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7) 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 ofan 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.

9 Claims, 5 Drawing Sheets

START

CROP ULTRASONIC IMAGE 8110
v
DIVIDE ULTRASONIC IMAGE | 5120
)
EXTRACT CONTOUR - S130
v
ANALYZE BLOCK |~ S140
DETERMINE OPTIMAL BLOCK NUMBER | _ 5150
AND SELECT OPTIMAL BLOCK
v
SELECT OPTIMAL FRAME 5160
v
BSTIMATE ACOUSTIC VELOCITY |~ 5170




U.S. Patent Apr.22,2014  Sheet 1 of 5 US 8,702,608 B2

FIG.1

START

CROP ULTRASONIC IMAGE S110

DIVIDE ULTRASONIC IMAGE S120

EXTRACT CONTOUR S130

ANALYZE BLOCK S140

DETERMINE OPTIMAL BLOCK NUMBER
AND SELECT OPTIMAL BLOCK

S150

SELECT OPTIMAL FRAME 5160

ESTIMATE ACOUSTIC VELOCITY S170

END



U.S. Patent Apr.22,2014  Sheet2 of 5 US 8,702,608 B2

FIG.2

o

=

=
el KN
=5 |6+
zJ |EE
CL |z
+ |85
2 |2
Q<! 7
E| O
[#p] ol
1} 1}

, POSITION_H1
L2345 =START+ INC_HEIGHT
N , POSITION_H2
6 718|910 =POSITION H1+INC_HEIGHT
11112113 14 | 1a
16 | 17| 18 | 19 | 20

» CROPPED ULTRASONIC IMAGE




U.S. Patent Apr.22,2014  Sheet 3 of 5 US 8,702,608 B2

FIG.3

Pl | P2 | P3

P4 R | P6

P7 | P8 | P9

FIG.4

SELECT_BLOCK_N=AVG_Lum_FRAMEXK

11
9 SELECT_BLOCK_2=AVG_Lum_FRAMExK
5 VG T PRk
? [
33 70 127 185 227
«— DIVISION REGION —— DEFAULT —— DIVISION REGION —»

0 SELECTION INCREASE ~ LUMINANCE  SELECTION INCREASE 253



U.S. Patent

12

Apr. 22,2014

FIG

14
§

Sheet 4 of 5

US 8,702,608 B2

.5

10

e

16
§

ULTRASONIC -
RECEIVER I—» BEAM FOCUSING UNIT
ULTRASONIC
PROBE
ULTRASONIC | e
TRANSMITTER
30 18
( v ok
|<—> TMAGE
~J INTERFACE -
& CONTROLLER PROCESSOR
(MCU)
ACOUSTIC
“ DAT‘%S}JTTPUTI MEMORY VELOCITY
CONTROLLER DETERMINING
30a 1= UI\SIT
20
__| sToraGe | oo
22~ "tarr | MT
FIG.6
18
{
IMAGE EXTRACTING 182
MODULE

'

IMAGE GENERATING 18b
MODULE




U.S. Patent Apr.22,2014  Sheet 5 of 5 US 8,702,608 B2

IMAGE DIVIDING MODULE 20a

CONTOUR EXTRACTING

MODULE 2Ub

IMAGE ANALYZING MODULE 20c

IMAGE COMPARING MODULE 20d

ACOUSTIC VELOCITY

DETERMINING MODULE 20e




US 8,702,608 B2

1

METHOD FOR ESTIMATING ACOUSTIC
VELOCITY OF ULTRASONIC IMAGE AND
ULTRASONIC DIAGNOSIS APPARATUS
USING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

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

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to a method for estimating
acoustic velocity of an ultrasonic image and an ultrasonic
diagnosis apparatus using the same.

2. Description of the Related Art

Anultrasonic diagnosis apparatus is one of the most impor-
tant diagnosis apparatuses, which are being used in various
fields. In particular, the ultrasonic diagnosis apparatus has
been widely used in the medical field due to its noninvasive
and nondestructive characteristics to objects. Recently, a
high-performance ultrasonic system is used to generate 2-di-
mensional or 3-dimensional images of the inside of objects.

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

The generated ultrasonic image can be generated by propa-
gating 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.

In the prior art, the ultrasonic diagnosis apparatus genet-
ates the ultrasonic images by operating the above-mentioned
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 ofthe tissue in the human body. However, the
tissue in the human body has inherent acoustic velocity
according to each vehicle.

For this reason, a difference between the real acoustic
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.

Therefore, as the difference between the real acoustic
velocities in different types of tissue of the human body and
the assumed acoustic velocities is increased, the difference
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.

Therefore, in order to obtain higher-definition ultrasonic
images for a more accurate diagnosis, there is a need to more
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SUMMARY OF THE INVENTION

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

According to an embodiment of the present invention,
there is provided a method for estimating acoustic velocity of
an ultrasonic image, including: (A) dividing each of the ultra-
sonic images of a plurality of input frames into a plurality of
blocks; (B) extracting contours of ultrasonic images corre-
sponding 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.

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.

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 absolute value among the absolute values as the
luminance value of the one pixel.

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.

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 lumi-
nance values of each block.

Step (D-1) calculates 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.

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 optimal blocks hav-
ing the maximum luminance values among the optimal
blocks of each frame as the optimal frame; and (E-3) estimat-
ing and applying the acoustic velocity of the optimal frame as
the real acoustic velocity.

According to an embodiment of the present invention,
there is provided an ultrasonic diagnosis apparatus, includ-
ing: an ultrasonic transmitter that generates transmitting sig-
nals 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
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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
frameto estimate the acoustic velocity of the optimal frame as
the real acoustic velocity of the reflected wave.

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

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.

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
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 acous-
tic velocity determining module that selects the frame corre-
sponding to the optimal blocks having the maximum lumi-
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

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-
ing to an embodiment of the present invention;

FIG. 3 is a diagram for explaining a difference image filter
according to an embodiment of the present invention;
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FIG. 4 is a diagram for explaining a method for determin-
ing the optimal block number according to an average lumi-
nance value of a frame according to an embodiment of the
present invention;

FIG. 5 is a block configuration diagram of an ultrasonic
diagnosis apparatus according to an embodiment of the
present invention;

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

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

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Various features and advantages of the present invention
will be more obvious from the following description with
reference to the accompanying drawings.

Terms or words used in the specification and claims herein
should be not construed as a general and lexical meaning 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.

The above and other objects, features and advantages 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 adding ref-
erence numerals to components throughout the drawings, it is
to be noted that like reference numerals designate like com-
ponents even though components are shown in different
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.

Hereinafter, preferred embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

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.

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 dia-
gram schematically showing a method for dividing ultrasonic
images into a plurality of blocks according to an embodiment
of the present invention, and FIG. 3 is a diagram for explain-
ing a difference image filter according to an embodiment of
the present invention.

Referring to FIG. 1, a method for estimating acoustic
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).

At the cropping the ultrasonic images (S110), the ultra-
sonic images are cropped to have a predetermined size.

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 similarly applied
to the ultrasonic images of 20 frames.
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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 auto-
matic mode, it automatically crops portions to be cropped by
previously setting them at the time of design.

The cropped ultrasonic images are divided into a plurality
of blocks (for example, NxM) at the dividing the ultrasonic
images (5120).

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 numbered.

In this case, the width and height of each block are calcu-
lated 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 sizelM 2

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.

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 num-
ber.

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.

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 following Equa-
tions (3-1) to (3-m) and (4-1) to (4-n).

POSITION_W1 = START + INC_ W

POSITION_W2 = POSITION W1+INC W

POSITION_Wm = POSITION_Wm- 1+ INC_W (3-m)

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_HI1 = START + INC_H

POSITION_H2 = POSITION_H1 + INC_H

POSITION_Hn=POSITION_Hn- 1 +INC_H (4-n)

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.

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
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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 calculated
by again adding the height INC_H and the width INC_W of
each block to the calculated division positions POSI-
TION_W1 and POSITION_H1.

Further, step S120 is similarly applied to the ultrasonic
images of 20 frames.

Each block divided into a plurality of blocks at step S120
extracts contours of the ultrasonic images corresponding to
each block at the extracting the contours (5130).

Inthis 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.

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.

In the difference image filter of the 3x3 pixels, aluminance
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.

For example, the absolute values of the luminance differ-
ence between the pixels P1 to P9 adjacent to the pixel R may
be obtained according to the following Equations (5) to (7).

Absolute value 1=ILuminance 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

™

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

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
calculated, such that the contours of the ultrasonic images
corresponding to block 1 may be extracted.

In addition, the luminance values for each pixel are con-
tinuously added and accumulated while the difference image
filter of the 3x3 pixels is applied to block 1.

The contour extraction is performed by applying the dif-
ference image filter of the 3x3 pixels to all the blocks divided
up to the remaining blocks 2 to 25 according to the foregoing
mannet.

Further, step S130 is similarly applied to the ultrasonic
images of 20 frames.

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.

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 contour
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)

The average luminance value AVG_Lum_BL ofeachblock
is calculated by applying Equation 8 to all of the divided
blocks.
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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 following
Equation 9.

AVG_ Lum FRAME=Total sum of AVG Lum_ BL of

each block/Total block number 9

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 optimal block
number is determined for comparing with the average lumi-
nance values of the blocks of other frames and the corre-
sponding optimal blocks are selected, at the determining and
selecting the optimal block number (S150).

FIG. 4 is a graph of the optimal block number according to
the average luminance value of the frame.

Referring to FIG. 4, the luminance value of the ultrasonic
image is divided into 1 to 255 levels and the optimal block
number to be compared with the optimal blocks of other
frames is determined according to the average luminance
value AVG_Lum_FRAME of the analyzed frame.

Determining the optimal block number is difficult to
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.

Therefore, when comparing the optimal blocks of the ana-
lyzed frame and the remaining frame, it is possible to more
accurately estimate the acoustic velocity by comparing sev-
eral optimal blocks than comparing only one optimal block of
each frame.

However, it may take a long time when comparing a lot of
optimal blocks in order to accurately estimate the acoustic
velocity.

Therefore, in order to accurately and rapidly estimate the
acoustic velocity, the optimal block number is determined for
comparing with other frames by using the graph of the opti-
mal block number according to the luminance value as shown
in FIG. 4.

The optimal block number Block_Number is calculated by
multiplying the average luminance value AVG_Lum_
FRAME of the analyzed frame by coefficient K as repre-
sented by Equation 10.

Block Number=AVG_Lum_FRAMExX 10y

In Equation 10, K is any coefficient set by the user. K may
be variably set according to the ultrasonic diagnosis appara-
tus.

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 luminance
value AVG_Lum_FRAME of the analyzed frame is away
from the default luminance regions.

For example, 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
35 to 70 levels or 185 to 227 levels.

As such, when the optimal block number is determined
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
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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.

For example, when the optimal block number is deter-
mined 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.

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 corresponding optimal
blocks are selected, the optimal frame is selected at the select-
ing the following optimal frame (S160) to estimate the acous-
tic velocity of the optimal frame as the real acoustic velocity
of the ultrasonic image.

In detail, the frame corresponding to the blocks having 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.

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 esti-
mated, which is applied to the ultrasonic diagnosis apparatus.

Meanwhile, the ultrasonic diagnosis apparatus using the
method for estimating the acoustic velocity of the ultrasonic
image as described above will be described below.

FIG. 5 is a block configuration diagram of an ultrasonic
diagnosis apparatus according to an embodiment of the
present invention.

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

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 (hereinafter, referred
to as ‘reflected wave’) reflected from the tissue of the human
body of the subject.

In detail, the ultrasonic probe 12 reflects, scatters, and
transmits the ultrasonic wave transmitted therefrom depend-
ing 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.

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

The ultrasonic transmitter 28 generates the electric signals
(hereinafter, referred to as ‘transmitting signal’) having 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 ultra-
sonic probe 12.

The ultrasonic transmitter 28 is configured to include a
transmitting beam former (not shown) that converts the trans-
mitting signals into ultrasonic beams.

The transmitting signal is a transmitting signal having the
preset acoustic velocity according to the control of the con-
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troller 30 or a transmitting signal having the optimal acoustic
velocity determined by estimating the real acoustic velocity
of the reflected wave.

The ultrasonic receiver 14 emits the ultrasonic beam gen-
erated 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.

The ultrasonic receiver 14 is configured to include a receiv-
ing 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’).

The beam focusing unit 16 focuses the received signals and
transmits them to the image processor 18.

The image processor 18 generates and processes the ultra-
sonic images based on the received signals through the beam
focusing unit 16.

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

Referring to FIG. 6, the image processor 181s configured to
include an image extracting module 18a and an image gen-
erating module 185.

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.

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

The generated ultrasonic images of 20 frames are stored in
a storage unit 22 in a look-up table 224 through a memory
controller 30a of the controller 30.

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 velocity.

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

A first operating mode, which is an optimal block selecting
mode, divides one of the ultrasonic images of multiple frames
into a plurality of blocks to extract the contours of the ultra-
sonic images of each block and analyzes the luminance values
of each block to determine the optimal block number, thereby
selecting the optimal blocks.

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.

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 according to
the present invention.

FIG. 7 1s a detailed block configuration diagram of an
acoustic velocity determining unit shown in FIG. 5.

Referring to FIG. 7, the acoustic velocity determining 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 acoustic veloc-
ity determining module 20e.
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First, the operation of the above-mentioned components at
the first operating mode will be described below.

The image 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.

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.

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.

The contour extracting module 205 applies the difference
image filter of the LxL pixels (for example, 3x3 pixels) to 25
blocks divided by the image division module 204 to calculate
the luminance value for all the pixels of each block, thereby
extracting the contours.

The image analyzing module 20c¢ 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.

The average luminance values AVG_Lum_BL are calcu-
lated 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 224 of the storage unit 22.

Thereby, the average luminance values AVG_Lum_BL of
each block may be extracted inascending order or descending
order.

In addition, the average luminance value AVG_Lum_
FRAME of the analyzed to frame is calculated by dividing 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 224
of the storage unit 22.

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 analyz-
ing module 20c¢.

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 cal-
culated in the image analyzing module 20c.

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.

The acoustic velocity determining module 20e selects the
frame corresponding to the blocks having the maximum
luminance value extracted from the image comparing module
20d 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 according to the
present invention.

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 224, which may be stored in the
storage unit 22.
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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.

The interface 26 transfers the control signals to the ultra-
sonic transmitter 28 to according to the control of the con-
troller 30.

Two control signals are transmitted to the ultrasonic trans-
mitter 28 from the controller 30 through the interface 26.

One is a control signal to allow the ultrasonic transmitter 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 transmit-
ting signals as the optimal acoustic velocity determined from
the acoustic velocity determining unit 20.

The controller 30 generally controls the ultrasonic diagno-
sis apparatus 1 according to an exemplary embodiment of the
present invention.

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.

The controller 30 receives the reflected waves returned by
reflecting the ultrasonic beam from the objects.

In addition, the controller 30 performs a control to divide
and extract the received reflected wave into a predetermined
unit (for example, 10 m/s) of the acoustic velocity thereof and
converts them into the plurality of received signals and gen-
erate and store the ultrasonic images of the plurality of frames
from the plurality of received signals.

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 deter-
mine it as the optimal acoustic velocity, after selecting the
optimal blocks from any one frame among the ultrasonic
images of the plurality of frames.

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 exemplary embodi-
ment 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 velocity of the ultrasonic
images, thereby to making it possible to estimate the acoustic
velocity of the ultrasonic images in real time.

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

In addition, the present invention can obtain higher-defini-
tion ultrasonic images by applying the estimated acoustic
velocity to the ultrasonic diagnosis apparatus in real time.

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 sub-
stitutions are possible, without departing from the scope and
spirit of the invention. Accordingly, such modifications, addi-
tions 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;
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(B) extracting contours of the ultrasonic images corre-
sponding to each of the plurality of blocks foreach ofthe
frames;

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

(D)determining the number of optimal blocks according to
the average luminance of each of the frames by calcu-
lating the average luminance values of each of the
frames using the average luminance values of each ana-
lyzed block and selecting the optimal blocks as many as
the number of optimal blocks; and

(E) selecting, as an optimal frame, a frame corresponding
to the optimal block having a 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
acoustic velocity of the optimal frame as the real acous-
tic velocity,

wherein step (D) includes:

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

(D-2) determining the number of optimal blocks accord-
ing to the average luminance values of the frames, and

(D-3) selecting the optimal blocks as many as the num-
ber of optimal blocks in an order of the maximum
luminance value among the average luminance values
of each block.

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 number of pixels of each block.

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

6. The method for estimating acoustic velocity of an ultra-
sonic image as set forthin 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.
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7. An ultrasonic diagnosis apparatus, comprising:

an ultrasonic 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 a plurality of frames;

an acoustic velocity determining unit that divides each of
the ultrasonic images of the frames generated from the
image processor into a plurality of blocks to extract
contours, analyzes the luminance values of each of the
blocks for each of the frames to determine the number of
optimal blocks, and selects an optimal frame by select-
ing the optimal blocks as many as the number of optimal
blocks and applying them to the remaining frames 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 an ultra-
sonic image control signal, generates the ultrasonic
beam according to the control signal, and receives the
reflected wave of the emitted ultrasonic beam to gener-
ate the ultrasonic images of the plurality of frames,
divides each of the ultrasonic images of the frames into
the plurality of blocks to extract contours, analyzes the
luminance values of each of the blocks to determine the
number of optimal blocks, and selects an optimal frame
by selecting the optimal blocks as many as the number of
optimal blocks and applying them to the remaining
frames to estimate the acoustic velocity of the optimal
frame as the real acoustic velocity of the reflected wave,

10
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wherein the acoustic velocity determining unit includes:

an image dividing module that divides the ultrasonic
images of each of the 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 of the blocks by applying
the difference image filter to the ultrasonic images of
each block of each of the plurality of frames to calculate
the luminance values for each pixel of each block,

an image analyzing module that calculates average lumi-

nance 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 number of

optimal blocks according to the average luminance
value of the frames to select the optimal blocks as many
as the number of optimal blocks 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 block having the
maximum luminance value, and

an acoustic velocity determining module that selects the

frame corresponding to the optimal block having the
maximum luminance value as the optimal frame to esti-
mate the selected optimal frame as the real acoustic
velocity of the reflected wave.

8. The ultrasonic diagnosis apparatus as set forthinclaim 7,
further comprising a data output unit outputting the ultrasonic
images.

9. The ultrasonic diagnosis apparatus as set forthinclaim 7,
wherein the image processor includes:

an image extracting module that divides the received sig-

nals 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.
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