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(57) ABSTRACT

The present invention relates to an apparatus for processing
anultrasound image of a target object including a periodically
moving object, including: an ROI setting unit for setting
regions of interest (ROIs) to each of frames constituting ultra-
sound volume data acquired from a target object; a VOI
setting unit for selecting a predetermined number of first
reference frames from the ultrasound volume data and setting
a predetermined number of volumes of interest (VOIs) by
combining ROTs of the first reference frames with ROIs of
frames adjacent to the reference frames; a motion compen-
sating unit for processing the VOIs to compensate a motion of
the target object; a correlation coefficient curve calculating
unit for calculating a correlation coefficient curve for a pre-
determined interval at each VOI; a period setting unit for
setting a moving period of the moving object based on the
correlation coefficient curve in the volume data; and an ultra-
sound volume data reconstructing unit for reconstructing the
ultrasound volume data based on the moving period.

14 Claims, 7 Drawing Sheets
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APPARATUS AND METHOD FOR
PROCESSING AN ULTRASOUND IMAGE

FIELD OF THE INVENTION

The present invention generally relates to an apparatus for
processing an ultrasound image, and more particularly to an
apparatus and amethod for processing an ultrasound image to
visualize a moving object in the ultrasound image by recon-
structing ultrasound volume data according to a moving
period of said object.

BACKGROUND OF THE INVENTION

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

The ultrasound diagnostic system generally uses a wide
bandwidth transducer to transmit and receive ultrasound sig-
nals. The ultrasound diagnostic system forms images of
human internal tissues by electrically exciting an acoustic
transducer element or an array of acoustic transducer ele-
ments to generate ultrasound signals that travel into the body.
The ultrasound signals produce ultrasound echo signals since
they are reflected from body tissues, which appear as discon-
tinuities to the propagating ultrasound signals. Various ultra-
sound echo signals return to the transducer element and are
converted into electrical signals, which are amplified and
processed to produce ultrasound data for an image of the
tissues. The ultrasound diagnostic system is very important in
the medical field since it provides physicians with real-time
and high-resolution images of human internal features with-
out the need for invasive observation techniques such as sut-
gery.

Recently, as the imaging technology in the ultrasound diag-
nostic system has evolved, a 3-dimensional ultrasound image
can be provided. There is provided a static 3-dimensional
ultrasound image as an example of the 3-dimensional ultra-
sound image. The static 3-dimensional image is convention-
ally produced by obtaining raw 3-dimensional data (e.g., data
on a coordinate system (X, y, z) by using a 3-dimensional
probe regardless of acquisition time) by: stacking frames
upon one another at a uniform time interval to form consecu-
tive frames; and processing the consecutive frames by using a
3-dimensional rendering technique. When the static 3-dimen-
sional image is used for ultrasound diagnostic purposes, it is
possible to perform accurate observations, diagnoses or treat-
ments of the internal conditions of a human body without
conducting complicated procedures such as invasive opera-
tions. Thus, the static 3-dimensional image is widely used.
However, the static 3-dimensional image is not useful in
observing a moving target object in real time such as an
embryo in the uterus.

In order to overcome this shortcoming, a live 3-dimen-
sional imaging method and apparatus for providing a 3-di-
mensional moving image (rather than the static 3-dimen-
sional image) has been developed. The live 3-dimensional
image consists of fewer frames than those of the real-time
3-dimensional moving image. Thus, it cannot show the com-
plete movement of a moving target object. However, since the
live 3-dimensional image consists of more frames than the
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static 3-dimensional image (e.g., 2 to 4 frames per second), it
can show the movement of a moving target object more
smoothly than the static 3-dimensional image.

Further, there has been an increased interest in the heart
conditions of a fetus in order to perform an early diagnosis of
the status of the fetus. However, since the systole and diastole
of the heart are quickly repeated, it is impossible to scan all
the movements of the heart just by using a 3-dimensional
probe. Therefore, there is a problem in providing a real heart-
beat image.

SUMMARY OF THE INVENTION

The present invention provides an apparatus and a method
for processing a 3-dimensional ultrasound image to visualize
a periodically moving object by detecting a moving period of
said objectand reconstructing volume data based on the mov-
ing period.

In accordance with one aspect of the present invention,
there is provided an apparatus for processing an ultrasound
image of a target object (including a periodically moving
object), including: an ROI setting unit for setting regions of
interest (ROIs) to each of the frames constituting ultrasound
volume data acquired from a target object; a VOI setting unit
for selecting a predetermined number of first reference
frames from the ultrasound volume data and setting a prede-
termined number of volumes of interest (VOIs) by combining
ROIs of the first reference frames with ROIs of frames adja-
cent to the reference frames; a motion compensating unit for
processing the VOIs to compensate a motion of the target
object; a correlation coefficient curve calculating unit for
calculating a correlation coefficient curve for a predetermined
interval at each VOI; a period setting unit for setting a moving
period of the moving object based on the correlation coeffi-
cient curve in the volume data; and an ultrasound volume data
reconstructing unit for reconstructing the ultrasound volume
data based on the moving period.

In accordance with another aspect of the present invention,
there is provided a method for processing an ultrasound
image of a target object (including a periodically moving
object), including: a) setting regions of interest (ROIs) to each
of the frames constituting ultrasound volume data acquired
from a target object; b) selecting a predetermined number of
first reference frames from the ultrasound volume data and
setting a predetermined number of volumes of interest (VOIs)
by combining ROTs of the first reference frames with ROIs of
frames adjacent to the reference frames; ¢) processing the
VOIs to compensate a motion of the target object; d) calcu-
lating a correlation coefficient curve for a predetermined
interval at each VOI; e) setting a moving period of the moving
object based on the correlation coefficient curve in the volume
data; and f) reconstructing the ultrasound volume data based
on the moving petiod.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion of the preferred embodiments given in conjunction with
the accompanying drawings, in which:

FIG. 1 is a block diagram showing an ultrasound image
processing device constructed in accordance with the present
invention;

FIG. 2 is a schematic diagram showing cutting plane
images in volume data;

FIG. 3A is a photo showing a horizontal cutting plane
image in volume data;
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FIG. 3B is a photo showing an image performing soft-
thresholding for a horizontal cutting plane image:

FIG. 4A is a graph showing projected values obtained
through horizontal projection for a horizontal cutting plane
image;

FIG. 4B is a photo showing an image masking a horizontal
cutting plane image by a mask using ROI boundaries;

FIG. 4C is a photo showing ROI set in a frame;

FIG. 5 is a schematic diagram showing an example of VOI
set in ultrasound volume data;

FIG. 6 is a graph showing three correlation coefficient
curves;

FIG. 7 is a block diagram showing a procedure of detecting
a global period of heartbeat in a period setting unit;

FIG. 8 is a diagram showing an example of detecting a
global period of heartbeat; and

FIG. 9 is a diagram showing a procedure of reconstructing
ultrasound volume data in accordance with the present inven-
tion.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

FIG. 1 is a block diagram showing an ultrasound image
processing device constructed in accordance with the present
invention. As shown in FIG. 1, the ultrasound image process-
ing device 100 includes a pre-processing unit 110, a region of
interest (ROI) setting unit 120, a volume of interest (VOI)
setting unit 130, a correlation coefficient curve calculating
unit 140, a period setting unit 150 and an ultrasound data
reconstructing unit 160.

The pre-processing unit 110 reduces or removes the noises
from ultrasound volume data successively acquired from a
target object through using a 3-dimensional probe (not
shown). First, the pre-processing unit 110 acquires a horizon-
tal cutting plane image 210 or a vertical cutting plane image
220 obtained by horizontally or vertically cutting the ultra-
sound volume data by referring to its center as shown in FIG.
2. For ease of explanation, the horizontal cutting plane image
will be described as an example for processing the ultrasound
image in accordance with the present invention.

The pre-processing unit 110 decomposes the horizontal
cutting plane image in a wavelet domain (wavelet transform)
to calculate a wavelet coefficient. If the calculated wavelet
coefficient is smaller than the threshold, then the wavelet
coefficient is set to zero. If the wavelet coefficient is greater
than the threshold, then the wavelet coefficient is set by sub-
tracting the threshold therefrom or the calculated wavelet
coefficient is soft-thresholded so as to reset the wavelet coef-
ficient. In this case, the soft-thresholding is not carried out for
alow frequency subimage LI among subimages HH, HL,LH
and LL obtained through the wavelet transform, wherein the
subimage LL represents low frequency (vertical)-low fre-
quency (horizontal) image. The soft-thresholding can be car-
ried out by the following equation in accordance with the
present invention.

x>0 O

W () = sign(W; £ @)W, f@| = Th],, [+], = { "

0, otherwise

wherein, W 1(t) represents a coefficient of a high frequency at
a j” level decomposed in the wavelet domain, sign( ) repre-
sents a sign of the coefficients, Th represents a threshold
having a constant value, and W f{t) represents a resulting
wavelet coefficient performing the soft-thresholding.

The pre-processing unit 110 reconstructs the ultrasound
volume data through inverse wavelet transform after complet-

ing the soft-thresholding for the wavelet coefficient by using
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the equation (1). FIG. 3A shows a horizontal cutting image
obtained from the ultrasound volume data, whereas FIG. 3B
shows a resultimage of the horizontal cutting image perform-
ing the soft-thresholding in the pre-processing unit 110.
The ROI setting unit 120 performs horizontal projection
for obtaining a projected value summing the brightness of all
pixels along a horizontal pixel line in the pre-processed hori-
zontal cutting plane image in the pre-processing unit 110.
FIG. 4A is a graph showing the projected value obtained
through the horizontal projection. Boundaries n, and n, of
ROI can be calculated by using equation (2) shown below.

@

N
nr = min{nlf, <Mean}, 0 =n < 5

=n<N

2| =

ng = max{nl f, < Mean},
n

wherein, f, represents a horizontally projected signal, Mean
represents a mean of the projected values, n, represents a
vertical position of a projected value (in the most left side
among the projected values smaller than a mean value), and
n represents a vertical position of a projected value (in the
most-right side among the projected values smaller than a
mean value). n,and n are used as the boundaries of ROL.

The ROI setting unit 120 masks the horizontal cutting
plane image by using the boundaries n, and ng; of ROI,
thereby removing regions that are located outside the bound-
aries ny and ng. FIG. 4B is a resulting photo masking the
horizontal cutting plane image by using the boundaries nand
ng obtained through the equation (2). FIG. 4C is a photo
showing ROl in a frame of the ultrasound volume data.

The VOI setting unit 130 selects frames including a moving
object within the target object by using the standard deviation
of brightness of the vertical lines in the horizontal cutting
plane image masked with the ROI boundaries. For example,
the moving object may be a heart of a fetus. Since the heart
includes valves (displayed in a bright portion) as well as atria
and ventricles (displayed in a dark portion), the image of the
heart relatively has a large contrast. Therefore, the vertical
lines including a heart region can be found by using the
standard deviation of the brightness of the vertical lines. Also,
since the contrast rapidly changes between the vertical lines
included in the heart region and neighboring vertical lines, the
vertical lines can be more accurately selected by finding a
vertical line having a maximum standard deviation between
the neighboring vertical lines. This is so that the vertical lines,
which are not included in the heart region and have a large
contrast, can be excluded from the vertical lines included in
the heart region.

The VOI setting unit 130 selects three vertical lines having
amaximum standard deviation difference between the neigh-
boring vertical lines in order to detect a reference frame for
setting VOI. Pseudo codes of algorithm for selecting three
vertical lines are as follows:

DO  i=0,12

Step 1. ]A(; = argmax(\o'k‘ -0k, D, 0=k <K)
"

i

Step 2. reject the range of [k,~C, K, +C]in the search range
END DO
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wherein, o, represents the standard deviation of the vertical
lines existir{g on the horizontal cutting plane image, k, repre-
sents an order of the vertical lines (identical to that of the
frames in the volume), K represents the number of total
frames (identical to that of total vertical lines), and C repre-
sents a constant. Three frames including the three vertical
lines obtained by the above algorithm are used as reference
frames for setting three VOIs.

The VOI setting unit 130 collects the neighboring frames
by referring to each of the three reference frames and sets
VOIs by using ROIs existing in the collected frames. FIG. 5
shows an example of VOI set in the volume data. In FIG. 5, the
length of VOI on a time axis is determined by the reference
frame and frames existing at the right and left sides of the
reference frame. The width of the VOI is defined according to
the width of ROI set in the RO setting unit 120. VOI set in the
VOI setting unit 130 can be expressed as the following equa-
tion:

Vi ~{frork)f-1 =k=R;+1} for cach &, 3)
wherein, K, represents the positions of three vertical lines
having a maximum standard deviation in the horizontal cut-
ting plane image (i.e., frame positions), f,(k) represents
ROI in a k™ frame, and V, represents VOI formed by com-
bining ROIs within the reference frame and neighboring
frames thereof. The VOI setting unit 130 sets three VOIs for
three reference frames.

The correlation coefficient curve calculating unit 140 cal-
culates the correlation coefficient curves during a constant
time on a time axis by using VOIs set in the VOI setting unit
130. The correlation coefficient curve is calculated through
the following equation.

E[ViV, | - EIVJEY, ] @
plVe V)= ——————
1 U'vk Ty,
ki
(k; - 200 =k <k; +200) for each k;

wherein, B[V, ] and B[V, | represent the average of brightness
within VOIs at k and &, positions,

ay

and oy
{3 3

i

represent the mean of standard deviation of brightness within
VOIs at k and K, positions, and p,(V,, V, ) represents a corre-
lation coefficient between VOI at ak position and VOl at a k,
position. The correlation coefficient curve calculating unit
140 calculates the three correlation coefficient curves for
three VOIs set in the VOI setting unit 130. The reason for
calculating the three correlation curves is to utilize the local
characteristics in volume data. FIG. 6 is a graph showing the
three correlation coefficient curves obtained in the correlation
coefficient curve calculating unit 140.

The period setting unit 150 first detects a period by using
peak points having a similar distance among peak points
existing in the correlation coefficient curves obtained in the
correlation curve calculating unit 140. This period will be
referred to as a global period. FIG. 7 is a block diagram
showing a procedure for detecting the global period in the
period setting unit 150. The period setting unit 150 includes a
filtering unit 710, a gradient calculating unit 720 and a zero
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cross point detecting unit 730. The filtering unit 710 filters the
correlation coefficient curves to reduce noises included
therein. A low pass filter is used in the filtering unit 710, which
is constructed in accordance with the present invention. The
gradient calculating unit 720 calculates the gradients in the
filtered correlation coefficient curves. The zero cross point
detecting unit 730 calculates zero cross points, the gradient of
which is changed from positive to negative, and then detects
the zero cross points having a similar distance, thereby setting
a period of the detected zero cross points to the global period
of the heart.

The period setting unit 150 sets expected periods by using
right and left peak points by referring to a central peak point
of each of the three correlation coefficient curves. That is, the
period setting unit 150 calculates six expected periods of the
heartbeat (Pn). FIG. 8 shows an example of detecting the
global period in an arbitrary correlation coefficient curve. The
period setting unit 150 selects one period (P;) having the
highest frequency among the expected periods (P,, P,, P;)
and then sets the selected period to the global period of the
heartbeat. The period selection can be expressed as the fol-
lowing equation.

Prrp=mode(p,,) )
wherein, p,, represents six expected periods detected from
three correlation coefficient curves formed from VOI, and
Prrs fepresents a period having the highest frequency among
the six expected periods.

Subsequently, the period setting unit 150 sets a new refer-
ence frame, which is off the reference frame as far as the
global period, and then sets a search region including a pre-
determined number of frames adjacent to the new reference
frame. The period setting unit 150 calculates the correlation
coefficients between VOI in the new reference frame and each
VOI in each frame included in the search region. If a corre-
lation coefficient of an arbitrary frame is maximal among the
correlation coefficients of the frames included in the search
region and the correlation of the arbitrary frame is greater
than a value multiplying a predetermined weight by an aver-
age of the correlation coefficients, then an interval between
the arbitrary frame and the new reference frame is determined
as the local period. The above process for calculating the local
period is repeatedly carried out to the end of the volume data,
thereby obtaining total local periods.

The ultrasound data reconstructing unit 160 performs a
linear interpolation for the frames included within each local
period by using the global period set in the period setting unit
150. The ultrasound data reconstructing unit 160 calculates a
ratio (r) of the local period to the global period as the follow-
ing equation.

_ Local Period
"= Global Period

©)

Thereafter, an interpolation frame (I') is calculated as the
following equation using the ratio (r) of the local period to the
global period.

I'=AxI AAxI

ntl

™

wherein, I, and I, ., represent frames adjacent to the interpo-
lation frame I', A, and A, represent the distances between the
adjacent frame and the interpolation frame, wherein A, and A,
are determined according to the ratio (r) of the local period to
the global period. This interpolation process is carried out for
frames included in all local periods.
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After completing the interpolation, the ultrasound data
reconstructing unit 160 reconstructs the interpolated volume
data to provide a 3-dimensional ultrasound image showing a
figure of the heartbeat in accordance with the present inven-
tion. FIG. 9 shows a procedure for reconstructing the inter-
polated volume data. As shown in FIG. 9, twenty-six local
periods A to Z exist in one volume data. Assuming that six
frames are contained in one local period in the volume data as
shown in FIG. 9, the reconstructed volume data includes six
sub volumes. Each of the sub volumes consists of 26 frames
A7,

Further, when the 3-dimensional volume data are acquired
by scanning the target object, the object (e.g., expectant
mother or fetus) may be moved. This makes it difficult to
accurately detect the heartbeat of the fetus. Accordingly, the
ultrasound image processing device further includes a motion
compensating unit. The motion compensating unit compen-
sates the motion of the expectant mother or the fetus by
matching the brightness of pixels between a previously set
VOI and a currently set VOI. The motion compensating unit
calculates the motion vectors by summing the absolute dif-
ferences of brightness of pixels between the previously set
VOI and the currently set VOI. For example, assuming that
VOI at a nth frame is expressed as V*(m), VOI at a next frame
can be expressed as V'(m+1). In this case, a variable m
represents the combination of n-1, n and n+1. The motion
compensating unit moves V"(m) up, down, right and left (i, j),
and then calculates the absolute differences of brightness of
pixels between V”(m) and V”(m+1) at each position. A
motion vector is estimated at a position where the absolute
difference is minimal. The sum of the absolute difference is
calculated as the following equation.

1 M-1 np (8)
SAD,(i, = ) Y0 Y VM kD= Viyim+ 1k, D)
m==1 =0 k=nt

for —W=i, j<W,lzsn<Kk-1

wherein, W represents a predefined motion estimated range,
K represents a total number of the frames, i, j represent
motion displacements, k, 1 represent the position of a pixel in
the frame included in VOI, and m represents the number of the
frames.

Since the period of heartbeat of the fetus is locally calcu-
lated by the global period and the ultrasound volume data are
reconstructed in accordance with the present invention, an
improved ultrasound image of the target object having the
moving object can be provided. Also, since the motion of the
expectant mother or the fetus is compensated, the ultrasound
image can be more accurately and clearly provided.

While the present invention has been described and illus-
trated with respect to a preferred embodiment of the inven-
tion, it will be apparent to those skilled in the art that varia-
tions and modifications are possible without deviating from
the broad principles and teachings of the present invention
which should be limited solely by the scope of the claims
appended hereto.

What is claimed is:

1. An apparatus for processing an ultrasound image of a
target object including a periodically moving object, com-
prising:

a pre-processing unit configured to cut ultrasound volume

data acquired from a target object in a predetermined
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direction to obtain a cutting plane image, said ultrasound
volume data being constructed with frames;

an ROT setting unit configured to perform horizontal pro-
jection upon the cutting plane image to determine
boundaries of regions of interest (ROIs) and setting
ROIs to each of the frames based on the boundaries of
ROIs;

a VOI setting unit configured to select a predetermined
number of first reference frames from the ultrasound
volume data by using standard deviation of brightness of
vertical lines in the cutting plane image and set a prede-
termined number of volumes of interest (VOIs) by com-
bining ROIs of the first reference frames with ROTs of
frames adjacent to the reference frames;

amotion compensating unit configured to process the VOIs
to compensate a motion of the target object;

a correlation coefficient curve calculating unit configured
to calculate a correlation coefficient curve for a prede-
termined interval at each VOI,

a period setting unit configured to set a moving period of
the moving object based on the correlation coefficient
curve in the volume data; and

an ultrasound volume data reconstructing unit configured
to reconstruct the ultrasound volume data based on the
moving period.

2. The apparatus of claim 1, wherein the motion compen-
sating unit estimates a motion vector by using absolute dif-
ferences of brightness of pixels between a previous VOI and
a current VYOI, and wherein the motion compensating unit
compensates the motion of the target object by using the
estimated motion vector.

3. The apparatus of claim 2, wherein the period setting unit
includes:

a filtering unit for filtering the correlation coefficient curve

to reduce noises;

a gradient calculation unit for calculating gradients from
the filtered correlation coefficient curve; and

a zero crossing point detecting unit for detecting zero
crossing points changing a sign of the gradient from
positive to negative and determining a global period
based on intervals between the detected zero crossing
points.

4. The apparatus of claim 3, wherein period setting unit sets
asecond reference frame off the first reference frame as far as
the global period and calculates a correlation coefficient of
frames adjacent to the second reference frame, thereby setting
a local period determined based on an interval between the
second reference frame and a frame having a maximum cor-
relation coefficient among the adjacent frames.

5. The apparatus of claim 4, wherein the ultrasound data
reconstructing unit performs linear interpolation for the
frames included within each local period by using a ratio of
the local period to the global period.

6. The apparatus of claim 1, wherein the pre-processing
unit further performs pre-processing to reduce noises from
the ultrasound volume data before setting ROIs to the frames.

7. The apparatus of claim 6, wherein the pre-processing is
soft-thresholding for the ultrasound volume data in a wavelet
domain.

8. A method of processing an ultrasound image of a target
object including a periodically moving object, the method
being performed under the control of an ultrasound image
processing device including a preprocessing unit, a ROI set-
ting unit, a VOI setting unit, a motion compensating unit, a
correlation coefficient curve calculating unit, a period setting
unit and an ultrasound volume data reconstructing unit, com-
prising the steps of:
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a) using the preprocessing unit within the ultrasound image
processing device to cut ultrasound volume data
acquired from a target object in a predetermined direc-
tion to obtain a cutting plane image, said ultrasound
volume data being constructed with frames;

b) using the ROI setting unit within the ultrasound image
processing device to perform horizontal projection upon
the cutting plane image to determine boundaries of
regions of interest (ROIs) and set ROIs to each of the
frames based on the boundaries of ROIs;

¢) using the VOI setting unit within the ultrasound image
processing device to select a predetermined number of
first reference frames from the ultrasound volume data
by using standard deviation of brightness of vertical
lines in the cutting plane image and set a predetermined
number of volumes of interest (VOIs) by combining
ROIs of the first reference frames with ROIs of frames
adjacent to the reference frames;

d) using the motion compensating unit within the ultra-
sound image processing device to process the VOIs to
compensate a motion of the target object;

e) using the correlation coefficient curve calculating unit
within the ultrasound image processing device to calcu-
late a correlation coefficient curve for a predetermined
interval at each VOI,

1) using the period setting unit within the ultrasound image
processing device to set a moving period of the moving
object based on the correlation coefficient curve in the
volume data; and

2) using the ultrasound volume data reconstructing unit
within the ultrasound image processing device to recon-
struct the ultrasound volume data based on the moving
period.

9. The method of claim 8, wherein the correlation coeffi-

cient curve calculating unit is further used to:

10

estimate a motion vector by using absolute differences of
brightness of pixels between a previous VOI and a cur-
rent VOI; and
compensate the motion of the target object by using the
5 estimated motion vector.

10. The method of claim 9, wherein the period setting unit
is further used to:

el) filter the correlation coefficient curve to reduce noises;

€2) calculate gradients from the filtered correlation coeffi-

cient curve;

€3) detect zero crossing points changing a sign of the

gradient from positive to negative; and

e4) determine a global period based on intervals between

the detected zero crossing points.

11. The method of claim 10, wherein the period setting unit
is further used to:

e5) set a second reference frame off the first reference

frame as far as the global period;

e6) calculate a correlation coefficient of frames adjacent to

the second reference frame:;

€7) set a local period determined based on an interval

between the second reference frame and a frame having
a maximum correlation coefficient among the adjacent
frames; and

e8)repeat the e5)to €7) until all local periods in the volume

data are set.

12. The method of claim 11, wherein the ultrasound vol-
ume data reconstructing unit is further used to perform linear
interpolation for the frames included within each local period
by using a ratio of the local period to the global period.

13. The method of claim 8, further comprising the step of
using the preprocessing unit to perform pre-processing to
reduce noises.

14. The method of claim 13, wherein the pre-processing is
soft-thresholding for the ultrasound volume data in a wavelet
domain.

10

15

20

25

35



THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

RHAA

H b2 FF SRRk
HAEREEEE

E)

patsnap

ATAEBFEERGNIREN S *

US7628755 N (E)H 2009-12-08

US11/508196 RiEH 2006-08-23

MEDISON CO. , LTD.

MEDISON CO. , LTD.

KIM NAM CHUL
KIM SANG HYUN
KWAK JONG IN
CHOI DO YOUNG
KWON EUI CHUL

KIM, NAM CHUL
KIM, SANG HYUN
KWAK, JONG IN
CHOI, DO YOUNG
KWON, EUI CHUL

A61B8/00

G01S15/8977 G06T7/20 G01S7/52077 G06T2207/30004 G01S15/8993 Y10S128/916
1020050077740 2005-08-24 KR

US20070053566A1

Espacenet USPTO

il Il

ARASR—FATLESE ARSI WEE B RS RE & ’ 2

0i8% , 915 RONGEET , AT IMREBLENXE (ROl ) BEZ
KRR M B AR YA SR LR AR 7 R AR SRR BN VORZ B2 T, BFME (LIRS

!

FHRBEREEMERBNE—SEM  FEITE—SEMOROIS ([N M M

5ZZWHESHMIROILASRKRETNEKRENBXBHER (VOI) ;iE3
AMERET , ATAEVOIAME BRI AR s) X Rt & It E R
7T, RTIESAMVOINTERAMEX R AR REST , AT
RIFARBE P RV KRB LR i3 3 R E 20 B 30 A 75 R AR B diE
EREn , ATETBIAPERBFARERE,

_|PREPROCESSNG ROISETTING VOISETTNG
Wi
CORRELATION COEFFIENT)__| PERODGETTING | ULTRASOUNDDATA
CURVE CALCLLATING UNT W RECONSTRUCTINGLNT

| |

Ll fi

|

fl



https://share-analytics.zhihuiya.com/view/844ec1f7-b3d6-48bb-b759-0475b3669f22
https://worldwide.espacenet.com/patent/search/family/037453130/publication/US7628755B2?q=US7628755B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=7628755.PN.&OS=PN/7628755&RS=PN/7628755

