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Description

TECHNICAL FIELD

[0001] The present disclosure relates to ultrasound
systems, and more particularly to providing volume in-
formation regarding a periodically moving target object
in an ultrasound system.

BACKGROUND

[0002] Anultrasound system has become animportant
and popular diagnostic tool since it has a wide range of
applications. Specifically, due to its non-invasive and
non-destructive nature, the ultrasound system has been
extensively used in the medical profession. Modem high-
performance ultrasound systems and techniques are
commonly used to produce two or three-dimensional di-
agnostic images of internal features of an object (e.g.,
human organs).

[0003] Recently, the ultrasound system has been im-
proved to provide a three-dimensional ultrasound image.
Astaticthree-dimensional ultrasound image is often used
for ultrasound diagnostic purposes. By using the static
three-dimensional ultrasound image, it is possible to per-
form accurate observations, diagnoses or treatments of
a human body without conducting complicated proce-
dures such as invasive operations. However, the static
three-dimensional image may not be useful in certain
cases, for example, in observing a moving target object
such as aheart, afetusin the uterus or the like inreal time.
[0004] Further, there has been an increased interest
in heart conditions of a fetus since there is an increasing
need to perform an early diagnosis of the fetus’ status.
However, itis impossible to measure exact volume of the
moving heart.

[0005] Accordingto XP 002272220 "Image Based Ret-
rospective Cardiac Gating for Three-Dimensional Intra-
vascular Ultrasound Imaging" a tracing direction is de-
termined by 01, which is the unit vector describing the
direction from the location of the previous trace point p; 4
to the location of the current trace point p;. At the current
tracing point p;, the next tracing point p;, is searched by
stepping a distance equal to a user defined step size in
the direction of the unit vector 04. The next tracing point
pi+q is detected by an iterative process, from a set of
possible candidate trace points selected along a window.
The determination of the each tracing point is based on
fining the minimum of cost function computed at each of
the candidate trace points in the window and the location
of the next optimal trace point p;,4, from the set of can-
didate trace points is determined at the local minimum
of the net energy function.

[0006] XP 031235999 "Automatic Image-based Gat-
ing for 4D Ultrasound" by Kerem Karadayi et. al. disclos-
es a new image gating technique having low computa-
tional requirements and being fully automatic. This doc-
ument states that centroid, (t) and centroidy(t) signals are
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computed and the a periodogram is computed to identify
the dominant frequency.

[0007] A medical diagnostic ultrasound characteriza-
tion of cardiac motion is known from US 2006/0074315
A1. According to the method described therein, a se-
quence of images is associated with one or more cycle,
a common portion, such as a systole or diastole portion,
is extracted. A cardiac cycle parameter is identified as a
function of a change in the cavity area and once the car-
diac cycle parameter is identified, frames of data asso-
ciated with a desired time or time period are extracted.

SUMMARY

[0008] Embodiments for forming an elasticimageinan
ultrasound system are disclosed herein. According to the
presentinvention, there is provided an ultrasound system
according to claim 1.

[0009] Furthermore, according to the invention method
of providing volume information of a periodically moving
target object according to claim 9 is provided.

[0010] The Summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key or essential features of the
claimed subject matter, nor is it intended to be used in
determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

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

FIG. 2 is a block diagram showing an illustrative em-
bodiment of an ultrasound data acquisition
unit.

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

FIG. 4 is a block diagram showing an illustrative em-
bodiment of a period detecting section.

FIG. 5 is a flowchart showing an illustrative embod-
iment of forming volume information of a pe-
riodically moving target object.

FIG. 6 is a schematic diagram showing an example
of acquiring ultrasound data corresponding to
a plurality of frames.

FIG. 7 is a schematic diagram showing an example
of setting a feature point at each of the slice
images.

FIG. 8 is a schematic diagram showing an example
of forming a feature point curve based on dis-
tances between a principal axis and feature
points.

FIG. 9 is a schematic diagram showing an example
of a feature point curve.

FIG. 10 is a schematic diagram showing a procedure

of reconstructing volume data based on a
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moving period of a target object.

DETAILED DESCRIPTION

[0012] A detailed description may be provided with ref-
erence to the accompanying drawings. One of ordinary
skill in the art may realize that the following description
is illustrative only and is not in any way limiting.

[0013] Referring to FIG. 1, an ultrasound system 100
in accordance with an illustrative embodiment is shown.
As depicted therein, the ultrasound system 100 includes
an ultrasound data acquisition unit 110. The ultrasound
data acquisition unit 110 is operable to transmit/receive
ultrasound signals to/from a periodically moving target
object to thereby output ultrasound data. The ultrasound
data acquisition unit 110 includes a transmit (Tx) signal
generating section 111, as shown in FIG. 2.

[0014] The Tx signal generating section 111 is opera-
ble to generate Tx signals. The Tx signal generating sec-
tion 111 performs the generation of the Tx signals at eve-
ry predetermined time to thereby form a plurality of Tx
signals for obtaining each of frames P;(1<i<N) represent-
ing the target object, as shown in FIG. 6. The frame rep-
resents sectional planes of the target object.

[0015] The ultrasound data acquisition unit 110 further
includes an ultrasound probe 112 containing a plurality
of elements for reciprocally converting ultrasound signals
and electrical signals. The ultrasound probe 112 is op-
erable to transmit ultrasound signals into the target object
in response to the Tx signals. The ultrasound probe 112
is further operable to receive echo signals reflected from
the target object to thereby output received signals. The
received signals are analog signals. The ultrasound
probe 112 includes a three-dimensional probe, a two-
dimensional array probe or the like.

[0016] The ultrasound data acquisition unit 110 further
includes a beam former 113. The beam former 113 is
operable to convert the received signals into digital sig-
nals. The beam former 113 is further operable to apply
delays to the digital signals in consideration of distances
between the elements and focal points to thereby output
digital receive-focused signals.

[0017] The ultrasound data acquisition unit 110 further
includes an ultrasound data forming section 114. The
ultrasound data forming section 114 is operable to form
ultrasound data based on the digital receive-focused sig-
nals.

[0018] Referring backto FIG. 1, the ultrasound system
100 further includes a processing unit 120, which is cou-
pled to the ultrasound data acquisition unit 110. Referring
to FIG. 3, the processing unit 120 includes a volume data
forming section 121, a firstimage forming section 122, a
period detecting section 123, a volume data reconstruc-
tion section 124, a contour setting section 125, a meas-
uring section 126 and a second image forming section
127. Also, the period detecting section 123 includes a
feature point setting section 123a, a feature point curve
forming section 123b and a period setting section 123c,
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as shown in FIG. 4.

[0019] FIG. 5is a flowchart showing an illustrative em-
bodiment of forming volume information of a periodically
moving target object. Referring to FIG. 5, it will be ex-
plained as to how the volume information is formed with
respect to the periodically moving target object.

[0020] The volume data forming section 121 is opera-
ble to synthesize the ultrasound data corresponding to
the frames P;(1<i<N) to thereby form volume data includ-
ing the frames P;(1<i<N), as shown in FIG. 5 (S502).
[0021] The firstimage forming section 122 is operable
to form the plurality of slice images based on the volume
data (S504). The slice image is a brightness mode image
corresponding to the frame. Also, the slice image in-
cludes pixels each having a brightness value.

[0022] The feature point setting section 123a is oper-
able to set a feature point on each of the slice images
formed by the first image forming section 122 (S506).
The feature pointis set by using common feature on each
of the slice images. In one embodiment, the feature point
is setby using a centroid of brightness values constituting
each of the slice images. A method of determining a cen-
troid of brightness values will be described by using a
slice image 200 having M X N pixels 210, as shown in
FIG. 7 as an example.

[0023] FIG. 7 is a schematic diagram showing an ex-
ample of setting the feature point at each of the slice
images. For the sake of convenience, it will be described
that the slice images are placed on the X-Y plane of rec-
tangular coordinate system in which the X coordinates
ofthe slice imagerange from 1to M and the Y coordinates
of the slice image range from 1 to N. The feature point
setting section 123ais operable to vertically sum the pixel
values at each of the X coordinates 1 to M in the slice
image. That is, assuming that brightness values in the
slice image are represented by Pyy, the feature point
setting section 123a is operable to sum Py4, Py, ...and
Pyn to thereby output first sums Sx1-SxM corresponding
to the respective X coordinates. Subsequently, the fea-
ture point setting section 123a further multiplies the first
sums Sx1-SxM by weights Wx1-WxM, respectively, to
thereby output first weighted sums SMx1-SMxM. In one
embodiment, the weights Wx1-WxM is determined by
arbitrary values, which increase or decrease at a con-
stant interval. For example, the numbers 1-M are used
as the weight values Wx1-WxM. The feature point setting
section 123a is further operable to sum all of the first
sums Sx1-SxM to thereby output a second sum, as well
as sum all of the first weighted sums SMx1-SMxM to
thereby output a third sum. The feature point setting sec-
tion 123a further divides the third sum by the second
sum. Then it sets the division result as the centroid on
the X axis.

[0024] Also, the feature point setting section 123a is
operable to horizontally sum the pixel values at each of
the Y coordinates 1-N in the slice image. That is, assum-
ing that brightness values in the slice image are repre-
sented by Pyy, the feature point setting section 123a is
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operable to sum Py, Pyy, ... and P,y to thereby output
fourth sums Sy1-SyN corresponding to the respective Y
coordinates. Subsequently, the feature point setting sec-
tion 123a further multiplies the fourth sums Sy1-SyN by
weights Wy1-WyN, respectively, to thereby output sec-
ond weighted sums SMy1-SMyN. In one embodiment,
the weights Wy1-WyN are determined by arbitrary val-
ues, which increase or decrease at a constant interval.
For example, the numbers 1-N are used as the weight
values Wy1-WyN. The feature point setting section 123a
is further operable to sum all of the fourth sums Sy1-SyN
to thereby output a fifth sum, as well as sum all of the
second weighted sums SMy1-SMyN to thereby output a
sixth sum. The feature point setting section 123a further
divides the sixth sum by the fifth sum and then set the
division result as the centroid on the Y axis.

[0025] Although it is described that the feature point is
setby using the centroid of brightness values constituting
each of the slice images, the feature point setting is cer-
tainly not limited thereto. The feature point at each of the
slice images is set through singular value decomposition
upon each of the slice images.

[0026] Once the setting of the centroid is complete for
all of the slice images, the feature point curve forming
section 123b displays centroids on the X-Y coordinate
system (S508) and then set a principal axis 300 thereon
(S510), as illustrated in FIG. 8.

[0027] FIG. 8 is a schematic diagram showing an ex-
ample of forming the feature point curve based on dis-
tances between the principal axis and feature points. The
feature point curve forming section 123b is further oper-
able to compute distances "d" from the principal axis 300
to each of the centroids (S512). The feature point curve
forming section 123b further forms a curve by using the
computed distances (S514), as illustrated in FIG. 9.
[0028] FIG. 9 is a schematic diagram showing an ex-
ample of the feature point curve. The period setting sec-
tion 123c is operable to set a moving period of the target
object by using peak points in the graphiillustrated in FIG.
9 (S516). In one embodiment, the period setting section
123c is operable to calculate the gradients in the curve
in FIG. 9. The period setting section 123c further calcu-
lates zero cross points, the gradient of which changes
from positive to negative, and then detect the zero cross
points having a similar distance, thereby setting a period
of the detected zero cross points to the moving period of
the target object.

[0029] Referring back to FIG. 5, the volume data re-
constructing section 124 is operable to interpolate the
volume data to have the same number of the frames with-
in each of the periods (S518). After completing the inter-
polation, the volume data reconstructing section 124 fur-
ther reconstructs the interpolated volume data (S520).
[0030] FIG. 10 shows a procedure of reconstructing
the interpolated volume data. As shownin FIG. 10, twen-
ty-six local periods A to Z exist in one volume data 710.
Assuming thatsix frames are contained in each of periods
in the interpolated volume data as shown in FIG. 10, the
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reconstructed volume data 720 includes six sub-volume
data. Each of the sub-volume data includes 26 frames
A, to Z;.

[0031] Further, when the volume data are acquired by
scanning the target object, the object (e.g., expectant
mother or fetus) is moved. This makes it difficult to ac-
curately detect the heartbeat of the fetus. Accordingly,
the volume data reconstructing section 124 is further op-
erable to compensate the motion of the expectant mother
or the fetus by matching the brightness of pixels. The
detailed description relating to the method of compen-
sating the motion is omitted herein since the conventional
methods are used.

[0032] The contour setting section 125 is operable to
set contour of the target object on each of the sub-volume
data (S522). In one embodiment, the contour setting sec-
tion 125 is operable to set the contour on each of the
sub-volume data based on a user instruction from a user
input unit 130. In another embodiment, the contour set-
ting section 125 automatically detects contour points at
each of the sub-volume data to thereby set the contour
on each of the sub-volume data based on the detected
contour points. The detailed description relating to the
method of detecting the contour points is omitted herein
since the conventional methods are used.

[0033] The measuring section 126 measures the vol-
ume of the target object based on the contour of the target
object set by the contour setting section 125 to thereby
form volume information (S524). The detailed description
relating to the method of measuring the volume with the
contour is omitted herein since the conventional methods
are used.

Referring back to FIG. 3, the second image forming sec-
tion 127 is operable to render each of the sub-volume
data to thereby form three-dimensional ultrasound imag-
es. A user inputs a user instruction to set a contour of
the target object by using three-dimensional ultrasound
images.

Referring again to FIG. 1, the ultrasound system 100 fur-
ther includes the user input unit 130. The user input unit
130 is operable to receive the user instruction from a
user. The user instruction includes an instruction to set
the contour of the target object on each of the three-
dimensional ultrasound images. The user input unit 130
includes a control panel (not shown), a mouse (not
shown), a keyboard (not shown) or the like.

The ultrasound system 100 further includes a display unit
140. The display unit 140 displays the volume information
from the processing unit 120. The display unit 140 further
displays the three-dimensional ultrasound images from
the processing unit 120.

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

an ultrasound data acquisition unit (110) config-
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ured to transmit/receive ultrasound signals
from/to a periodically moving target object to
thereby form ultrasound data; and

a processing unit (120) coupled to the ultra-
sound data acquisition unit (110), wherein the
processing unit (120) comprises:

a volume data forming section (121) config-
ured to form volume data including a plural-
ity of frames based on the ultrasound data;
a first image forming section (122) config-
ured to form a plurality of slice images based
on the volume data;

a period detecting section (123) configured
to set a feature point on each of the slice
images based on brightness values of pix-
elsincluded therein and form a feature point
curve based on the feature points, the pe-
riod detecting section (123) being further
configured to calculate zero crossing points
in the gradient of the feature point curve and
detecta period of the detected zero crossing
points as a moving period of the target ob-
ject, wherein the moving period comprises
a plurality of local periods;

a volume data reconstructing section (124)
configured to interpolate the volume data to
have the same number of the frames within
each local period and reconstruct the inter-
polated volume data into a plurality of sub-
volume data, each sub-volume data is con-
structed by using frames at an identical po-
sition in each local period;

a contour setting section (125) configured
to set contour of the target object on each
of the sub-volume data; and

a measuring section (126) configured to
measure the volume of the target object
based on the contour to thereby form the
volume information.

The ultrasound system (100) of Claim 1, wherein the
feature point is a centroid of the brightness values
on each of the slice images.

The ultrasound system (100) of Claim 1, wherein the
period detecting section (123) is configured to set a
principal axis based on positions of the feature points
and form the feature point curve based on distances
between the feature points and the principal axis.

The ultrasound system (100) of Claim 1, wherein the
period detecting section (123) is configured to cal-
culate the gradients from the feature point curve, de-
tect zero crossing points that a sign of the gradient
changes from positive to negative and determine the
moving period based on intervals between the de-
tected zero crossing points.
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The ultrasound system (100) of Claim 1, wherein the
processing unit (120) further comprises a second im-
age forming section (127) configured to render the
plurality of sub-volume data to thereby form three-
dimensional ultrasound images.

The ultrasound system (100) of Claim 5, further com-
prising a user input unit (130) configured to receive
a user instruction for setting the contour of the target
object on each of the three-dimensional ultrasound
images.

The ultrasound system (100) of Claim 6, wherein the
contour setting section (125) is configured to set the
contour of the target object on each of the sub-vol-
ume data based on the user instruction.

The ultrasound system (100) of Claim 1, wherein the
contour setting section (125) is configured to detect
contour points at each of the sub-volume data and
set the contour on each of the sub-volume data
based on the detected contour points.

A method of providing volume information of a peri-
odically moving target object, comprising:

a) transmitting/receiving ultrasound signals
from/to a periodically moving target object to
thereby form ultrasound data;

b) forming volume data including a plurality of
frames based on the ultrasound data;

c) forming a plurality of slice images based on
the volume data;

d) setting a feature point on each of the slice
images based on brightness values of pixels in-
cluded therein to form a feature point curve
based on the feature points;

e) calculating zero crossing points in the gradi-
ent of the feature point curve to detect a period
of then detected zero crossing points as a mov-
ing period of the target object, wherein the mov-
ing period comprises a plurality of local periods;
f)interpolating the volume data to have the same
number of the frames within each local period;
g) reconstructing the interpolated volume data
into a plurality of sub-volume data, each sub-
volume data is constructed by using frames at
an identical position in each local period;

h) setting contour of the target object on each
of the sub-volume data; and

i) measuring the volume of the target object
based on the contour to thereby form volume
information.

10. The method of Claim 9, wherein the step d) compris-

es:

setting the feature point on each of the slice im-
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ages based on a centroid of the brightness val-
ues at each of the slice images;

setting a principal axis based on positions of the
feature points; and

forming the feature point curve based on dis-
tances between the feature points and the prin-
cipal axis.

The method of Claim 9, wherein the step e€) compris-
es:

calculating the gradients from the feature point
curve;

detecting zero crossing points that a sign of the
gradient changes from positive to negative; and
determining the moving period based on inter-
vals between the detected zero crossing points.

The method of Claim 9, wherein the step h) compris-
es:

setting the contour of the target object on each
of the sub-volume data based on a user instruc-
tion.

The method of Claim 9, wherein the step h) compris-
es:

detecting contour points of the target object at
each of the sub-volume data; and

setting the contour on each of the sub-volume
data based on the detected contour points.

Patentanspriiche

1.

Ultraschallsystem (100), welches Folgendes auf-
weist:

eine Ultraschalldatenerlangungseinheit (110),
die daflir vorgesehen ist, Ultraschallsignale zu
bzw. von einem sich periodisch bewegenden
Zielobjekt zu erzeugen bzw. zu empfangen, um
dadurch Ultraschalldaten zu bilden; und

eine Verarbeitungseinheit (120), die mit der Ul-
traschalldatenerlangungseinheit (110) gekop-
pelt ist,

wobei die Verarbeitungseinheit (120) Folgendes auf-
weist:

einen Volumendatenerzeugungsabschnitt
(121), der dafiir vorgesehen ist, eine Vielzahl
von Rahmen aufweisende Volumendaten ba-
sierend auf den Ultraschalldaten zu erzeugen;
einen ersten Bilderzeugungsabschnitt (122),
der dafiir vorgesehen ist, eine Vielzahl von
Scheiben- bzw. Teilbildern, basierend auf den
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Volumendaten zu erzeugen;

einen Periodenermittlungsabschnitt (123), der
dafiir vorgesehen ist, einen Merkmalspunkt auf
jedem der Teilbilder, basierend auf Helligkeits-
werten von darin enthaltenen Pixeln festzulegen
und eine Merkmalspunktkurve basierend auf
den Merkmalspunkten zu erzeugen, wobei der
Periodenermittlungsabschnitt (123) des Weite-
ren daflir vorgesehen ist, Nulldurchgangs- bzw.
Nullkreuzungspunkte in dem Gradienten der
Merkmalspunktkurve zu berechnen und eine
Periode der detektierten Nullkreuzungspunkte
als eine sich bewegende Periode des Zielob-
jekts zu detektieren, wobei die sich bewegende
Periode eine Vielzahl von lokalen Perioden auf-
weist;

einen Volumendatenrekonstruktionsabschnitt
(124), der dafiir vorgesehen ist, die Volumen-
daten derart zu interpolieren, dass sie dieselbe
Anzahl von Rahmen innerhalb jeder lokalen Pe-
riode aufweisen, und die interpolierten Volu-
mendaten in eine Vielzahl von Untervolumen-
daten zu rekonstruieren, wobei jede der Unter-
volumendaten unter Verwendung von Rahmen
aneineridentischen Positioninjederlokalen Pe-
riode konstruiert wird;

einen Konturfestlegungsabschnitt (125), der da-
fur vorgesehen ist, die Kontur des Zielobjekts
auf jeder der Untervolumendaten festzulegen;
und

einen Messabschnitt (126), der dafiir vorgese-
hen ist, das Volumen des Zielobjekts basierend
auf der Kontur zu messen, um dadurch die Vo-
lumeninformationen zu erzeugen.

Ultraschallsystem (100) nach Anspruch 1, wobei der
Merkmalspunkt ein Schwerpunkt der Helligkeitswer-
te auf jedem der Teilbilder ist.

Ultraschallsystem (100) nach Anspruch 1, wobei der
Periodenermittlungsabschnitt (123) dafir vorgese-
hen ist, eine Hauptachse basierend auf Positionen
der Merkmalspunkte festzulegen und die Merkmal-
spunktkurve basierend auf Abstdnden zwischenden
Merkmalspunkten und der Hauptachse zu erzeugen.

Ultraschallsystem (100) nach Anspruch 1, wobei der
Periodenermittlungsabschnitt (123) dafir vorgese-
henist, die Gradienten aus der Merkmalspunktkurve
zu berechnen, Nullkreuzungspunkte zu detektieren,
bei denen ein Zeichen des Gradienten sich von po-
sitiv zu negativ &ndert, und die sich bewegende Pe-
riode basierend auf Intervallen zwischen den detek-
tieren Nullkreuzungspunkten zu ermitteln.

Ultraschallsystem (100) nach Anspruch 1, wobei die
Verarbeitungseinheit (120) des Weiteren einen
zweiten Bilderzeugungsabschnitt (127) aufweist,
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der daflir vorgesehen ist, die Vielzahl von Untervo-
lumendaten zu rendern, um dadurch dreidimensio-
nale Ultraschallbilder zu erzeugen.

Ultraschallsystem (100) nach Anspruch 5, welches
des Weiteren eine Benutzereingabeeinheit (130)
aufweist, die daflr vorgesehen ist, einen Benutzer-
befehl zum Festlegen der Kontur des Zielobjekts auf
jedem der dreidimensionalen Ultraschallbilder zu
empfangen.

Ultraschallsystem (100) nach Anspruch 6, wobei der
Konturfestlegungsabschnitt (125) daflr vorgesehen
ist, die Kontur des Zielobjekts auf jeder der Untervo-
lumendaten basierend auf dem Benutzerbefehl fest-
zulegen.

Ultraschallsystem (100) nach Anspruch 1, wobei der
Konturfestlegungsabschnitt (125) daflr vorgesehen
ist, Konturpunkte an jedem der Untervolumendaten
zu detektieren und die Kontur auf jeder der Untervo-
lumendaten basierend auf den detektierten Kontur-
punkten festzulegen.

Verfahren zum Erzeugen von Volumeninformatio-
nen eines sich periodisch bewegenden Zielobjekts,
welches Folgendes aufweist:

a) Ubertragen bzw. Empfangen von Ultraschall-
signalen zu bzw. von einem sich periodisch be-
wegenden Zielobjekt, um dadurch Ultraschall-
daten zu erzeugen;

b) Erzeugen einer Vielzahl von Rahmen aufwei-
sender Volumendaten basierend auf den Ultra-
schalldaten;

c) Erzeugen einer Vielzahl von Scheiben- bzw.
Teilbildern basierend auf den Volumendaten;
d) Festlegen eines Merkmalspunkts auf jedem
der Teilbilder basierend auf Helligkeitswerten
von darin enthaltenen Pixeln, um eine Merkmal-
spunktkurve basierend auf den Merkmalspunk-
ten zu erzeugen;

e) Berechnen von Nulldurchgangs- bzw. Null-
kreuzungspunkten in dem Gradienten der Merk-
malspunktkurve, um eine Periode der detektier-
ten Nullkreuzungspunkte als eine sich bewe-
gende Periode des Zielobjekts zu detektieren,
wobei die sich bewegende Periode eine Vielzahl
von lokalen Perioden aufweist,

f) Interpolieren der Volumendaten, derart, dass
sie dieselbe Anzahlvon Rahmeninnerhalb jeder
lokalen Periode aufweisen;

g) Rekonstruieren der interpolierten Volumen-
daten in eine Vielzahl von Untervolumendaten,
wobei jede der Untervolumendaten unter Ver-
wendung von Rahmen an einer identischen Po-
sition in jeder lokalen Periode konstruiert wird;
h) Festlegen einer Kontur des Zielobjekts auf
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jeder der Untervolumendaten; und

i) Messen des Volumens des Zielobjekts basie-
rend auf der Kontur, um dadurch Volumeninfor-
mationen zu erzeugen.

10. Verfahren nach Anspruch 9, wobei der Schritt d) Fol-

gendes aufweist:

Festlegen des Merkmalspunkts auf jedem der
Teilbilder basierend auf einem Schwerpunkt der
Helligkeitswerte auf jedem der Teilbilder;
Festlegen einer Hauptachse basierend auf Po-
sitionen der Merkmalspunkte; und

Erzeugen der Merkmalspunktkurve basierend
auf Abstanden zwischen den Merkmalspunkten
und der Hauptachse.

11. Verfahren nach Anspruch 9, wobei der Schritt e) Fol-

gendes aufweist:

Berechnen der Gradienten aus der Merkmals-
punktkurve;

Detektieren der Nullkreuzungspunkte, bei de-
nen sich ein Zeichen des Gradienten von positiv
zu negativ andert; und

Ermitteln der sich bewegenden Periode basie-
rend auf Intervallen zwischen den detektierten
Nullkreuzungspunkten.

12. Verfahren nach Anspruch 9, wobei der Schritt h) Fol-

gendes aufweist:

Festlegen der Kontur des Zielobjekts auf jedem
der Untervolumendaten basierend auf einem
Benutzerbefehl.

13. Verfahren nach Anspruch 9, wobei der Schritt h) Fol-

gendes aufweist:

Detektieren von Konturpunkten des Zielobjekts
an jedem der Untervolumendaten; und
Festlegen der Kontur auf jeder der Untervolu-
mendaten basierend auf den detektierten Kon-
turpunkten.

Revendications

Systéme ultrasonique (100) comportant :

une unité d’acquisition de données ultrasoni-
ques (110) configurée pour transmettre/recevoir
des signaux ultrasoniques de/vers un objet cible
périodiguement mobile pour constituer par ce
moyen des données ultrasoniques; et

une unité de traitement (120) couplée a
'unité d’acquisition de données ultrasoni-



13 EP 2 189 812 B1 14

ques (110),
dans lequel 'unité de traitement (120) comprend :

une section de formation de données de volu-
mes (121) configurée pour former des données
de volume comprenant une pluralité de cadres
basés sur les données ultrasoniques ;

une section de formation d’'une premiére image
(122) configurée pour former une pluralité d'ima-
ges en tranches basées sur les données de
volumes ;

une section de détection de période (123) con-
figurée pour fixer un point objet sur chacune des
images en tranches sur la base des valeurs de
brillance des pixels qui y sont inclus, et former
une courbe de points objets basée sur les points
objets, la section de détection de période (123)
étanten outre configurée pour calculerles points
de croisementzérodans le gradientde la courbe
de points objets et détecter une période du point
de croisement zéro détecté, comme étant une
période mobile d’'un objet cible, dans lequel la
période mobile comprend une pluralité de pé-
riodes locales ;

une section de reconstruction de volume (124)
configurée pour effectuer une interpolation des
données de volume pour avoir le méme nombre
de cadres dans chacune des périodes locales
et pour reconstruire les données de volume de
l'interpolation dans une pluralité de données de
sous-volume, chaque donnée de sous-volume
étant construite en utilisant les cadres dans une
position identique dans chacune des périodes
locales :

une section de détermination de contour (125)
configurée pour déterminer le contour de I'objet
cible dans chacune des données de sous-
volume ; et

une section de mesure (126) configurée pour
mesurer le volume de l'objet cible basé sur le
contour afin de former ainsi I'information de vo-
lume.

2. Systeme ultrasonique (100) selon la revendication

1,danslequel le point objet estle centre géométrique
des valeurs de brillance sur chacune des images en
tranche.

Systeme ultrasonique (100) selon la revendication
1, dans lequel la section de détection de la période
(123) est configurée pour déterminer un axe principal
basé sur les positions des points objets et pour for-
mer la courbe des points objets basée sur la distance
entre les points objets et I'axe principal.

Systeme ultrasonique (100) selon la revendication
1, dans lequel la section de détection de la période
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(123) est configurée pour calculer les gradients de
la courbe des points objets, détecter les points de
croisement zéro pour lesquels un signe du gradient
change de positif en négatif et déterminer la période
de déplacement basée sur les intervalles entre les
points de croisement zéro détectés.

Systéme ultrasonique (100) selon la revendication
1, dans lequel 'unité de traitement (120) comporte
en outre une seconde section de formation d'image
(127) configurée pour découper la pluralité de don-
nées de sous-volume pour former ainsi des images
ultrasoniques tridimensionnelles.

Systéme ultrasonique (100) selon la revendication
5, comportant en outre une unité d’entrée utilisateur
(130) configurée pour recevoir des instructions d’uti-
lisateur pour déterminer le contour de I'objet cible
sur chacune des images ultrasoniques tridimension-
nelles.

Systéme ultrasonique (100) selon la revendication
6, dans lequel la section de détermination de contour
(125) est configurée pour déterminer le contour de
I'objet cible sur chacune des données de sous-vo-
lume sur la base des instructions de I'utilisateur.

Systéme ultrasonique (100) selon la revendication
1, dans lequel la section de détermination de contour
(125) est configurée pour détecter les points de con-
tour de chacune des données de sous-volume et
pour déterminer le contour de chacune des données
de sous-volume sur la base des points de contour
détectés.

Procédé pour produire des informations de volume
d’'un objet cible périodiguement mobile, consistant
a:

a) transmettre/recevoir des signaux ultrasoni-
ques de/vers un objet cible périodiquement mo-
bile pour former ainsi des données ultrasoni-
ques,

b) constituer des données de volume compre-
nant une pluralité de cadres basés sur les don-
nées ultrasoniques ;

c) former une pluralité d'images en tranches ba-
sées sur les données de volumes ;

d) fixer un point objet sur chacune des images
en tranches sur la base des valeurs de brillance
des pixels qui y sont inclus, pour former une
courbe de points objets sur la base des points
objets ;

e) calculer les points de croisement zéro dans
le gradient de la courbe de points objets et dé-
tecter une période du point de croisement zéro
détecté, comme étant une période mobile d’'un
objet cible, dans lequel la période mobile com-



15 EP 2 189 812 B1

prend une pluralité de périodes locales ;

f) effectuer une interpolation des données de
volume pour avoir le méme nombre de cadres
dans chacune des périodes locales ;

g) reconstruire les données de volume de l'in- 5
terpolation dans une pluralité de données de
sous-volume, chaque donnée de sous-volume
étant construite en utilisant les cadres dans une
position identique dans chacune des périodes
locales ; 10
h) déterminer le contour de I'objet cible dans
chacune des données de sous-volume ; et

i) mesurer le volume de I'objet cible basé sur le
contour afin de former ainsi I'information de vo-
lume. 15

10. Procédé selonlarevendication 9, danslequell'étape
d) consiste a :

déterminer le point objet sur chacune des ima- 20
ges en tranches sur la base d'un centre géomé-
trique des valeurs de la brillance de chaque tran-

che d’'images ;

déterminer un axe principal basé sur les posi-
tions des points objets ; et 25
former la courbe des points objets basée sur la
distance entre les points objets etI’axe principal.

11. Procédé selonlarevendication 9, danslequell'étape
e) consiste a : 30

calculer les gradients de la courbe des points
objets ;
détecter les points de croisement zéro pour les-
quels un signe du gradient change de positifen 35
négatif ; et
déterminer la période de déplacement basée
sur les intervalles entre les points de croisement
zéro détectes.
40
12. Procédéselonlarevendication 9, danslequell'étape
h) consiste a :

déterminer le contour de I'objet cible sur chacu-
ne des données de sous-volume surlabasedes 45
instructions de l'utilisateur.

13. Procédéselonlarevendication 9, danslequell'étape
h) consiste a :

50
détecter les points de contour des données de
sous-volume et pour déterminer le contour de
chacune des données de sous-volume sur la
base des points de contour détectés.

55
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