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Description

TECHNICAL FIELD

[0001] The present disclosure relates to ultrasound
systems, and more particularly to an ultrasound system
and method for forming an elastic image.

BACKGROUND

[0002] 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 systems and techniques are com-
monly used to produce two dimensional ultrasound im-
ages and three-dimensional ultrasound images of inter-
nal features of patients.

[0003] Generally, the ultrasound image is displayed in
a Brightness-mode (B-mode) by using reflectivity caused
by an acousticimpedance difference between the tissues
of the target object. However, if the reflectivity of the tar-
getobjectis hardly different from those of the neighboring
tissues such as tumor, cancer or the like, then it is not
easy to recognize the target object in the B-mode image.
[0004] When the target object is a blood vessel, an
intravascular ultrasound imaging method is adopted to
diagnose a lipid or lesion positioned at an inside of the
blood vessel. In such a case, a probe is inserted into the
inside of the blood vessel to form an ultrasound image
of the blood vessel. Although a high resolution of the
ultrasound image of the blood vessel may be obtained
through the intravascular ultrasound imaging method,
there is a problem in that the blood vessel may be dam-
aged.

[0005] An ultrasound system according to the pream-
ble of claim 1 and a method of forming an elastic image
according to the preamble of claim 11 are known from
US 5,615,680.

[0006] WO 99/17660 A1 describes an ultrasound sys-
tem and a method for calculation and display of strain
velocity in real time, wherein strain velocity may be de-
termined from tissue velocity.

SUMMARY

[0007] Embodiments for forming an elasticimage in an
ultrasound system are disclosed herein. In one embod-
iment, an ultrasound system comprises the features of
claim 1.

[0008] Inanother embodiment, a method of forming an
elastic image in an ultrasound system including a trans-
mission/reception (Tx/Rx) unit, an image processing unit
and an elastic image forming unit, comprises the features
of claim 11.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]
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FIG. 1 is a block diagram showing an exemplary ul-
trasound system.

FIG. 2 is a schematic diagram illustrating scan lines
in parallel with each other.

FIG. 3 is a schematic diagram illustrating scan lines
converged at a specific point when a concave array
transducer is adopted.

FIG. 4 is ablock diagram showing animage process-
ing unit in accordance with the system of FIG. 1.
FIG. 5 is a schematic diagram showing an example
of an ultrasound image.

FIG. 6 is a schematic diagram showing an example
of setting radial scan lines with respect to a center
of a target object.

FIG. 7 is a schematic diagram showing an example
of reconstructing an ultrasound image.

FIG. 8is a block diagram showing an ultrasound sys-
tem in accordance with a first embodiment.

FIG. 9 is a schematic diagram illustrating normal
scan lines.

FIG. 10 is a schematic diagram illustrating steered
scan lines.

FIG. 11 is a block diagram showing a first image
processing unit in accordance with the first embod-
iment.

FIG. 12is a schematic diagram showing an example
of an ultrasound image formed by scanning normal
scan lines.

FIG. 13 is a schematic diagram showing an example
of setting radial scan lines on an ultrasound image.
FIG. 14 is a schematic diagram showing an example
ofreconstructing an ultrasound image by using radial
scan lines in a first image processing unit in accord-
ance with the first embodiment.

FIG. 15is a schematic diagram showing an example
of interpolating reconstructionimages in a firstimage
processing unit in accordance with the first embod-
iment.

FIG. 16 is a block diagram showing a second image
processing unit in accordance with the first embod-
iment.

FIG. 17 is a schematic diagram showing an example
ofreconstructing an ultrasound image by using radial
scan lines in a second image processing unit in ac-
cordance with the first embodiment.

FIG 18 is a schematic diagram showing an example
of interpolating reconstruction images in a second
image processing unit in accordance with the first
embodiment.

FIG. 19is a schematic diagram showing an example
of compounding reconstruction images and interpo-
lation images.

FIG. 20 is a schematic diagram showing an example
of forming elastic images by using the compound
images.

FIG. 21 is a block diagram showing an ultrasound
system in accordance with a second embodiment.
FIG. 22 is a block diagram showing a first image
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processing unit in accordance with the second em-
bodiment.

FIG 23 is a block diagram showing a second image
processing unit in accordance with the second em-
bodiment.

FIG. 24 is a schematic diagram showing an example
of compounding ultrasound images and forming
elastic images by using compound images.

DETAILED DESCRIPTION

[0010] Adetailed descriptionis provided with reference
to the accompanying drawings. One of ordinary skill in
the art may realize that the following description is illus-
trative only and is not in any way limiting. Other embod-
iments of the present invention may readily suggest
themselves to such skilled persons having the benefit of
this disclosure.

Exemplary ultrasound system

[0011] Referring to FIG 1, an exemplary ultrasound
system 100 is shown. As depicted therein, the ultrasound
system 100 includes a transmission/reception (Tx/Rx)
unit 110 configured to transmit/receive an ultrasound
beam to/from a target object to thereby output electrical
receive signals.

[0012] The ultrasound system 100 includes a control
unit 120 configured to control the Tx/Rx of the ultrasound
beam in the Tx/Rx unit 110. The control unit 120 is op-
erable to control the Tx/Rx of the ultrasound beam to be
consecutively performed in synchronization withan ECG
signal provided from an electrocardiograph (not shown).
Specially, the Tx/Rx of the ultrasound beam are per-
formed in synchronization with an ECG signal outputted
when aleft ventricular is in a maximum contraction and/or
maximum relaxation.

[0013] The Tx/Rx unit 110 is operable to perform the
Tx/Rx of the ultrasound beam multiple times under the
control of the control unit 120. The Tx/Rx unit 110 in-
cludes a probe (not shown) containing an array trans-
ducer for generating the ultrasound beam and the elec-
trical receive signals. A linear array transducer may be
adoptedto generate the ultrasound beam. Insuch acase,
the control unit 120 sets the scan lines S4-S44 to be par-
allel with each other, as illustrated in FIG. 2. Also, a con-
cave array transducer 122 may be adopted to generate
the ultrasound beam. In such a case, the control unit 120
sets the scan line $4-S¢4 to be converged at a specific
point, e.g., a center of the target object, as illustrated in
FIG 3. The Tx/Rxunit 100 further includes a beam former
(not shown) for performing transmit focusing and receive
focusing to form a transmit beam and a receive beam.
The control unit 120is further operable to control the en-
tire operations of the ultrasound system 100.

[0014] The ultrasound system 100 further includes an
image processing unit 130. The image processing unit
130 is configured to consecutively form a plurality of ul-
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trasound images by using the receive signals outputted
from the Tx/Rx unit 120 under the control of the control
unit 120. For the sake of convenience, a blood vessel
will be referred to as an example of the target object.
However, the target object may be not limited thereto.
[0015] FIG.4isablock diagram showing an exemplary
image processing unit 130. Referring to FIG 4, the image
processing unit 130 includes an ultrasound image form-
ing section 131. The ultrasound image forming section
131 is operable to consecutively form a plurality of ultra-
sound images based on the receive signals. Each of the
ultrasound images 210 contains a blood vessel 212 and
a lipid 214, as illustrated in FIG. 5.

[0016] The image processing unit 130 further includes
a boundary detecting section 132, a center setting sec-
tion 133, a radial scan line setting section 134 and an
image reconstructing section 135. The boundary detect-
ing section 132 is operable to detect boundaries of the
blood vessel on the ultrasound image 210. The bound-
aries are detected based on a variation of brightness de-
termined by using a differential operator. In one embod-
iment, the boundary detecting section 132 is operable to
detect the boundaries of the blood vessel 212 by using
edge masks such as Sobel, Prewitt, Robert, Laplacian
of Gaussian, Canny and the like. In another example, the
boundary detecting section 132 is operable to detect the
boundaries of the blood vessel 212 based on a difference
of eigenvalues using a structure tensor.

[0017] The center setting section 133 is operable to
seta center "O" of the blood vessel 212 by using detected
boundaries of the blood vessel 212, as illustrated in FIG.
6. Also, in another example, the center of the blood vessel
212 is set in response to a user instruction inputted
through a user input unit (not shown).

[0018] The radial scan line setting section 134 is con-
figured to set a plurality of scan lines 220 in radial direc-
tions (hereinafter, referred to as "radial scan lines") with
respect to the center "O" on the first ultrasound image
210, as illustrated in FIG 6. The radial scan line setting
section 134 sets a plurality of sampling points on each
of the radial scan lines 220 and acquires position infor-
mation of the sampling points and image data of the sam-
pling points based on the receive signals.

[0019] The image reconstructing section 135 is oper-
able to reconstruct the radial scan lines 220 to be parallel
with each other, as illustrated in FIG. 7. The image re-
constructing section 135 is operable to form a reconstruc-
tion image corresponding to the first ultrasound image
by using the reconstructed radial scan lines 220 and the
image data of the sampling points on the radial scan lines.
[0020] ReferringagaintoFIG. 1, the ultrasound system
100 further includes an elastic image forming unit 140.
The elastic image forming unit 140 is operable to perform
auto correlation upon an nth reconstruction image and
an (n+1)th reconstruction image to thereby compute an
elastic modulus, wherein n is an integer equal to or great-
er than 1. The elastic image forming unit 140 is further
operable to form an elasticimage based on the computed
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elastic modulus. That is, the elastic image forming unit
140 computes the elastic modulus corresponding to dis-
placement of the blood vessel, the lipid and neighboring
tissues caused by contraction and relaxation of the blood
vessel, and then form the elastic image based on the
computed elasticity modulus.

[0021] A display unit 150 may be one of a liquid crystal
display, a cathode ray tube, a plate panel display and the
like capable of displaying the elastic image formed in the
elastic image forming unit 140. However, the display unit
150 may not be limited thereto. Also, the first ultrasound
image and the second image may be displayed on the
display unit 150.

FIRST EMBODIMENT

[0022] FIG. 8is ablock diagram showing an illustrative
embodiment of an ultrasound system. As depicted in FIG.
8, the ultrasound system 800 further includes an image
compounding unit 850 compared to the ultrasound sys-
tem 100 of FIG 1. Also, the ultrasound system 800 in-
cludes a first image processing unit 830 and a second
image processing unit 840.

[0023] The ultrasound system 800 includes a Tx/Rx
unit810. The Tx/Rx unit810includes a probe (not shown)
for transmitting an ultrasound beam along scan lines in
a target object and receive ultrasound echoes reflected
from the target object to thereby output electrical receive
signals. For the sake of convenience, a blood vessel will
be referred to as an example of the target object. The
probe may include a linear array transducer containing
a plurality of elements. The Tx/Rx unit 810 further in-
cludes a beam former for performing transmit focusing
and receive focusing.

[0024] The ultrasound system 800 further includes a
control unit 820 operable to control the Tx/Rx of the ul-
trasound beam. The control unit 820 is operable to set
scan lines $4-S44 ("normal scan lines") in the normal di-
rections to a linear array transducer (not shown) in the
probe, as illustrated in FIG 9. The control unit 820 is op-
erable to control the ultrasound beam to be scanned
along the normal scan lines.

[0025] Also, the control unit 820 is configured to set
the scan lines §’4-S’¢4 to be steered ("steered scan
lines"), as illustrated in FIG. 10. The control unit 820 is
operable to control the Tx/Rx unit 810 such that the ul-
trasound beam is transmitted along the scan lines. De-
tailed description for setting the steered scan lines
8’4-8’44 will be described later. The Tx/Rx unit 810 out-
puts first electrical receive signals obtained by scanning
the normal scan lines and second electrical receive sig-
nals obtained by scanning the steered scan lines. In one
embodiment, the scanning of the normal scan lines and
the steered scan lines may be alternately carried out.
[0026] The ultrasound system 800 includes a first im-
age processing 830 that may receive the first receive
signals. Referring to FIG 11, the first image processing
unit 830 includes a first ultrasound image forming section
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831. The first ultrasound image forming section 831 is
operable to form a first ultrasound image 210 based on
the first receive signals, as illustrated in FIG. 12.

[0027] The first processing unit 830 further includes a
boundary detecting section 832, which is configured to
detect boundaries of a blood vessel 212 on the first ul-
trasound image 210. The boundaries may be detected
based on the variation of brightness determined by using
a differential operator. In one embodiment, the boundary
detecting section 832 is operable to detect the bounda-
ries of the blood vessel 212 by using edge masks such
as Sobel, Prewitt, Robert, Laplacian of Gaussian, Canny
and the like. In another embodiment, the boundary de-
tecting section 832 is operable to detect the boundaries
of the blood vessel 212 based on a difference of eigen
values using a structure tensor. The first image process-
ing unit 830 further includes a center setting section 833.
In one embodiment, the center setting section 833 is op-
erable to set a center "O" of the blood vessel 212 by using
detected boundaries of the blood vessel 212, as illustrat-
ed in FIG. 13. However, the center setting of the blood
vessel 212 is not limited thereto. In another embodiment,
the center of the blood vessel 212 may be setin response
to a user instruction inputted through a user input unit
(not shown).

[0028] The first image processing unit 830 further in-
cludes a radial scan line setting section 834. The radial
scan line setting section 834 is operable to set a plurality
of scan lines RS4-RS3, in radial directions (hereinafter,
referred to as "radial scan lines") with respect to the cent-
er on the first ultrasound image 210, as illustrated in FIG.
13. The number of radial scan lines may be determined
according to an interval of the radial scan lines, i.e., a
steered angle, which may be set by the control unit 820.
The radial scan line setting section 834 sets a plurality
of sampling points on each of the radial scan lines
RS-RS3, and acquire position information of the sam-
pling points and image data at the sampling points based
on the first receive signals.

[0029] The image processing unit 830 further includes
a first image reconstructing section 835. The first image
reconstructing section 835 is operable to reconstruct the
radial scan lines RS4-RS3, to be in parallel with each
other. The first image reconstructing section 835 is op-
erable to form a first reconstruction image corresponding
to the first ultrasound image by using the reconstructed
radial scan lines RS4-RS;, and the image data of the
sampling points on the radial scan lines. In one embod-
iment, the firstimage reconstructing section 835 is oper-
able to form the first reconstruction image 230 by using
the image data corresponding to the radial scan lines
RSg-RS 3 and RS,5-RS5, which are not overlapped with
the steered scan lines S’4-S’11 shown in FIG. 10. The
radial scan lines RSg-RS 5 and RS,5-RS;, may be de-
termined based on the property of the array transducer
and the center of the blood vessel.

[0030] The image processing unit 830 further includes
a first image interpolating section 836. The first image
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interpolating section 836 is operable to interpolate two
consecutive first reconstruction images to thereby form
a first interpolation image. As illustrated in FIG. 15, the
first image processing unit 830 is configured to perform
interpolation upon the first reconstruction image M, and
the first reconstruction image M, to thereby form the first
interpolation image Ml,. Also, the firstimage processing
unit 830 is operable to perform interpolation upon the first
reconstruction image M, and the first reconstruction im-
age M to thereby form the first interpolation image Ml,.
Similar to the above, a plurality of the first interpolation
images Ml3, Ml ... is formed through the interpolation of
the first reconstruction images.

[0031] Referring back to FIG. 8, the control unit 820 is
further operable to set the steered scan lines S’4-S’¢4,
which are illustrated in FIG. 8, based on the center infor-
mation of the blood vessel. That is, the control unit 820
is operable to set the steered scan lines S’4-S’;; to be
converged at the center of the blood vessel. The control
unit 820 controls the Tx/Rx unit 810 such that the ultra-
sound beam is transmitted along the steered scan lines
S’4-S’44. In such a case, the electrical receive signal out-
putted from the Tx/Rx unit 810 will be referred to as "sec-
ond receive signals."

[0032] The ultrasound system 800 further includes a
second image processing unit 840, which may receive
the second receive signals. Referring to FIG. 16, the sec-
ond image processing unit 840 includes a second ultra-
sound image forming section 841 that receives the sec-
ond receive signals. The second ultrasound image form-
ing section 841 is operable to form a second ultrasound
image based on the second receive signals.

[0033] The second image processing unit 840 further
includes a boundary detecting section 842 that is oper-
able to detect boundaries of the blood vessel in the same
manner of the boundary detection in the boundary de-
tecting section 832 of the first image processing unit 830.
[0034] The second image processing unit 840 further
includes a center setting section 843. In one embodi-
ment, the center setting section 843 is operable to set a
center of the blood vessel based on the center set by the
center setting section 833 of the first image processing
unit 830.

[0035] The second image processing unit 840 further
includes a radial scan line setting section 844. The radial
scan line setting section 844 is operable to set a plurality
of scan lines RS,-RS83, in radial directions (hereinafter,
referred to as "radial scan lines") with respect to the cent-
er of the blood vessel, as illustrated in FIG. 13. The
number of the radial scan lines may be determined ac-
cording to an interval of the radial scan lines, i.e., a steer-
ing angle, which may be set by the control unit 820. In
one embodiment, the steering angle of the radial scan
lines RS4-RS,, is set to be equal to a steering angle of
the steered scan lines S’4-S’y4 shown in FIG 10. The
radial scan line setting unit 844 sets the radial scan lines
RS4-RS;, RS 4-RS,, and RS;34-RS34, which are
matched with the steered scan lines S’4-S’44. The radial
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scan line setting section 844 sets a plurality of sampling
points on each of the radial scan lines and acquire posi-
tion information of the sampling points and image data
at the sampling points based on the second receive sig-
nals.

[0036] The image processing unit 840 further includes
a second image reconstructing section 845. The second
image reconstructing section 845 is operable to recon-
struct the radial scan lines RS4-RS3, to be in parallel with
each other, as illustrated in FIG 17. The second image
reconstructing section 845 is further operable to form a
second reconstruction image corresponding to the sec-
ond ultrasound image by using the reconstructed radial
scan lines RS-RS;, and the image data of the sampling
points on the radial scan lines. In one embodiment, the
second image reconstructing section 845 is operable to
form the second reconstruction image 240 by using the
image data corresponding to the radial scan lines
RS4-RS;, RS4-RS,, and RS34-RS;,.

[0037] The second image processing unit 840 further
includes a second image interpolating section 846. The
second image interpolating section 846 is configured to
interpolate two consecutive second reconstruction imag-
es to form a second interpolation image. As illustrated in
FIG. 18, the second image interpolating section 846 is
operable to perform the interpolation upon the second
reconstruction image N4 and the second reconstruction
image N, to thereby form the second interpolation image
NI,. Also, the second image interpolating section 846 is
operable to perform the interpolation upon the second
reconstruction image N, and the second reconstruction
image N5 to thereby form the second interpolation image
Nl,. In the same manner as above, the second interpo-
lation images NIz, Nl ... are formed through the interpo-
lation of the second reconstruction images.

[0038] Referring once again to FIG. 8, the image com-
pounding unit 850 is operable to compound an ith first
interpolation image M, formed in the firstimage process-
ing unit 830 and an it" second reconstruction image N;
to thereby form a compound image (hereinafter, referred
to as "first compound image"). Also, the image com-
pounding unit 850 is further operable to compound an
(i+1)th first reconstruction image M,,4 formed in the first
image processing unit 830 and an ith second interpolation
image MI; to thereby form a compound image (hereinaf-
ter, referred to as "second compound image"). In one
embodiment, the firstand second compound images may
be formed at the same time. As illustrated in FIG. 19, the
image compounding unit 850 is operable to compound
the first interpolation image Ml, formed in the first image
processing unit 830 and the second reconstructionimage
N, formed in the second image processing unit 840 to
thereby form the first compound image MC,. In the same
manner as above, the image compounding unit 850 is
operable to form a plurality of first compound images
MC,, ... Also, the image compounding unit 850 is oper-
able to compound the first reconstruction image M,
formed in the first image processing unit 830 and the
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second interpolation image NI, formed in the second im-
age processing unit 840 to thereby form the second com-
pound image NC,. In the same manner as above, the
image compounding unit 850 is operable to form a plu-
rality of second compound images NC,, NCs, ... The im-
age compounding unit 850 includes a first image com-
pounding unit (not shown) for forming the first compound
images and a second image compounding unit (not
shown) for forming the second compound images.
[0039] The ultrasound system 100 further includes an
elastic image forming unit 860. The elasticimage forming
unit 860 is configured to perform autocorrelation to com-
pute an elasticity modulus between a jth first compound
image MC;and ajth second compound image NGC;, which
are formed in the image compounding unit 850, wherein
jisaninteger equal to or greater than 1. The elasticimage
forming unit 860 is further operable to form an elastic
image E, by using the computed elasticity modulus. That
is, the elasticity image forming unit 860 is configured to
compute the elasticity modulus corresponding to a dis-
placement of the blood vessel, the lipid and peripheral
tissues caused by the contraction and the relaxation of
the blood vessel. It then forms the elastic image based
on the computed elasticity modulus, In the same manner
as above, the elastic image forming unit 860 is operable
to form a plurality of elastic images Eq, E,, E3, E4, Es...
as illustrated in FIG. 20.

[0040] The ultrasound system 800 further includes a
display unit 870 thatmay display the elasticimage formed
in the elastic image forming unit 860. The display unit
870 also displays the firstand second ultrasound images,
the first and second reconstruction images and the first
and second interpolation images.

[0041] The firstimage processing unit 830, the second
image processing unit 840, the image compounding unit
850 and the elastic image forming unit 860 of the ultra-
sound system 800 will be embodied with a single proc-
essor or a plurality of processors.

SECOND EMBODIMENT

[0042] FIG. 21 is a block diagram showing an illustra-
tive embodiment of an ultrasound system. As depicted
in FIG. 21, the ultrasound system 900 further includes
an electrocardiogram (ECG) signal providing unit 910
compared to the ultrasound system 800 of FIG. 8. The
ECG signal providing unit 910 is configured to provide
an ECG signal containing a P wave, QRS waves and a
T wave. The P wave, QRS waves and T wave are well
known to a person to skilled in the art. Thus, detailed
descriptions thereof will be omitted herein.

[0043] The ultrasound system 900 includes a Tx/Rx
unit920. The Tx/Rx unit920includes a probe (not shown)
for transmitting an ultrasound beam along scan lines in
a target object and receiving ultrasound echoes reflected
from the target object to thereby output electrical receive
signals. For the sake of convenience, a blood vessel will
be referred to as an example of the target object. The
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probe may include a linear array transducer containing
a plurality of elements. The Tx/Rx unit 920 further in-
cludes a beam former for performing transmit focusing
and receive focusing. In the third embodiment, the scan
lines may be set to be steered. That is, the Tx/Rx unit
920 is operable to transmit the ultrasound beam along
scan lines 84-S44 ("normal scan lines") such as shown
in FIG. 9 and scan lines, which are steered ("steered
scanlines) S’4-S’44 such as shownin FIG. 10. The setting
of the steered scan lines will be described later. The
Tx/Rx unit 920 outputs first electrical receive signals ob-
tained by scanning the normal scan lines and second
electrical receive signals obtained by scanning the
steered scan lines. In one embodiment, the scanning of
the normal scan lines is carried out in synchronization
with the P and T waves at a (2n-1)th cardiac cycle and
the scanning of the steered scan lines may be carried
out in synchronization with the P and T waves at a (2n)th
cardiac cycle, wherein n is an integer equal to or greater
than 1.

[0044] The ultrasound system 900 further includes a
control unit 930 that is operable to control the transmis-
sion and reception of the ultrasound beam. The control
unit 930 is configured to set the normal scan lines. It may
also control the Tx/Rx unit 920 such that the ultrasound
beam is transmitted along the normal scan lines in syn-
chronization with the P and T waves at the (2n-1)th car-
diac cycle. In such a case, the electrical receive signal
outputted from the Tx/Rx unit 920 will be referred to as
"first receive signals."

[0045] The ultrasound system 900 includes a first im-
age processing 940 that may receive the first receive
signals. Referring to FIG. 22, the first image processing
unit 940 includes afirst ultrasound image forming section
941. The first ultrasound image forming section 941 is
operable to form a first ultrasound image based on the
first receive signals such as shown in FIG 12.

[0046] The first processing unit 940 further includes a
boundary detecting section 942 that may be operable to
detect boundaries of a blood vessel 212 on the first ul-
trasound image 210. The boundary detection is per-
formed similar to the boundary detection by the boundary
detecting section 832 of FIG 9. Thus, detailed descrip-
tions of the boundary detection will be omitted herein.
[0047] The first image processing unit 940 further in-
cludes a center setting section 943. The center setting
section 943 is operable to set a center of the blood vessel
by using detected boundaries. The center setting may
be performed similar to the center setting by the center
setting section 833 of FIG 9. Thus, detailed descriptions
of the center setting will be omitted herein.

[0048] The first image processing unit 940 further in-
cludes a radial scan line setting section 944. The radial
scan line setting section 944 is operable to set a plurality
of scan lines RS4-RS3, in radial directions with respect
to the center (hereinafter, referred to as "radial scan
lines") on the first ultrasound image 210, as illustrated in
FIG 11. The number of the radial scan lines may be de-
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termined according to an interval of the radial scan lines,
i.e., an angle, which may be set by the control unit 930.
The radial scan line setting section 944 sets a plurality
of sampling points on each of the radial scan lines
RS4-RS3, and acquire position information of the sam-
pling points and image data at the sampling points based
on the first receive signals.

[0049] The image processing unit 940 further includes
a first image reconstructing section 945. The fist image
reconstructing section 945 is operable to reconstruct the
radial scan lines RS,-RS3, to be in parallel with each
other. The first image reconstructing section 945 is con-
figured to form afirstreconstruction image corresponding
to the first ultrasound image by using the reconstructed
radial scan lines RS4-RS3, and the image data of the
sampling points on the radial scan lines. In one embod-
iment, the firstimage reconstructing section 945 is oper-
able to form the first reconstruction image by using the
image data corresponding to the radial scan lines
RSg-RS 3 and RS,5-RS;3q, which are not overlapped with
the steered scan lines S'4-S’¢4 shown in FIG 10.

[0050] Referring back to FIG. 21, the control unit 930
is further operable to set the steered scan lines S'4-S’y4,
which are illustrated in FIG. 10, based on the center in-
formation of the blood vessel. That s, the control unit 930
is configured to set the steered scan lines S’4-S’44 to be
converged at the center of the blood vessel. The control
unit 930 controls the Tx/Rx unit 920 such that the ultra-
sound beam is transmitted along the steered scan lines
8’4-8’41 in synchronization with the P and T waves at the
2nth cycle. In such a case, the electrical receive signal
outputted from the Tx/Rx unit 920 will be referred to as
"second receive signals."

[0051] The ultrasound system 900 further includes a
second image processing unit 950 that receives the sec-
ond receive signals. Referring to FIG. 23, the second
image processing unit 950 includes a second ultrasound
image forming section 951 that receives the second re-
ceive signals. The second ultrasound image forming sec-
tion 951 is operable to form a second ultrasound image
based on the second receive signals.

[0052] The second image processing unit 950 further
includes a boundary detecting section 952 that is oper-
able to detect boundaries of the blood vessel similar to
the boundary detection in the boundary detecting section
942 of the first image processing unit 940.

[0053] The second image processing unit 950 further
includes a center setting section 953. In one embodi-
ment, the center setting section 953 is operable to set a
center of the blood vessel based on the center set by the
center setting section 943 of the first image processing
unit 940.

[0054] The second image processing unit 950 further
includes a radial scan line setting section 954. The radial
scan line setting section 954 is operable to set a plurality
of scan lines RS4-RS4, in radial directions with respect
to the center (hereinafter, referred to as "radial scan
lines") such as shownin FIG. 13. The number of the radial
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scan lines may be determined according to an interval
of the radial scan lines, i.e., a steering angle, which may
be set by the control unit 930. In one embodiment, the
steering angle of the radial scan lines RS4-RS3, is set to
be equal to a steering angle of the steered scan lines.
The radial scan line setting section 954 sets the radial
scan lines RS-RS;, RS 4-RS,, and RS34-RS3, to be
matched with the steered scan lines S’4-S’44. The radial
scan line setting section 954 sets a plurality of sampling
points on each of the radial scan lines RS4-RS34 and
acquire position information of the sampling points and
image data at the sampling points based on the second
receive signals.

[0055] The second image processing unit 950 further
includes a second image reconstructing section 955. The
second image reconstructing section 955 is operable to
reconstruct the radial scan lines RS,-RS3, to be in par-
allel with each other such as shown in FIG. 15. The sec-
ond image reconstructing section 955 is configured to
form a second reconstruction image corresponding to
the second ultrasound image by using the reconstructed
radial scan lines RS4-RS34 and the image data of the
sampling points on the radial scan lines. In one embod-
iment, the second image reconstructing section 955 is
operable to form the second reconstruction image by us-
ing the image data corresponding to the radial scan lines
RS{-RS7, RS4-RS,, and RS34-RS3,, which are over-
lapped with the steered scan lines S’1-S’11 shown in FIG.
10.

[0056] Referring once again to FIG. 21, the ultrasound
system 900 further includes an image compounding unit
960, which is operable to compound the first reconstruc-
tion image formed in the first image processing unit 940
and the second reconstruction image formed in the sec-
ond image processing unit 950. In such a case, theimage
compounding unit 960 is configured to perform motion
estimation and compensation between the first and sec-
ond reconstruction images for compensating motion,
which may occur in the compound image. The motion
estimation and compensation may be carried out by us-
ing the well-know techniques. As such, detailed descrip-
tions thereof will be omitted herein. The image com-
pounding unit 960 is operable to compound the first re-
construction image Mp, formed in synchronization with
the P wave of the first cardiac cycle and the second re-
construction image Np, formed in synchronization with
the P wave of the second cardiac cycle to thereby form
a compound image Cp,. Also, the image compounding
unit 960 is operable to compound the first reconstruction
image M+, formed in synchronization with the T wave of
the first cardiac cycle with the second reconstruction im-
age N1, formed in synchronization with the T wave of the
second cardiac cycle to thereby form a compound image
C+4.Inthe same manner as above, the image compound-
ing unit 960 is configured to form a plurality of compound
images Cp,, Cts, Cps, C13 ... as illustrated in FIG. 24.
[0057] Referring back to FIG. 21, the ultrasound sys-
tem 900 further includes an elastic image forming unit
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970. The elastic image forming unit 970 is operable to
perform autocorrelation to compute an elasticity modulus
between a kth compound image and a (k+1)th compound
image, which are formed in the image compounding unit
960, wherein k is an integer equal to or greater than 1.
The elastic image forming unit 970 is further operable to
form an elastic image by using the computed elasticity
modulus. For example, the elasticity image forming unit
970 is operable to compute the elasticity modulus by us-
ing the first compound image Cp4 and the second com-
pound image C-14, and then form the elastic image E;
based on the computed elasticity modulus. In the same
manner as above, the elastic image forming unit 970 is
operable to form a plurality of elastic images E,, E3, E4,
Es... as illustrated in FIG. 24.

[0058] The ultrasound system 900 further includes a
display unit 980 that may display the elasticimage formed
in the elastic image forming unit 970. The display unit
980 displays the first and second ultrasound images, the
first and second reconstruction images and the com-
pound images.

[0059] The firstimage processing unit 940, the second
image processing unit 950, the image compounding unit
960 and the elastic image forming unit 970 of the ultra-
sound system 800 may be implemented by a single proc-
essor or a plurality of processors.

[0060] As mentioned above, the lipid or lesion at inside
of the blood vessel may be examined through the elastic
image without inserting the probe into the inside of the
blood vessel. Also, since the ultrasound images formed
in synchronization with the ECG signal are used to form
the elastic image, a more accurate elasticimage may be
formed.

Claims
1. An ultrasound system (800, 900), comprising:

a transmission and reception, Tx and Rx, unit
(810, 920) configured to repeatedly transmit an
ultrasound beam along first scan lines in a target
object and receive echo signals from the target
object to output first receive signals;

an image processing unit (830, 840, 940, 950)
configured to form a plurality of consecutive first
ultrasound images based on the first receive sig-
nals and set a center of the target object on each
of the first ultrasound images,

characterized in that:

thefirstscan lines are setto be parallel with each
other;

the image processing unit (830, 840, 940, 950)
being further configured to set first radial lines
in radial directions with respect to the center on
each ofthefirstultrasound images, set a plurality
of first sampling points on each of the first radial
lines, acquire position information and image
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data of the first sampling points and reconstruct
the ultrasound images based on the acquired
position information and image data of the first
sampling points such that the first radial lines
are in parallel with each other to form first recon-
struction images; and

the ultrasound system (800, 900) further com-
prises an elastic image forming unit (860, 970)
configured to form at least one elastic image
based on the first reconstruction images; and
the Tx and Rx unit (810, 920) is further config-
ured to repeatedly transmit an ultrasound beam
along second scan lines each passing the center
in the target object and receive echo signals
from the target object to output second receive
signals for forming elastic images.

2. The ultrasound system (800, 900) of Claim 1, where-
in the image processing unit (830, 840, 940, 950)
includes a first image processing unit (830) for re-
ceiving the first receive signals and a second image
processing unit (840) for receiving the second re-
ceive signals.

3. The ultrasound system (800) of Claim 2, wherein the
first image processing unit (830) includes:

a first ultrasound image forming section (831)
configured to consecutively form the first ultra-
sound images based on the first receive signals;
a first boundary detecting section (832) config-
ured to detect first boundaries of the target ob-
ject on each of the first ultrasound images;

a first center setting section (833) configured to
set the center of the target object based on the
first detected boundaries;

afirstradial line setting section (834) configured
to set the first radial lines in the first radial direc-
tions with respect to the center on each of the
first ultrasound images, set the plurality of first
sampling points on each of the first radial lines,
and acquire the position information and the im-
age data of the first sampling points;

a first image reconstructing section (835) con-
figured to reconstruct the first ultrasound images
based on the position information and the image
data of the first sampling points such that the
first radial lines are in parallel with each other to
form the first reconstruction images; and

a first image interpolating section (836) config-
ured to interpolate the first reconstruction imag-
es to form first interpolation images.

4. The ultrasound system (800) of Claim 3, wherein the
second image processing unit (840) includes:

a second ultrasound image forming section
(841) configured to consecutively form second
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ultrasound images based on the second receive
signals;

a second boundary detecting section (842) con-
figured to detect second boundaries of the target
object on each of the second ultrasound images;
a second center setting section (843) configured
to set the center of the target object based on
the second detected boundaries;

a second radial line setting section (844) config-
ured to set second radial lines in second radial
directions with respect to the center on each of
the second ultrasound images, set a plurality of
second sampling points on each of the second
radial lines, and acquire positioninformationand
image data of the second sampling points;

a second image reconstructing section (845)
configured to reconstruct the second ultrasound
images based on the position information and
the image data of the second sampling points
such that the second radial lines are in parallel
with each other to form second reconstruction
images; and

a second image interpolating section (846) con-
figured to interpolate the second reconstruction
images to form second interpolation images.

The ultrasound system (800) of Claim 4, further com-
prising an image compounding unit (850) configured
to form compound images by using the first and sec-
ond reconstruction images and the first and second
interpolation images, wherein the image compound-
ing unit includes:

a first image compounding section configured
to compound an ith first interpolation image and
an ith second reconstruction image to form a
first compound image, wherein i is an integer
equal to or greater than 1; and

a second image compounding section config-
ured to compound an (i+1)t first reconstruction
image and an ith second interpolation image to
form a second compound image.

The ultrasound system (800) of Claim 5, wherein the
elasticimage forming unit (860) is configured to com-
pute an elasticity modulus by using a jth first com-
pound image and a jth second compound image and
form elastic images by using the elasticity modulus,
wherein j is an integer equal to or greater than 1.

The ultrasound system (900) of Claim 1, further com-
prising an electrocardiogram ,ECG, signal providing
unit (910) configured to provide an ECG signal rep-
resenting a cardiac cycle,

wherein the ECG signal includes a first wave gener-
ated before contraction of a left ventricle and a sec-
ond wave generated before relaxation of the left ven-
tricle, wherein the Tx and Rx unit (920) is configured
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to transmit an ultrasound beam along the first scan
lines in synchronization with the first and second
wave at a (2n-1)th cardiac cycle to thereby output the
first receive signals, the Tx and Rx unit (920) being
further configured to transmit an ultrasound beam
along the second scan lines in synchronization with
the first and second waves at a 2nth cardiac cycle
to thereby output the second receive signals,

wherein n is an integer equal to or greater than 1,
and wherein the image processing unit (940, 950)
includes a firstimage processing unit (940) receiving
thefirstreceive signals and a second image process-
ing unit (950) receiving the second receive signals.

The ultrasound system (900) of Claim 7, wherein the
first image processing unit (940) includes:

a first ultrasound image forming section (941)
configured to consecutively form the first ultra-
sound images based on the first receive signals
corresponding to the first and second waves,
respectively, at the (2n-1)th cardiac cycle;

a first boundary detecting section (942) config-
ured to detect first boundaries of the target ob-
ject on each of the first ultrasound images;

a first center setting section (943) configured to
set the center of the target object based on the
first detected boundaries;

afirstradial line setting section (944) configured
to set the first radial lines in the first radial direc-
tions with respect to the center on each of the
first ultrasound images, set the plurality of first
sampling points on each of the first radial lines,
and acquire the position information and the im-
age data of the first sampling points; and

a first image reconstructing section (945) con-
figured to reconstruct the first ultrasound images
based on the position information and the image
data of the first sampling points such that the
first radial lines are in parallel with each other to
form the first reconstruction images,

wherein the first image reconstruction section
(945) is configured to form the first reconstruc-
tion images by using the first radial lines which
are not matched with the second scan lines.

9. The ultrasound system (900) of Claim 8, wherein the

second image processing unit (950) includes:

a second ultrasound image forming section
(951) configured to consecutively form the sec-
ond ultrasound images based on the second re-
ceive signals corresponding to the first and sec-
ond waves, respectively, at the 2nth cardiac cy-
cle;

a second boundary detecting section (952) con-
figured to detect second boundaries of the target
objecton each of the second ultrasound images;
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a second center setting section (953) configured
to set the center of the target object based on
the second detected boundaries;

a second radial line setting section (954) config-
ured to set second radial lines in second radial
directions with respect to the center on each of
the second ultrasound images, set a plurality of
second sampling points on each of the second
radial lines, and acquire positioninformationand
image data of the second sampling points; and
a second image reconstructing section (955)
configured to reconstruct the second ultrasound
images based on the position information and
the image data of the second sampling points
such that the second radial lines are in parallel
with each other to form second reconstruction
images,

wherein the second image reconstruction sec-
tion (955) is configured to form the second re-
construction images by using the second radial
lines which are matched with the second scan
lines.

10. The ultrasound system (900) of Claim 9, further com-

11.

prising an image compounding unit (960) configured
to compound the first reconstruction images formed
in synchronization with the first wave and the second
reconstruction images formed in synchronization
with the first wave to output first compound images,
the image compounding unit being further config-
ured to compound the first reconstruction images
formed in synchronization with the second wave and
the second reconstruction images formed in syn-
chronization with the second wave to output second
compound images,

wherein the elastic image forming unit (970) is con-
figured to compute an elasticity modulus through au-
tocorrelation upon the first and second compound
images and form elastic images by using the elas-
ticity modulus.

A method of forming an elastic image in an ultra-
sound system (800, 900) including a transmission
and reception, Tx and Rx unit (810, 920), an image
processing unit (830, 840, 940, 950) and an elastic
image forming unit (860, 970), comprising:

a) using the transmission and reception, Tx and
Rx, unit (810, 920) within the ultrasound system
(800, 900) to repeatedly transmit an ultrasound
beam along first scan lines in a target object and
receive echo signals from the target object to
output first receive signals;

b) using the image processing unit (830, 840,
940, 950) within the ultrasound system (100) to
form a plurality of consecutive first ultrasound
images based on the first receive signals and
set a center of the target object on each of the
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first ultrasound images,

characterized by

the first scan lines being set to be parallel with
each other;

¢) using the image processing unit (830, 840,
940, 950) within the ultrasound system (800,
900) to set radial lines in radial directions with
respect to the center on each of the ultrasound
images, set a plurality of sampling points on
each of the radial lines, acquire position infor-
mation and image data of the sampling points
and reconstruct the ultrasound images based
on the acquired position information and image
data of the sampling points such that the radial
lines are in parallel with each other to form re-
construction images; and

d) using the elastic image forming unit (860, 970)
within the ultrasound system to form atleastone
elastic image based on the reconstruction im-
ages; and

e) using the Tx and Rx unit (810, 920) to repeat-
edly transmit an ultrasound beam along second
scan lines each passing the center in the target
object and receive echo signals from the target
object to output second receive signals for form-
ing elastic images.

12. The method of Claim 11, wherein the step d) includes

using the elastic image forming unit (860, 970) to
compute an elasticity modulus between two consec-
utive reconstruction images and form an elastic im-
age based on the computed elastic modulus.

13. The method of Claim 12, wherein the step a) includes

using the Tx and Rx unit (970) to transmit the ultra-
sound beam in synchronization with an ECG signal
provided from an electrocardiogram (ECG) signal
providing unit.

Patentanspriiche

Ultraschallsystem (800, 900), welches folgendes
aufweist:

Ubertragungs- und Empfangs-, Tx- und Rx-Ein-
heit (810, 920), die dafiir vorgesehen ist, wie-
derholt einen Ultraschallstrahl entlang erster Sc-
anlinien in einem Zielobjekt zu ibertragen und
Echosignale von dem Zielobjekt zu empfangen,
um erste Empfangssignale auszugeben;

eine Bildverarbeitungseinheit (830, 840, 940,
950), die dafiir vorgesehen ist, eine Vielzahl von
aufeinanderfolgenden ersten Ultraschallbildern
basierend auf den ersten Empfangssignalen zu
erzeugen und einen Mittelpunkt des Zielobjekts
auf jedem der ersten Ultraschallbilder festzule-
gen,
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dadurch gekennzeichnet, dass

die ersten Scanlinien so eingestellt sind, dass
sie parallel zueinander sind; die Bildverarbei-
tungseinheit (830, 840, 940, 950) des Weiteren
dafiir vorgesehen ist, erste radiale Linien in ra-
dialen Richtungen in Bezug auf den Mittelpunkt
auf jedem der ersten Ultraschallbilder festzule-
gen, eine Vielzahl von ersten Abtastpunkten auf
jeder der ersten radialen Linien festzulegen, Po-
sitionsinformationen und Bilddaten der ersten
Abtastpunkte zu erlangen und

die Ultraschallbilder basierend auf den erlang-
ten Positionsinformationen und den Bilddaten
der ersten Abtastpunkte auf eine solche Art und
Weise zu rekonstruieren, dass die ersten radi-
alen Linien parallel zueinander sind, um erste
Rekonstruktionsbilder zu erzeugen; und

wobei das Ultraschallsystem (800, 900) des
Weiteren eine elastische Bilderzeugungseinheit
(860, 970) aufweist, die daflr vorgesehen ist,
wenigstens ein elastisches Bild basierend auf
den ersten Rekonstruktionsbildern zu erzeu-
gen; und

die Tx- und Rx-Einheit (810, 920) des Weiteren
daflr vorgesehen ist, einen Ultraschallstrahl
entlang zweiter Scanlinien, die jeweils durch
den Mittelpunktin dem Zielobjekt verlaufen, wie-
derholt zu Gbertragen und Echosignale von dem
Zielobjekt zu empfangen, um zweite Empfangs-
signale zum Erzeugen elastischer Bilder auszu-
geben.

Ultraschallsystem (800, 900) nach Anspruch 1, wo-
beidie Bildverarbeitungseinheit (830, 840, 940, 950)
eine erste Bildverarbeitungseinheit (830) zum Emp-
fangen der ersten Empfangssignale und eine zweite
Bildverarbeitungseinheit (840) zum Empfangen der
zweiten Empfangssignale aufweist.

Ultraschallsystem (800) nach Anspruch 2, wobei die
erste Bildverarbeitungseinheit (830) folgendes auf-
weist:

einen ersten Ultraschallbilderzeugungsab-
schnitt (831), der dafiir vorgesehen ist, die ers-
ten Ultraschallsignale basierend auf den ersten
Empfangssignalen aufeinanderfolgend zu er-
zeugen;

einen ersten Begrenzungsermittlungsabschnitt
(832), der daflr vorgesehen ist, erste Begren-
zungen des Zielobjekts auf jedem der ersten Ul-
traschallsignale zu ermitteln;

einen ersten Mittelpunktfestlegungsabschnitt
(833), der dafiir vorgesehen ist, den Mittelpunkt
des Zielobjekts basierend auf den ersten detek-
tierten Begrenzungen festzulegen;

einen ersten Radiallinienfestlegungsabschnitt
(834), der daflir vorgesehen ist, die ersten radi-
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alen Linien in den ersten radialen Richtungen in
Bezug auf den Mittelpunkt von jedem der ersten
Ultraschallbilder festzulegen, die Vielzahl von
ersten Abtastpunkten auf jeder der ersten radi-
alen Linien festzulegen und die Positionsinfor-
mationen und die Bilddaten der ersten Abtast-
punkte zu verfangen;

einen ersten  Bildrekonstruktionsabschnitt
(835), der dafiir vorgesehen ist, die ersten Ul-
traschallbilder basierend auf den Positionsinfor-
mationen und den Bilddaten der ersten Abtast-
punkte auf eine solche Art und Weise zu rekon-
struieren, dass die ersten radialen Linien paral-
lel zueinander sind, um die ersten Rekonstruk-
tionsbilder zu erzeugen; und

einen ersten Bildinterpolierabschnitt (836), der
dafiir vorgesehen ist, die ersten Rekonstrukti-
onsbilder zu interpolieren, um erste Interpolafi-
ionsbilder zu erzeugen.

4. Ultraschallsystem (800) nach Anspruch 3, wobei der
zweite Budverarbeitungsabschnitt (840) folgendes
aufweist:

einen zweiten Ultraschallbilderzeugungsab-
schnitt (841), der daflir vorgesehenist, die zwei-
ten Ultraschallsignale basierend auf den ersten
Empfangssignalen aufeinanderfolgend zu er-
zeugen;

einen zweiten Begrenzungsermittlungsab-
schnitt (842), der daflir vorgesehen ist, zweite
Begrenzungen des Zielobjekts auf jedem der
zweiten Ultraschallsignale zu ermitteln;

einen zweiten Mittelpunktfestlegungsabschnitt
(843), der dafiir vorgesehen ist, den Mittelpunkt
des Zielobjekts basierend auf den zweiten de-
tektierten Begrenzungen festzulegen;

einen zweiten Radiallinienfestiegungsabschnitt
(844), der dafir vorgesehen ist, die zweiten ra-
dialen Linienin den zweiten radialen Richtungen
in Bezug auf den Mittelpunkt von jedem der
zweiten Ultraschall bilder festzulegen, die Viel-
zahl von zweiten Abtastpunkten auf jeder der
zweiten radialen Linien festzulegen und die Po-
sitionsinformationen und die Bilddaten der zwei-
ten Abtastpunkte zu erlangen;

einen zweiten Bildrekonstruktionsabschnitt
(845), der dafur vorgesehen ist, die zweiten Ul-
traschallbilder basierend auf den Positionsinfor-
mationen und den Bilddaten der zweiten Abtast-
punkte auf eine solche Art und Weise zu rekon-
struieren, dass die zweiten radialen Linien par-
allel zueinander sind, um die zweiten Rekonst-
ruktionsbilder zu erzeugen; und

einen zweiten Bildinterpolierabschnitt (846), der
dafiir vorgesehen ist, die zweiten Rekonstrukti-
onsbilder zu interpolieren, um zweite Interpola-
tionsbilder zu erzeugen.
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Ultraschallsystem (800) nach Anspruch 4, welches
des Weiteren eine Bildverbindungseinheit (850) auf-
weist, die daflr vorgesehen ist, durch Verwenden
der ersten und zweiten Rekonstruktionsbilder und
derersten und zweiten Interpolationsbilder Verbund-
bilder zu erzeugen, wobei die Bildverbindungsein-
heit folgendes aufweist:

einen ersten Bildverbindungsabschnitt, der da-
fir vorgesehen ist, ein i-tes erstes Interpolati-
onsbild und ein i-tes zweites Rekonstruktions-
bild zu verbinden, um ein erstes Verbundbild zu
erzeugen, wobei eine ganze Zahl gleich oder
groéRer als 1 ist; und

einen zweiten Bildverbindungsabschnitt, der
dafiir vorgeseheniist, ein (i+1)-tes erstes Rekon-
struktionsbild und ein i-tes zweites Interpolati-
onsbild zu verbinden, um ein zweites Verbund-
bild zu erzeugen.

Ultraschallsystem (800) nach Anspruch 5, wobei die
elastische Bilderzeugungseinheit (860) dafiir vorge-
sehen ist, einen Elastizitatsmodul durch Verwen-
dung eines j-ten ersten Verbundbildes und eines j-
ten zweiten Verbundbildes zu berechnen und elas-
tische Bilder durch Verwenden des Elastizitdtsmo-
dus zu erzeugen, wobei j eine ganze Zahl gleich oder
groRer als 1 ist.

Ultraschallsystem (900) nach Anspruch 1, welches
des Weiteren eine Elektrokardiogramm, ECG, Sig-
nalerzeugungseinheit (910) aufweist, die dafiir vor-
gesehen ist, ein ECG-Signal zur Verfligung zu stel-
len, das einen Herzzyklus darstellt,

wobei das ECG-Signal eine erste Welle beinhaltet,
die vor der Kontraktion einer linken Herzkammer er-
zeugt wurde, und eine zweite Welle aufweist, die vor
der Entspannung der linken Herzkammer erzeugt
wurde, wobei die Tx- und Rx-Einheit (920) dafiir vor-
gesehenist, einen Ultraschallstrahl entlang der ers-
ten Scanlinien synchron zu der ersten und zweiten
Welle in einem (2n-1)-ten Herzzyklus zu Ubertragen,
um dadurch die ersten Empfangssignale auszuge-
ben, wobei die Tx- und Rx-Einheit (920) des Weite-
ren dafiir vorgesehen ist, einen Ultraschallstrahl ent-
lang der zweiten Scanlinien synchron zu den ersten
und zweiten Wellen in einem 2n-ten Herzzyklus zu
Ubertragen, um dadurch die zweiten Empfangssig-
nale auszugeben,

wobei n eine ganze Zahl gleich oder gréRer als 1 ist,
und wobei die Bildverarbeitungseinheit (940, 950)
eine erste Bildverarbeitungseinheit (940), welche die
ersten Empfangssignale empfangt, und eine zweite
Bildverarbeitungseinheit (950) aufweist, welche die
zweiten Empfangssignale empfangt.

Ultraschallsystem (900) nach Anspruch 7, wobei die
erste Bildverarbeitungseinheit (940) folgendes auf-
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weist:

einen ersten Ultraschallbilderzeugungsab-
schnitt (941), der dafiir vorgesehen ist, die ers-
ten Ultraschallbilder basierend auf den ersten
Empfangssignalen entsprechend den jeweili-
generstenund zweiten Wellenindem (2n-1)-ten
Herzzyklus aufeinanderfolgend zu erzeugen;
einen ersten Begrenzungsermittlungsabschnitt
(942), der dafiir vorgesehen ist, erste Begren-
zungen des Zielobjekts auf jedem der ersten Ul-
traschallbilder zu ermitteln;

einen ersten Mittelpunktfestlegungsabschnitt
(943), der dafiir vorgesehen ist, den Mittelpunkt
des Zielobjekts basierend auf den ersten ermit-
telten Begrenzungen festzulegen;

einen ersten Radiallinienfestlegungsabschnitt
(944), der dafir vorgesehen ist, die ersten radi-
alen Linien in den ersten radialen Richtungen
mit Bezug auf den Mittelpunkt auf jedem der ers-
ten Ultraschallbilder festzulegen, die Vielzahl
der ersten Abtastpunkte auf jeder der ersten ra-
dialen Linien festzulegen und die Positionsinfor-
mationen und die Bilddaten der ersten Abtast-
punkte festzulegen; und

einen ersten  Bildrekonstruktionsabschnitt
(945), der dafiir vorgesehen ist, die ersten Ul-
traschallbilder basierend auf den Positionsinfor-
mationen und den Bilddaten der ersten Abtast-
punkte derart zu rekonstruieren, dass die ersten
radialen Linien parallel zueinander sind, um die
ersten Rekonstruktionsbilder zu erzeugen,
wobei die erste Bidrekonstruktionseinheit (945)
dafiir vorgesehen ist, die ersten Rekonstrukti-
onsbilder durch Verwenden der ersten radialen
Linien, welche nicht mit den zweiten Scanlinien
Ubereinstimmen, zu erzeugen.

Ultraschallsystem (900) nach Anspruch 8, wobei die
zweite Bildverarbeitungseinheit (950) folgendes auf-
weist:

einen zweiten Ultraschallbilderzeugungsab-
schnitt (951), der daflir vorgesehenist, die zwei-
ten Ultraschallbilder basierend auf den zweiten
Empfangssignalen entsprechend den jeweili-
gen ersten und zweiten Wellen in dem 2n-ten
Herzzyklus aufeinanderfolgend zu erzeugen;
einen zweiten Begrenzungsermittlungsab-
schnitt (952), der daflir vorgesehen ist, zweite
Begrenzungen des Zielobjekts auf jedem der
zweiten Ultraschallbilder zu ermitteln;

einen zweiten Mittelpunktfestlegungsabschnitt
(953), der dafiir vorgesehen ist, den Mittelpunkt
des Zielobjekts basierend auf den zweiten er-
mittelten Begrenzungen festzulegen;

einen zweiten Radiallinienfestlegungsabschnitt
(954), der dafir vorgesehen ist, die zweiten ra-
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dialen Linienin den zweitenradialen Richtungen
mit Bezug auf den Mittelpunkt auf jedem der
zweiten Ultraschallbilder festzulegen, die Viel-
zahl der zweiten Abtastpunkte auf jeder der
zweiten radialen Linien festzulegen und die Po-
sitionsinformationen und die Bilddaten der zwei-
ten Abtastpunkte festzulegen; und

einen zweiten Bildrekonstruktionsabschnitt
(955), der dafiir vorgesehen ist, die zweiten Ul-
traschallbilder basierend auf den Positionsinfor-
mationen und den Bilddaten der zweiten Abtast-
punkte derart zu rekonstruieren, dass die zwei-
ten radialen Linien parallel zueinander sind, um
die zweiten Rekonstruktionsbilder zu erzeugen,
wobei die zweite Bildrekonstruktionseinheit
(955) dafiir vorgesehen ist, die zweiten Rekon-
struktionsbilder durch Verwenden der zweiten
radialen Linien, welche mit den zweiten Scanli-
nien Ubereinstimmen, zu erzeugen.

10. Ultraschallsystem (900) nach Anspruch 9, welches

1.

des Weiteren eine Bildverbindungseinheit (960) auf-
weist, die dafiir vorgesehen ist, die ersten Rekons-
truktionsbilder, die synchron zu der ersten Welle ge-
bildet wurden, und die zweiten Rekonstruktionsbil-
der, die synchron mit der ersten Welle gebildet wur-
den, zu verbinden, um erste Verbundbilder auszu-
geben, wobei die Bildverbindungseinheit des Weite-
ren dafiir vorgesehen ist, die ersten Rekonstrukti-
onsbilder, die synchron zu der zweiten Welle gebil-
det wurden, und die zweiten Rekonstruktionsbilder,
die synchron mit der zweiten Welle gebildet wurden,
zu verbinden, um zweite Verbundbilder auszuge-
ben,

wobei die elastische Bilderzeugungseinheit (970)
daflir vorgesehen ist, einen Elastizitdtsmodus durch
Autokorrelation an den ersten und zweiten Verbund-
bildern zu berechnen und elastische Bilder durch
Verwenden des Elastizitdtsmodus zu erzeugen.

Verfahren zum Erzeugen eines elastischen Bildes
in einem Ultraschallsystem (800, 900) weiches eine
Ubertragungs- und Empfangs-, Tx- und Rx-Einheit
(810, 920), eine Bildverarbeitungseinheit (830, 840,
940, 950) und eine elastische Bilderzeugungseinheit
(860, 970) aufweist, mit folgenden Merkmalen:

a) Verwenden der die Ubertragungs- und Emp-
fangs-, Tx- und Rx-Einheit (810, 920) innerhalb
des Ultraschallsystems (800, 900), um wieder-
holt einen Ultraschallstrahl entlang erster Scan-
linien in einem Zielobjekt zu tbertragen und
Echosignale von dem Zielobjekt zu empfangen,
um erste Empfangssignale auszugeben;

b) Verwenden der Bildverarbeitungseinheit
(830, 840, 940, 950) innerhalb des Ultraschall-
systems (800, 900), um eine Vielzahl von auf-
einanderfolgenden ersten Ultraschallbildern ba-
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sierend auf den ersten Empfangssignalen zu er-
zeugen und einen Mittelpunkt des Zielobjekts
auf jedem der ersten Ultraschallbilder festzule-
gen,

dadurch gekennzeichnet, dass

die ersten Scanlinien parallel zueinander einge-
stellt werden;

c) Verwenden der Bildverarbeitungseinheit
(830, 840, 940, 950) innerhalb des Ultraschall-
systems (800, 900), umradiale Linienin radialen
Richtungen in Bezug auf den Mittelpunkt auf je-
dem der Ultraschallbilder festzulegen, eine Viel-
zahl von Abtastpunkten auf jeder der radialen
Linien festzulegen, Positionsinformationen und
Bilddaten der Abtastpunkte zu erlangen und die
Ultraschallbilder basierend auf den erlangten
Positionsinformationen und den Bilddaten der
Abtastpunkte auf eine solche Art und Weise zu
rekonstruieren, dass die radialen Linien parallel
zueinander sind, um Rekonstruktionsbilder zu
erzeugen; und

d) Verwenden der elastischen Bilderzeugungs-
einheit (860, 970) innerhalb des Ultraschallsys-
tems, um wenigstens ein elastisches Bild basie-
rend auf den Rekonstruktionsbildern zu erzeu-
gen; und

e) Verwenden der Tx-und Rx-Einheit (810, 920),
um einen Ultraschallstrahl entlang zweiter Sc-
anlinien, die jeweils durch den Mittelpunkt und
dem Zielobjekt verlaufen, wiederholt zu tUbertra-
gen, und Echosignale von dem Zielobjekt zu
empfangen, um zweite Empfangssignale zum
Erzeugen elastischer Bilder auszugeben.

Verfahren nach Anspruch 11, wobei der Schritt d)
das Verwenden der elastischen Bilderzeugungsein-
heit (860, 970) aufweist, um einen Elastizitdtsmodus
zwischen zwei aufeinanderfolgenden Rekonstrukti-
onsbildern zu berechnen und ein elastisches Bild ba-
sierend auf den berechneten Elastizitatsmodus zu
erzeugen.

Verfahren nach Anspruch 12, wobei der Schritt a)
das Verwenden der Tx- und Rx-Einheit (970) bein-
haltet, um den Ultraschallstrahl synchron mit einem
ECG-Signal, das von einer Elektrokardiogramm
(ECG)-Signalerzeugungseinheit zur Verfligung ge-
stellt wird, zu Ubertragen.

Revendications

Systéme ultrasonique (800, 900) comportant ;

une unité de transmission et de réception Tx et Rx
(810, 920) agenceée pour transmettre de fagon répé-
titive un faisceau ultrasonique le long de premiéres
lignes de balayage dans un objet cible et pour rece-
voir des signaux écho de I'objet cible pour émettre
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des premiers signaux de réception;

une unité de traitement d’image (830, 840, 940, 950)
agenceée pour former une pluralité de premiéres ima-
ges ultrasoniques consécutives basées sur les pre-
miers signaux de réception et placer un centre de
I'objet cible sur chacune des premiéres images ul-
trasoniques;

caractérisé en ce que

les premieres lignes de balayage sont déterminées
de telle maniere qu'elles soient paralléles entre
elles ;

'unité de traitement d'image (830, 840, 940, 950)
étant en outre configurée pour fixer des premiéres
lignes radiales dans des directions radiales par rap-
port au centre de chacune des premiéres images
ultrasoniques, fixer une pluralité de premiers points
d’échantillonnage sur chacune des premieres lignes
radiales, acquérir'information de position et les don-
nées image des premiers points d’échantillonnage
et reconstruire les premieres images ultrasoniques
basées sur les informations de position acquises et
les données image des premiers points d’échan-
tillonnage de telle maniere que les premiéres lignes
radiales soient paralléles entre elles pour former des
premiéres images reconstruites ; et

le systeme ultrasonique (800, 900) comportant en
outre une unité (860, 970) de formation d’'une image
élastique configurée pour former au moins une ima-
ge élastique basée surles premiéres images recons-
truites, et

'unité Tx et Rx (810, 920) est en outre configurée
pour transmettre de fagon répétitive un faisceau ul-
trasonique le long de secondes lignes de balayage
passant chacune par le centre de 'objet cible et re-
cevoir des signaux écho de I'objet cible pour émettre
des seconds signaux de réception pour former des
images élastiques.

Systeme ultrasonique (800, 900) selon la revendi-
cation 1, dans lequel 'unité de traitement d'image
(830, 840, 940, 950) comporte une premiere unité
de traitement d’'image (830) pour recevoir les pre-
miers signaux et une seconde unité de traitement
d’'image (840) pour recevoir les seconds signaux.

Systeme ultrasonique (800) selon la revendication
2, dans lequel la premiére unité de traitement d’ima-
ge (830) comporte :

une premiéere section de formation d’'image ul-
trasonique (831) configurée pour former de pre-
miéres images ultrasoniques basées sur les
premiers signaux de réception ;

une premiére section de détection de bord (832)
agencée pour détecter des premiers bords de
I'objet cible sur chacune des premiéres images
ultrasoniques ;

une premiére section de détermination du cen-
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tre (833) configurée pour déterminer les centres
des objets cibles basés sur les premiers bords
détectés ;

une premiére section de détermination des li-
gnes radiales (834) configurée pour déterminer
les premiéres lignes radiales dans les premiéres
directionsradiales par rapport au centre sur cha-
cune des premiéeres images ultrasoniques, dé-
terminer la pluralité de premiers points d’échan-
tilonnage sur chacune des premieres lignes ra-
diales, et acquérir I'information de position et les
données image des premiers points
d’échantillonnage ;

une premiére section de reconstruction d'image
(835) configurée pour reconstruire les premie-
res images ultrasoniques basées sur I'informa-
tion de position et les données image des pre-
miers points d’échantillonnage, de sorte que les
premiéres lignes radiales sont paralléles entre
elles pour former les premiéres images de
reconstruction ; et

une premiere section d’interpolation d'image
(836) pour interpoler les premieres images re-
construites pour former des premiéres images
d’interpolation.

4. Systeme ultrasonique (800) selon la revendication

3, dans lequel la seconde unité de traitement d’ima-
ge (840) comporte :

une seconde section de formation d’'image ul-
trasonique (841) configurée pour former de se-
condes images ultrasoniques basées sur les se-
conds signaux de réception ;

une seconde section de détection de bord (842)
agencée pour détecter des seconds bords de
I'objet cible sur chacune des secondes images
ultrasoniques ;

une seconde section de détermination du centre
(843) configurée pour déterminer les centres
des objets cibles basés sur les seconds bords
détectés ;

une seconde section de détermination des li-
gnes radiales (844) configurée pour déterminer
les secondes lignes radiales dans les secondes
directionsradiales par rapport au centre sur cha-
cune des secondes images ultrasoniques, dé-
terminer la pluralité de seconds points d’échan-
tilonnage sur chacune des secondes lignes ra-
diales, et acquérir I'information de position et les
données image des seconds points
d’échantillonnage ;

une seconde section de reconstruction d'image
(845) configurée pour reconstruire les secondes
images ultrasoniques basées sur I'information
de position et les données image des seconds
points d’échantillonnage, de sorte que les se-
condes lignes radiales sont paralléles entre el-
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les pour former les secondes images de
reconstruction ; et

une seconde section d’interpolation d’image
(846) pour interpoler les premiéres images re-
construites pour former des secondes images
d’interpolation.

Systeme ultrasonique (800) selon la revendication
4, comportant en outre une unité (850) de composi-
tion d’'image configurée pour réaliser des images
composeées en utilisant les premieres et les secon-
des images reconstruites et les premiéres et secon-
des images interpolées, dans lequel 'unité de com-
position d’image comporte :

une premiere section de composition d’'image
configurée pour composer une i€me premiere
image d’interpolation composée et une ieme se-
conde image d’interpolation composée, dans le-
quel i est un nombre entier plus grand que 1 ; et
une seconde section de composition d’'image
configurée pour composer une (i+1)éme pre-
miére image reconstruite et une seconde image
d’interpolation pour former une seconde image
composée.

Systeme ultrasonique (800) selon la revendication
5, dans lequel I'unité de formation de I'image élasti-
que (860) est configurée pour composer un module
d’élasticité en utilisant une jéeme premiere image
composée et une jeme seconde image composée
et constitue le module d’élasticité en utilisant le mo-
dule d’élasticité dans lequel j est un nombre entier
égal ou supérieur a 1.

Systeme ultrasonique (900) selon la revendication
1, comportant en outre une unité (910) fournissant
un signal ECG d’électrocardiogramme, configuré
pour unsignal ECG représentant un cycle cardiaque,
dans lequel le signal ECG inclut une premiére onde
générée avant la contraction du ventricule gauche
et une seconde onde générée avant la relaxation du
ventricule gauche, dans lequel l'unité Tx et Rx (920)
est configurée pour transmettre un faisceau ultraso-
nique le long des premieres lignes de balayage en
synchronisation avecla premiére etla seconde onde
au cours d'un (2n-1)éme cycle cardiaque afin
d’émettre de ce fait, les premiers signaux de récep-
tion, l'unité Tx et Rx (920) étant en outre configurée
pour transmettre un faisceau ultrasonique le long
des secondes lignes de balayage en synchronisa-
tion avec les premiéres et secondes ondes au cours
d’'un 2néme cycle cardiaque afin d’émettre de ce fait,
les seconds signaux de réception,

dans lequel n est un nombre entier égal ou supérieur
a1etdans lequel, I'unité de traitement d’'image (940,
950) inclut une premiére unité de traitement d'image
(940) recevant les premiers signaux de réception et
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une seconde unité de traitement d’'image (950) re-
cevant les seconds signaux de réception.

8. Systeme ultrasonique (900) selon la revendication

7, dans lequel I'unité de traitement d’image (940)
comporte :

une premiére section de formation d'image ul-
trasonique (941) configurée pour former consé-
cutivement des images ultrasoniques basées
sur les premiers signaux de réception corres-
pondant aux premiéres et secondes ondes, res-
pectivement au cours du (2n-1)éme cycle
cardiaque ;

une premiere section de détection de bord (942)
agencée pour détecter des premiers bords de
I'objet cible de chacune des premiéres images
ultrasoniques ;

une premiére section de détermination du cen-
tre (943) configurée pour déterminer les centres
des objets cibles basés sur les premiers bords
détectés ;

une premiére section de détermination des li-
gnes radiales (944) configurée pour déterminer
les premiéres lignes radiales dans les premiéres
directions radiales par rapport au centre sur cha-
cune des premieres images ultrasoniques, dé-
terminer la pluralité de premiers points d’échan-
tilonnage sur chacune des premieres lignes ra-
diales, et acquérir I'information de position et les
données image des premiers points d’échan-
tilonnage; et

une premiére section de reconstruction d'image
(945) configurée pour reconstruire les premie-
res images ultrasoniques basées sur I'informa-
tion de position et les données image des pre-
miers points d’échantillonnage, de sorte que les
premiéres lignes radiales sont paralléles entre
elles pour former les premiéres images de
reconstruction ;

dans lequel la premiére section de reconstruc-
tion d’image (945) est configurée pour recons-
truire les premieres images en utilisant les pre-
miéres lignes radiales qui ne coincident pas
avec les secondes lignes de balayage.

9. Systeme ultrasonique (900) selon la revendication

8, dans lequel la seconde unité de traitement d’ima-
ge (950) comporte :

une seconde section de formation d’'image ul-
trasonique (951) configurée pour former consé-
cutivement des secondes images ultrasoniques
basées sur les seconds signaux de réception
correspondant aux premiéres et secondes on-
des respectivement du 2n eme cycle cardiaque;
une seconde section de détection de bord (952)
agencée pour deétecter des seconds bords de
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I'objet cible sur chacune des secondes images
ultrasoniques ;

une seconde section de détermination du centre
(953) configurée pour déterminer les centres
des objets cibles basés sur les seconds bords
détectés ;

une seconde section de détermination des li-
gnes radiales (954) configurée pour déterminer
les secondes lignes radiales dans les secondes
directions radiales par rapport du centre sur cha-
cune des secondes images ultrasoniques, dé-
terminer une pluralité de seconds points
d’échantillonnage sur chacune des secondes li-
gnes radiales, et acquérir 'information de posi-
tion et les données image des seconds points
d’échantillonnage ;

une seconde section de reconstruction d'image
(955) configurée pour reconstruire les secondes
images ultrasoniques basées sur l'information
de position et les données image des seconds
points d’échantillonnage, de sorte que les se-
condes lignes radiales sont paralléles entre el-
les pour former les secondes images de
reconstruction ;

dans lequel la seconde section (955) de recons-
truction d’image est configurée pour former les
secondes images reconstruites en utilisant les
secondes lignes radiales qui ne coincident pas
avec les secondes lignes de balayage.

10. Systéme ultrasonique (900) selon la revendication

11.

9,comportant en outre, une unité de composition
d’'image (960) configurée pour composer les premiée-
res images reconstruites formées en synchronisa-
tion avec la premiére onde et les secondes images
reconstruites formées en synchronisation avec la
premiéere onde pour émettre les premiéres images
de composition, 'unité de composition d'image étant
en outre configurée pour composer les premieres
images reconstruites en synchronisation avec la se-
conde onde et les secondes images reconstruites
formées en synchronisation avec la seconde onde
pour émettre les secondes images composées,
dans lequel I'unité de formation (970) d’'image élas-
tique étant configurée pour composer un module
d’élasticité au moyen d’une auto-corrélation sur les
premiéeres et secondes images composées et pour
former des images élastiques en utilisant le module
d’élasticité.

Procédé pour former une image élastique dans un
systéeme ultrasonique (800, 900) comportant une
unité de transmission et de réception Tx et Rx (810,
920), une unité de traitement d’image (830, 840, 940,
950) et une unité de formation d’'une image élastique
(860, 970), comportant :

a) l'utilisation de l'unité de transmission et de
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12.

13.

30

réception Tx et Rx (810, 920) du systéme ultra-
sonique (800, 900) pour transmettre de fagon
répétitive un faisceau ultrasonique le long de
premiéres lignes de balayage dans un objet ci-
ble et pour recevoir des signaux écho de I'objet
cible pour émettre des premiers signaux de ré-
ception;

b) I'utilisation de l'unité de traitement d'image
(830, 840, 940, 950) du systeme ultrasonique
(800, 900) pour former une pluralité de premie-
res images ultrasoniques consécutives basées
sur les premiers signaux de réception et placer
un centre de 'objet cible sur chacune des pre-
miéres images ultrasoniques;

caractérisé en ce que

les premieres lignes de balayage sont détermi-
nées de telle maniére qu’elles soient paralléles
entre elles ;

c) l'utilisation de I'unité de traitement d'image
(830, 840, 940, 950) du systeme ultrasonique
(800, 900) pour fixer des premiéres lignes ra-
diales dans des directions radiales par rapport
au centre de chacune des premiéres images ul-
trasoniques, fixer une pluralité de premiers
points d’échantillonnage sur chacune des pre-
miéres lignes radiales, acquérir I'information de
position et les données image des premiers
points d’échantillonnage et reconstruire les pre-
miéres images ultrasoniques basées sur les in-
formations de position acquises et les données
image des premiers points d’échantillonnage de
telle maniere que les premieres lignes radiales
soient paralléles entre elles pour former des pre-
miéres images reconstruites ; et

d) l'utilisation de l'unité de formation d’'uneimage
élastique du systéme ultrasonique (860, 970)
pour former au moins une image élastique ba-
sée sur les premiéres images reconstruites, et
e) l'utilisation de l'unité Tx et Rx (810, 920) pour
transmettre de fagon répétitive un faisceau ul-
trasonique le long de secondes lignes de ba-
layage passant chacune par le centre de I'objet
cible etrecevoir des signaux écho del'objet cible
pour émettre des seconds signaux de réception
pour former des images élastiques.

Procédé selonlarevendication 11, dans lequel I'éta-
pe d) inclut I'utilisation de I'unité de formation (860,
970) de I'image élastique pour calculer un module
d’élasticité entre deux reconstructions consécutives
d’'images et pour former une image élastique sur la
base du module élastique calculé.

Procédé selonlarevendication 12, dans lequel I'éta-
pe a) inclut I'utilisation de 'unité Tx et Rx (970) pour
transmettre le faisceau ultrasonique en synchroni-
sation avec le signal ECG produit par une unité pro-
duisant un signal (ECG) d’électrocardiogramme.
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