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(57) ABSTRACT
The invention is to provide an ultrasonic image with a clear
tissue structure while reducing speckle noise of the ultra-
sonic image. An ultrasonic wave is transmitted from the
transducer to the subject, and an echo generated in the
subject is received. The first ultrasonic image and the second
ultrasonic image are generated using a reception signal. The
second ultrasonic image is an image smoother than the first
ultrasonic image. The image processing unit calculates filter

coeflicients using pixel values of corresponding pixels of the
first ultrasonic image and the second ultrasonic image, and

A61B 8/08 (2006.01) generates an output image by processing one of the first
GO1S 15/89 (2006.01) ultrasonic image and the second ultrasonic image using the
GO1S 7/52 (2006.01) filter coefficients.
, 100
NS
) 50 &0
S ~
i i
_______________ CE;??“‘ < INPUT URNIT
H Ul
104
30
“? /\ li
1 22 v
i 2 '
oy ! - 10
) ‘&Qﬁmmzsg%& [,'/,V\ & .
fﬁ \ L 40
T —, & 1/ W
4 ’/ \\ %% FHANSMIS /
/ S ANSMISSION . N
i g Tg’g‘ég;ﬁ;gf § IMAGE IMAGE
3 \‘ ! §' j\” PROCESSING ¥ DISPLAY
LU A - UNIT UNIT
é \,\ o \)(// 4}@
% . s
%} \\yﬁ ™
%ﬂzmmmeﬁﬁ\ ) ,‘
< ) s'
N\ — A
2 21 )
LTRASUNIC HAGE E
UHE ENHANCED IMAGE}




Jan. 9,2020 Sheet 1 of 9 US 2020/0008784 A1

Patent Application Publication

LMD

Gy e .
AVSIO

(30 (RIONYHES 36L0NELS)
Z 3DV SINOSYRLTN LSUE

IOV

7
\)\
Ot

NCIL4E03
MMOISSINSNYHL

\
\
4
~ -
! §
/ \
S NOLLYHINTS P
%
HING
DNISS3 D0
R4
LN
. Rl
.w_ ONODES .
P, o
I
§ AN
A / MCILVSINDS 2OV
Iav4 {
‘ i 3 YAV
513 (SO GESS IS ~
THOAE) € B 0¢
DGV ANGOTS

LN DM

LIND

¥

HOEINOD

[ e

.\/\\ &

01

SN

3
=

3
/ Auﬂmmmmmwmg
S5
Aw%@u N m&«w

. —
o e 9%0

s

‘ %
% \Y/M /,,, M
&5 '\ 5
g Nk
[+ { Y
u ) §
@& f//l. — \\ %
%, o &



Jan. 9,2020 Sheet 2 of 9 US 2020/0008784 A1

Patent Application Publication

LINM

IOV CESSI0N L

N

!

C AR LNCLNG

ONISSHG0Ed

Ao %

M

S/

&
™

RPEL PRI g s
! £ . (AR N
St Lefas ¢t 2oy
v e, EE 'I 3

NN L
Yﬂé&muéﬂw:,,:

Y Flant e FEND Tenp

BB Pt g e oo T

&
e

B

(S0 03SSTHIENS 3THD34S) /

5 30vAlL DINCSYHLN ONOD3E




Patent Application Publication  Jan. 9,2020 Sheet 3 of 9 US 2020/0008784 A1

FIG. 3{B)
o~ ™
FIG., 3{A)
e
<-3x»\
231
23 23 23 23
LI L
{ / / P -
/ "N n Ny
ru L !
Pid s as
-
-
L]

—f
.

P
L

e
o
<



Patent Application Publication  Jan.9,2020 Sheet 4 of 9 US 2020/0008784 A1

(T Ty
- 0
o™ k]
D R N
~N . s
o D
i~ —i
e jES
@ ]
Ty o
B (@)
ied £
e [ry
L
I3 B
©~N o —
= (-
L
- .
© w
- - [
Fe e wp [
jon)
™N




US 2020/0008784 A1

BF LINN AYY
5 5 230
\\A\ /N i,
3 5%
‘S 20VIA 0388 IMHNS IHINILE I ADYA GHEDMYHNT IENLONNLE I OG SETYIC
SIIMHANID 0T LN NOILYd Rl SEIVHINED 07 L SIS IM03dS

Jan.9,2020 Sheet 5 of 9

MY NOELATOIMMNG

fo ~or1gl

Patent Application Publication



Patent Application Publication

[FIG. 7]

FILTER PROCESSED IMAGE

.
™

Jan.9,2020 Sheet 6 of 9

US 2020/0008784 A1

5

Patient (D &8
Slice number: ¥

Display mode: Filtered

Smooth

Structure

[FIG. 28]

INGIDENT WAVE

TRANSMITTED WAVE

?\2‘%&-

15



Patent Application Publication  Jan. 9,2020 Sheet 7 of 9 US 2020/0008784 A1

[FI1IG. 9]

. STRUCTURE ENHANCED IMAGE E
(FIRST LLTRASONIC IMAGE)

24
I N A DELAY -
sonifion LT A 121
UNIT
10 L~ RF SIGNAL
o = .~ BORECEIVING APERTURE
INCIDENT WAVE —y &7 @Fgﬁxwf@& Y
o® %
& ;% o REFLECTED WAVE
& %
S %
§ P
& B
£ 0
5 B0
: 2
B e g
N &
O, &0 TUMOR



Jan. 9,2020 Sheet 8 of 9 US 2020/0008784 A1

Patent Application Publication

[FIG. 10]

SPECKLE SUPPRESSED

s~ MAGE S

424
< ADDITION|,
|OUNT
' ULTRASONIC IMAGE
22 OF EACH
T 7 SUB-RECEPTION
APERTURE
y & { - ,«.123
DELAY DELAY DELAY DELAY ARDITION
ADEITION ADDITION ADTION | L7 PROCESSING
GNIT oNT VT P
.“T\‘ 1
- RFDATA

SUB-RECEPTION PR , P
4 M 83 SUB-RECEPTION APERTURE

APERTURE B T
81 o §§§§§ /?g:$®
<§3‘ "‘, ‘% T 82 SUB-RECEPTION APERTURE
’é§> ..... \%j\
§ “““““““ %'~ REFLECTED WAVE
&3 ; o
3 a
5 R BN, O
i | 5
% g 1”** 1
D N e
0& {;9' \\\\
$ TUMOR



Patent Application Publication

[FIG. 11}

Jan.9,2020 Sheet 9 of 9
@?EP 505 STAR@
' 1001

SET PLURALITY OF WINDOWS AT
SPECKLE SUPPRESSED IMAGE S AND
STRUCTURE ENHANCED IMAGE E

\%

CALCULATE FILTER COEFHICIENTS
UBING PIXEL VALUES INWINDOWS

v

1002

“FILTER COEFFICIENTS ™
ARE CALCULATED FOR
— ALLWINDOWS?

PIREL VALUES ARE PROCESSED BY FILTER
COEFFIGIENTS FOR EACH WINDOW GF
STRUCTURE ENHANCED IMAGE £ TQ GENERATE
FILTER PROCESSED IMAGE {OUTPUT IMAGE)

C

N/

STEP 505 ENDS)

US 2020/0008784 A1



US 2020/0008784 A1l

ULTRASONIC IMAGING DEVICE AND
IMAGE PROCESSING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2018-128519, filed on Jul. 5, 2018, the
contents of which is hereby incorporated by reference into
this application.

TECHNICAL FIELD

[0002] The present invention relates to an ultrasonic imag-
ing device that generates an image with reduced speckle
noise.

BACKGROUND ART

[0003] In the ultrasonic imaging device, a configuration is
widely used in which an image is reconstructed by trans-
mitting an ultrasonic wave from a probe to a subject,
receiving a reflected wave (echo) generated in the subject by
a probe, and performing phase addition on an obtained
reception signal by a delay addition method for each desired
reception focus. It is known that “speckle” is generated in
the image (ultrasonic echo image) obtained as described
above. The speckle is generated by interference between
ultrasonic waves reflected by countless scattering points in
the subject, and does not reflect a tissue structure itself.
Therefore, when the user attempts to read the tissue structure
from the ultrasonic echo image, the speckle becomes a
noise.

[0004] A spatial compound method is used as an effective
method of reducing speckle of the ultrasonic image. This
method includes performing a plurality of transmission/
reception in which the transmission/reception angle of the
ultrasonic beam to an imaging object is changed, obtaining
the luminance image for each of the plurality of transmis-
sion/reception with different transmission/reception angles
of the ultrasonic beam and then synthesizing an obtained
luminance image in an incoherent manner. The speckle
pattern of the luminance image obtained by each transmis-
sion/reception is slightly different because the angle of the
ultrasonic beam is different, and the speckle pattern can be
reduced by combining the luminance images. For example,
in the spatial compound method disclosed in Patent Litera-
ture 1, a plurality of images with different reception angles
are obtained by a multi-look process in which the long axis
aperture of the probe is not changed and a reception aperture
in the short axis direction (elevation direction) is reduced
(changed) to a plurality of types at the time of reception
when transmitting/receiving the plurality of ultrasonic
beams.

[0005] As another method of reducing the speckle, Patent
Literature 2 discloses a technique of reducing speckle while
performing a boundary enhancement by preparing two
images obtained by applving a smoothing processing and a
boundary enhancement processing on ultrasonic echo
images respectively, and weighting and combining the two
images in pixel units respectively.

[0006] On the other hand, non-Patent Literature 1 pro-
poses a principle of a novel image filter processing called a
guided filter. In this guided filter processing, a guide image
is used in addition to an input image which is a filtering
object, and a window is set at a corresponding position of
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these images. When the pixel value of the i-th pixel in the
window of the guide image is 1, the pixel value of the i-th
pixel in the window of the input image is p,, and the i-th
pixel value of the output image is q,, the pixel value g, of the
output image is calculated by simultaneously satisfying
q,=al+b and q,=p,—n,, and calculating a, b, and n in the
window such that n, becomes the smallest. This guided filter
is described in non-Patent Literature 1 as being able to
perform an edge-preserving smoothing processing while
leaving the contour of the image. Further, non-Patent Lit-
erature 1 discloses several examples showing that the image
quality of an output image changes depending on the image
quality of the guide image.

PRIOR ART LITERATURE

Patent Literature

[0007] Patent Literature 1: U.S. Pat. No. 6,464,638 speci-
fication
[0008] Patent Literature 2: JP-A-2007-222264
Non-Patent Literature
[0009] Non-Patent Literature 1: K. He, J. Sun, and X.

Tang, “Guided Image Filtering,” IEEE Transactions on
Pattern Analysis and Machine Intelligence, 35, pp. 1397-
1409.

SUMMARY OF INVENTION

Technical Problem

[0010] The spatial compound method can reduce or pre-
vent speckles, but when transmitting/receiving a plurality of
times, the time required for imaging becomes long. Further,
if a body motion or the like of the subject occurs during a
plurality times of transmission/reception, a position shift
would occur in the tissue of the subject between the obtained
plurality of images. When the plurality of images are added
in the incoherent manner, the speckle can be reduced or
prevented, but the contour of the tissue structure of the
subject is blurred. Further, as described in Patent Literature
1, if a multi-look processing of reducing the reception
aperture to a plurality of stages is used, a plurality of types
of images can be obtained by one time of reception, but in
order to reduce the reception aperture, the number of recep-
tion signals used to generate one image is reduced, and the
resolution of the image is reduced. Therefore, when the
plurality of images are added in the incoherent manner, the
speckle can be reduced or prevented, but there is a problem
that the contour of the tissue structure of the subject is also
blurred.

[0011] In the technique of weighting and combining a
smooth processed image and a boundary enhancement pro-
cessed image in the pixel units respectively described in
Patent Literature 2, it is not easy to set the weighting because
the effect of reducing the speckle while performing the
boundary enhancement would not be achieved if an appro-
priate weighting is not performed in the pixel units.

[0012] Non-Patent Literature 1 discloses a principle of the
guided filter processing and several processing examples,
but the application to the ultrasonic image is not disclosed at
all. Therefore, it is unclear whether or not the speckle can be
reduced by the guided filter processing. When the guided
filter processing is applied to the ultrasonic image, it is
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unclear there is a possibility of being capable of reducing
speckle by using which kind of image as the input image and
the guide image.

[0013] It is an object of the invention to provide an
ultrasonic image having a clear tissue structure while reduc-
ing the speckle noise of the ultrasonic image.

Solution to Problem

[0014] According to the invention, provided is an ultra-
sonic imaging device that includes a transmission/reception
unit which transmits an ultrasonic wave from one or more
transducers to a subject by outputting a transmission signal
to the one or more transducers, at the same time receives a
reception signal output by the plurality of transducers that
received an echo generated in the subject and performs a
predetermined processing, an image generation unit which
generates a first ultrasonic image and a second ultrasonic
image using the reception signal processed by the transmis-
sion/reception unit, and an image processing unit which
generates an output image using the first ultrasonic image
and the second ultrasonic image. The image generation unit
generates an image smoother than the first ultrasonic image
as the second ultrasonic image. The image processing unit
generates an output image by calculating filter coefficients
using pixel values of corresponding pixels of the first
ultrasonic image and the second ultrasonic image, and
processing one of the first ultrasonic image and the second
ultrasonic image by the filter coeflicients.

Advantageous Effect

[0015] According to the invention, it is possible to provide
an ultrasonic image with a clear tissue structure while
reducing the speckle noise of the ultrasonic image.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is ablock diagram showing a configuration
of the ultrasonic imaging device according to an embodi-
ment.

[0017] FIG. 2 is a diagram illustrating an example of the
first ultrasonic image (structure enhanced image), the second
ultrasonic image (speckle suppressed image), and an output
image (filter processed image) according to the embodiment.
[0018] FIG. 3 (a) is a diagram showing an example of a
window set in the first ultrasonic image and the second
ultrasonic image, and FIG. 3 (b) is a diagram showing an
example of a window set so as to partially overlap in the
ultrasonic imaging device according to the embodiment.
[0019] FIG. 4 is an explanatory diagram illustrating a
partial configuration of an ultrasonic CT device as an
example of the ultrasonic imaging device according to the
embodiment.

[0020] FIG. 5 (a) to FIG. 5 (f) are perspective views
illustrating a shape of a transducer array of the ultrasonic CT
device according to the embodiment.

[0021] FIG. 6 is a flowchart showing an operation of the
ultrasonic imaging device according to the embodiment.
[0022] FIG. 7 is an explanatory diagram illustrating an
example of an input screen displayed on an image display
unit, which receives settings from a user, and a display
screen of a filter processed image.

[0023] FIG. 8 is a diagram illustrating an incident wave, a
reflected wave, and a transmitted wave transmitted from the
ring-shaped transducer array according to the embodiment.
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[0024] FIG. 9 is a block diagram illustrating a structure
enhanced image generation processing according to the
embodiment.

[0025] FIG. 10 is a block diagram illustrating the genera-
tion processing of the speckle suppressed image according
to the embodiment.

[0026] FIG. 11 is a flowchart showing the operation of the
ultrasonic imaging device according to the embodiment.

DESCRIPTION OF EMBODIMENTS

[0027] The ultrasonic imaging device according to an
embodiment of the invention will be described using the
drawings.

[0028] FIG. 1 is a block diagram showing a configuration
of the ultrasonic imaging device 100 according to the
present embodiment. FIG. 2 is a diagram illustrating an
example of the first ultrasonic image, the second ultrasonic
image, and an output image according to the embodiment.
[0029] As shown in FIG. 1, the ultrasonic imaging device
100 includes a transmission/reception unit 10, an image
generation unit 20, and an image processing unit 30.
[0030] One or more transducer 1 is connected to the
transmission/reception unit 10. The transmission/reception
unit 10 outputs a transmission signal to one or more trans-
ducer 1. As a result, an ultrasonic wave is transmitted from
the transducer 1 to the subject 2, and an ultrasonic echo is
generated in the subject 2. The generated echo is received by
the transducer 1, and the transducer 1 outputs a reception
signal. The transmission/reception unit 10 receives a recep-
tion signal output from the transducer 1 and performs a
predetermined processing such as an A/D conversion.
[0031] The image generation unit 20 generates the first
ultrasonic image and the second ultrasonic image using the
reception signal processed by the transmission/reception
unit 10. The image generation unit 20 generates the image
smoother than the first ultrasonic image as the second
ultrasonic image. An example of the first ultrasonic image
and the second ultrasonic image is illustrated in FIG. 2. The
image generation unit 20 may include a first generation unit
21 that generates the first ultrasonic image and a second
generation unit 22 that generates the smooth second ultra-
sonic image.

[0032] The image processing unit 30 calculates the filter
coeflicient using the pixel values of the corresponding pixels
of the first ultrasonic image and the second ultrasonic image,
and generates the output image by processing one of the first
ultrasonic image and the second ultrasonic image according
to the filter coefficient.

[0033] Since the second ultrasonic image is a smoother
image than the first ultrasonic image, the speckle noise is
reduced compared to the first ultrasonic image, but the
contour of the tissue structure of the subject 2 tends to be
more blurred than the first ultrasonic image. On the other
hand, the speckle noise increases since the first ultrasonic
image is not smoother than the second ultrasonic image, but
the contour of the tissue structure of the subject 2 tends to
appear clearly with high contrast. Thus, the image of the
contour of the speckle noise and the tissue structure appro-
priately determine the filter coeflicient using two types of the
ultrasonic images that appear indifferent characteristics, and
it is possible to generate an image in which the contour of
the tissue structure is clear while reducing the speckle noise
by processing either the first ultrasonic image or the second
ultrasonic image using the filter coeflicient.
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[0034] Therefore, it is desirable that the first generation
unit 21 of the image generation unit 20 generates the first
ultrasonic image such that the boundary of the tissue struc-
ture of the subject 2 is enhanced, and the second generation
unit 22 generates the second ultrasonic image such that
speckle noise is reduced.

[0035] In order to obtain an output image by the image
processing unit 30, it is desirable that the image processed
according to the filter coeflicient is a first ultrasonic image
in which the contour of the tissue structure of the subject 2
appears clearly.

[0036] The image processing unit 30 uses coeflicient a and
constant b as filter coefficients, for example. A coefficient a
and a constant b, with which the difference between a value
(aE,+b) and the pixel value S, of the corresponding i-th pixel
of the second ultrasound image is as small as possible, are
calculated by the image processing unit 30 using the pixel
values E, and S, of the plurality of pixels in the window set
for the first ultrasonic image and the second ultrasonic
image, the value (aE,+b) being obtained by multiplying the
pixel value E, of the i-th pixel of the first ultrasonic image
by the coeflicient a and adding the constant b. The image
processing unit 30 multiplies the pixel value E, of the pixel
in the window of the first ultrasonic image by the calculated
coeflicient a and adds the constant b to obtain the pixel value
of the output image O,.

[0037] Itis desirable that the image processing unit 30 sets
a plurality of windows in the first ultrasonic image and the
second ultrasonic image, and calculates a filter coeflicient
for each window. For example, as shown in FIG. 3(a), the
window 23 is set in the first ultrasonic image and the second
ultrasonic image without any gaps, and the filter coefficient
1s calculated and set for each window 23. It is necessary for
the size of the window 23 to include a plurality of pixels
since it is necessary to reflect the information of the structure
included in the image in the filter coefficients a and b.
Therefore, it is desirable to set a window so as to include two
or more pixels.

[0038] For example, the image processing unit 30 can use
an optimization method such as a least-square method to
obtain a coefficient a and a constant b that give a minimum
value of the difference between (aE+b) and S,. When this
optimization is executed, it is possible to stabilize the
solution by adding a penalty term for stabilizing the solution,
so it is possible to reduce the false image in the output
image.

[0039] In addition, when performing the above-described
optimization, the image processing unit 30 may calculate a
solution that gives the minimum value using a sequential
calculation method such as a steepest descent method, or
may calculate a solution that gives the minimum value by
analytical calculation if an analysis solution that gives the
minimum value is obtained.

[0040] In addition, the degree of speckle reduction and the
degree of clarification of the contour of the tissue boundary
change according to the size of the window. When the
window size is too small, the output image becomes equal
to the speckle suppressed image, and if the window size is
too large, the whole output image becomes a smoothed
image. Therefore, for example, it is desirable to set various
sizes of windows in advance using a plurality of ultrasonic
images to calculate the filter coefficient to generate the
output image, and it is desirable to determine an appropriate
window size by using a method of selecting a window size
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having a large degree of reduction of the speckle and a large
degree of clarification of the contour of the tissue boundary
in advance, or a method of accepting a designation of the
window size from a user, and the like.

[0041] In addition, as shown in FIG. 3 (b), the image
processing unit 30 may set a plurality of windows 23 so as
to partially overlap with each other. The pixel value of the
output image is calculated using a value obtained by com-
bining a plurality of coefficients a obtained respectively
according to the overlapping windows 23 and a value
obtained by combining a plurality of constants b in the pixels
located in the overlapping region of the window 23. As the
combination method, a desired method such as an average
value, a maximum value, or a minimum value may be used.
[0042] The ultrasonic imaging device 100 of the embodi-
ment may be configured as an ultrasonic CT device having
a function of generating a transmitted wave image from the
transmitted wave of the ultrasonic wave transmitted through
the subject 2 as well as a function of generating the image
by an echo of the ultrasonic wave. In this case, as shown in
FIG. 1, one pair or more of the transducers 1 of the plurality
of transducers 1 are disposed at positions facing each other
across the subject 2. In this way, since the transducers 1
arranged facing each other can receive the transmitted wave
of the ultrasonic wave transmitted to the subject 2, the image
generation unit 20 can further generate the transmitted wave
image of the subject 2 using the received signal of the
transmitted wave.

Specific Embodiments

[0043] A specific configuration of the ultrasonic imaging
device 100 of the embodiment will be described with
reference to FIGS. 1 and 4. FIG. 4 illustrates a state in which
the subject 2 is inspected by the ultrasonic imaging device
100. As illustrated in FIG. 4, an example in which the
ultrasonic imaging device 100 is an ultrasonic CT device and
particularly a device having a structure suitable for identi-
fying a breast tissue will be described.

[0044] As shown in FIG. 1, the ultrasonic CT device
(ultrasonic imaging device) 100 includes a control unit 50 in
addition to the transmission/reception unit 10, the image
generation unit 20, and the image processing unit 30. The
transducer array 101 in which the transducer 1 is arranged in
a ring shape is connected to the transmission/reception umit
10. An input unit 60 is connected to the control unit 50, and
the image display unit 40 is connected to the image pro-
cessing unit 30. Further, as illustrated in FIG. 4, the ultra-
sonic CT device 100 includes a bed 102 on which the subject
2 is placed and a cylindrical water tank 103 into which a
chest can be inserted. The transmission/reception unit 10,
the image generation unit 20, the image processing unit 30,
and the control unit 50 are arranged in a space below the bed,
although not illustrated in FIG. 4.

[0045] Inthe example in FIG. 4, the image display unit 40
has a touch panel structure and also serves as the input unit
60. In the bed 102, an opening is provided on a surface on
which the subject 2 is mounted, and the water tank 103 is
provided at a lower part of the opening. As illustrated in FIG.
5(a), a ring-shaped transducer array 101 and a driving unit
202 that moves the transducer array 101 in the axial direc-
tion (vertical direction) of the water tank 103 are arranged
inside the water tank 103. The water tank 103 is filled with
deaerated and purified hot water. A thermometer (not shown)
is provided in a lower part of the water tank 103. Further, a



US 2020/0008784 A1l

heating device and a deaerator (not shown) that heat and
deaerate water are connected to the water tank 103. The
thermometer, the heating device, and the deaerator are
connected to the control unit 50.

[0046] An imaging condition of the ultrasonic CT device
are set by a user through the touch panel of the input unit 60
or the like.

[0047] The transmission/reception unit 10, the image gen-
eration unit 20, the image processing unit 30, and the control
unit 50 may be configured to realize each of the functions by
a software, or realize a part or all of the functions by
hardware. In the case of realizing by software, each unit is
configured to include a processor (for example, a Central
Processing Unit (CPU) or Graphics Processing Unit (GPU)),
and a memory in which a program is stored in advance, and
the processor realizes the functions by reading and executing
the program. In the case of realizing by hardware, for
example, a part or whole of each unit is constituted using a
custom. IC such as Application Specific Integrated Circuit
(ASIC) or a programmable IC such as Field-Programmable
Gate Array (FPGA), and a circuit design may be performed
so as to realize the operation.

[0048] The operation of the ultrasonic CT device 100 will
be described below using the flowchart of FIG. 6.

[0049] For the ultrasonic CT device in the embodiment,
when the power is turned on, the control unit 50 takes in the
temperature of the water in the water tank 103 from the
thermometer, heats the water by the heating device until the
temperature of the water reaches a predetermined tempera-
ture (about body temperature), and deaerates the water by
the deaerator. Thus, the water tank 103 is filled with deaer-
ated water adjusted to a predetermined temperature. In a
state in which the subject 2 is not inserted into the water tank
103, the control unit 50 transmits and receives the ultrasonic
wave under predetermined conditions, and acquires in
advance the reception data before the subject 2 is inserted.
[0050] As illustrated in FIG. 7, the control unit 50 causes
the image display unit 40 to display a screen that receives a
type of an image to be captured from a user (subject 2 or
operator), and receives a type of the image to be captured via
the input unit 9. In the example in FIG. 7, as the image types,
a button 61 for selecting a filter processed image, a button
62 for selecting a speckle suppressed image, and a button 63
for selecting a structure enhanced image are displayed on the
image display unit 40, and the user can select the image type
by the input unit 9 that is the touch panel.

[0051] Here, the speckle suppressed image is the second
ultrasonic image described above, and is an image generated
by an image generation method such as a spatial compound
for reducing speckle, an image subjected to image process-
ing such as smoothing processing for reducing speckle with
respect to an image once generated by beam forming by an
image generation method such as the delay addition method.
The structure enhanced image is the above-described first
ultrasonic image, and is an image obtained by beam forming
by the delay addition method, or a once generated image
subjected to the process of further enhancing the boundary
or the like by the delay addition method or the like. The
structure enhanced image may be an image in which the
contour of the tissue structure of the subject 2 clearly
appears with high contrast, and is not limited to an image
subjected to image processing such as boundary enhance-
ment processing. The filter processed image is an image
generated by the image processing unit 30 calculating a filter
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coeflicient using pixel values of corresponding pixels of the
first ultrasonic image and the second ultrasonic image, and
processing one of the first ultrasonic image and the second
ultrasonic image using a filter coeflicient. Thus, the filter
processed image is an image with a clear tissue structure
while reducing speckle.

[0052] When the user selects an image of the type gener-
ated by the image display unit 40 by pressing any one of the
buttons 61, 62, and 63, the control unit 50 displays a display
prompting the subject 2 to lie on the bed 102 and to insert
one breast into the water tank 103 on the image display unit
40. If the control unit 50 confirms that the breast of the
subject 2 is inserted into the water tark 103 by operating the
input unit 60 by the subject 2, the control unit 50 transmits
and receives the ultrasonic waves from the transducer array
101 to the subject 2 (step 501). Specifically, under the
control of the control unit 50, the transmission/reception unit
10 generates the transmission signal based on a condition
input from the input unit 60 or a predetermined imaging
condition, and outputs the transmission signal to one or a
plurality of transducers 1 constituting the transducer array
101. As a result, as illustrated in FIG. 8, an ultrasonic wave
(incident wave) is transmitted from the one or a plurality of
transducers 1 a having received the transmission signal
toward the subject 2.

[0053] Asillustrated in FIG. 8, the reflected wave reflected
by the subject 2 is received by the plurality of transducers 1
in a predetermined angular range (reception aperture)
around the transducer 1 as a center that transmitted the
ultrasonic wave. The transducer 1 that received the reflected
wave outputs each received signal of the reflected wave, and
the received signal of the reflected wave is input to the
transmission/reception unit (step 502). On the other hand,
the transmitted wave that transmitted through the subject 2
is received by the plurality of transducers 1 in a predeter-
mined angular range facing the one or a plurality of trans-
ducers 1 that transmitted the ultrasonic waves. The trans-
ducer 1 that received the transmitted wave outputs each
received signal of the transmitted wave, and the received
signal of the transmitted wave is input to the transmission/
reception unit 10. The transmission/reception unit 10 repeat-
edly transmits and receives the ultrasonic waves for each
predetermined transmission angle (view) by shifting the
position of the transducer 1 that outputs the transmission
signal. In addition, the driving unit 202 shifts the transducer
101 to the predetermined position and repeats the transmis-
sion and reception of the ultrasonic waves for each similarly
predetermined view.

[0054] The transmission/reception unit 10 converts the
received signal (RF signal) into a digital signal by sampling.
[0055] When the selection button of the image type
accepted by the input unit 60 is the button 61 that selects the
filter processed image (step 503), the control unit 50 causes
image generation unit 20 to generate the structure enhanced
image E and the speckle suppressed image S (step 504), and
generates a filter processed image using the structure
enhanced image E and the speckle suppressed image S (step
505).

[0056] First, as illustrated in FIG. 9, the first generation
unit 21 of the image generation unit 20 obtains the signal
intensity of each pixel by performing phase addition of the
received signals of all the transducers 1 in the reception
aperture 80 of the reflected wave according to the delay
addition method (Delay and Sum, DAS), and generates the
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structure enhanced image E (first ultrasonic image) in which
the contour of the tissue structure clearly appears with high
contrast. As illustrated in FIG. 10, the second generation unit
22 generates the plurality of ultrasonic images by perform-
ing phase addition by the sub-aperture delay addition
method, and by combining the plurality of ultrasonic
images, generates an image S (second ultrasonic image) in
which the speckle noise is reduced by the spatial compound-
ing effect (step 504).

[0057] The first generation unit 21 will be further
described in more details. As illustrated in FIG. 9, the first
generation unit 21 includes a delay addition unit 121. The
first generation unit receives the reception signals (RF
signals) of all the transducers 1 in the reception aperture 80
of the reflected wave from the transmission/reception unit
10. The first generation unit 21 divides the sum of the
distance from the transmitted transducer la to the point
(reception focus in the subject 2) corresponding to the pixel
of interest in the subject 2 and the distance from the point of
the pixel of interest to the received transducer 1 by the sound
velocity of the ultrasonic wave (for example, the sound
velocity of water), thereby obtaining the time (timing) until
the reflected wave (echo) from the point of the pixel of
interest returns to the transducer 1 after the transducer 1a
transmits the ultrasonic wave (incident wave). Since the
distance between the point of the pixel of interest and the
transducer 1 is different for each position of the transducer
1 that receives the echo, the above-described time (timing)
is also different for each transducer 1. The first generation
unit 21 obtains a delay amount of delaying the reception
signal of each transducer for each pixel of interest such that
the reflected wave reflected by the pixel of interest in the
subject 2 can be added using all the timing of the received
signal received by each transducer 1. Alternatively, the first
generation unit 21 reads the delay amount obtained in
advance. The delay addition unit 121 of the first generation
unit 21 delays the reception signal output from the trans-
ducer 1 by the above-described delay amount for each pixel
of interest in the subject 2, thereafter adds the reception
signal (phasing addition), and sets the signal intensity after
addition to the value of the pixel (delay addition method).
By performing this on all the pixels in the field of view, an
ultrasonic image (B mode image) can be generated. The
generated B-mode image is output as the structure enhanced
image E (first ultrasonic image) in which the contour of the
tissue structure appears clearly with high contrast. The
reflected image generation unit 25 may generate a B-mode
image for each view, and may use the image obtained by
adding these images as the structure enhanced image E.

[0058] On the other hand, as illustrated in FIG. 10, the
second generation unit 22 includes a plurality of delay
addition units 121, 122, and 123, and one addition unit 124.
The processing of the second generation unit 22 divides the
reception aperture 80 (multi-look), and receives, for each
reception aperture 81, 82, and 83 after division, the reception
signal of the transducer 1 in the reception aperture 81, 82,
and 83 from the transmission/reception unit 10. Each of the
delay addition units 121, 122 and 123 performs phase
addition of the reception signal of the transducer 1 of the
reception aperture 81, 82 and 83 by the delay addition
method for each point (reception focal point) corresponding
to the pixel of interest in the field of view. As a result, the
ultrasonic image (B mode image) with the signal intensity
after the phase addition as the pixel value can be generated
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for each of the reception apertures 81, 82, and 83. Since the
positions of the reception apertures 81, 82 and 83 are
different in these B-mode images, the pattern of speckle
noise is different. The addition unit 124 of the second
generation unit 22 can generate an image S (second ultra-
sonic image) in which speckle noise is reduced by the spatial
compounding effect by adding these B-mode images inco-
herently, that is, by adding the B-mode images without
maintaining the phase information (step 504).

[0059] Next, the image processing unit 30 calculates the
filter coeflicient using the structure enhanced image E and
the speckle suppressed image S generated in step 504, and
filter processes the structure enhanced image E using the
calculated filter coeficient to generate a filter processed
image. As a result, it is possible to generate the filter
processed image in which the speckle is reduced and the
contour of the tissue structure is clear. This process will be
described in detail with reference to the flow of FIG. 11.
[0060] The image processing unit 30 sets a plurality of
windows 23 at positions corresponding to the structure
enhanced image E and the speckle suppressed image S as
shown in FIG. 3 (a), for example (step 1001). The windows
may be set so as to partially overlap with each other as
shown in FIG. 3 (b). The size (number of pixels m) and the
shape of the window 23 may be a predetermined size
(number of pixels) and shape, or a size (number of pixels)
and a shape received from the user via the input unit 60 if
the size includes two or more pixels as described above.
[0061] Equation (1) representing the i-th pixel value O, of
the output image is obtained for all the pixels in the kth
window 23 using the pixel value E, of the i-th pixel in one
kth window 23 of the structure enhanced image E, and the
coeflicient a, and the constant b, of the filter coefficient. In
addition, expression (2) representing the i-th pixel value O,
of the output image is obtained for all the pixels in the kth
window 23 using the pixel value S, of the i-th pixel in the kth
window 23 of the speckle reduced image S and unnecessary
value n, such as noise for each pixel. As a result, equation (1)
and equation (2) equal in number to the number of pixel m
in the kth window are obtained.

O aEb, M
O0,=5n; @
[0062] Theimage processing unit 30 calculates, by obtain-

ing the solution in which n, is minimized, the coeflicient a,
and the constant b, determined for the kth window and n,
determined for each pixel using m equation (1) and equation
(2), respectively. As a result, the filter coeflicients (coeffi-
cient a,, constant b,, and n,) for the window are calculated
(step 1002). For example, the image processing unit 30
calculates the filter coeflicients using the optimization
method such as the least-square method.

[0063] This is repeated until the filter coeflicients are
obtained for all the windows 23 (step 1003). Further, as
shown in FIG. 3 (b), when the windows 23 are set partially
overlapped, the average value of each of the coeflicient a,
and the constant b, of the overlapping window is obtained
and set as the coeflicient a, and the constant b, of the pixel
of the overlapping region.

[0064] The structure enhanced image E is processed with
the filter coeflicient for each window to generate a filter
processed image (output image) O (step 1004). Specifically,
the pixel value O, of the filter processed image (output
image) O is calculated by calculating the equation (1), using



US 2020/0008784 A1l

the pixel value E, of the structure enhanced image E and the
filter coefficients (coefficient a, and constant b,) of the
window 23 to which the pixel belongs.

[0065] This filter process transfers a remarkable structure
of the structure enhanced image E to the speckle suppressed
image S, and has an effect of smoothing the speckle sup-
pressed image with respect to a part having no significant
structure in the structure enhanced image. As a result, it is
possible to generate a filter processed image (output image)
that achieves both the reduction of the speckle and the
clarification of the contour image of the tissue structure.
[0066] The image generation unit 30 proceeds to step 506
in FIG. 6, and outputs and displays the filter processed image
generated in step 505 on the image display unit 40.

[0067] On the other hand, if the selection button of the
image type accepted from the user by the input unit 60 is not
the button 61 for selecting the filter processed image in step
503, the process proceeds to step 507. If the user presses the
button 63 for selecting the structure enhanced image E in
step 507, the image generation unit 20 generates the struc-
ture enhanced image E in step 508. The generate processing
of the structure enhanced image E is as described in step
504. Then, the process proceeds to step 509, in which the
image processing unit 20 displays the structure enhanced
image E on the image display unit 40.

[0068] If the user presses the button 63 for selecting the
speckle suppressed image S in step 507, the process pro-
ceeds to step 510, and the image generation unit 20 genet-
ates the speckle suppressed image by the processing method
described in step 504. Then, in step 511, the image process-
ing unit 20 displays the speckle suppressed image S on the
image display unit 40.

[0069] As described above, the ultrasonic CT device 100
according to the embodiment can display any one of the
filter processed image, the structure enhanced image E, and
the speckle suppressed image S that achieves both speckle
reduction and clarification of contour image of tissue struc-
ture at the same time by the selection of the user.

[0070] When the transducer array 101 is moved to a
predetermined position (slice) by the driving unit 202 and
the reflected wave signal is received, the processing in FIG.
6 described above can be performed for each slice to
generate a three-dimensional ultrasonic image (volume
data).

[0071] The ultrasonic CT device 100 can also generate a
transmitted wave image (attenuation rate image, sound
velocity image) of the subject 2 using the received signal of
the transmitted wave. This will be briefly described below.
[0072] The image generation unit 20 obtains an amplitude
of each transducer 1 for the transmission signal received in
a state in which the subject 2 is inserted in each view. On the
other hand, the image generation unit 20 obtains the ampli-
tude of the received signal of each transducer 1 received
without inserting the subject 2. The image generation unit 20
calculates a difference in logarithm of the amplitude before
and after the insertion of the subject 2 for each view and each
reception channel. This collection of data is referred to as a
sinogram. The image generation unit 20 reconstructs a
tomographic image of the subject 2 by processing the
sinogram of the difference in the logarithm of the amplitude
with Filtered Back Projection (FBP) or the like widely used
in the field of X-ray CT. Thus, a distribution image of the
difference in the attenuation rate before and after insertion of
the subject 2 is obtained. The image generation unit uses a
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predetermined value (estimated value) as the attenuation rate
of water, thereby generates an image (attenuation image)
that shows the attenuation rate (unit: dB/MHz/cm) distribu-
tion of the subject 2 from the distribution image of the
difference in the attenuation rate.

[0073] The image generation unit 20 performs Hilbert
transformation in the time direction with respect to the
transmission signal output from each transducer 1 in each
view, and obtains the reception timing of the maximum
amplitude of the received wave. The image generation umt
20 similarly obtains the reception timing of the maximum
amplitude for the reception signals of each transducer 1
received before the insertion of the subject 2. The image
generation unit 20 calculates the difference in reception
timing before and after the insertion of the subject 2 for each
view and each reception channel respectively to obtain the
sinogram. The image generation unit 20 reconstructs the
tomographic image by processing the sinogram of a differ-
ence in reception timing by a filter correction inverse
projection method or the like. This tomographic image is the
distribution image of the difference in “Slowness” of the
ultrasonic wave before and after insertion of the subject 2.
The “Slowness” is the reciprocal number of the sound
velocity. The image generation unit 20 generates a distribu-
tion image (sound velocity image) of the sound velocity of
the subject 2 from the distribution image of the difference of
“Slowness” using the sound velocity value (estimated value)
of water.

[0074] A three-dimensional attenuation image and/or a
sound velocity image can be generated by repeating the
generation of the attenvation image and/or the generation of
the sound velocity image for each slice in which the trans-
ducer array 101 is moved by the driving unit 202.

[0075] According to the selection by the user, the ultra-
sonic imaging device (ultrasonic CT device) of the embodi-
ment can generate one or more image of the filter processed
image, the structure enhanced image E, and the speckle
suppressed image S that achieves both speckle reduction and
clarification of contour image of tissue structure, and the
attenuation image and the sound velocity image, and display
the images on the image display unit. Therefore, the ultra-
sound imaging device can assist the doctor in diagnosing the
presence or absence of a tumor included in the tissue
structure of the subject 2 by these images.

[0076] In the above-described embodiment, an example in
which the ring-shaped transducer array 101 as illustrated in
FIG. 5 (a) is used is described as the transducer array 101 of
the ultrasonic CT device capable of generating a transmitted
wave image, but it is not limited to the ring shape, and it
suffices that at least some of the transducers 1 are opposed
to each other across the subject 101. For example, as
illustrated in FIGS. 5(d) to 5(f), it is possible to use the
transducer array 204 in which the transducers 1 are arranged
in a basket shape, a semicircular transducer array 205, and
two transducer arrays 206 arranged to face each other. As
illustrated in FIG. 5 (c), it is also possible to use a two-
dimensional ring-shaped transducer array 203 in which the
transducer array is arranged in the axial direction (depth
direction) of the water tank 103. Further, as illustrated in
FIG. 5 (b), the driving unit 202 may not only move the
ring-shaped transducer array 101 in the axial direction of the
water tank 103 but also move the transducer array 101 in a
tilting direction. Further, in the case of using the semicir-
cular transducer array 205, it is also possible to widen the
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angular range in which the transmitted wave signal can be
received by moving the transducer array 205 in the circum-
ferential direction by the driving unit 202.

REFERENCE SIGN LIST

[0077] 1: transducer
[0078] 2: subject
[0079] 9: input unit

[0080] 10: transmission/reception unit
[0081] 20: image generation unit
[0082] 21: first generation unit

[0083] 22: second generation unit
[0084] 30: image processing unit
[0085] 40: image display unit

[0086] 50: control unit

[0087] 60: input unit

[0088] 100: ultrasonic imaging device (ultrasonic CT
device)

[0089] 101: transducer array

[0090] 102: bed

[0091] 103: water tank

1. An ultrasonic imaging device, comprising:

a transmission/reception unit which transmits an ultra-
sonic wave from one or more transducers to a subject
by outputting a transmission signal to the one or more
transducers, at the same time receives a reception signal
output by the plurality of transducers that received an
echo generated in the subject and performs a predeter-
mined processing;

an image generation unit which generates a first ultrasonic
image and a second ultrasonic image using the recep-
tion signal processed by the transmission/reception
unit; and

an image processing unit which generates an output image
using the first ultrasonic image and the second ultra-
sonic image,

wherein the image generation unit generates an image
which is smoother than the first ultrasonic image as the
second ultrasonic image, and

wherein the image processing unit generates the output
image by calculating filter coefficients using pixel
values of corresponding pixels of the first ultrasonic
image and the second ultrasonic image, and processing
one of the first ultrasonic image and the second ultra-
sonic image by the filter coefficients.

2. The ultrasonic imaging device according to claim 1,
wherein the first ultrasonic image is an image generated by
the image generation unit such that a boundary of a tissue
structure of the subject is enhanced, and the second ultra-
sonic image is an image generated by the image generation
unit such that a speckle noise is reduced.

3. The ultrasonic imaging device according to claim 1,
wherein the image processed by the image processing unit
by the filter coeflicients is the first ultrasonic image.

4. The ultrasonic imaging device according to claim 1,
wherein the image processing unit uses a coeflicient a and a
constant b as the filter coeflicients, calculates the coefficient
a and the constant b, with which a difference between a value
obtained by multiplying a pixel value of a pixel of the first
ultrasonic image by a coeflicient a and adding a constant b,
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and the pixel value of the corresponding pixel of the second
ultrasound image is minimum, using the pixel values of the
plurality of pixels in the window set for the first ultrasonic
image and the second ultrasonic image, and calculates a
pixel value of the output image by multiplying the pixel
value of the pixel in the window of the first ultrasonic image
by the calculated coefficient a and adding a constant b.

5. The ultrasonic imaging device according to claim 4,
wherein the image processing unit sets a plurality of win-
dows in the first ultrasonic image and the second ultrasonic
image, and calculates the filter coefficients for each window.

6. The ultrasonic imaging device according to claim 5,
wherein the image processing unit sets the plurality of
windows so as to partially overlap with each other, and
calculates a pixel value of the output image using a value
obtained by combining the coefficient a and the constant b
obtained for the overlapping windows for the pixels located
in the region where the windows overlap.

7. The ultrasonic imaging device according to claim 1,
wherein at least one pair of the plurality of transducers are
disposed at positions facing each other across the subject,
and may receive a transmitted wave of the ultrasonic wave
transmitted to the subject, and the image generation unit
further generates a transmitted wave image of the subject
using the reception signal of the transmitted wave.

8. The ultrasonic imaging device according to claim 1,

wherein the plurality of transducers are arranged in an

array,

wherein the image generation unit generates the first

ultrasonic image by delaying and adding the reception
signals output from the plurality of transducers in the
reception aperture set in advance,

wherein the image generation unit divides the reception

aperture into a plurality of sub reception apertures, and
delays and adds the reception signals output from the
plurality of transducers in the sub reception aperture,
for the each sub reception aperture, thereby generating
a second ultrasonic image by obtaining ultrasonic
images for each sub reception aperture and combining
the obtained ultrasonic images for each sub reception
aperture.

9. An image processing device, comprising;

an image generation unit which generates a first ultrasonic

image and a second ultrasonic image by receiving a
reception signal output by a plurality of transducers that
received an echo generated in a subject transmitted
with an ultrasonic wave, or an ultrasonic image gen-
erated from the reception signal; and

an image processing unit which generates an output image

using the first ultrasonic image and the second ultra-
sonic image,

wherein the image generation unit generates an image

which is smoother than the first ultrasonic image as the
second ultrasonic image,

wherein the image processing unit generates the output

image by calculating filter coeflicients using pixel
values of corresponding pixels of the first ultrasonic
image and the second ultrasonic image, and processing
one of the first ultrasonic image and the second ultra-
sonic image by the filter coeflicients.
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