US008861821B2

a2 United States Patent (10) Patent No.: US 8,861,821 B2
Osumi 45) Date of Patent: Oct. 14, 2014
(34) ULTRASOUND DIAGNOSIS APPARATUS (56) References Cited
(75) Inventor: Ryota Osumi, Nasushiobara (JP) U.S. PATENT DOCUMENTS
(73)  Assignees: Kabushiki Kaisha Toshiba, Tokyo (JP); 5,976,088 A * 111999 Urbanoetal. oo 600/443
Toshiba Medical Systems Corporation, (Continued)
Otawara-shi (JP)
FOREIGN PATENT DOCUMENTS
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 }g 2(1)(1)5351;}%2 : 1;;%32
US.C. 154(b) by 795 days. P 2005-296331 A 10/2005
(21) Appl. No.: 12/765,386 (Continved)
. OTHER PUBLICATIONS
(22) Filed: Apr. 22,2010
Japanese Office Action Issued Jun. 18, 2013 in Patent Application
(65) Prior Publication Data No. 2009-113667.
/ -
US 2010/0286525 Al Nov. 11, 2010 Primary Examiner — Sheetal R Rangrej
(30) Foreign Application Priority Data (74) Attorney, . Agent, or  Firm —Oblon, Spivak,
McClelland, Maier & Neustadt, L.L.P.
May 8,2009  (JP) ccccrvvverevververenrerereninne 2009-113667
(57) ABSTRACT
(31) Int.CL An ultrasound diagnosis apparatus of the present invention
GO6K 9/00 (2006.01) has: an image generator configured to execute transmission/
GO1S 7/52 (2006.01) reception of ultrasound waves to chronologically generate
GO6T 5/10 (2006.01) ultrasound image data of plural frames; a multiresolution
GO6T 5/00 (2006.01) decomposition part configured to hierarchically perform mul-
AG6IB 8/14 (2006.01) tiresolution decomposition on the ultrasound image data to
(52) US.CL acquire first-order to n™-order (n represents a natural number
CPC .ooove. A61B 8/14 (201301). GO1S 7/52077 of 2 or more) low-band decomposition jmage data and first-
(2013.01); GO6T 5/10 (2013.01); GO6T  order to n™-order high-band decomposition image data; a
2207/20064 (2013.01); GO6T 2207/10132  feature amount calculator configured to calculate a feature
(2013.01); GO6T 2207/20192 (2013.01); GO6T  amount based on the acquired low-band decomposition
2207/10076 (2013.01); GO6T 2207/30004  image data; a filtering processor configured to perform a
(2013.01); GO6T 2207/10136 (2013.01); GO6T  filtering operation on the calculated feature amount; and a
5/002 (2013.01); GO6T 2207/20016 (2013.01);  multiresolution composition part configured to execute mul-
GO6T 2207/10072 (2013.01); GO6T 2207/20182  tiresolution composition using the low-band decomposition
(2013.01)  image data and high-band decomposition image data to gen-
USPC e 382/131 erate a Composite image. Thus’ the apparatus can efﬁcienﬂy
(58) Field of Classification Search reduce change in speckle/noise in the temporal direction and
CPC e GO6T 7/0012 perform a process without a time phase delay.
USPC ittt 382/131

See application file for complete search history.

8 Claims, 9 Drawing Sheets

001 002 003
Vel _ Vel

SIGNAL
PROCESSCR

106

ULTRASOUND |, , i TRANSCEIVER ||

PROBE ]

006
Z

004 101

IMAGE
GENERATOR

USER INTERFACE 995

DISPLAY | /|
CONTROLLER

~007
INPUT PART |1 008

L

DISPLAY

A1

009 104 -1

|~

INTEGRATED
CONTROLLER

100
/
SPECKLE/NOISE REDUCTION PROCESSOR
FRAME " UNPROCESSED | 107
l<--1 FRAME E"‘-
r ACCUMULATOR T4 \CCUMULATOR |
!
|| MULTIRESOLUTION FEATURE 102
DECOMPOSITION AMOUNT —
PART CALCULATOR
v
MULTIRESOLUTION
FILTERING 1103
L-{ COMPOSITION -1
PART PROCESSOR
HIGH-BAND-LEVEL :4’1 05
CONTROLLER




US 8,861,821 B2

Page 2
(56) References Cited FOREIGN PATENT DOCUMENTS
U.S. PATENT DOCUMENTS P 2006-116307 5/2006
JP 2009-82469 A 4/2009
6,912,319 B1* 6/2005 Barnesetal. ............ 382/240 WO WO 99/46731 *9/1999

7,236,637 B2* 6/2007 Sirohey et al. ...
2006/0084869 Al* 4/2006 Kimetal. ... . ) )
2011/0268328 Al* 11/2011 Bar-Avivetal. .......... 382/128 * cited by examiner

. 382/240 wO WO 2007/001236 *1/2007




US 8,861,821 B2

Sheet 1 of 9

Oct. 14, 2014

U.S. Patent

L ¥3ToMiNoD
1 13A3T-ONVE-HOIH [ . |¥3modiNoo
GO L Q3LVHDIINI
Y
7] 800 4 114vd LNaNI
Rivd
¥OSSI00Nd poL 600
- > NOILLISOJWOO [~ /00~
€0t ONIK3LTIS NOILNTOSIHILINA PP -.“n P /
X .| vorvaanas [ [ |yuamodnoo| | ] ygsia
HOLVINDIVO | 149vd JOVNI _ AVdSIA
= INNOWY |« NoiLisodwoo3alf | = | —F
2011 FuNLV3 nontoszaInnw - FO 140 | sdo FOVIRALN B3sn
I _ { | 900
o FOLVINAROOY | Moivinwnoov  [-901 |
0L m EUAE -1
| 03SSI00UANN__ 29044
.......................... | ~—{ 80883008 L33 A1308NYH L gnnoSYMLIN
¥0SSIO0Hd NOILONA3Y ISION/ITHOIS TYNOIS
7 7 7 z
0]0]" €00 200 100

I ©Old




US 8,861,821 B2

Sheet 2 of 9

Oct. 14, 2014

U.S. Patent

vivd

AT_oo_z.m

J ¥3QHO-aYIHL
JO1VINOTVO
LINNOWY WSEME 2Z01L
[ H¥0SS300dd ONM3LTS | 2€0L | 5oy 2101
Y ~ov0L y { Ry
(IWHOASNVHL 1TTIAVM ISHIAND HITIONINOD | | (WHOJSNYHL 1313AYM)
Ldvd NOILISOdWOO 1 13A31-aNva-HOIH [ 1dVd NOILLISOdWOD3d
NOILNTOSIHILINW NOLLN10S3XILTINW
AR d3AH0-aNOD3S
[ 90SS3004d ONMALIH mwmw asol qioL
* \ A J { W
(WHOJSNYHL LINIAYM ISHIAND HITIONINOD | | (NHOASNYHL 1313AVM)
14Vd NOILISOdWOD <] 13A3T-aNvg-HOIH [  1dVd NOILISOdWOD3d
NOILNTOSIHILINW NOILNTOSIHIL NN
FOIVINOTVO H3AR0-LSH4
._.ZDOS_(«m_N_D.Q\mu_ ~~—ezo|
[_90ss3ocudoNmELlEd Mww” egol eLol 901
{ - , , ,
(WHO4SNVHL LITIAYM ISHIANI) YITIOYLNOD | | WHOASNYHL LITIAVM)
149Yd NOLLISODWOD [<] 1337 aNVE-HSIH [ 1¥d NOILISOdWOD3a [« HOLVINANODY
NOILNTOSIHILLINW NOILNIOSIHILINW

1Nd1NO}

0oL~

¢ 9Ol



US 8,861,821 B2

Sheet 3 of 9

Oct. 14, 2014

U.S. Patent

80€ —__|

G0E ——_

.0¢€ €0¢e 00t
[ _ |
/ Jj
............................... o poe
----- ---:-m. .............. .“ lm\\
N 1 o
4 / ) Sanved 10
90¢€ c0¢t ¥IGWNN AININYILIAINEd
€ 9Old

JWVH4 3NO 40
39VINI 3A0N-4



US 8,861,821 B2

Sheet 4 of 9

Oct. 14, 2014

U.S. Patent

SSVd-HOIH ‘H
SSVd-MOT 1

H H H 80€
H H L L0€
H L H 90€¢
H 1 L S0€
1 H H vOE
1 H L €0€
L 1 H Z0g
1 1 1 L0g

NOILOFMIGH NOILOTMIa-A NOILOTHIG-X

v 'Old




US 8,861,821 B2

Sheet 5 of 9

Oct. 14, 2014

U.S. Patent

¥0S S09

~

el

.

L0S ~ NOILO3NIa

TVHOdWAL
ag 9ld

€0s — |
205 — A
€05 —
NOILO3HIa
VILVdS
N
10S
VS Old



U.S. Patent

Oct. 14, 2014 Sheet 6 of 9 US 8,861,821 B2
START
INPUT B-MODE DATA —S001
Y
DIFFERENTIATION IN RESPECTIVE 2002
COORDINATE AXIS DIRECTIONS [~
(Ix, ly, 1z)
)
CALCULATE STRUCTURE TENSOR |——S003
Y
CALCULATE EIGENVALUE | 5004
AND EIGENVECTOR
A
CALCULATE EDGE INFORMATION 5005
Y
OUTPUT EDGE INFORMATION  |——S006
Y
CALCULATE DIFFUSION 3007
EQUATION COEFFICIENT
Ty
CALCULATE DIFFUSION EQUATION |——5008
FINISH S009
PREDETERMINED NUMBER
OF TIMES?
OUTPUT PROCESSED DATA 5010

\%
END



U.S. Patent Oct. 14, 2014 Sheet 7 of 9 US 8,861,821 B2

FIG. 7
(" START )

e
? ot

/

TRANSMISSION/RECEPTIONOF | _-S101
ULTRASOUND WAVES

Y
SIGNAL PROCESSING - —S5102

Y
STORE UNPROCESSED | _—S103

B-MODE DATA
/
SPECKLE/NOISE 35104
REDUCTION PROCESS
y
FORM IMAGE ——3105

Y
DISPLAY ULTRASOUND IMAGE ——35106

S107
FINISH
EXAMINATION?

YES




U.S. Patent Oct. 14, 2014 Sheet 8 of 9 US 8,861,821 B2

FIG. 8

TEMPORAL
DIRECTION

1L—801

SPATIAL
DIRECTION

802



(o
&
~
S 901 201
—
\&
2
o8 206 \ \
Z —
(=Y
=
[
5
=
wn
M A
S
= I - NOILOINIA
5 106 | 106 —| IVILYAS
8
T NOILOTYI]
N GEEN
6 9l

U.S. Patent



US 8,861,821 B2

1
ULTRASOUND DIAGNOSIS APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ultrasound diagnosis
apparatus that transmits ultrasound waves to a subject and
obtains an ultrasound image based on the waves reflected
from the subject.

More specifically, the present invention relates to an ultra-
sound diagnosis apparatus that executes a correction process
on a generated ultrasound image.

2. Description of the Related Art

An ultrasound diagnosis apparatus transmits, to a subject,
ultrasound waves generated from transducers incorporated in
an ultrasound probe. The ultrasound diagnosis apparatus
receives, by the transducers, reflected waves from a subject
tissue of the transmitted ultrasound waves, generates an ultra-
sound tomographic image of the subject from the received
reflected waves, and displays the ultrasound tomographic
image.

Signals received from a plurality of subjecttissues adjacent
to each other interfere with each other because having differ-
ent phases.

This interference makes a vision different from when only
amplitudes are composed, and generates a speckled image
pattern. Such an image pattern is called speckle. This speckle
prevents accurate observation of the position and shape of the
boundary of the subject tissues.

The accurate observation is also prevented by occurrence
of noise. Such speckle and noise occur not only in the spatial
direction but also in the temporal direction.

Up to now, various processing methods for reducing
speckle and noise have been proposed.

For example, a technique of using a temporal-direction IIR
(Infinite Impulse Response) filter has been proposed. This
technique is a technique of using a filter that, assuming an
image acquired at time t is represented by I(t) and an image
having been processed by the filter is represented by I, sat-
isfles arelation of J =(1-a)l +aJ,_;, whereinais 1 or less. This
technique enables reduction of speckle and noise that vary
with time.

However, this technique reduces noise by adding the pro-
portion of a of the past data J,_; to the proportion of (1-a) of
the present data I

Therefore, for a strenuously moving tissue such as the
diaphragm and the heart, there is a problem that, in a super-
imposed image, each image of the strenuously moving tissue
remains like an afterimage and blur or the like occurs.

In a case that an image is generated for each frame, which
is the unit of a set of data necessary for generating one tomo-
graphic image, a motion vector of each image (image of an
organ, for example) in a past frame is detected from the
image.

Then, the position of an image in a next frame is predicted
by using the motion vector, and a filter process or the like is
performed at the predicted position.

With this technique, it is possible to perform image pro-
cessing including displacement of an image with time.

However, as mentioned above, the process of detecting the
motion vector is required in addition to the noise reduction
process.

Therefore, there is a problem that the process gets slow.

Further, in order to define a tissue part, a speckle/noise
reduction filter has been used conventionally.
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As the speckle/noise reduction filter, a filter using a direc-
tional feature amount in a two-dimensional or three-dimen-
sional space is used.

The directional feature amount is the size or direction of an
edge. The edge is a part in which the luminance largely
changes, such as the outside of a tissue. Also, the edgeis a part
other than noise.

As the abovementioned filter using the directional feature
amount, it is possible to use a filter that blurs an image in the
edge direction, or a filter that emphasizes the contrast of an
image in a direction orthogonal to the edge direction. As the
filter that blurs an image in the edge direction, it is possible to
use, for example, a filter that obtains an average value of a row
of points.

Further, as the filter that emphasizes the contrast in the
direction orthogonal to the edge direction, it is possible to use,
for example, a filter that, by a threshold, decreases the lumi-
nance outside the edge while increases the luminance inside
the edge.

Use of the filter that blurs an image in the edge direction
makes it possible to obtain an image with smooth shading in
the edge direction.

Further, use of the filter that emphasizes the contrast of an
image in the direction orthogonal to the edge direction makes
it possible to obtain an image with an edge defined and a
tissue part emphasized.

As amethod for obtaining the abovementioned directional
feature amount, a technique of using multiresolution decom-
position is proposed.

Multiresolution decomposition is a method of decompos-
ing arbitrary video signals into a plurality of videos having
different frequency bands (spatial frequency bands).

As multiresolution decomposition, it is possible to use
wavelet transform. This wavelet transform is decomposition
into a video of low-frequency components and a video of
high-frequency components that have a 27! size of an inputted
video.

Based on videos obtained by the wavelet transform, the
edge of an image of low-band spatial frequency is detected by
using a diffusion filter, and the direction of the edge is
obtained for each pixel.

A technique of smoothing pixels by using the filter that
blurs an image in the tangent direction of the edge while
sharpening pixels by using the filter that emphasizes the con-
trast in the normal direction of the edge is proposed (refer to,
for example, Japanese Unexamined Patent Application Pub-
lication JP-A 2006-116307).

This enables definition of a tissue part in the video of
low-frequency components.

In the image processing by multiresolution decomposition
and the respective filters described in JP-A 2006-116307, a
noise reduction process is performed with respect to the spa-
tial direction.

However, in the technique described in JP-A 2006-116307,
the image processing by multiresolution decomposition and
the respective filters is notexecuted on an image including the
temporal direction.

Therefore, such a method of performing the noise reduc-
tion process with respect to only the spatial direction may
cause noise and speckle in an image with respect to the
temporal direction.

Further, in a case that the filtering process with respect to
the space 1s applied as it is, there is a problem that a time-
phase delay occurs and an image immediately after generated
(a real-time image) cannot be displayed.
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SUMMARY OF THE INVENTION

The present invention uses a noise reduction process with a
directional feature amount performed in the spatial direction,
with respect to coordinates including the temporal direction
(space+time).

To be specific, an object of the present invention is to
provide a technique of, by using a process without occurrence
of a time phase delay, reducing noise and speckle in the
temporal direction and emphasizing a tissue part in an ultra-
sound image of a strenuous tissue.

In a first aspect of the present invention, an ultrasound
diagnosis apparatus comprises: an image generator config-
ured to execute transmission and reception of ultrasound
waves to chronologically generate ultrasound image data of
plural frames; a multiresolution decomposition part config-
ured to hierarchically execute multiresolution decomposition
on the ultrasound image data to obtain first-order to n™-order
(nrepresents a natural number of 2 or more) low-band decom-
position image data and first-order to n”-order high-band
decomposition image data; a feature amount calculator con-
figured to calculate a feature amount based on the obtained
low-band decomposition image data; a filtering processor
configured to execute a filter operation on the calculated
feature amount; and a multiresolution composition part con-
figured to execute multiresolution composition by using the
low-band decomposition image data and the high-band
decomposition image data to generate a composite image.

In a second aspect of the present invention, an ultrasound
diagnosis apparatus comprises: an image generator config-
ured to execute transmission and reception of ultrasound
waves to chronologically generate ultrasound image data of
plural frames; a multiresolution decomposition part config-
ured to hierarchically execute multiresolution decomposition
on the ultrasound image data to obtain first-order to n-order
(nrepresents a natural number of 2 or more) low-band decom-
position image data and first-order to n”-order high-band
decomposition image data; a multiresolution composition
part configured to perform multiresolution composition by
using the low-band decomposition image data and the high-
band decomposition image data to generate a composite
image; a feature amount calculator configured to calculate a
feature amount based on the obtained low-band decomposi-
tion image data; a filtering processor configured to perform a
filter operation on the calculated feature amount; and a high-
band-level controller configured to weight the first-order to
n”-order high-band decomposition image data obtained from
the multiresolution decomposition part, by a feature amount
of each corresponding order.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the configuration of an
ultrasound diagnosis apparatus according to the present
invention.

FIG. 2 is a diagram showing a detailed configuration of a
speckle/noise reduction processor in the present invention.

FIG. 3 is a conceptual diagram of multiresolution decom-
position by three-dimensional wavelet transform including
the temporal axis.

FIG. 4 is a view showing a usage pattern of a filter used in
the respective coordinate axis directions in three-dimensional
wavelet transform including the temporal axis.

FIG. 5A is a view for explaining numerical differentiation
in the spatial direction.

FIG. 5B is a view for explaining numerical differentiation
in the temporal direction.
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FIG. 6 is a flow chart showing the procedure of a filtering
process by a nonlinear anisotropic diffusion filter in the third-
order hierarchy.

FIG. 7 is a flow chart of a general operation of an ultra-
sound diagnosis apparatus according to a first embodiment.

FIG. 8 is a view for explaining accumulation of B-mode
data and a speckle/noise reduction process using the accumu-
lated B-mode data in a second embodiment.

FIG. 9 is a view for explaining accumulation of B-mode
data and a speckle/noise reduction process using the accumu-
lated B-mode data in a modification 1.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

First Embodiment

An ultrasound diagnosis apparatus according to a first
embodiment of the present invention will be described below.

FIG. 1 is a block diagram showing the function of the
ultrasound diagnosis apparatus according to this embodi-
ment.

As shown in FIG. 1, the ultrasound diagnosis apparatus
according to this embodiment has an ultrasound probe 001, a
transceiver 002, a signal processor 003, an image generator
004, a speckle/noise reduction processor 100, a display con-
troller 005, and a user interface 006. The user interface 006
has a display 007 such as a monitor, and an input part 008 such
as a keyboard and a mouse.

The ultrasound probe 001 has a plurality of piezoelectric
transducers. The ultrasound probe 001 converts pulse signals
into ultrasound waves by using the piezoelectric transducers,
and transmits the ultrasound waves obtained by the conver-
sion to a subject. The pulse signals are inputted from the
transceiver 002 described later.

Further, the ultrasound probe 001 receives, by piezoelec-
tric elements, the ultrasound waves reflected by the subject
(ultrasound echoes). Then, the ultrasound echoes are con-
verted into electric signals (referred to as “echo signals”
hereinafter) and outputted to the transceiver 002. A set of
ultrasound echoes obtained by one time of transmission/re-
ception of ultrasound waves between the respective transduc-
ers and the subject is called one frame. That is to say, one
ultrasound image is generated from one frame. The number of
frame scans per unit time is called a frame rate. In this
embodiment, the ultrasound probe 001 repeatedly scans the
same region (scan position) of the subject at a predetermined
frame rate.

In order to make the ultrasound waves transmitted from the
ultrasound probe 001 converge into a beam, the transceiver
002 delays arrival of the pulse signals at the respective piezo-
electric transducers of the ultrasound probe 001. That is to
say, the transceiver 002 makes the time of arrival of the pulse
signals later at the piezoelectric transducers closer to the
center of the ultrasound probe 001. By delaying arrival of the
pulse signals at the respective piezoelectric transducers, the
timing for driving the respective piezoelectric transducers is
delayed, and the generated ultrasound waves are made to
converge into a beam.

In reception of the ultrasound echoes, the echo signals of
the respective transducers, which are analog signals, are
amplified by the transceiver 002, and delayed a desired delay
time by a reception delay circuit or the like (not shown).

Then, after executing A/D conversion on the echo signals,
the transceiver 002 performs an addition process based on the
converted signals. Then, the transceiver 002 outputs the sig-
nals after the addition process, to the signal processor 003.
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The signal processor 003 has a B-mode process unit and a
Doppler process unit. The signal processor 003 receives the
signals from the transceiver 002.

The B-mode process unit receives the signals from the
transceiver 002. Then, the B-mode process unit executes
logarithmic compression, envelop detection or the like, on the
received signals.

Besides, the B-mode process unit generates B-mode data
that expresses luminance by the intensity of the signals.

The Doppler process unit performs frequency analysis of
speed information based on the signals from the transceiver
002. Then, the Doppler process unit extracts the echo com-
ponents of a blood flow, tissue and contrast agent due to the
Doppler Effect to generate Doppler data of blood-flow infor-
mation such as the average speed, dispersion and power.

The signal processor 003 outputs the B-mode data gener-
ated by the B-mode process unit and the Doppler data gener-
ated by the Doppler process unit (both the data will be
referred to as “raw data” hereinafter) to the speckle/noise
reduction processor 100.

The ultrasound probe 001, the transceiver 002, and the
signal processor 003 are equivalent to the “image generator”
in the present invention.

Into the speckle/noise reduction processor 100, the raw
data are inputted from the signal processor 003. Then, the
speckle/noise reduction processor 100 executes a process for
reducing speckle and noise on the inputted raw data. This
speckle/noise reduction process will be described in detail
later. Then, the speckle/noise reduction processor 100 outputs
the raw data after the speckle/noise reduction process to the
image generator 004.

The image generator 004 has a DSC (Digital Scan Con-
verter).

Into the image generator 004, the raw data after the speckle/
noise reduction process by the speckle/noise reduction pro-
cessor 100 is inputted.

The DSC converts the inputted raw data from a coordinate
system corresponding to scan lines of ultrasound scan to a
coordinate system for displaying on the monitor or the like.

The image generator 004 has a storing region such as a
memory.

Into the storing region of the image generator 004, the
image data generated by the DSC are sequentially stored. The
stored image data are retrieved with the user interface 006 by
an operator such as a doctor and a medical technologist (sim-
ply referred to as the “operator” hereinafter). The retrieved
image data are displayed on the display 007.

The image generator 004 outputs the generated image data
to the display controller 005.

The display controller 005 receives input of the image data
from the image generator 004. Then, the display controller
005 controls the display 007 to display ultrasound images
such as a B-mode image and a Doppler image based on the
inputted image data. Hereinafter, the B-mode image and the
Doppler image will be simply referred to as the “ultrasound
image” when not distinguished from each other.

The image generator 004 and the display controller 005
having the abovementioned functions are equivalent to the
“display controller” of the present invention.

Anintegrated controller 009 performs control of the timing
of operations of the respective function parts and control of
the passing of data between the respective function parts. A
dashed-dotted line in FIG. 1 shows the flow of a control
command.

(Speckle/Noise Reduction Process)

Next, the speckle/noise reduction process executed by the

speckle/noise reduction processor 100 will be described. The
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speckle/noise reduction processor 100 is capable of executing
the process of reducing speckle and noise on both B-mode
data and Doppler data. Therefore, in the following descrip-
tion, the process of reducing speckle and noise on B-mode
data will be taken for an example.

Further, in the following description, in order to facilitate
the description, the speckle/noise reduction process will be
described based on two-dimensional ultrasound image data.

The speckle/noise reduction process can also be performed
for a three-dimensional image. The three-dimensional ultra-
sound image is four-dimensional when the temporal dimen-
sion is included. For calculation thereof, only one row and
one column are added in the matrix calculation described
below.

In the following description, data composing one B-mode
image will be referred to as B-mode data of one frame.

Further, the number of B-mode data corresponding to the
number of B-mode images will be referred to as the number of
frames. B-mode data of one frame corresponds to “one ultra-
sound image data” in the present invention.

FIG. 2 is a diagram showing a detailed configuration of the
speckle/noise reduction processor 100. As shown in FIG. 2, in
order to perform a process from multiresolution decomposi-
tion to multiresolution composition, the speckle-noise reduc-
tion processor 100 has a multiple structure composed of a
plurality of hierarchies (first-order to third-order) as shown by
adashed-dotted line. In this embodiment, in order to facilitate
the description, the highest order in the process from multi-
resolution decomposition to multiresolution composition
will be third-order. The process from multiresolution decom-
position to multiresolution composition can be performed in
the range from first-order to n”-order (n denotes a natural
number of 2 or more).

Further, wavelet transform is used as multiresolution
decomposition in this embodiment. The wavelet transform is
an example of multiresolution decomposition. Alternatively,
another multiresolution decomposition method such as the
Laplacian Pyramid method or the Gabor transform may be
used.

The wavelet transform/inverse transform in this embodi-
ment is so-called discrete wavelet transform/inverse trans-
form. In the following description, a larger order in FIG. 2
(namely, a lower position in FIG. 2) represents a higher hier-
archy.

The speckle/noise reduction processor 100, as shown in
FIG. 2, is provided with a multiresolution decomposition part
101 (101a, 1015, 101¢), a feature amount calculator 102
(102a, 1025, 102¢), a filtering processor 103 (1034, 1035,
103¢), a multiresolution composition part 104 (104a, 1045,
104¢), and a high-band-level controller 105 (105a, 1055,
105¢) for each hierarchy.

Further, the speckle/noise reduction processor 100 is pro-
vided with a frame accumulator 106.

The frame accumulator 106 has a storing medium such as
a hard disk and a memory. The frame accumulator 106
receives input of B-mode data from the signal processor 003.
Then, the frame accumulator 106 stores B-mode data of a
predetermined number of frames (number of sheets) from a
starting frame for acquisition to a latest frame. Since B-mode
data are sequentially generated with time, the B-mode data
are accumulated into the frame accumulator 106 one after
another. The respective B-mode data are data of ultrasound
images obtained by scanning the same region in the same
subject. The B-mode data of the respective frames are differ-
ent in scanned time.

When B-mode data of a new frame is inputted, the frame
accumulator 106 deletes B-mode data of the oldest frame.
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However, a storing method by the frame accumulator 106
may be another method as far as the method allows storage of
B-mode data of a necessary number of frames. For example,
the method may be a method of storing B-mode data of all
frames without deleting B-mode data of old frames.

The frame accumulator 106 is equivalent to the “data accu-
mulator” of the present invention.

As shown in FIG. 2, the frame accumulator 106 outputs the
stored B-mode data of the predetermined number of frames,
to the multiresolution decomposition part 101. In the follow-
ing description, a set of B-mode data of a predetermined
number of frames will be referred to as set B-mode data.

The multiresolution decomposition part 101 receives input
of the B-mode data of the predetermined number of frames
(the set B-mode data) from the frame accumulator 106. The
multiresolution decomposition part 101 of this embodiment
performs multiresolution decomposition with respect to the
spatial direction and temporal direction. The spatial direction
represents a direction in a region in which the subject is
scanned. For example, the spatial direction in a two-dimen-
sional tomographic image represents two-dimensional direc-
tions of the x-direction and y-direction. The spatial direction
in a three-dimensional tomographic image represents three-
dimensional directions of the x-direction, y-direction and
z-direction. In this embodiment, because an ultrasound image
is a two-dimensional image, the multiresolution decomposi-
tion part 101 performs multiresolution decomposition for a
three-dimensional coordinate system including the temporal
axis (spacetime). The multiresolution decomposition part
101 executes three-dimensional wavelet transform on the
inputted set B-mode data. The set B-mode data is decom-
posed into one kind of low-band decomposition image data
and seven kinds of high-band decomposition image data. The
multiresolution decomposition part 101 is equivalent to the
“multiresolution decomposition part” of the present inven-
tion.

FIG. 3 is a conceptual view of multiresolution decompo-
sition by three-dimensional wavelet transform including the
temporal axis.

FIG. 4 is a view showing a pattern of a filter used in the
respective coordinate axis directions in three-dimensional
wavelet transform including the temporal axis. As shown in
FIGS. 3 and 4, the multiresolution decomposition part 101
performs wavelet transform on set B-mode data 300 having
spatial dimensions (X, y) and temporal dimension (t) before
multiresolution decomposition, by using a one-dimensional
low-pass filter (L) and high-pass filter (H) for the respective
coordinate axis directions (the respective dimensions) of the
xyt orthogonal coordinate axes. Through wavelet transform,
the set B-mode data 300 is decomposed into one kind of
low-band decomposition image data 301 and seven kinds of
high-band decomposition image data 302-308. The low-band
decomposition image data 301 includes low-frequency com-
ponents among frequency components in the set B-mode data
300 before multiresolution decomposition.

Further, the respective high-band decomposition image
data 302-308 include high-frequency components in at least
one coordinate-axis direction among frequency components
included in the set B-mode data 300 before multiresolution
decomposition. FIG. 4 shows a usage condition of the low-
pass filter or the high-pass filter for each coordinate axis with
respect to the low-band decomposition image data 301 and
the high-band decomposition image data 302-308 after mul-
tiresolution decomposition. In the low-band decomposition
image data 301 and high-band decomposition image data
302-308 after multiresolution decomposition, the number of
samples for each of the coordinate axes is reduced to half the
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number of samples for each of the coordinate axes of the set
B-mode data 300 before multiresolution decomposition.

The multiresolution decomposition part 101 performs
multiresolution decomposition one time, or repeats plural
times up to the highest hierarchy. Consequently, as shown in
FIG. 2, hierarchies (three hierarchies in this embodiment) are
obtained. Each of the hierarchies is expressed by the order. In
the case of repeating multiresolution decomposition plural
times, the low-band decomposition image data in a next lower
hierarchy (a hierarchy shown at anext higher position in FIG.
2) becomes input image data for the next multiresolution
decomposition. To be specific, in a case that the multiresolu-
tion decomposition part 101 is not one belonging to the high-
est hierarchy (the third-order hierarchy in this embodiment),
the multiresolution decomposition part 101a supplies gener-
ated low-band decomposition image data to the multiresolu-
tion decomposition part 1015. The multiresolution decompo-
sition part 1015 supplies the generated low-band
decomposition image data to the multiresolution decomposi-
tion part 101c.

Further, the multiresolution decomposition part 101¢inthe
highest hierarchy (third-order hierarchy) supplies the gener-
ated low-band decomposition image data to the feature
amount calculator 102¢ in the same hierarchy (third-order
hierarchy).

Further, the multiresolution decomposition part 101 in
each of the hierarchies supplies the generated high-band
decomposition image data to a high-band-level controller 105
in the same hierarchy.

The feature amount calculator 102 calculates edge infor-
mation, which is a directional feature amount included in the
supplied low-band decomposition image data. In this
embodiment, information on the size of the edge is calcu-
lated. To be specific, the information is calculated by using
the tangent direction of the edge. The feature amount calcu-
lator 102 supplies the calculated information on the size of the
edge to the high-band-level controller 105 and filtering pro-
cessor 103 in the same hierarchy.

Moreover, the feature amount calculator 102 outputs the
low-band decomposition image data to the filtering processor
103. The feature amount calculator 102 is equivalent to the
“feature amount calculator” of the present invention.

The filtering processor 103 receives input of the low-band
decomposition image data and the information on the size of
the edge from the feature amount calculator 102. The filtering
processor 103 uses a three-dimensional nonlinear anisotropic
diffusion filter for the supplied low-band decomposition
image data. The nonlinear anisotropic diffusion filteris a filter
for emphasizing components that nonlinearly anisotropically
diffuses. The edge components in the low-band decomposi-
tion image data anisotropically diffuses nonlinearly. There-
fore, when the nonlinear anisotropic diffusion filter is used for
the low-band decomposition image data, the luminance of the
edge components is increased and non-edge components are
reduced. Thus, by using the nonlinear anisotropic diffusion
filter, the filtering processor 103 emphasizes the edge com-
ponents included in the low-band decomposition image data
to generate low-band decomposition image data with non-
edge components smoothed. The filtering processor 103 is
equivalent to the “filtering processor” of the present inven-
tion.

The detection of the edge information (the size of the edge
in this embodiment) as a directional feature amount calcu-
lated by the feature amount calculator 102 and the filtering
process with the nonlinear anisotropic diffusion filter by the
filtering processor 103 will be described specifically. In this
embodiment, the detection of the directional feature amount
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and the filtering process with the nonlinear anisotropic diffu-
sion filter are achieved by obtaining eigenvalues and eigen-
vectors of a structure tensor of the low-band decomposition
image data. The eigenvalues and eigenvectors of the structure
tensor represent the direction of the edge, namely, the size of
the edge of the low-band decomposition image data, respec-
tively. In particular, a first eigenvalue and an eigenvector
corresponding thereto represent the feature of low-band
decomposition image data that has planar association both
spatially and temporally. In the following description, the
process shall be executed on low-band decomposition image
data 1, and the low-band decomposition image data I will be
simply referred to as the “image 1.”

The structure tensor including the temporal direction of
pixels in the image 1 is defined as shown below.

S=Jy(V]) (Expression 1)

2oL, Ll

2
=Gox| LIy B L,
LI Ll I

]RT

Herein, I denotes spatial derivative in the x-direction of the
image I, I, denotes spatial derivative in the y-direction of the
image I, I, denotes temporal derivative in the t-direction (the
temporal direction) of the image I, G, denotes a Gaussian
function, and an operator “*” represents convolution. More-
over, A, hg, and 2., shall be eigenvalues of a structure tensor
S, and the magnitude relation of the absolute values thereof
shall beexpressed ash g, =h s, =h ;. In this case, A, represents
the first eigenvalue. A method for calculating the spatial
derivative 1, the spatial derivative I, and the temporal deriva-
tive I, is not limited to the calculation method described
above. For example, instead of calculating 1, [, and I, it is
possible to use a sobel filter or high-band decomposition
image data in multiresolution decomposition.

In a case that each element s in the structure tensor S has
been obtained, the eigenvalues A, A, and A ¢ and eigenvec-
tors R and R can be calculated by a well-known method in
linear algebra. That is to say, the eigenvalues Ag,, A, and Ag,
ofa3x3 matrix in Expression 1 can be calculated by substan-
tially solving a cubic equation by the Cardano’s method, for
example. Since the structure tensor S is a real symmetric
matrix, the eigenvalues Aq,, A, and A are real numbers, and
the eigenvectors R and R” are real vectors. The eigenvectors R
and R are orthogonal to each other. The eigenvalues A, Mg,
and Ag, of the structure tensor S represent the size of the edge,
and the eigenvectors R and R represent the direction of the
edge (the tangent direction of the edge).

In this embodiment, filtering based on the directional fea-
ture is expressed by a nonlinear diffusion equation (a partial
differential equation) shown in the following expression.

S11 S12 513

=|S12 S22 S

S13 8523 833

Ag 00
R[ D Ap O

0 0 Ag3

a1 . (Expression 2)
— =div[DV1]
aw
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Herein, I denotes a pixel level (a luminance value) of the
image I, VI denotes a gradient vector thereof, and w denotes
a temporal dimension in a physical diffusion equation. In
other words, w denotes time relating to the process and, in
actual process, denotes the number of processes in this diffu-
sion equation. Moreover, D denotes a diffusion tensor, which
is expressed by the following expression.

dyy dip dis Apy O O (Expression 3)
D=|diy dyp ds|=R 0 App 0 RT
diz dn ds 0 0 Aps

Herein, R is expressed by the following expression 4.

R=(m,m,13) (Expression 4)

Herein, m,, 0,, o, denote eigenvectors of the diffusion
tensor D, and A, Ay, Aps denote eigenvalues of the diffu-
sion tensor D. Then, w, in R=(w,, w,, ®;) represents the
normal direction of the edge.

The eigenvalue A, of the diffusion tensor D represents the
intensity of diffusion in a direction represented by the eigen-
vector m;.

Similarly, the eigenvalue A, represents the intensity of
diffusion in a direction represented by the eigenvector w,, and
the eigenvalue A, represents the intensity of diffusion in a
direction represented by the eigenvector w5. By controlling
the values of the eigenvalues A, Ay, and A3 for each pixel,
the intensity of diffusion of the nonlinear anisotropic diffu-
sion filter is controlled. The eigenvector R is synonymous
with the filter direction of the nonlinear anisotropic diffusion
filter. That is to say, by properly setting the eigenvector R, a
desired filter direction of the nonlinear anisotropic diffusion
filter is set.

Herein, the eigenvectors w,, w, and w; of the diffusion
tensor D are equal to unchanged eigenvectors of the structure
tensor S of the pixels in the aforementioned image I, or the
eigenvectors in a changed order. Moreover, the eigenvalues
Ap1s Ay and A5 of the diffusion tensor D depend on the size
of the edge calculated from the eigenvalues A, Ao, and A of
the structure tensor S described above.

The edge information is expressed by Expression 5 shown
below by using the eigenvalue A, of the first eigenvalue and
the eigenvalue A, of the third eigenvalue. That is to say, the
edge information is a value represented by using the size of
the edge among the feature amount.

(s —Ag3)" (Expression 3)
edge=1- exp[—T]

Herein, the edge has “magnitude” and “direction.” The
“magnitude” is such a parameter that becomes a “small” edge
when change in intensity of an image is gentle while becomes
a “large” edge when change in intensity of an image is steep.

The edge information is a parameter calculated by normal-
izing the size of the edge into a range from 0 to 1. The edge
information represents that a component is closer to an edge
component as the value of the edge information is closer to 1,
whereas a component is closer to a non-edge component as
the value of the edge information is closer to 0. A parameter
k is a parameter showing the degree of extraction of edge
components. That is to say, when the parameter k is
decreased, edge components are extracted more easily.
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Furthermore, the eigenvalues A, A, and A, of the dif-
fusion tensor D are calculated by using the edge information.
The eigenvalues A, A5, and A, are expressed by Expres-
sions 6, 7 and 8 shown below, respectively.

hp =P (1-edge)+p,-edge (Expression 6)

hpy=P3(1-edge)+p,redge (Expression 7)

hp3=Ps(1-edge)+fqedge (Expression 8)

InExpressions 6, 7 and 8, (1 -edge) represents a non-edge
component while -edge represents an edge component. The
eigenvalues A, , A, and A, represent the intensity of diffu-
sion as described above. It is necessary to cause the non-edge
component including speckle and noise as a reduction target
not to have a directionality. That is to say, the non-edge
component needs to be diffused without depending on a
direction. For this, §,=B;=5>0 is set.

On the other hand, the directionality of an edge component
as an emphasis target needs to be more emphasized. That is to
say, it is necessary to sharpen the vertical direction of the edge
component (the direction indicated by the eigenvector , of
the eigenvalue A, ), and diffuse the other directions (the
direction indicated by the eigenvector w, of the eigenvalue
A, and the direction indicated by the eigenvector w; of the
eigenvalue A, ). Therefore, 3, is set to a value approximate to
0, while f, and p are set to predetermined values larger than
B..

Accordingly, it is possible to calculate the eigenvalues A, ,
Ap, and A5 and the eigenvectors o, 0, and o, of the diffu-
sion tensor D.

Therefore, it is possible to calculate each element d of the
diffusion tensor D in Expression 3, and obtain Expression 2
representing a nonlinear anisotropic diffusion filter (a diffu-
sion equation).

Furthermore, calculation of this obtained nonlinear aniso-
tropic diffusion filter (Expression 2) is performed by a
numerical analysis of a partial differential equation. That is to
say, from the respective pixel levels (pixel luminance values)
atacertain point and points around the certain point as well as
the respective element values of the diffusion tensor D at time
w, a new pixel level at the certain point at time w+Aw is
obtained, and then the time w+Aw is assumed as new time w.
This calculation is repeatedly performed a predetermined
number of times.

The numerical calculation method of Expression 2 will be
described. Firstly, a method of numerical differentiation in
the temporal direction will be described. FIG. 5A is a view for
describing numerical differentiation in the spatial direction.
FIG. 5B is a view for describing the numerical differentiation
in the temporal direction.

Data 501 in FIGS. 5A and 5B has two coordinates of
one-dimensional spatial coordinate and temporal coordinate.
In FIG. 5A, the calculation of numerical differentiation and
filtering in the spatial direction is performed with data 502 of
a present position as the processing center by using data 503
of a predetermined number of near pixels on both the plus and
minus sides of the processing center.

Taking one time of numerical differentiation for an
example, when one near pixel on each of the plus and minus
sides is used, the approximate of first-order numerical differ-
entiation is expressed by Expression 9 shown below. This is
called a three-point formula.
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a, Ly -1 (Expression 9)

ax 2

On the other hand, in FIG. 5B, numerical differentiation
and filtering in the temporal direction are performed with
present data 504 as the processing center. In FIG. 5B, a future
time cannot be used for the processing. For example, in the
case of setting the processing center to the past and using the
same coefficient as in the spatial direction in the calculation
equation, the processing result is temporally delayed from the
present frame, and it is impossible to avoid a time phase delay.
Therefore, numerical differentiation and filtering in the tem-
poral direction need to be performed, with the present data
504 as the processing center, by using the present data 504
and past data 505 of a predetermined number of pixels.

When a function f(x) is continuous in an interval [x,, X,+h],
the following expression is obtained.

® o, (Expression 10)
[l - fle) 1 af (%) +
T h |

)= P
af () +...

R, is aterm that becomes a truncation error in numetrical
calculation. When |hl is sufficiently small, R, ,,=0 is
obtained.

From the expression 10, the following expressions are
obtained.

W o (Expression 11)
Fi) = fl) - () + af”(xi) - ﬁf(“)(xf) +o

4p? 8K (Expression 12)
FOri2) = f i) = 20 () + 7 S () - ?f‘ )+

Then, the following expression is obtained from Expres-
sions 11 and 12.

3f(x) -
4f(x) +

Sxia)
2h

(Expression 13)

f) =

3
—{%f‘3)(x;)+...}

When the value in the parentheses { } of Expression 13 is
considered as an error and omitted, the following expression
is obtained.

3f0a) = 4f (xi1) + flxi2)
2h

(Expression 14)

)~

As expressed by the expression 14, it is possible to obtain
the approximate of the first-order numerical differentiation in
the temporal direction, by using data of pixels of two frames
of present data and past data. By using Expression 14, it is
possible to perform calculation by the numerical calculation
method of Expression 2.

To be specific, Expression 2 can be expressed as in the
Expression 15 shown below.
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al (Expression 15)
— =div[DV 1]
aw
dy dpp d
. wodiz ds)
=db|| diz dop das (a 7 E]
diz s dx

_B(d 31] B(d 51) B(d Bl)

= o\ gy +a 125 +a 1354'
B(d 61]+ 13(d 51]+ 13(d 131)+
B_y g H_y 225 5 3,

Bdﬂl a(d al 0d61‘
E‘( 135]4—6_[ 236_y]+13_z( 235]

For calculating partial differentiation of each term of
Expression 15, the approximate values of Expressions 9 and
14 described above are used.

The aforementioned processing procedure of the nonlinear
anisotropic diffusion filter will be described with reference to
FIG. 6.

FIG. 6 is a flow chart showing the processing procedure of
a filtering process of the nonlinear anisotropic diffusion filter
in the third-order hierarchy. Although a filtering process in the
third-order hierarchy will be described below as an example,
the same processing is performed in the filtering process in
the first-order or second-order hierarchy.

Step S001: The multiresolution decomposition part 101¢
receives, from the multiresolution decomposition part 1015,
input of data to be filtered.

Step S002: The multiresolution decomposition part 101¢
performs differentiation of the inputted data in the respective
coordinate axis directions (L, L, I,) to generate low-band
decomposition image data and high-band decomposition
image data.

Step S003: The feature amount calculator 102¢ calculates
the respective elements of the structure tensor S of the low-
band decomposition image data inputted from the multireso-
lution decomposition part 101¢. This calculation includes
calculation of the Gaussian function G, before the calculation
of the structure tensor S.

Step S004: The feature amount calculator 102¢ calculates
the eigenvalues A, A, and A5 and the eigenvectors o,, w,
and m, from the structure tensor S.

Step S005: The feature amount calculator 102¢ obtains the
size of the edge from the eigenvalues A ;, A, and A5 of the
structure tensor S and the direction of the edge from the
eigenvectors o, w, and ;.

Step S006: The feature amount calculator 102¢ outputs the
obtained size of the edge to the high-band-level controller
105¢ in the same hierarchy.

Step S007: The filtering processor 103¢ calculates the
intensity of diffusion based on the size of the edge obtained by
the feature amount calculator 102¢, and furthermore calcu-
lates, from the obtained intensity of the diffusion and the
eigenvectors w,, w, and w; of the structure tensor S, the
respective coefficients used in the numerical analysis of the
diffusion equation (Expression 2) of the nonlinear anisotropic
diffusion filter.

Step S008: The filtering processor 103¢ performs numeri-
cal analytical calculation of the diffusion equation.

Step S009: The filtering processor 103¢ determines
whether the numerical analytical calculation of the diffusion
equation has been performed a predetermined number of
times. In a case that the calculation has not been performed
the predetermined number of times, the process returns to
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step S008. In a case that the calculation has been performed
the predetermined number of times, the process advances to
step S010.

Step S010: The filtering processor 103¢ outputs the low-
band decomposition image data after the filtering process by
the nonlinear anisotropic diffusion filter, to the multiresolu-
tion composition part 104¢ in the same hierarchy.

The high-band-level controller 105 receives input of eight
high-band decomposition image data from the multiresolu-
tion decomposition part 101 in the same hierarchy. Moreover,
the high-band-level controller 105 receives input of the size of
the edge from the feature amount calculator 102. The high-
band-level controller 105 executes, on the high-band decom-
position image data, a process of emphasizing the edge por-
tion by using information of the edge (the size of the edge). In
this embodiment, the high-band-level controller 105 calcu-
lates, for each pixel, the product of the size of the edge
calculated from the eigenvalues of the diffusion tensor D and
the respective high-band decomposition image data. More-
over, the high-band-level controller 105 multiplies the prod-
uct by a control coefficient of each of the high-band decom-
position image data. By thus calculating the product of the
size of the edge and the high-band decomposition image data,
it is possible to emphasize the edge portion while inhibiting a
portion other than the edge in this data.

Another method for processing the high-band decomposi-
tion image data using the size of the edge (the edge informa-
tion) is a method of multiplying a region other than the edge
by a control coefficient of each high-band image. By perform-
ing such a process, it is possible to emphasize the edge portion
in the high-band decomposition image data. The high-band-
level controller 105 outputs the high-band decomposition
image data after the aforementioned process of emphasizing
the edge portion, to the multiresolution composition part 104
in the same hierarchy. This high-band-level controller 105 is
equivalent to the “high-band-level controller” of the present
invention.

The multiresolution composition part 104 receives input of
one low-band decomposition image data from the filtering
processor 103.

Further, the multiresolution composition part 104 receives
input of seven high-band decomposition image data from the
high-band-level controller 105. The multiresolution compo-
sition part 104 composes the one low-band decomposition
image data and seven high-band decomposition image data
having been inputted to generate one composite image. When
generating a composite image, the multiresolution composi-
tion part 104 performs inverse wavelet transform based on the
one low-band decomposition image data and the seven high-
band decomposition image data. In this generated composite
image, the number of samples per coordinate axis is twice that
in the image inputted from the filtering processor 103. The
multiresolution composition part 104 in the second-order or
higher-order hierarchy (the multiresolution composition part
1045 or 104¢ in this embodiment) outputs the formed image
to the feature amount calculator 102 in a next lower hierarchy.

Further, the multiresolution composition part 104 in the
first-order hierarchy (the multiresolution composition part
1044 in this embodiment) outputs the formed image to the
image generator 004.

This multiresolution composition part 104 is equivalent to
the “multiresolution composition part” of the present inven-
tion.

With reference to FIG. 7, the flow of a general operation of
the ultrasound diagnosis apparatus according to this embodi-
ment will be described. FIG. 7 is a flow chart of the general
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operation of the ultrasound diagnosis apparatus according to
this embodiment. A B-mode image will be taken for an
example below again.

Step S101: The transceiver 002 transmits ultrasound waves
to a subject via the ultrasound probe 001, and receives echo
signals based on ultrasound echoes reflected by the subject.

Step S102: The signal processor 003 executes signal pro-
cessing such as logarithmic compression and envelope detec-
tion on the echo signals inputted from the transceiver 002.

Step S103: The speckle/noise reduction processor 100
stores B-mode data inputted from the signal processor 003
into the frame accumulator 106 for each frame.

Step S104: Based on B-mode data of a predetermined
number of frames back from latest B-mode data stored in the
frame accumulator 106, the speckle/noise reduction proces-
sor 100 performs multiresolution decomposition, feature
amount calculation, filtering process, high-band-level con-
trol, and multiresolution composition to execute the speckle/
noise reduction process on the latest B-mode data.

Step S105: The image generator 004 executes, on the
B-mode data inputted from the speckle/noise reduction pro-
cessor 100 after the speckle/noise reduction process, coordi-
nate axis conversion or the like to generate an ultrasound
image of the B-mode data.

Step S106: The display controller 005 causes the display
007 to display the ultrasound image inputted from the image
generator 004.

Step S107: The integrated controller 009 determines
whether the examination has finished. In a case that the
examination has not finished, the process returns to step S101.
In a case that the examination has finished, the operation of
the ultrasound diagnosis apparatus is stopped.

The above description has been made by using a two-
dimensional tomographic image as a target of the speckle/
noise reduction process. As a target of the speckle/noise
reduction process, it is also possible to use a three-dimen-
sional tomographic image such as three-dimensional volume
data. The speckle/noise reduction process on a three-dimen-
sional tomographic image can be executed by adding one
dimension to the aforementioned process. To be specific, in
the calculation of the size of the edge and the calculation in
the filtering process, one row and one column can be added to
the matrix.

The speckle/noise reduction processor 100 is placed after
the signal processor 003. The speckle/noise reduction proces-
sor 100 may be placed after the image generator 004. Ina case
that the speckle/noise reduction processor 100 is placed after
the image generator 004, the speckle/noise reduction process
is executed on an ultrasound image on which the coordinate
axis conversion has been executed. In this case, the ultrasound
probe 001, the transceiver 002, the signal processor 003, and
the image generator 004 are equivalent to the “image genera-
tor” of the present invention, and the display controller 005 is
equivalent to the “display controller” of the present invention.

As described above, the ultrasound diagnosis apparatus
according to this embodiment performs multiresolution
decomposition in the spatial direction and the temporal direc-
tion of raw data in each mode such as B-mode or Doppler
mode to calculate a directional feature amount. By using a
filter utilizing the directional feature amount, change in noise
and speckle in the spatial direction and the temporal direction
is reduced. Consequently, it is possible to generate such an
image that is smooth not only in the spatial direction but also
in the temporal direction and has an emphasized tissue part.

Further, the ultrasound diagnosis apparatus according to
this embodiment is configured to calculate, for numerical
differentiation in the temporal direction, by using data of
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plural frames including present and past frames, by an equa-
tion and coefficient different from those for the spatial direc-
tion. Consequently, a filtering process without a time phase
delay is allowed.

Further, in this embodiment, an image with the more
emphasized edge is generated by using the high-band-level
controller 105 to execute the process on high-band decompo-
sition image data and emphasize an edge portion of the high-
band decomposition image data.

However, it is also possible to generate a composite image
in the multiresolution composition part 104 by using high-
band decomposition image data as it is, without using the
high-band-level controller 105 and without executing the pro-
cess on the high-band decomposition image data. In this case,
though the degree of emphasis of a tissue portion becomes
weaker than in the case of using the high-band-level control-
ler 105, it becomes possible to generate an image that is
smooth in the temporal direction.

The multiresolution decomposition part 101, the feature
amount calculator 102, the filtering processor 103, the mul-
tiresolution composition part 104, and the high-band-level
controller 105 may be placed for each hierarchy (for each
order from the first-order to the n”-order in FIG. 2). The
process in each hierarchy (each order) may be sequentially
performed by one set of multiresolution decomposition part
101, feature amount calculator 102, filtering processor 103,
multiresolution composition part 104 and high-band-level
controller 105.

Second Embodiment

An ultrasound diagnosis apparatus according to a second
embodiment of the present invention will be described below.
The ultrasound diagnosis apparatus according to this embodi-
ment is different in configuration from the first embodiment
in that B-mode data after the speckle/noise reduction process
is used to execute the speckle/noise reduction process on a
next frame. The configuration of the ultrasound diagnosis
apparatus according to this embodiment will be shown by the
block diagram of FIG. 1. In the following description, func-
tion parts denoted by the same reference numerals as in the
first embodiment have the same functions as far as there is no
specific description.

FIG. 8 is a view for describing accumulation of B-mode
data and a process using the accumulated B-mode data. In
order to facilitate the description, FIG. 8 shows two dimen-
sions of the spatial axis and temporal axis.

The frame accumulator 106 stores B-mode data inputted
from the signal processor 003 sequentially with time. The
latest B-mode data is B-mode data 801. The speckle/noise
reduction processor 100 performs the speckle/noise reduction
process on the B-mode data 801 by using set B-mode data
300. The set B-mode data 300 is the set of B-mode data of a
predetermined number of frames including the B-mode data
801 stored in the frame accumulator 106.

Then, the frame accumulator 106 deletes the unprocessed
B-mode data 801, and stores the B-mode data 801 having
been processed (referred to as the processed B-mode data 801
hereinafter) as B-mode data of the latest frame. After that,
when B-mode data of the next frame (referred to as B-mode
data 802) is inputted from the signal processor 003, the
B-mode data 802 is stored as the latest frame into the frame
accumulator 106. Then, the speckle/noise reduction proces-
sor 100 executes the speckle/noise reduction process on the
B-mode data 802, and the frame accumulator 106 stores the
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processed B-mode data 802. By repeating the process as
described above, the processing results of the past B-mode
data are accumulated in the temporal direction into the frame
accumulator 106, and it is possible to perform the speckle/
noise reduction process of the latest B-mode data by using the
accumulated processed B-mode data. The frame accumulator
106 is equivalent to the “data accumulator” in the present
invention.

Thus, the ultrasound diagnosis apparatus according to this
embodiment is configured to execute the speckle/noise reduc-
tion process on the latest B-mode data by using the past
B-mode data on which the speckle/noise reduction process
has been executed.

Consequently, since it is possible to use smooth B-mode
data having already been processed in the speckle/noise
reduction process in the temporal direction, it becomes pos-
sible to more efficiently reduce change in speckle/noise in the
temporal direction and perform a process without a time
phase delay.

(Modification 1)

Next, another example of the ultrasound diagnosis appara-
tus according to the present invention will be described. In
this modification, unprocessed B-mode data are accumulated.
At the time of execution of the speckle/noise reduction pro-
cess, the latest unprocessed frame is outputted to the frame
accumulator 106.

FIG. 9 is a view for describing accumulation of B-mode
data and the process using the accumulated B-mode data in
this modification.

FIG. 9 is expressed in two-dimensions of the spatial axis
and the temporal axis.

The ultrasound diagnosis apparatus of this modification
has a configuration that an unprocessed frame accumulator
107 shown by a dotted line is added to the ultrasound diag-
nosis apparatus according to the second embodiment.

The unprocessed frame accumulator 107 has a storing
medium such as a memory and a hard disk.

The unprocessed frame accumulator 107 stores B-mode
data inputted from the signal processor 003 sequentially with
time. The unprocessed frame accumulator 107 may store
B-mode data of all the frames, or may store B-mode data of'a
predetermined number of frames.

In the configuration to store B-mode data of a predeter-
mined number of frames, when new unprocessed B-mode
data 901 is inputted, the oldest unprocessed B-mode data is
deleted.

The frame accumulator 106 requests input of the B-mode
data 901 before the speckle/noise reduction process, to the
unprocessed frame accumulator 107. In response to the input
request, the unprocessed frame accumulator 107 inputs the
latest unprocessed B-mode data 901 into the frame accumu-
lator 106.

The frame accumulator 106 stores B-mode data 902 after
the speckle/noise reduction process of frames of one less than
a predetermined number. The frame accumulator 106 out-
puts, to the multiresolution decomposition part 101, the
unprocessed B-mode data 901 copied from the unprocessed
frame accumulator 107 and the stored processed B-mode data
902. Then, the frame accumulator 106 stores the processed
B-mode data after the speckle/noise reduction process by the
speckle/noise reduction processor 100. At this moment, the
frame accumulator 106 deletes the oldest processed B-mode
data.

With such a configuration, it is also possible to more effi-
ciently reduce change in speckle/noise in the temporal direc-
tion and perform a process without a time phase delay.
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What is claimed is:

1. An ultrasound diagnosis apparatus, comprising:

an image generator configured to execute transmission and
reception of ultrasound waves to chronologically gener-
ate ultrasound image data of plural frames;

a multiresolution decomposition part configured to hierar-
chically execute multiresolution decomposition on the
ultrasound image data of plural frames to obtain first-
arder to n”-order (n represents a natural number of 2 or

more) low-band decomposition image data and first-
order to n”-order high-band decomposition image data;

a feature amount calculator configured to calculate a fea-
ture amount based on the obtained low-band decompo-
sition image data;

a filtering processor configured to execute a filter operation
on the calculated feature amount of ultrasound image
data which becomes a filtering processing object based
on a feature amount calculated by ultrasound image data
of plural frames imaged at time prior to a time at which
a frame of the ultrasound image data is imaged; and

a multiresolution composition part configured to execute
multiresolution composition by using the low-band
decomposition image data and the high-band decompo-
sition image data to generate a composite image.

2. The ultrasound diagnosis apparatus according to claim

1, further comprising a data accumulator configured to store

the ultrasound image data, wherein the filtering processor is

configured to, as a filtering process on ultrasound image data

of at” frame among the plural frames, numerically analyze a

diffusion equation by using pixel values of pixels at a same

position in ultrasound image data of each of frames of a

predetermined number of frames back from a (t-1)" frame

stored in the data accumulator to calculate pixel values of
respective pixels at the same position in ultrasound image
data of the t” frame.

3. The ultrasound diagnosis apparatus according to claim

1, further comprising a data accumulator configured to store

the low-band decomposition image data, wherein the filtering

processor is configured to, as a filtering process on ultrasound
image data of a t* frame, numerically analyze a diffusion
equation by using pixel values of pixels at a same position in

low-band decomposition image data of each of frames of a

predetermined number of frames back from a (t-1)” frame

stored in the data accumulator to calculate pixel values of
respective pixels at the same position in processed low-band
decomposition image data of the t* frame.

4. The ultrasound diagnosis apparatus according to claim

1, wherein:
the filtering processor is configured to use a filter expressed

by a nonlinear diffusion equation; and

in the case of execution of numerical analysis of the non-
linear diffusion equation,

yow={L; =11 }2

is used as numerical differentiation in a spatial direction and

8L/at={3L-4I, I _,})2

is used as numerical differentiation in a temporal direction,
wherein [, represents a pixel value when x is i and I, represents
a pixel value at time t.

5. The ultrasound diagnosis apparatus according to claim
1, wherein the feature amount calculator is configured to
calculate a structure tensor of each pixel, calculate eigenval-
ues and eigenvectors by using the structure tensor, and calcu-
late a feature amount by using the eigenvalues and the eigen-
vectors.
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6. The ultrasound diagnosis apparatus according to claim
1, wherein the filtering processor is configured by a nonlinear
anisotropic diffusion filter.
7. The ultrasound diagnosis apparatus according to claim
1, further comprising a high-band-level controller configured
to execute a filtering process of emphasizing an edge on the
high-band decomposition image data and output the pro-
cessed high-band decomposition image data to the multireso-
lution composition part.
8. An ultrasound diagnosis apparatus, conprising:
an image generator configured to execute transmission and
reception of ultrasound waves to chronologically gener-
ate ultrasound image data of plural frames;
amultiresolution decomposition part configured to hierar-
chically execute multiresolution decomposition on the
ultrasound image data to obtain first-order to n”*-order (n
represents a natural number of 2 or more) low-band
decomposition image data and first-order to n”-order
high-band decomposition image data;
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a multiresolution composition part configured to perform
multiresolution composition by using the low-band
decomposition image data and the high-band decompo-
sition image data to generate a composite image;

a feature amount calculator configured to calculate a fea-
ture amount based on the obtained low-band decompo-
sition image;

a filtering processor configured to perform a filter opera-
tion on the calculated feature amount of ultrasound
image data which becomes a filtering processing object
based on a feature amount calculated by ultrasound
image data of plural frames imaged at time prior to time
in which a frame of the ultrasound image data is imaged;
and

a high-band-level controller configured to weight the first-
order to n”-order high-band decomposition image data
obtained from the multiresolution decomposition part,
by a feature amount of each corresponding order.
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