are flat over a
predetermined portion.

[0031] Thefirstimage processing section 123 uses the
mask provided from the mask forming section 122 to
mask the velocity images, which are sequentially provid-
ed form the image forming section 121. Referring to FIG.
3, the first image processing section 123 includes a first
smoothing section 123a, a first masking section 123b, a
first filtering section 123c and a peak restoring section
123d.

[0032] The first smoothing section 123a is operable to
perform smoothing upon the velocity images. In one em-
bodiment, by way of non-limiting example, the smoothing
is carried out through one of the mean filtering, Gaussian
filtering, median filtering, low pass filtering, graph regu-
larization and the like.

[0033] The first masking section 123b uses the mask
provided from the mask forming section 122 to mask the
smoothed velocity images. The first masking section
123b is operable to use the mask to set regions corre-
sponding to the blood vessels for each of pixels of the
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respective velocity images as "1" and regions except for
the blood vessel regions as "0."

[0034] The firstfiltering section 123c is operable to ap-
ply distance weighting to the masked velocity images and
then perform border smoothing thereupon. The distance
weighting is performed such thai the velocities of the
blood flow at blood vessel border portions are indicated
slower than those at the center portion of the blood flow.
Thefirstfiltering section 123cis operable to form distance
transform images by using the masked velocity images.
The first filtering section 123c¢ sets pixels corresponding
to background (i.e., not blood vessel regions) as "0" and
the rest of the pixels as minimum distance values from
the background, as shown in FIG. 6, to thereby form the
distance transform images. Distance weighting corre-
sponding to the pixels of the distance transform image
is expressed as a function of the pixels. In one embodi-
ment, the distance weighting is defined as
w(i)=min(i*0.2+0.6, 1), wherein i represents a pixel value
in the distance transform image. Thus, if a pixel value of
the smoothed velocity image is f(x, y), this pixel value is
transformed to f(x, y)*w(f(x, y)). The first filtering section
123c is further operable to detect blood vessel border
portion in the distance weighted velocity image and then
perform smoothing upon the detected border portions.
[0035] The peak restoring section 123d is operable to
restore peaks in the velocity images provided from the
first filtering section 123c. The maximum velocity (i.e.,
peak) of the blood flow in the blood vessel provides clin-
ically important information, so that the peaks should be
maintained. However, the peaks are blurred during the
smoothing, which makes the peak values lowered. Thus,
the peak restoring section 123d is operable to compute
image differences between the velocity images provided
form the image forming section 121 and the smoothed
velocity images. The peak restoring section 123d checks
peak candidates, which are regions over the image dif-
ference of "()," and then detect regions greater than a
predetermined threshold as the peak regions among the
peak candidates. The peak restoring section 123d is op-
erable to restore the peaks in the smoothed velocity im-
age by using the detected peak regions.

[0036] The second image processing section 124 is
operable to use the mask provided from the mask forming
section 122 to mask the power images sequentially pro-
vided from the image forming section 121. In one em-
bodiment, the second image processing section 124 in-
cludes a second smoothing section 124a, a second
masking section 124b and a second filtering section
124c.

[0037] Ifthe powerimages are provided from theimage
forming section 121, the second smoothing section 124a
is operable to perform smoothing upon the power imag-
es. In one embodiment, the smoothing may be performed
through mean filtering, Gaussian filtering, median filter-
ing, low pass filtering, graph regularization and the like.
[0038] The second masking section 124b uses the
mask provided from the mask forming section 122 to
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mask the smoothed power images. The second masking
section 124b is operable to use the mask to set regions
corresponding to the blood vessels for each of pixels of
the respective power images as "1" and regions except
for the blood vessel regions as "0."

[0039] The second filtering section 124c¢ is operable to
apply distance weighting to the masked power image and
then perform border smoothing thereupon. The distance
weighting is performed such that the powers of the blood
flow at blood vessel border portions are indicated lower
than those at the center portion of the blood flow. The
second filtering section 124c is operable to form distance
transform images by using the masked power images.
The second filtering section 124c is further operable to
detect blood vessel border portion in the distance weight-
ed power images and then perform smoothing upon the
detected border portions.

[0040] Referring back to FIG 1, the display unit 130
includes at least one of a CRT monitor, a LCD monitor,
a plate display and the like. The display unit 130 displays
the color Doppler mode images formed in the processing
unit 120, i.e., velocity images and power images. The
control unit 140 is operable to control the formation, im-
age processing and display of the power images and the
velocity images.

[0041] In another embodiment, instructions for per-
forming the above method of processing the color Dop-
pler mode image are recorded in a computer readable
medium using computer-readable instructions. The com-
puter readable medium includes any types of record me-
dia, which can be read by a computer system. The com-
puter readable medium includes read only memory
(ROM), random access memory (RAM), CD-ROM, mag-
netic tape, floppy disk, optical-data recording apparatus
and the like. The computer readable medium comprises
computer executable instructions that is configured to
perform the following acts: a) transmitting and receiving
ultrasound signals to and from a target object to acquire
first Doppler signals; b) forming color Doppler images
including power images and velocity images; c) forming
a mask for detecting a region of interest by using the
color Dopplerimages; and d) masking the power images
and the velocity image by using the mask.

Claims
1. An ultrasound system (100), comprising:

a signal acquisition unit (110) configured to
transmit and receive ultrasound signals to and
from a target object to acquire Doppler signals;
and

a processing unit (120) configured to form color
Doppler mode images including power images
visualizing powers of the Doppler signals as 2-
dimensional distributions and velocity images,
wherein the processing unit (120) is further con-
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figured to analyze the power images to set a 6. The ultrasound system (100) of Claim 4, wherein the
reference power image whose mean power is power image processing section (122a) is config-
greater than a predetermined threshold, to com- ured to:

pound the reference power image with respec-

tive power images whose mean power is less 5 compute a first mean power of a first power im-
than the predetermined threshold to form com- age provided from the image forming section to
pound images, to form a mask for detecting a set a reference mean power;
region of interest by using the reference power set the first power image as a reference power
image and the compound images to detect con- image;
tours of the mask, to perform smoothing upon 70 compute an ith mean power of anith powerimage
the detected contours, and to perform filling up- provided from the image processing section,
on the smoothed mask, and to mask the power wherein i is a positive integer greater than 1;
images and the velocity images by using the compare the it mean power with the predeter-
mask. mined threshold;
15 set, when the ith mean power is greater than the
2. Theultrasound system (100) of Claim 1, wherein the predetermined threshold, the ith mean power as
processing unit (120) includes: a new reference mean power and set the ith
power image as a new reference power image;
an image forming section (121) configured to and
form the power images and the velocity images; 20 compound, when the ith mean power is less than
a mask forming section (122) configured to form the predetermined threshold, the ith power im-
the mask by using the power image; age to the reference power image.
a first image processing section (123) config-
ured to mask the velocity images by using the 7. The ultrasound system (100) of Claim 2, wherein the
mask; and 25 first image processing section (123) includes:
a second image processing section (124) con-
figured to mask the power images by using the a first smoothing section (123a) configured to
mask. perform smoothing upon the velocity images;
a first masking section (123b) configured to
3. Theultrasound system (100) of Claim 2, whereinthe 30 mask the smoothed velocity images by using
mask forming section (122) includes: the mask;
a first filtering section (123c) configured to per-
a power image processing section (122a) con- form distance weighting and border smoothing
figured to analyze the power images to set a the upon the masked velocity images; and
reference power image whose mean power is 35 a peak restoring section (123d) configured to
greater than the predetermined threshold, and obtain difference image between the velocity im-
to compound the reference power image with age provided from the image forming section
respective power images whose mean power is (121) and the distance-weighted and border-
less than the predetermined threshold to form smoothed velocity images, detect peak regions
the compound images; 40 by using the difference images, and restore
a mask setting section (122b) configured to set peaks of the distance-weighted and border-
the mask for detecting the region of interest by smoothed velocity images by using the detected
using the reference power image and the com- peak regions.
pound images; and
a mask processing section (122c) configuredto 45 8. The ultrasound system (100) of Claim 2, wherein the
detect contours of the mask, perform smoothing second image processing section (124) includes:
upon the detected contours, and perform filling
upon the smoothed mask. a second smoothing section (124a) configured
to perform smoothing upon the power images;
4. The ultrasound system (100) of Claim 3, whereinthe 50 a second masking section (124b) configured to
predetermined threshold is a value obtained by mul- mask the smoothed power images; and
tiplying the reference mean power by a predeter- a second filtering section (124c) configured to
mined value. perform distance weighting and border smooth-
ing upon the masked power images.
5. Theultrasound system (100) of Claim 4, whereinthe 55
mask forming section includes a flash noise remov- 9. A method of processing a color Doppler mode image
ing section to remove flash noises in the mask. in an ultrasound system (100) including a signal ac-

quisition unit (110) and a processing unit (120), com-
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prising:

a) at the signal acquisition unit (110), transmit-
ting andreceiving ultrasound signals to and from

12

13. The method of Claim 9, wherein the d) includes:

performing smoothing upon the velocity images;
masking the smoothed velocity images by using

a target object to acquire Doppler signals; and % the mask;
b) at the processing unit (120), forming color performing distance weighting and border
Doppler mode images including power images smoothing upon the masked velocity images;
visualizing powers of the Doppler signals as 2- obtaining difference image between the velocity
dimensional distributions and velocity images, image provided from the image processing sec-
c) at the processing unit (120), forming a mask 70 tion and the distance-weighted and border-
for detecting a region of interest by using the smoothed velocity images;
power images, detecting peak regions by using the difference
d) atthe processing unit (120), masking the pow- images; and
er images and the velocity images by using the restoring peaks of the distance-weighted and
mask, characterised in that step c) include: 15 border smoothed velocity images by using the
detected peak regions.
c1) analyzing the power images to set a ref-
erence power image whose mean power is 14. The method of Claim 9, wherein the d) include:
greater than a predetermined threshold,
and compounding the reference power im- 20 performing smoothing upon the power images;
age with respective power images whose masking the smoothed power images; and
mean power is less than the predetermined performing distance weighting and border
threshold to form compound images; smoothing upon the masked power images.
c2) setting the mask for detecting the region
of interest by using the reference powerim- 25
age and the compound images; and Patentanspriiche
c3) detect contours of the mask to perform
smoothing upon the detected contours; and 1. Ultraschallsystem (100), welches folgendes auf-
c4) performing filling upon the smoothed weist:
mask. 30

Eine Signalerlangungseinheit (110), die dafur
vorgesehen ist, Ultraschallsignale zu einem
Zielobjekt zu tbertragen und von demselben zu
empfangen, um Dopplersignale zu erlangen;
11. The method of Claim 9, wherein the predetermined 35 und

threshold is a value obtained by multiplying the ref- eine Verarbeitungseinheit (120), die dafir vor-

erence mean power by a predetermined value. gesehen ist, Farbdopplermodus Bilder ein-
schlieBlich Leistungsbilder zu erzeugen, welche
Leistungen der Dopplersignale als 2-dimensio-

10. The method of Claim 9, wherein the c) further in-
cludes removing flash noises from the mask.

12. The method of Claim 9, wherein the c¢1) includes:

40 nale Verteilungen und Geschwindigkeitsbilder
computing a first mean power of a first power visualisieren,
image provided from the image forming section wobei die Verarbeitungseinheit (120) des Wei-
to set a reference mean power; teren daflir vorgesehen ist, die Leistungsbilder
setting the first powerimage as a reference pow- zu analysieren, um ein Referenzleistungsbild
er image; 45 festzulegen, dessen durchschnittliche Leistung
computing an ith mean power of an ith power groBer ist als ein vorbestimmter Grenzwert, das
image provided from the image processing sec- Referenzleistungsbild mitentsprechenden Leis-
tion, whereiniis a positive integer greater than 1; tungsbildern zu verbinden, deren durchschnitt-
comparing the ith mean power with the prede- liche Leistung geringer ist als der vorbestimmte
termined threshold; 50 Grenzwert, um Verbundbilder zu erzeugen, eine
setting, when the it mean power is greater than Abdeckung zum Detektieren eines interessie-
the predetermined threshold, the ith mean power renden Bereichs unter Verwendung der Refe-
as a new reference mean power and set the ith renzleistungsbilder und
power image as a new reference power image; der Verbundbilder zu erzeugen, Konturen der
and 55 Abdeckung zu detektieren, an den detektierten

compounding, when the ih mean power is less
than the predetermined threshold, the ith power
image to the reference power image.

Konturen eine Glattung durchzufiihren, ein Fil-
len an der geglatteten Abdeckung durchzuftih-
ren und die Leistungsbilder und die Geschwin-
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digkeitsbilder unter Verwendung der Maske ab-
zudecken.

2. Ultraschallsystem (100) nach Anspruch 1, wobei die
Verarbeitungseinheit (120) folgendes aufweist:

Einen Bilderzeugungsabschnitt (121), der daflr
vorgesehen ist, die Leistungsbilder und die Ge-
schwindigkeitsbilder zu erzeugen;

einen Abdeckungserzeugungsabschnitt (122),
der daflr vorgesehen ist, die Maske unter Ver-
wendung des Leistungsbildes zu erzeugen,;
einen ersten Bildverarbeitungsabschnitt (123),
der dafiir vorgesehen ist, die Geschwindigkeits-
bilder unter Verwendung der Abdeckung abzu-
decken;

und einen zweiten Bildverarbeitungsabschnitt
(124), der dafiir vorgesehen ist, die Leistungs-
bilder unter Verwendung der Abdeckung abzu-
decken.

3. Ultraschallsystem (100) nach Anspruch 2, wobei der
Abdeckungserzeugungsabschnitt (122) folgendes
aufweist:

Einen Leistungsbilderzeugungsabschnitt
(122a), der dafiir vorgesehen ist, die Leistungs-
bilder zu analysieren, um das Referenzleis-
tungsbild, dessen durchschnittliche Leistung
groRer ist als der vorbestimmte Grenzwert,
festzulegen und das Referenzleistungsbild mit
entsprechenden Leistungsbildern zu verbinden,
deren durchschnittliche Leistung geringer ist als
der vorbestimmte Grenzwert, um die Verbund-
bilder zu erzeugen;

einen Abdeckungsfestlegungsabschnitt (122b),
der dafiir vorgesehen ist, die Maske zum Detek-
tieren des interessierenden Bereichs unter Ver-
wendung des Referenzleistungsbildes und der
Verbundbilder festzulegen; und

einen Abdeckungsverarbeitungsabschnitt
(122c), der dafiir vorgesehen ist, Konturen der
Masken zu detektieren, an den detektierten
Konturen eine Glattung durchzufiihren und ein
Fillen an der geglatteten Abdeckung durchzu-
fihren.

4. Ultraschallsystem (100) nach Anspruch 3, wobei der
vorbestimmte Grenzwert ein Wert ist, der durch Mul-
tiplizieren der durchschnittlichen Referenzleistung
mit einem vorbestimmten Wert erhalten wird.

5. Ultraschallsystem (100) nach Anspruch 4, wobei der
Abdeckungserzeugungsabschnitt einen Blitzrau-
schen-Entfernungsabschnitt beinhaltet, um Blitzrau-
schen in der Abdeckung zu entfernen.

6. Ultraschallsystem (100) nach Anspruch 4, wobei der
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Leistungsbilderzeugungsabschnitt (122a) fur Fol-
gendes vorgesehen ist:

Berechnen einer ersten durchschnittlichen Leis-
tung eines ersten Leistungsbilds, das von dem
Bilderzeugungsabschnitt zur Verfiigung gestellt
wurde, um eine durchschnittliche Referenzleis-
tung festzulegen;

das erste Leistungsbild als ein Referenzleis-
tungsbild festzulegen;

eine i-te durchschnittliche Leistung eines i-ten
Leistungsbilds, das von dem Bildverarbeitungs-
abschnitt zur Verfligung gestellt wurde, zu be-
rechnen, wobei i eine positive ganze Zahl gré3er
als 1 ist;

die i-te durchschnittliche Leistung mit dem vor-
bestimmten Grenzwert zu vergleichen;

wenn die i-te durchschnittliche Leistung groRer
ist als der vorbestimmte Grenzwert, die i-te
durchschnittliche Leistung als eine neue durch-
schnittliche Referenzleistung festzulegen und
das i-te Leistungsbild als ein neues Referenz-
leistungsbild festzulegen; und

wenn die i-te durchschnittliche Leistung gerin-
ger ist als der vorbestimmte Grenzwert, das i-
ten Leistungsbilds zu dem Referenzleistungs-
bild zu verbinden.

7. Ultraschallsystem (100) nach Anspruch 2, wobei der
erste Bildverarbeitungsabschnitt (123) Folgendes
aufweist:

einen ersten Glattungsabschnitt (123a), der da-
fur vorgesehen ist, an den Geschwindigkeitsbil-
dern eine Glattung durchzufiihren;

einen ersten Abdeckungsabschnitt (123b), der
dafiir vorgesehenist, die geglatteten Geschwin-
digkeitsbilder unter Verwendung der Abde-
ckung abzudecken;

einen ersten Filterabschnitt (123c), der dafur
vorgesehen ist, eine Abstandsgewichtung und
eine Grenzglattung an den abgedeckten Ge-
schwindigkeitsbildern durchzufiihren; und
einen Hoéchstwertwiederherstellungsabschnitt
(123d), der dafiir vorgesehen ist, ein Differenz-
bild zwischen dem Geschwindigkeitsbild, das
von dem Bilderzeugungsabschnitt (121) zur
Verfligung gestellt wurde, und den abstandsge-
wichteten und grenzgeglatteten Geschwindig-
keitsbildern zu erlangen, Hochstwertregionen
unter Verwendung der Differenzbilder zu detek-
tieren und Héchstwerte der abstandsgewichte-
ten und grenzgeglatteten Geschwindigkeitsbil-
der unter Verwendung der detektierten Hochst-
wertregionen wiederherzustellen.

8. Ultraschallsystem (100) nach Anspruch 2, wobei der
zweite Bildverarbeitungsabschnitt (124) Folgendes
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aufweist:

einen zweiten Glattungsabschnitt (124a), der
dafiir vorgesehenist, eine Glattung an den Leis-
tungsbildern durchzufiihren;

einen zweiten Abdeckungsabschnitt (124b), der
dafiir vorgesehen ist, die geglatteten Leistungs-
bilder abzudecken; und

einen zweiten Filterabschnitt (124c), der dafir
vorgesehen ist, eine Abstandsgewichtung und
eine Grenzglattung an den abgedeckten Leis-
tungsbildern durchzufiihren.

Verfahren zur Verarbeitung eines Farbdopplermo-
dus-Bilds in einem Ultraschallsystem (100), welches
eine Signalerlangungseinheit (110) und eine Verar-
beitungseinheit (120) aufweist, welches Folgendes
aufweist:

a) an der Signalerlangungseinheit (110) Uber-
tragen und Empfangen von Ultraschallsignalen
zu und von einem Zielobjekt, um Doppler-Sig-
nale zu erlangen; und

b) an der Verarbeitungseinheit (120) Erzeugen
von Farbdopplermodus-Bildern einschlieRlich
Leistungsbildern, welche Leistungen der Dopp-
ler-Signale als 2-dimensionale Verteilungen
und Geschwindigkeitsbilder visualisieren,

c) an der Verarbeitungseinheit (120) Erzeugen
einer Abdeckung zum Detektieren eines inter-
essierenden Bereichs unter Verwendung der
Leistungsbilder;

d) an der Verarbeitungseinheit (120) Abdecken
der Leistungsbilder und der Geschwindigkeits-
bilder unter Verwendung der Maske,

dadurch gekennzeichnet, dass

der Schritt c) Folgendes aufweist:

c1) Analysieren der Leistungsbilder, um ein
Referenzleistungsbild festzulegen, dessen
durchschnittliche Leistung gréRer ist als ein
vorbestimmter Grenzwert und Vergleichen
der Referenzleistungsbilder mit entspre-
chenden Leistungsbildern, deren durch-
schnittliche Leistung geringeristals der vor-
bestimmte Grenzwert, um Verbundbilder zu
erzeugen;

c2) Festlegen der Abdeckung zum Detek-
tieren des interessierenden Bereichs unter
Verwendung des Referenzleistungsbilds
und der Verbundbilder; und

c3) Detektieren von Konturen der Abde-
ckung, um an den detektierten Konturen ei-
ne Glattung durchzufiihren; und

c4) Durchfiihren eines Fllens an der ge-
glatteten Abdeckung.

10. Verfahren nach Anspruch 9, wobei der Schritt c) des
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13.

Weiteren das Entfernen von Blitzrauschen von der
Abdeckung beinhaltet.

Verfahren nach Anspruch 9, wobei der vorbestimmte
Grenzwert ein Wert ist, der durch Multiplizieren der
durchschnittlichen Referenzleistung mit einem vor-
bestimmten Wert erhalten wird.

Verfahren nach Anspruch 9, wobei der Schritt c1)
Folgendes aufweist:

Berechnen einer ersten durchschnittlichen Leis-
tung eines ersten Leistungsbilds, das von dem
Bilderzeugungsabschnitt zur Verfligung gestellt
wurde, um eine durchschnittliche Referenzleis-
tung festzulegen;

Festlegen des ersten Leistungsbilds als ein Re-
ferenzleistungsbild; Berechnen einer i-ten
durchschnittlichen Leistung eines i-ten Leis-
tungsbilds, das von dem Bildverarbeitungsab-
schnitt zur Verfligung gestellt wurde, wobei i ei-
ne positive ganze Zahl gréRer als 1 ist;
Vergleichen der i-ten durchschnittlichen Leis-
tung mit dem vorbestimmten Grenzwert;

wenn die i-te durchschnittliche Leistung groRer
ist als der vorbestimmte Grenzwert, Festlegen
der i-ten durchschnittlichen Leistung als eine
neue durchschnittliche Referenzleistung und
Festlegen desi-ten Leistungsbilds als ein neues
Referenzleistungsbild; und

wenn die i-te durchschnittliche Leistung gerin-
ger ist als der vorbestimmte Grenzwert, Verbin-
den des i-ten Leistungsbilds mit dem Referenz-
leistungsbild.

Verfahren nach Anspruch 9, wobei der Schritt d) Fol-
gendes aufweist:

Durchflihren einer Glattung an den Geschwin-
digkeitsbildern;

Abdecken des geglatteten Geschwindigkeits-
bilds unter Verwendung der Abdeckung;
Durchflihren einer Abstandsgewichtung und ei-
ner Grenzglattung an den abgedeckten Ge-
schwindigkeitsbildern;

Erlangen eines Differenzbilds zwischen dem
Geschwindigkeitsbild, das von dem Bildverar-
beitungsabschnitt zur Verfliigung gestellt wurde,
und den abstandsgewichteten und grenzgeglat-
teten Geschwindigkeitsbildern;

Detektieren von Héchstwertbereichen unter
Verwendung der Differenzbilder; und
Wiederherstellen von Hoéchstwerten der ab-
standsgewichteten und

grenzgeglatteten Geschwindigkeitsbildern un-
ter Verwendung der detektierten Héchstwertbe-
reiche.
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14. Verfahren nach Anspruch 9, wobei der Schritt d) Fol- 3. Systeme ultrasonique (100) selon la revendication
gendes aufweist: 2, dans lequel la section (122) de formation d’un

Durchfiihren einer Glattung an den Leistungs-
bildern;

Abdecken der geglatteten Leistungsbilder; und
Durchfiihren einer Abstandsgewichtung und ei-
ner Grenzglattung an den abgedeckten Leis-
tungsbildern.

Revendications

Systeme ultrasonique (100) comportant :

une unité d’acquisition de signal (110) configu-
rée pour transmettre et recevoir des signaux ul-
trasoniques vers et en provenance d’'un objet
cible pour acquérir des signaux Doppler ; et
une unité de traitement (120) configurée pour
former des images couleur en mode Doppler in-
cluant des images de puissance visualisant les
puissances des signaux Doppler sous la forme
d’'images de distributions en 2-D et des images
de vitesse,

dans lequel l'unité de traitement (120) est en
outre configurée pour analyser les images de
puissance pour définir une image de puissance
de référence dont la puissance minimale est su-
périeure a une moyenne prédéterminée, pour
calculer 'image de puissance de référence par
rapport aux images de puissances dont la puis-
sance minimale estinférieure a la valeur moyen-
ne prédéterminée, pour former des images cal-
culées et constituer un masque pour détecter
une zone d’intérét en utilisant I'image de puis-
sance de référence et les images calculées,
pour détecter les contours du masque, pour ef-
fectuer un lissage des contours détectés et pour
effectuer le remplissage du masque lissé, et
pour masquer les images de puissance et les
images de vitesse en utilisant le masque.

2. Systeme ultrasonique (100) selon la revendication
1, dans lequel l'unité de traitement (120) comprend :

une section (121) de formation d’'image configu-
rée pour former les images de puissance et les
images de vitesse ;

une section (122) de formation d’'un masque,
configurée pour réaliser un masque en utilisant
l'image de puissance ;

une premiere section de traitement d’image
(123) configurée pour masquer les images de
vitesses en utilisant le masque ; et

une seconde section de traitement d’image
(124) configurée pour masquer les images de
puissance en utilisant le masque.
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masque comprend :

une section de traitement d’image de puissance
(122a) configurée pour analyser les images de
puissance pour définir une image de puissance
de référence dont la puissance minimale est su-
périeure a la moyenne prédéterminée et pour
calculer 'image de puissance de référence des
images de puissance respectives, dont la puis-
sance minimale estinférieure a la moyenne pré-
déterminée pour former les images calculées ;
une section de détermination de masque
(122b), configurée pour déterminer le masque
pour détecter la zone d’intérét en utilisant I'ima-
ge de puissance de référence et les images
calculées ; et

une section de traitement de masque (122c)
configurée pour détecter des contours du mas-
que, effectuer un lissage sur les contours détec-
tés et effectuer le remplissage du masque lissé.

4. Systeme ultrasonique (100) selon la revendication
3, dans lequel la moyenne prédéterminée est une
valeur obtenue en multipliant la puissance minimale
de référence par une valeur prédéterminée.

5. Systeme ultrasonique (100) selon la revendication
4, dans lequel la section de formation du masque
inclut une unité d’élimination du bruit flash pour éli-
miner les bruits flash du masque.

6. Systeme ultrasonique (100) selon la revendication
4, dans lequel la section de traitement (122a) de
I'image de puissance est configurée pour :

calculer la puissance minimale de I'image de
puissance produite par la section de formation
de I'image pour déterminer une puissance mi-
nimale de référence ;

déterminer la premiére image de puissance de
référence comme référence dimage de
puissance ;

calculer une i®Me puissance minimale d’une i¢Me
image de puissance produite par la section de
formation de I'image, dans lequel i est un nom-
bre entier positif supérieura 1 ;

comparer la i®Me puissance minimale avec la
moyenne prédéterminée ;

déterminer, lorsque la i®Me puissance minimale
est supérieure a la moyenne prédéterminée, la
puissance minimale comme une nouvelle puis-
sance minimale de référence et déterminer la
i*Meimage de puissance comme nouvelle image
de puissance de référence ; et

calculer, lorsque la M puissance minimale est
inférieure a la moyenne prédéterminée, la i¢me



19 EP 2 249 175 B1

image de puissance comme nouvelle image de
puissance de référence.

7. Systéme ultrasonique (100) selon la revendication
2,dans lequel la section de traitement (123) de I'ima-
ge comporte :

une premiéere section (123a) de lissage configu-
rée pour effectuer un lissage sur les images de
vitesse ;

une premiére section de masquage (123b) con-
figurée pour masquer les images de vitesses
lissées en utilisant le masque ;

une premiére section de filtrage (123c) configu-
rée pour effectuer un pesage a distance et pour
border le lissage sur les images de vitesse
masquées ; et

une section de restauration de pic (123d), con-
figurée pour obtenir une différence d’'image en-
tre une image de vitesse produite par la section
de formation d’image (121) et des images de
vitesse pesées et a bords lissés, détecter des
zones de pic en utilisant les différences d'image
et restaurer les pics des images pesées a dis-
tance et des images de vitesse a bords lissés,
en utilisant les zones de pics détectés.

8. Systeme ultrasonique (100) selon la revendication
2,dans lequel la section de traitement (124) de I'ima-
ge comporte :

une seconde section (124a) de lissage configu-
rée pour effectuer un lissage sur les images de
puissance ;

une seconde section de masquage (124b) con-
figurée pour masquer les images de puissances

lissées; et

une seconde section de filtrage (124c) configu-
rée pour effectuer un pesage a distance et pour
border le lissage sur les images de puissance
masquées.

9. Procédé de traitement d’'une image couleur en mode
Doppler dans un systéme ultrasonique (100) com-
portant une unité d’acquisition (110) et une unité de
traitement (120), comportant :

a) a l'unité d’acquisition (110) de signaux, la
transmission et la réception de signaux ultraso-
niques de et vers un objet cible pour acquérir
des signaux Doppler ultrasoniques ; et

b) a l'unité de traitement (120), la formation
d’'images couleur en mode Doppler incluant la
visualisation des puissances des signaux Dop-
pler sous la forme d’'images de distributions en
2-D et d'images de vitesse,

c) al'unité de traitement (120), la réalisation d’'un
masque pour détecter une zone d’intérét utili-
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sant les images de puissance ;

d) al'unité de traitement (120), le masquage des
images de puissance et des images de vitesse
en utilisant le masque,

caractérisé par les étapes suivantes :

c1) analyser les images de puissance pour
déterminer une image de puissance de ré-
férence dont la puissance minimale est su-
périeure a une moyenne prédéterminée, et
calculer 'image de puissance de référence
par rapport aux images de puissance dont
la puissance maximale est inférieure a la
valeur moyenne prédéterminée, pour for-
mer des images calculées ;

¢2) constituer un masque pour détecter une
zone d’intérét en utilisant 'image de puis-
sance de référence et les images
calculées ; et

c3) détecter les contours du masque, pour
effectuer un lissage des contours détectés ;
et

c4) effectuer le remplissage du masque lis-
sé.

Procédé selon larevendication 9, dans lequel I'étape
¢) comporte en outre I'élimination du bruit de flash
du masque.

Procédé selon la revendication 9, dans lequel la
moyenne prédéterminée est une valeur obtenue en
multipliant la puissance minimale de référence par
une valeur prédéterminée.

Procédé selon larevendication 9, dans lequel I'étape
¢1) comprend :

le calcul d’'une premiére puissance minimale
d’'une premiére image de puissance produite par
la section de formation d'image pour déterminer
une puissance minimale de référence ;

la détermination d’'une premiére image de puis-
sance comme image de puissance de
référence ;

le calcul d’'une i®Me puissance minimale d’une
i¥me image de puissance produite par la section
de traitement d'image, dans lequel i est un nom-
bre positif entier supérieura 1 ;

la comparaison de la i®M€ puissance minimale
avec la moyenne prédéterminée ;

la détermination, lorsque la i¥™® puissance mi-
nimale est supérieure a la moyenne prédéter-
minée, de la i#Me puissance minimale comme
nouvelle puissance minimale de référence et la
détermination de la i®M® image de puissance
comme nouvelle image de puissance de
référence ; et

le calcul, lorsque la i#Me puissance minimale est
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inférieure a la moyenne prédéterminée, de la
i*Mme image de puissance comme image de puis-
sance de référence.

13. Procédéselonlarevendication 9,danslequell'étape 5
d) comprend :

le lissage des images de vitesse ;

le masquage du lissage des images de vitesse

en utilisant le masque ; 10
la réalisation du pesage a distance et du lissage

des bords suite au masquage des images de
vitesses ;

I'obtention de différence d'image entre I'image

de vitesse produite par la section de traitement 75
d’'image etle pesage adistance et le lissage des
images de vitesse ;

la détection des zones de pics en utilisant les
différences d’'image ; et

la restauration des pics des images de pesées 20
a distance et des images de vitesse lissées en
utilisant les zones de pics détectés.

14. Procédé selonlarevendication 9, danslequell'étape
d) comprend : 25

la réalisation du lissage sur les images de
puissance ;
le masquage des images de puissance lissées ;
et 30
la réalisation du pesage a distance et du lissage
des bords sur les images de puissance mas-
quées.
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