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(57) ABSTRACT

Disclosed herein are a method for estimating acoustic veloc-
ity of an ultrasonic image and an ultrasonic diagnosis appa-
ratus using the same. The method for estimating acoustic
velocity of an ultrasonic image includes: (A) dividing each of
the ultrasonic images into a plurality of blocks; (B) extracting
contours of ultrasonic images for each block of one frame
among the ultrasonic images; (C) calculating and analyzing
average luminance values of each block; (D) determining the
optimal block number using the average luminance values
and selecting the optimal blocks; and (E) estimating and
applying the real acoustic velocity, whereby the acoustic
velocity is estimated in real time and is applied to the ultra-
sonic diagnosis apparatus.
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METHOD FOR ESTIMATING ACOUSTIC
VELOCITY OF ULTRASONIC IMAGE AND
ULTRASONIC DIAGNOSIS APPARATUS
USING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2010-0075639, filed on Aug. 5, 2010,
entitled “Method For Estimating Acoustic Velocity Of Ultra-
sonic Image And Ultrasonic Diagnosis Apparatus Using the
Same” which is hereby incorporated by reference in its
entirety into this application.

BACKGROUND OF THE INVENTION
[0002] 1. Technical Field

[0003] The present invention relates to a method for esti-
mating acoustic velocity of an ultrasonic image and an ultra-
sonic diagnosis apparatus using the same.

[0004] 2. Description of the Related Art

[0005] An ultrasonic diagnosis apparatus is one of the most
important diagnosis apparatuses, which are being used in
various fields. In particular, the ultrasonic diagnosis appara-
tus has been widely used in the medical field due to its non-
invasive and nondestructive characteristics to objects.
Recently, a high-performance ultrasonic system is used to
generate 2-dimensional or 3-dimensional images of the inside
of objects.

[0006] Generally, the ultrasonic diagnosis apparatus
receives echo waves obtained by reflecting a part of the ultra-
sonic waves transmitted from an ultrasonic probe from a
change point (change surface) of a tissue structure in an object
and generates a tomographic image of an object based on the
echo waves.

[0007] The generated ultrasonic image can be generated by
propagating ultrasonic waves emitted from the ultrasonic
probe to the tissue of the object and collecting reflected waves
(echo waves) which are returned by being reflected from the
tissue.

[0008] In the prior art, the ultrasonic diagnosis apparatus
generates the ultrasonic images by operating the above-men-
tioned processes in order to diagnose the tissue in the human
body. In this case, the ultrasonic diagnosis apparatus focuses
beams under the assumption that the ultrasonic diagnosis
apparatus has the same acoustic velocity (for example, about
1540 m/s) in all the regions of the tissue in the human body.
However, the tissue in the human body has inherent acoustic
velocity according to each vehicle.

[0009] For this reason, a difference between the real acous-
tic velocities of each tissue in the human body and the
assumed acoustic velocities may be generated. The difference
may have an effect on the reflected wave returned by being
reflected from each tissue in the human body.

[0010] Therefore, as the difference between the real acous-
tic velocities in different types of tissue of the human body
and the assumed acoustic velocities is increased, the differ-
ence between the reflected waves may also be increased. As a
result, the beams reflected from the tissue in the human body
become defocused, which causes a problem of degrading
resolution and tissue contrast by distorting images.

[0011] Therefore, in order to obtain higher-definition ultra-
sonic images for a more accurate diagnosis, there is a need to
more rapidly and accurately estimate the real acoustic veloci-
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ties of each part of the human body and apply them to the
ultrasonic diagnosis apparatus.

SUMMARY OF THE INVENTION

[0012] An aspect of the present invention is to provide a
method for estimating acoustic velocity of an ultrasonic
image in real time by dividing ultrasonic images and defining
analysis regions of the divided images and an ultrasonic diag-
nosis apparatus using the same.

[0013] According to an embodiment of the present inven-
tion, there is provided a method for estimating acoustic veloc-
ity of an ultrasonic image, including: (A) dividing each of the
ultrasonic images of a plurality of input frames into a plurality
of blocks; (B) extracting contours of ultrasonic images cor-
responding to each block divided into a plurality of blocks for
one frame among the ultrasonic images of the plurality of
divided frames; (C) calculating and analyzing average lumi-
nance values of each block in order to select optimal blocks in
a sequence of blocks having the maximum luminance value
among average luminance values of each block when the
contour extraction for each block is completed; (D) determin-
ing the optimal block number according to the average lumi-
nance of the analyzed frames by calculating the average lumi-
nance values of the analyzed frames using the average
luminance values of each analyzed block and selecting the
optimal blocks as many as the optimal block number; and (E)
selecting, as the optimal frame, the frame corresponding to
the optimal blocks having the maximum luminance value
among the optimal blocks of each frame after comparing the
selected optimal blocks with the optimal blocks of the
remaining frames and estimating and applying the acoustic
velocity of the optimal frame as the real acoustic velocity.
[0014] Step (B) extracts the contours of the ultrasonic
images of each block by applying a difference image filter to
each block to calculate the luminance values of each pixel for
each block.

[0015] The difference image filter applied to each block
calculates the absolute value of the difference of the lumi-
nance value between the pixels adjacent to one pixel to deter-
mine the maximum absolute value among the absolute values
as the luminance value of the one pixel.

[0016] Step (C) calculates the average luminance values of
each block by dividing the total sum of the luminance values
of each pixel for each block by the total pixel number of each
block.

[0017] Step (D) includes: (D-1) calculating the average
luminance values of the analyzed frames by using the average
luminance values of each analyzed block; (D-2) determining
the optimal block number according to the average luminance
values of the analyzed frames; and (D-3) selecting the optimal
blocks as many as the determined optimal block number in an
order of the maximum luminance value among the average
luminance values of each block.

[0018] Step (D-1) calculates the average luminance values
of the analyzed frames by dividing the total sum of the aver-
age luminance values of each analyzed block by the total
block number of the analyzed frames.

[0019] Step (E) includes: (E-1) comparing the selected
optimal blocks with the optimal blocks of the remaining
frames; (E-2) selecting the frame corresponding to the opti-
mal blocks having the maximum luminance values among the
optimal blocks of each frame as the optimal frame; and (E-3)
estimating and applying the acoustic velocity of the optimal
frame as the real acoustic velocity.
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[0020] According to an embodiment of the present inven-
tion, there is provided an ultrasonic diagnosis apparatus,
including: an ultrasonic transmitter that generates transmit-
ting signals according to a control signal and converts the
transmitting signals into ultrasonic beams; an ultrasonic
probe that emits the ultrasonic beams to objects and receives
reflected waves returned from the objects; an ultrasonic
receiver that converts the reflected wave into electric signals
to generate the received signals; an image processor that
divides and extracts the received signals into a plurality of
acoustic velocities and generates the ultrasonic images of the
plurality of frames; an acoustic velocity determining unit that
divides ultrasonic images of one frame among the ultrasonic
images of the plurality of frames generated from the image
processor into the plurality of blocks to extract contours,
analyzes the luminance values of each block to determine the
optimal block number, and selects the optimal frame by
selecting the optimal blocks as many as the optimal block
number and applying them to the remaining frame to estimate
the acoustic velocity of the optimal frame as the real acoustic
velocity of the reflected wave; and a controller that performs
a control to generate the ultrasonic image control signal,
generate thee ultrasonic beam according to the control signal
and receive the reflected wave of the emitted ultrasonic beam
to generate the ultrasonic images of the plurality of frames,
divide the ultrasonic image of one frame among the ultrasonic
images of the plurality of generated ultrasonic images into a
plurality of blocks to extract contours, analyze the luminance
values of each block to determine the optimal block number,
and select the optimal frame by selecting the optimal blocks
as many as the optimal block number and applying them to
the remaining frame to estimate the acoustic velocity of the
optimal frame as the real acoustic velocity of the reflected
wave.

[0021] The ultrasonic diagnosis apparatus further includes
a data output unit outputting the ultrasonic images.

[0022] The image processor includes: an image extracting
module that divides the received signals into the plurality of
acoustic velocities to extract the plurality of image signals;
and an image generating module that generates the ultrasonic
images of the plurality of frames based on the plurality of
images signals.

[0023] The acoustic velocity determining unit includes: an
image dividing module that divides the ultrasonic images of
one frame of the ultrasonic images of the plurality of frames
generated from the image processor into the plurality of
blocks; a contour extracting module that extracts the contours
of the ultrasonic images of each block by applying the differ-
ence image filter to the ultrasonic images of each block of one
ofthe plurality of frames to calculate the luminance values for
each pixel of each block; an image analyzing module that
calculates the average luminance values of each block to
digitize and analyze the ultrasonic images of each block when
the contour extraction of each block is completed; an image
comparing module that determines the optimal block number
according to the average luminance value of the analyzed
frames to select the optimal blocks as many as the determined
optimal block number in an order of the largest value among
the average luminance values of each block and compares the
optimal blocks of each frame by applying the positions of the
optimal blocks to the remaining frames to select the optimal
blocks having the maximum luminance value; and an acous-
tic velocity determining module that selects the frame corre-
sponding to the optimal blocks having the maximum lumi-
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nance values as the optimal frame to estimate the selected
optimal frame as the real acoustic velocity of the reflected
wave.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a flowchart schematically showing a
method for estimating acoustic velocity of an ultrasonic
image according to an embodiment of the present invention;
[0025] FIG. 2isadiagram schematically showing a method
for dividing ultrasonic images into a plurality of blocks
according to an embodiment of the present invention;

[0026] FIG. 3 is a diagram for explaining a difference
image filter according to an embodiment of the present inven-
tion;

[0027] FIG. 4 is a diagram for explaining a method for
determining the optimal block number according to an aver-
age luminance value of a frame according to an embodiment
of the present invention;

[0028] FIG. 5 is a block configuration diagram of an ultra-
sonic diagnosis apparatus according to an embodiment of the
present invention;

[0029] FIG. 6 is a detailed block configuration diagram of
an image processor shown in FIG. 5; and

[0030] FIG. 7 is a detailed block configuration diagram of
an acoustic velocity determining unit shown in FIG. 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] Various features and advantages of the present
invention will be more obvious from the following descrip-
tion with reference to the accompanying drawings.

[0032] Terms or words used in the specification and claims
herein should be not construed as a general and lexical mean-
ing and should be construed as the meaning and concept
meeting the technical idea of the present invention based on a
principle that the present inventors can properly define the
concepts of terms in order to elucidate their own invention in
the best method.

[0033] The above and other objects, features and advan-
tages of the present invention will be more clearly understood
from the following detailed description taken in conjunction
with the accompanying drawings. In the specification, in add-
ing reference numerals to components throughout the draw-
ings, it is to be noted that like reference numerals designate
like components even though components are shown in dif-
ferent drawings. Further, when it is determined that the
detailed description of the known art related to the present
invention may obscure the gist of the present invention, the
detailed description thereof will be omitted.

[0034] Hereinafter, preferred embodiments of the present
invention will be described in detail with reference to the
accompanying drawings.

[0035] In addition, for the convenience of explanation, in
the present invention, it is assumed that acoustic velocities of
ultrasonic waves emitted to objects are assumed to be 1400
m/s to 1590 m/s and received signals returned by being
reflected therefrom are divided into 10 m/s to obtain ultra-
sonic images of 20 frames from 20 received signals.

[0036] FIG. 1 is a flowchart schematically showing a
method for estimating acoustic velocity of an ultrasonic
image according to an embodiment of the present invention,
FIG. 2 is a diagram schematically showing a method for
dividing ultrasonic images into a plurality of blocks accord-
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ing to an embodiment of the present invention, and FIG. 3 is
adiagram for explaining a difference image filter according to
an embodiment of the present invention.

[0037] Referring to FIG. 1, a method for estimating acous-
tic velocity of an ultrasonic image according to an exemplary
of the present invention includes cropping ultrasonic images
(S110), dividing the ultrasonic images (S120), extracting a
contour (S130), analyzing blocks (S140), determining the
optimal block number and selecting optimal blocks (S150),
selecting optimal frame (S160), and estimating acoustic
velocity (S170).

[0038] At the cropping the ultrasonic images (S110), the
ultrasonic images are cropped to have a predetermined size.
[0039] The cropping the ultrasonic images is to primarily
remove unnecessary portions when there are ultrasonic
images in various shapes, including a fan shape and is simi-
larly applied to the ultrasonic images of 20 frames.

[0040] In addition, the cropping the ultrasonic images
(S110) may be configured to include a user mode and an
automatic mode. For example, in the case of the user mode, a
user directly sets portions to be cropped to manually crop
them, seeing the displayed ultrasonic images, while in the
case of the automatic mode, it automatically crops portions to
be cropped by previously setting them at the time of design.
[0041] The cropped ultrasonic images are divided into a
plurality of blocks (for example, NxM) at the dividing the
ultrasonic images (S120).

[0042] The ultrasonic images cropped at step S110 are
divided into NxM (for example, 5x5) blocks as shown in FIG.
2. For the convenience of explanation, each block is num-
bered.

[0043] In this case, the width and height of each block are
calculated by the following Equations (1) and (2) at the time
of dividing the cropped ultrasonic images.

INC_W=R_size/N (1)
INC_W=C_size/lM 2)
[0044] In Equation (1), INC_W represents a width of each

block, R_size is a width of the cropped ultrasonic images, and
N represents the row block number.

[0045] In addition, in Equation (2), INC_H represents the
heights of each block, C_size represents the heights of the
cropped ultrasonic images, and M represents the column
block number.

[0046] According to Equations (1) and (2), the widths of
each block are calculated by dividing the widths of the
cropped ultrasonic images by the row block number and the
heights of each block are calculated by dividing the heights of
the cropped ultrasonic images into the column block number.
[0047] Thereafter, the cropped ultrasonic images are
divided into a plurality (for example, NxM) of blocks (for
example, a plurality of rows and columns) by using the fol-
lowing Equations (3-1) to (3-m) and (4-1) to (4-n).

POSITION_WI = START + INC_W 3-1)
POSITION_W2 = POSITION_W1 + INC_W (3-2)
POSITION_Wm = POSITION_Wm- 1 + INC_W (3-m)
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[0048] Equations (3-1) to (3-m) are equations calculating
column positions of each block that are to be divided so as to
divide the cropped ultrasonic images into M column blocks.

POSITION_HI = START + INC_H @1
POSITION_H2 = POSITION_H1 + INC_H (4-2)
POSITION_Hn= POSITION_Hn- 1 + INC_H (4-n)
[0049] Equations (4-1) to (4-m) are equations calculating

column positions of each block that are to be divided so as to
divide the cropped ultrasonic images into N row blocks.
[0050] Referring to FIG. 2, as represented by Equations
(3-1) to (3-m) and (4-1) to (4-n), the cropped ultrasonic
images are divided into a plurality of blocks in such a manner
that in the row positions and column positions of each block,
a division position POSITION_W1 and POSITION_H1 of a
row and a column of a first block (block 1) is calculated by
adding a height INC_H and a width INC_W of each block
calculated by Equations (1) and (2) to START and in order to
obtain a division position of a row and a column of the
subsequent block (for example, block 2 or block 6), a second
division position POSITION_W2 and POSITION_H1 is cal-
culated by again adding the height INC_H and the width
INC_W of each block to the calculated division positions
POSITION_W1 and POSITION_H1.
[0051] Further, step S120 is similarly applied to the ultra-
sonic images of 20 frames.
[0052] Each block divided into a plurality of blocks at step
S120 extracts contours of the ultrasonic images correspond-
ing to each block at the extracting the contours (S130).
[0053] In this case, in order to extract the contours of the
ultrasonic images corresponding to each block, a difference
image filter of LxL pixels (for example, 3x3 pixel) is used,
which is shown in FIG. 3.
[0054] Referring to FIG. 3, the difference image filter of
3x3 pixels is used and for the convenience of explanation, a
sign is affixed to each pixel.
[0055] In the difference image filter of the 3x3 pixels, a
luminance value of a pixel R is set to a maximum value among
the absolute values of luminance difference of pixels P1 to P9
adjacent to the pixel R.
[0056] For example, the absolute values of the luminance
difference between the pixels P1 to P9 adjacent to the pixel R
may be obtained according to the following Equations (5) to
™).

Absolute value 1=|Luminance value of P1-Lumi-

nance value of P9| )

Absolute value 2=|Luminance value of P4-Lumi-
nance value of P6| (6)

Absolute value 3=|Luminance value of P2-Lumi-
nance value of P8I @)

[0057] The largest value among the calculated absolute
value 1, absolute value 2, and absolute value 3 becomes the
luminance value of the pixel R.

[0058] When the difference image filter of the 3x3 pixels is
applied to all the pixels of block 1 according to the foregoing
manner, the luminance values of each pixel of block 1 may be
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calculated, such that the contours of the ultrasonic images
corresponding to block 1 may be extracted.

[0059] In addition, the luminance values for each pixel are
continuously added and accumulated while the difference
image filter of the 3x3 pixels is applied to block 1.

[0060] The contourextraction is performed by applying the
difference image filter of the 3x3 pixels to all the blocks
divided up to the remaining blocks 2 to 25 according to the
foregoing manner.

[0061] Further, step S130 is similarly applied to the ultra-
sonic images of 20 frames.

[0062] When the contour extraction of the ultrasonic
images for each block is completed at step S130, each block
is analyzed at the analyzing the block (S140) to calculate an
average luminance value AVG_Lum_BL of each block.
[0063] Then, the average luminance value AVG_Lum_BL
of each block is calculated by dividing the luminance value
(for example, a total sum of pixel luminance of blocks)
obtained by adding and accumulating the luminance values of
each pixel for each block at the time of performing the con-
tour extraction at step S130 into the total pixel number of the
block, according to the following Equation 8.

AVG_Lum_ BL=Total sum of pixel luminance of
block/Total pixel number of block (8)

[0064] The average luminance value AVG_Lum_BL of
each block is calculated by applying Equation 8 to all of the
divided blocks.
[0065] Thereafter, the average luminance value AVG_
Lum_FRAME of all the frames is calculated by dividing the
total sum of the average luminance value AVG_Lum_BL of
each block by the total block number according to the follow-
ing Equation 9.

AVG__Lum_FRAME=Total sum of AVG_Lum__BL of

each block/Total block number 9

[0066] When the average luminance value AVG_Lum_BL
of each block and the average luminance value AVG_Lum_
Frame of all the frames are calculated at step S140, the opti-
mal block number is determined for comparing with the aver-
age luminance values of the blocks of other frames and the
corresponding optimal blocks are selected, at the determining
and selecting the optimal block number (S150).

[0067] FIG. 4 is a graph of the optimal block number
according to the average luminance value of the frame.
[0068] Referring to FIG. 4, the luminance value of the
ultrasonic image is divided into 1 to 255 levels and the opti-
mal block number to be compared with the optimal blocks of
other frames is determined according to the average lumi-
nance value AVG_Lum_FRAME of the analyzed frame.
[0069] Determining the optimal block number is difficultto
extract or identify the contours of the ultrasonic images when
the ultrasonic image is too dark due to too small average
luminance value AVG_Lum_FRAME or the ultrasonic of the
analyzed frame is too bright due to too large average lumi-
nance value AVG_Lum_FRAME of the analyzed frame.
[0070] Therefore, when comparing the optimal blocks of
the analyzed frame and the remaining frame, it is possible to
more accurately estimate the acoustic velocity by comparing
several optimal blocks than comparing only one optimal
block of each frame.

[0071] However, it may take a long time when comparing a
lotof optimal blocks in order to accurately estimate the acous-
tic velocity.
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[0072] Therefore, in order to accurately and rapidly esti-
mate the acoustic velocity, the optimal block number is deter-
mined for comparing with other frames by using the graph of
the optimal block number according to the luminance value as
shown in FIG. 4.

[0073] The optimal block number Block_Number is calcu-
lated by multiplying the average luminance value AVG_
Lum_FRAME of the analyzed frame by coefficient K as
represented by Equation 10.

Block_Number=AVG_Lum_FRAMExK (10)

[0074] In Equation 10, K is any coefficient set by the user.
K may be variably set according to the ultrasonic diagnosis
apparatus.

[0075] In detail, when it is assumed that the ultrasonic
image is the clearest in the default luminance region shown in
FIG. 4, more optimal blocks are needed as the average lumi-
nance value AVG_Lum_FRAME of the analyzed frame is
away from the default luminance regions.

[0076] Forexample, if two optimal blocks are needed in the
default luminance region, 5 or less optimal blocks are needed,
when the average luminance value AVG_Lum_Frame of the
analyzed frame is in the range of 70 to 185 levels and 5 to 9
optimal blocks are needed when the average luminance value
AVG_Lum_FRAME of the analyzed frame is in the range of
35to 70 levels or 185 to 227 levels.

[0077] As such, when the optimal block number is deter-
mined according to the average luminance value AVG_Lum_
FRAME of the analyzed frame, the optimal blocks for com-
paring with other frames is selected as many as the selected
optimal block number in a to sequence of the largest value
among the average luminance value AVG_Lum_BL of each
block calculated in step S140.

[0078] For example, when the optimal block number is
determined to be 3, 3 blocks are selected in a sequence of the
largest value among average luminance value AVG_Lum_BL
of each block calculated at step S140.

[0079] When the optimal block number is determined
according to the average luminance value AVG_Lum_
FRAME of the analyzed frame at step S150 and the corre-
sponding optimal blocks are selected, the optimal frame is
selected at the selecting the following optimal frame (S160)
to estimate the acoustic velocity of the optimal frame as the
real acoustic velocity of the ultrasonic image.

[0080] Indetail, the frame corresponding to the blocks hav-
ing the maximum luminance value is selected as the optimal
frame by comparing blocks corresponding to the optimal
blocks selected at step S150 for each frame to detect the
optimal blocks having the maximum luminance value.
[0081] When the optimal frame is selected at step S160, the
real acoustic velocity of the object of which the acoustic
velocity of the optimal frame will be diagnosed at step S170
is estimated, which is applied to the ultrasonic diagnosis
apparatus.

[0082] Meanwhile, the ultrasonic diagnosis apparatus
using the method for estimating the acoustic velocity of the
ultrasonic image as described above will be described below.
[0083] FIG. 5 is a block configuration diagram of an ultra-
sonic diagnosis apparatus according to an embodiment of the
present invention.

[0084] Referring to FIG. 5, an ultrasonic diagnosis appara-
tus 1 according to an embodiment of the present invention is
configured to include an ultrasonic probe 12, an ultrasonic
receiver 14, a beam focusing unit 16, an image processor 18,
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anacoustic determining unit 20, a storage unit 22, an interface
26, a data output unit 24, an ultrasonic transmitter 28, and a
controller MCU 30.

[0085] The ultrasonic probe 12 emits the ultrasonic wave
having a predetermined acoustic velocity into the human
body of the subject and receives the ultrasonic wave (herein-
after, referred to as ‘reflected wave’) reflected from the tissue
of the human body of the subject.

[0086] In detail, the ultrasonic probe 12 reflects, scatters,
and transmits the ultrasonic wave transmitted therefrom
depending on the various types of vehicles of the tissue of the
human body when the ultrasonic wave contacts the tissue of
the human body of the subject. At this time, the ultrasonic
probe 12 receives the reflected wave returned by being
returned from the tissue in the human body.

[0087] As such, in order to transmit and receive the ultra-
sonic wave into and from the human body of the subject
through the ultrasonic probe 12, an ultrasonic transmitter 28
and an ultrasonic receiver 14 that converts ultrasonic waves
into electric signals and electric signals into ultrasonic waves
are needed.

[0088] The ultrasonic transmitter 28 generates the electric
signals (hereinafter, referred to as ‘transmitting signal’) hav-
ing a predetermined acoustic velocity according to a control
signal from a controller 30 and converts the transmitting
signals into the ultrasonic beam into ultrasonic beams to be
emitted to the human body of the subject and transmits them
to the ultrasonic probe 12.

[0089] The ultrasonic transmitter 28 is configured to
include a transmitting beam former (not shown) that converts
the transmitting signals into ultrasonic beams.

[0090] The transmitting signal is a transmitting signal hav-
ing the preset acoustic velocity according to the control of the
controller 30 or a transmitting signal having the optimal
acoustic velocity determined by estimating the real acoustic
velocity of the reflected wave.

[0091] The ultrasonic receiver 14 emits the ultrasonic beam
generated from the ultrasonic transmitter 28 to the human
body of the subject through the ultrasonic probe 12, receives
the reflected waves from the tissue in the human body of the
subject, and transfers them to the beam focusing unit 16.
[0092] The ultrasonic receiver 14 is configured to include a
receiving beam former (not shown) that converts the reflected
wave received from the ultrasonic probe 12 into the electric
signals (hereinafter, referred to as ‘received signal’).

[0093] The beam focusing unit 16 focuses the received
signals and transmits them to the image processor 18.
[0094] Theimage processor 18 generates and processes the
ultrasonic images based on the received signals through the
beam focusing unit 16.

[0095] FIG. 6 is a detailed block configuration diagram of
an image processor shown in FIG. 5.

[0096] Referring to FIG. 6, the image processor 18 is con-
figured to include an image extracting module 184 and an
image generating module 184.

[0097] The image extracting module 18a divides the
received signal having the predetermined acoustic velocity
focused from the beam focusing unit 16 into a plurality of
received signals to extract each image signal.

[0098] For the convenience of explanation, in the present
invention, it is assumed that the ultrasonic image signals of 20
frames are extracted from 20 received signals and the image
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generating module 185 generates the ultrasonic images of 20
frames based on 20 image signals extracted from the image
extracting module 18a.

[0099] The generated ultrasonic images of 20 frames are
stored in a storage unit 22 in a look-up table 22a through a
memory controller 30a of the controller 30.

[0100] The acoustic velocity determining unit 20 uses the
plurality of ultrasonic images to estimate the real acoustic
velocity of the reflected wave from the tissue in the human
body in real time and to determine the optimal acoustic veloc-
ity.

[0101] To this end, the acoustic velocity determining unit
20 is operated in two operating modes.

[0102] A first operating mode, which is an optimal block
selecting mode, divides one of the ultrasonic images of mul-
tiple frames into a plurality of blocks to extract the contours of
the ultrasonic images of each block and analyzes the lumi-
nance values of each block to determine the optimal block
number, thereby selecting the optimal blocks.

[0103] The second operating mode, which is an optimal
frame selecting mode, applies the optimal block position as
the same as the optimal block position selected from the first
operating mode to the remaining frame to compare the aver-
age luminance values of the optimal blocks of each frame,
thereby finally selecting the frame corresponding to the opti-
mal blocks having the maximum luminance values as the
optimal frame.

[0104] The acoustic determining unit 20 estimates the
acoustic velocity of the optimal frame finally selected by the
first and second operating modes as the real acoustic velocity
and applies it to the ultrasonic diagnosis apparatus 1 accord-
ing to the present invention.

[0105] FIG. 7 is a detailed block configuration diagram of
an acoustic velocity determining unit shown in FIG. 5.
[0106] Referring to FIG. 7, the acoustic velocity determin-
ing unit 20 is configured to include an image dividing module
20a, a contour extracting module 205, an image analyzing
module 20¢, an image comparing module 204, and an acous-
tic velocity determining module 20e.

[0107] First, the operation of the above-mentioned compo-
nents at the first operating mode will be described below.
[0108] Theimage dividing module 20a reads the ultrasonic
images of 20 frames stored in the storage unit 22 and then,
crops the required ultrasonic image portions, respectively.
[0109] During the cropping, the predetermined region may
be set so that relevant images are manually cropped by the
user or the images of a specific portion are automatically
cropped.

[0110] Thereafter, the ultrasonic images of 20 frames, each
of'which is cropped, are divided into a plurality of blocks (for
example, NxM) for each frame.

[0111] The contour extracting module 205 applies the dif-
ference image filter of the LxL pixels (for example, 3x3
pixels)to 25 blocks divided by the image division module 20a
to calculate the luminance value for all the pixels of each
block, thereby extracting the contours.

[0112] The image analyzing module 20¢ calculates the
average luminance values AVG_Lum_BL of each block to
digitize and analyze the ultrasonic images of each block when
the contour extraction of each block is completed.

[0113] The average luminance values AVG_Lum_BL are
calculated by dividing the total sum of the pixel luminance of
each block by the total pixel number of each block and is
stored in a lookup table 22a of the storage unit 22.
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[0114] Thereby, the average luminance values AVG_Lum_
BL of each block may be extracted in ascending order or
descending order.

[0115] In addition, the average luminance value AVG_
Lum_FRAME ofthe analyzed to frame is calculated by divid-
ing the total sum of the average luminance values AVG_Lum_
BL of each block of the analyzed frame by the total block
number of the analyzed frame and is also stored in the lookup
table 22a of the storage unit 22.

[0116] The image comparing module 204 determines the
optimal block number by using the graph representing the
optimal block number according to the average luminance
value AVG_Lum_FRAME of the frame and determines the
optimal block number to be compared with the block of the
remaining frame according to the average luminance value
AVG_Lum_Frame of the analyzed frame calculated in the
image analyzing module 20c.

[0117] When the optimal block number is determined, the
optimal blocks are selected as many as the optimal block
number determined in a sequence of the largest value among
the average luminance values AVG_Lum_BL of each block
calculated in the image analyzing module 20c.

[0118] When the optimal blocks of the analyzed frame are
selected by the above-mentioned process, the blocks having
the maximum luminance value are extracted by comparing
the optimal blocks at the same position even in the case of the
remaining frame.

[0119] The acoustic velocity determining module 20e
selects the frame corresponding to the blocks having the
maximum luminance value extracted from the image com-
paring module 204 as the optimal frame and estimates the
acoustic velocity of the optimal frame as the real acoustic
velocity of the reflected wave from the diagnosis object and
again applies it to the ultrasonic diagnosis apparatus 1 accord-
ing to the present invention.

[0120] Referring back to FIG. 1, the storage unit 22 stores
the ultrasonic images of the plurality of frames generated by
the image processor 18 and the acoustic velocity determining
unit 20, the average luminance value AVG_Lum_FRAME of
each frame, the average luminance value AVG_Lum_BL of
each block of frames, etc. In addition, the data are prepared in
the form of the lookup table 22a, which may be stored in the
storage unit 22.

[0121] The data output unit 24 estimates the real acoustic
velocity according to the tissue of the human body in the
acoustic velocity determining unit 20 in real time and outputs
the ultrasonic images having the determined optimal acoustic
velocity.

[0122] The interface 26 transfers the control signals to the
ultrasonic transmitter 28 to according to the control of the
controller 30.

[0123] Two control signals are transmitted to the ultrasonic
transmitter 28 from the controller 30 through the interface 26.
[0124] One is a control signal to allow the ultrasonic trans-
mitter 28 to generate the transmitting signals as the preset
acoustic velocity in the controller 30 and the other is a control
signal to allow the ultrasonic transmitter 28 to generate the
transmitting signals as the optimal acoustic velocity deter-
mined from the acoustic velocity determining unit 20.
[0125] The controller 30 generally controls the ultrasonic
diagnosis apparatus 1 according to an exemplary embodi-
ment of the present invention.
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[0126] The controller 30 generates the transmitting signals
according to the control signal and converts them into the
ultrasonic beams, thereby emitting the ultrasonic beams to the
objects.

[0127] The controller 30 receives the reflected waves
returned by reflecting the ultrasonic beam from the objects.
[0128] In addition, the controller 30 performs a control to
divide and extract the received reflected wave into a prede-
termined unit (for example, 10 m/s) of the acoustic velocity
thereof and converts them into the plurality of received sig-
nals and generate and store the ultrasonic images of the plu-
rality of frames from the plurality of received signals.
[0129] Thereafter, the controller 30 performs a control
determine the blocks as the same position of the optimal
blocks as the optimal blocks of the plurality of frames to
select the optimal frame and estimate the acoustic velocity of
the optimal frame as the real acoustic velocity of the reflected
waves to determine it as the optimal acoustic velocity, after
selecting the optimal blocks from any one frame among the
ultrasonic images of the plurality of frames.

[0130] As described above, the method for estimating the
acoustic velocity of the ultrasonic images and the ultrasonic
diagnosis apparatus using the same according to the exem-
plary embodiment of the present invention compares and
provides only the predetermined optimal blocks in a sequence
of the largest luminance value without comparing all the
ultrasonic images in order to estimate the real acoustic veloc-
ity of the ultrasonic images, thereby to making it possible to
estimate the acoustic velocity of the ultrasonic images in real
time.

[0131] The present invention can more rapidly and accu-
rately estimate the acoustic velocity by dividing the ultrasonic
images and defining the analysis regions in the entire ultra-
sonic images.

[0132] Inaddition, the present invention can obtain higher-
definition ultrasonic images by applying the estimated acous-
tic velocity to the ultrasonic diagnosis apparatus in real time.
[0133] Although the embodiments of the present invention
has been disclosed for illustrative purposes, those skilled in
the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the
scope and spirit of the invention. Accordingly, such modifi-
cations, additions and substitutions should also be understood
to fall within the scope of the present invention.

What is claimed is:

1. A method for estimating acoustic velocity of an ultra-

sonic image, comprising:

(A) dividing each of the ultrasonic images of a plurality of
input frames into a plurality of blocks;

(B) extracting contours of ultrasonic images corresponding
to each block divided into a plurality of blocks for one
frame among the ultrasonic images of the plurality of
divided frames;

(C) calculating and analyzing average luminance values of
each block in order to select the optimal blocks in a
sequence of blocks having the maximum luminance
value among average luminance values of each block
when the contour extraction for each block is completed;

(D) determining the optimal block number according to the
average luminance of the analyzed frames by calculat-
ing the average luminance values of the analyzed frames
using the average luminance values of each analyzed
block and selecting the optimal blocks as many as the
optimal block number; and
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(E) selecting, as the optimal frame, the frame correspond-
ing to the optimal blocks having the maximum lumi-
nance value among the optimal blocks of each frame
after comparing the selected optimal blocks with the
optimal blocks of the remaining frames and estimating
and applying acoustic velocity of the optimal frame as
the real acoustic velocity.

2. The method for estimating acoustic velocity of an ultra-
sonic image as set forth in claim 1, wherein step (B) extracts
the contours of the ultrasonic images of each block by apply-
ing a difference image filter to each block to calculate the
luminance values of each pixel for each block.

3. The method for estimating acoustic velocity of an ultra-
sonic image as set forth in claim 2, wherein the difference
image filter applied to each block calculates the absolute
value of the difference of the luminance value between the
pixels adjacent to one pixel to determine the maximum abso-
lute value among the absolute values as the luminance value
of the one pixel.

4. The method for estimating acoustic velocity of an ultra-
sonic image as set forth in claim 1, wherein step (C) calculates
the average luminance values of each block by dividing the
total sum of the luminance values of each pixel for each block
by the total pixel number of each block.

5. The method for estimating acoustic velocity of an ultra-
sonic image as set forth in claim 1, wherein step (D) includes:

(D-1) calculating the average luminance values of the ana-
lyzed frames by using the average luminance values of
each analyzed block;

(D-2) determining the optimal block number according to
the average luminance values of the analyzed frames;
and

(D-3) selecting the optimal blocks as many as the deter-
mined optimal block number in an order of the maxi-
mum luminance value among the average luminance
values of each block.

6. The method for estimating acoustic velocity of an ultra-
sonic image as set forth in claim 5, wherein step (D-1) calcu-
lates the average luminance values of the analyzed frames by
dividing the total sum of the average luminance values of each
analyzed block by the total block number of the analyzed
frames.

7. The method for estimating acoustic velocity of an ultra-
sonic image as set forth in claim 1, wherein step (E) includes:

(E-1) comparing the selected optimal blocks with the opti-
mal blocks of the remaining frames;

(E-2) selecting the frame corresponding to the optimal
blocks having the maximum luminance values among
the optimal blocks of each frame as the optimal frame;
and

(E-3) estimating and applying the acoustic velocity of the
optimal frame as the real acoustic velocity.

8. An ultrasonic diagnosis apparatus, comprising:

anultrasonic transmitter that generates transmitting signals
according to a control signal and converts the transmit-
ting signals into ultrasonic beams;

an ultrasonic probe that emits the ultrasonic beams to
objects and receives reflected waves returned from the
objects;

an ultrasonic receiver that converts the reflected wave into
electric signals to generate the received signals;

an image processor that divides and extracts the received
signals into a plurality of acoustic velocities and gener-
ates the ultrasonic images of the plurality of frames;

an acoustic velocity determining unit that divides ultra-
sonic images of one frame among the ultrasonic images
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of the plurality of frames generated from the image
processor into the plurality of blocks to extract contours,
analyzes the luminance values of each block to deter-
mine the optimal block number, and selects the optimal
frame by selecting the optimal blocks as many as the
optimal block number and applying them to the remain-
ing frame to estimate the acoustic velocity of the optimal
frame as the real acoustic velocity of the reflected wave;
and

a controller that performs a control to generate the ultra-
sonic image control signal, generate the ultrasonic beam
according to the control signal and receive the reflected
wave of the emitted ultrasonic beam to generate the
ultrasonic images of the plurality of frames, divide the
ultrasonic image of one frame among the ultrasonic
images of the plurality of generated ultrasonic images
into a plurality of blocks to extract contours, analyze the
luminance values of each block to determine the optimal
block number, and select the optimal frame by selecting
the optimal blocks as many as the optimal block number
and applying them to the remaining frame to estimate
the acoustic velocity of the optimal frame as the real
acoustic velocity of the reflected wave.

9. The ultrasonic diagnosis apparatus as set forthin claim 8,
further comprising a data output unit outputting the ultrasonic
images.

10. The ultrasonic diagnosis apparatus as set forth in claim
8, wherein the image processor includes:

an image extracting module that divides the received sig-
nals into the plurality of acoustic velocity to extract the
plurality of image signals; and

an image generating module that generates the ultrasonic
images of the plurality of frames based on the plurality
of images signals.

11. The ultrasonic diagnosis apparatus as set forth in claim

8, wherein the acoustic velocity determining unit includes:
an image dividing module that divides the ultrasonic
images of one frame of the ultrasonic images of the
plurality of frames generated from the image processor
into the plurality of blocks;

a contour extracting module that extracts the contours of
the ultrasonic images of each block by applying the
difference image filter to the ultrasonic images of each
block of one of the plurality of frames to calculate the
luminance values for each pixel of each block;

an image analyzing module that calculates the average
luminance values of each block to digitize and analyze
the ultrasonic images of each block when the contour
extraction of each block is completed;

an image comparing module that determines the optimal
block number according to the average luminance value
of the analyzed frames to select the optimal blocks as
many as the determined optimal block number in an
order of the largest value among the average luminance
values of each block and compares the optimal blocks of
each frame by applying the positions of the optimal
blocks to the remaining frames to select the optimal
blocks having the maximum luminance value; and

an acoustic velocity determining module that selects the
frame corresponding to the optimal blocks having the
maximum luminance values as the optimal frame to
estimate the selected optimal frame as the real acoustic
velocity of the reflected wave.
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