US 20170258452A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2017/0258452 A1

TSURUNO (43) Pub, Date: Sep. 14, 2017
(54) ULTRASONIC IMAGE PROCESSING A61B 6/00 (2006.01)
DEVICE, ULTRASONIC MEASUREMENT A61IB 8/00 (2006.01)
APPARATUS, AND ULTRASONIC IMAGE (52) US.CL
PROCESSING METHOD CPC ... A61B 8/5246 (2013.01); A61B 8/4483
(2013.01); A61B 6/03 (2013.01); A6IB 6/461
(71)  Applicant: SEIKO EPSON CORPORATION, (2013.01); A61B 8/4444 (2013.01)
Tokyo (JP)
(72) Inventor: Jiro TSURUNO, Okaya-shi (JP) (57) ABSTRACT
(73) Assignee: SEIKO EPSON CORPORATION,
Tokyo (IP) An ultrasonic image processing device includes an image
acquisition unit that acquires a plurality of internal tomo-
(21) Appl. No.: 15/428,456 graphic images of a target object in a plane including a first
direction, along a second direction intersecting the first
(22) Filed: Feb. 9, 2017 direction, an image dividing unit that divides each of the
internal tomographic images into a plurality of separate
(30) Foreign Application Priority Data images with a normal line to the first direction, and acquires
the separate images, and an image combining unit that
Mar. 10, 2016 (JP) oo 2016-046653 extracts separate images corresponding to coordinates on a
L . . continuous line which is continued in a plane including the
Publication Classification first direction and the second direction, from the plurality of
(51) Imt. CL separate images, and arranges and combines the separate
A61B 8/08 (2006.01) images in order of coordinates along the continuous line so
A61B 6/03 (2006.01) as to generate a combined tomographic image.

//>
CONTROL SECTION '
TRANSMISSION Ll 31
CONTROL UNIT
RECEPTION 99
CONTROL LNIT
| | IMAGE ACQUISITION UNIT [1~—33
IMAGE DIVIDING UNIT - T34
IMAGE COMBINING UNIT | T—35
IMAGE SELECTING UNIT {1 36
FIRST POINT 37
SELECTING UNIT
DISPLAY CONTROL UNIT {1~ 38
2
P )
\
)
I O e
~ 5




Patent Application Publication  Sep. 14,2017 Sheet 1 of 25 US 2017/0258452 A1

/
CONTROL SECTION ¥
TRANSMISSION 9
CONTROL UNIT
RECEPTION L3
CONTROL UNIT
3 | | IMAGE ACQUISITION UNIT |~ 33
IMAGE DIVIDING UNIT  [—34
IMAGE COMBINING UNIT [ P~—-35
IMAGE SELECTING UNIT [~ 36
FIRST POINT 137
SELECTING UNIT
DISPLAY CONTROL UNIT [}~ 38
2
P \
> i
{ I—L——L\
7
D

FIG. 1



Patent Application Publication  Sep. 14,2017 Sheet 2 of 25 US 2017/0258452 A1

FIG. 2



Patent Application Publication  Sep. 14,2017 Sheet 3 of 25 US 2017/0258452 A1

/22
22}\ 0 Z/FB v 2
////I i’r/ -
93 [ []DDWDDDDDDDDUU[]BDDG 0o0oooonco 22A
O00000000000000000000000000000 |
O 3
CH- e
el Nt e
226 =8 i=ia
CH- A
221181 =
= =
S -
=ty 13| | S22
CHEE RS NSNS RS VS TS “‘::'z::‘:»:WD
CnDnnOon Co OO0 OonD oD o000
DDULL}UUBUDDDUUHUDUUD 00000000000
! /’
22101 {
Y 228

FIG. 3



Patent Application Publication  Sep. 14,2017 Sheet 4 of 25 US 2017/0258452 A1

~iw A

23— T
22~ ‘ | :

2216~} [13
i
x
l
|

9291E ”F% SHEREEN ;
T |

22103 55 + :
|

22102

R A oA

J / !
Y </ ( /

291D 2211 221D

FIG. 4



Patent Application Publication  Sep. 14,2017 Sheet 5 of 25 US 2017/0258452 A1

22
28 | 2216 ! //
22 \ 22101 22102 22103 24 ¥
. b“; 5, N gt \\| oy

;/ / /‘; /’\ \\ \
29142 \ zzlAf/ ( 221A1
223 922172
(2218
X
I Y
7

FIG. 5



US 2017/0258452 Al

Patent Application Publication  Sep. 14,2017 Sheet 6 of 25
1
-
25 ¥
J 2}53 2§4
(/ /
SWITCHING || TRANSMISSION
951 CIRCUIT CIRCUIT 255
w RECEPTION 7
[ CIRCUIT 3
>
FIRST MUX 2?2  ITONTROL
c - | SECTION
12 L FERSSE\/OIC_:TAGE i
il 8>:§ URCE L o5ga
=1 |1 SECOND VOLTAGE H
: ambl SOLIRCE ~-_ 9568

)

: /

22 {

256

FIG. 6



Patent Application Publication  Sep. 14,2017 Sheet 7 of 25 US 2017/0258452 A1

RECEPTION SENSITIVITY

L

VB3 VB2 VB4 VBl 143 VOLTAGE

FIG. 7



Patent Application Publication  Sep. 14,2017 Sheet 8 of 25 US 2017/0258452 A1

FIG. 8



Patent Application Publication  Sep. 14,2017 Sheet 9 of 25 US 2017/0258452 A1

ULTRASONIC IMAGE ACQUISITION PROCESS | 81
DIVIDE IMAGE .52
- ®
¥
SET CONTINUQUS LINE ~83
,-=V
COMBINED IMAGE DISPLAY PROCESS ~- 34

e e 50
IS MOVEMENT OF e
_CONTINUOUS LINE FINISHED oo

DISPLAY SELECTED IMAGE 511




Patent Application Publication  Sep. 14,2017 Sheet 10 of 25

US 2017/0258452 Al
{ START }
¥
u=t,v=1 ~- 51
:;

ULTRASONIC WAVE TRANSMISSION PROCESS |,
{ APPLY DRIVE VOLTAGE TO CH(u) to CH{+k} )

¥

ULTRASONIC WAVE RECEPTION PROCESS
APPLY V1 TO COM{v) to COM(v+) ~-8103
AND APPLY ¥2 TO OTHER COM

¥
TR

5104

- $106

~-5108




US 2017/0258452 Al

Sep. 14,2017 Sheet 11 of 25

Patent Application Publication

W W | | o~
m : M | AGL
: i | | ASZ
- larvn) (arva) (QrvAND {arnvang m
| m m _ _ N _ . Asl
” “ | ” — “ ——AO
|~ (AN (@ITvAND - arva) LA M
, : ; : ” . A8l
| A W e
i | [ | | |
¥ m | | ﬁ | |
\i w \ | \i AN
: ' ' NGl
: m m L ASZ

MO NOISSHY
30T -SNvML.

(W) Woo

{30118

NOIL! NOISSIA !

(1) NOD
{(aos

NOILD NOISSIN |
-d303¢;  -SNWAL  -d3OJ!

NOIL!D NOISSIN

-SNVML! -d303Y:  -SNVHL]
{43 WOD (LI INOD
(1) 30118 (131301718

TYNDIS G3AIZ0aY
{f 1o

TYNDIS ARG
o

{svig 2Q)
W) woo

{3vIg 00)
(1) woD

TYNDIS G3AIE0aY
{1} HD

TYNDIS ARG
(I HD

L17OId



Patent Application Publication

GOMIBE
COMIS]

LOMi4

GOMIB
COM1B
COM14
COMI3
COMIZ
CLMI1
COMIO
COMY
COoMs
COMY
COMB
COMS
ChM4
COM3
ComM2
COMY

comialil
COMi2t
COMItE
COMIOE

COMYL

Sep. 14,2017 Sheet 12 of 25

X X X X

3

101

Z9HD
£OHO
POHO

®oM oA K

SOMIE
COM1E
GOM4
GOMIS
COM12
GOM
GOMID
SOME
7 GOMB
coMT
COMe
COMS
GOM4
COMY
COMZ
COM1

COM1B
COM1B

COMI3
COMiE
GOM
GOMIG

SOM2

B COoMip

D0 x %

US 2017/0258452 Al




Patent Application Publication  Sep. 14,2017 Sheet 13 of 25  US 2017/0258452 Al

FIG.13



Patent Application Publication  Sep. 14,2017 Sheet 14 of 25  US 2017/0258452 A1

¥

EXTRACT SEPARATE IMAGE 8201

¥
COMBINE IMAGES ~-5202

¥
DISPLAY IMAGE 5203




Patent Application Publication  Sep. 14,2017 Sheet 15 of 25  US 2017/0258452 A1l

FIG.15



Patent Application Publication  Sep. 14,2017 Sheet 16 of 25  US 2017/0258452 A1

FIG.16



Patent Application Publication  Sep. 14,2017 Sheet 17 of 25  US 2017/0258452 Al

614
e 61A A
TR R P
PR C
61 ' (S],t',) N
61 418
c4 3 c4 3 c4
ROTATION
ABOUT C1
Arl Art Ar1
W R A .
61AL || N N AT
Ww}\i ‘;j] o - o (s, L '[ -
K T R T
C4 A €3
ROTATION ROTATION
ABOUT €3 ABOUT C4
At 61,
o e iig C M e Y ‘0\2
- 7N 61A il
el T [
61A~ |/ L |
c4 G 4 €3 C4 [ €3
3 RS
ROTATION r
ABOUT C2

FIG.7



US 2017/0258452 Al

Sep. 14,2017 Sheet 18 of 25

Patent Application Publication




Patent Application Publication

Sep. 14,2017 Sheet 19 of 25

Yes

@W‘,‘

¥ o823

MOVE CONTINUOUS LINE

I

COMBINED IMAGE
DISPLAY PROCESS

o525

e MAGE SELECTED T

MOVEMENT OF
CONTINUDUS LINE
FINISHED 7

No

VEME!\ET? -

| DIVIDE CONTINUOUS LINE |

~$29 ; @
MOVE SECOND CONTINUOUS LINE

¥ 530

COMBINED IMAGE DISPLAY PROCESS

ESELECTED 7

| Yes

FIX SECOND CONTINUQUS LINE
TG CERTAIN POSITION

~532 e @
MOVE FIRST CONTINUOUS LINE
% S

.-

G MOVEMENT OF 4.
FIRST CONTINGOUS LINE
e _FINSHED ?_-

FIG.19

Yes

Yes

DISPLAY SELECTED IMAGE

US 2017/0258452 Al



Patent Application Publication

Sep. 14,2017 Sheet 20 of 25

61 67 61
¢t ) )y C2 C1 02
""" 62
______} ____9. JUUSI
. Arl
3
G4 3 4 <A1 3
SELECT FIRST POINT '
0 4 ﬁw
1) e o1 C2
/ W62
B pURS
.’/_,-" . é—— m\.\
¢4 €3 ¢4 { C3
Ari Ar1l

FI1G.20

US 2017/0258452 Al




Patent Application Publication

Sep. 14,2017 Sheet 21 of 25

US 2017/0258452 Al

611
(6;‘)62 91 62 61)1 61)2
oL ) @ o/ /6 6 _S G2

ik | 618
y T i { T —
+ ~ g ,
| eiaen) AL 812N ATy 62
c4 3 C4 03 4 c3
SELECT MOVE SECOND
FIRSTPOINT ~ CONTINUOUS LINE
61 1) 612 611
Ol 202 ol 02 O _ v ¢
iy 1 612 612
—> | —> { — l ( il
Ay 62 Ariy 62 611~/ 62 2
¢4 3 C4 c3 o4 03
FIX SECOND MOVE FIRST
CONTINUQUSLINE  CONTINUOUS
TO CERTAIN POSITION LINE
o8, 07 C 8@ G B2
TSR s Sy Ve -~ A”“T s
6117/ —> 617 7 e Y.
c4 3  C4 (3 C4 €3
C1, €2 ¢l 2
e W R I b Nl 3V
Y, ol
—r e | T | 4
62" L ArT 62 10 Art
c4 3 C4 c3

FIG.21




Patent Application Publication  Sep. 14,2017 Sheet 22 of 25  US 2017/0258452 Al

61A
61A LAr1
CIL Mo oo N
ARG AT AN
/ A \\
y { / hN
61 611 61B ™.
L
c4 C3 ¢4 3
ROTATION ROTATION
ABOUT C1 ABOUT G4
Ar1 61
G202 0 .
61A /‘l«ﬁ}."‘ 61A ‘\..]\ 618
% &"0" % _]“~ Ar]
61BN 7
c4 €3 o4 C3
ROTATION ROTATION
ABOUT C4 ABOUT C2

FIG.22



Patent Application Publication  Sep. 14,2017 Sheet 23 of 25  US 2017/0258452 Al
61A l
' 61A LArt 61A g1 618
e Mo i c) L g
. Clles |/ ST LA
61 611 618 ™, -
c4 03 4 3 c4 C3
ROTATION INVERSION
AROQUT C1 ABOUT C1
618
Ar1 61
G\ ¢l €2
AN I N R
|| — SR AAT ————
I' \ :‘]A d‘" K
o4 G €3
ROTATION INVERSION
ABOUT G2 ABOUT C2

FIG.23



Patent Application Publication  Sep. 14,2017 Sheet 24 of 25  US 2017/0258452 Al
61A l
61A LAr1 Arl
c Mo CIP N S N
L7 Clleis [N
o ] PO Bl I T o
SB L g ) [ BIA
C4 c3 ¢4 €3 4 C3
ROTATION ROTATION
ABOUT C1 ABOUT C4
Arl 1.
o1, 2 o1 L c2
61 A1-618
| Y 1A \_\
AN LT
¢4 3 o 03
ROTATION ROTATION
ABOUT C3 ABOUT C2

FIG.24



2017/0258452 Al

Patent Application Publication  Sep. 14,2017 Sheet 25 of 25  US
61A Ar1
614 Ari )
ol Mo a2 e o 2
Clles [N/ oI
e N
f —> e —> —
61 611 61B ™. 61
| ) 618~
G4 €3 G4 C3 G4 G3
ROTATION ROTATION
ABOUT C1 ABOUT C4
61A-
ct 162
61B QG;\,""" \/AH
()4" G3
ROTATION
ABOUT C2

FIG.25



US 2017/0258452 Al

ULTRASONIC IMAGE PROCESSING
DEVICE, ULTRASONIC MEASUREMENT
APPARATUS, AND ULTRASONIC IMAGE

PROCESSING METHOD
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to an ultrasonic image

processing device, an ultrasonic measurement apparatus, an
ultrasonic image processing method, and the like.

[0003] 2. Related Art

[0004] In the related art, there is an ultrasonic measure-
ment apparatus used for puncture work for inserting a
puncture needle into a living body (refer to JP-A-2012-
139437), In the ultrasonic measurement apparatus (ultra-
sonic diagnosis apparatus) disclosed in JP-A-2012-139437,
an ultrasonic probe is pressed against a living body so that
ultrasonic measurement (ultrasonic wave transmission pro-
cess and reception process) is performed, and an obtained
internal tomographic image is displayed on a display sec-
tion. The ultrasonic probe can obtain a two-dimensional
internal tomographic image (B-mode image) by scanning a
target object in a two-dimensional manner, and is formed of
a mechanical scan probe which can perform three-dimen-
sional scanning (two-dimensional internal tomographic
image) by swinging a transmission angle of an ultrasonic
wave, The ultrasonic measurement apparatus includes an
image generation unit, extracts an image in which the
puncture needle is reflected from each internal tomographic
image which is obtained through three-dimensional scan-
ning, and displays an overlap image in which the extracted
internal tomographic images overlap each other.

[0005] Consequently, an operator can check to what extent
the puncture needle is inserted with respect to a target
position from the overlap image displayed on a monitor.
[0006] However, during the puncture work, it is necessary
that a direction of a blood vessel into which the puncture
needle is inserted is accurately checked, and the puncture
needle is inserted along the direction of the blood vessel.
[0007] In the ultrasonic measurement apparatus disclosed
in JP-A-2012-139437 a plurality internal tomographic
images are acquired by swinging a transmission direction of
an ultrasonic wave, and a position of the puncture needle can
be checked by overlapping internal tomographic images in
which the puncture needle is reflected with each other, but
a direction of a blood vessel cannot be detected. Therefore,
in order to determine from which direction the puncture
needle is inserted into a blood vessel, for example, it is
necessary to check a position or the blood vessel or a
direction of the blood vessel, for example, by the operator
adjusting an attitude such as a position or an angle of the
ultrasonic probe, In other words, since the operator simul-
taneously has to perform adjustment work of the ultrasonic
probe, insertion work of the puncture needle, and checking
work of an internal tomographic image, time and effort for
the puncture work cannot be sufficiently reduced.

SUMMARY

[0008] An advantage of some aspects of the invention is to
provide an ultrasonic image processing device, an ultrasonic
measurement apparatus, and an ultrasonic image processing
method, capable of reducing time and effort for puncture
work. An ultrasonic image processing device according to
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this application example includes an image acquisition unit
that acquires a plurality of internal tomographic images of a
target object in a plane including a first direction, along a
second direction intersecting the first direction; an image
dividing unit that divides each of the internal tomographic
images into a plurality of separate images with a normal line
to the first direction, and acquires the separate images; and
an image combining unit that extracts separate images
corresponding to coordinates on a continuous line which is
continued in a plane including the first direction and the
second direction, from the plurality of separate images, and
arranges and combines the separate images in order of
coordinates along the continuous line so as to generate a
combined tomographic image. In the application example,
the image acquisition unit acquires a plurality of internal
tomographic images along the second. direction, and the
image dividing unit divides each of the internal tomographic
images into a plurality of images with a normal line to the
first direction. In other words, in a case where the internal
tomographic image is, for example, an image in a plane
including a first direction and a third direction orthogonal to
the first direction, each separate image is a rectangular image
along the third direction, and such a separate image is
generated for each coordinate in the first direction. Since a
plurality of internal tomographic images are acquired along
the second direction, a single separate image is generated so
as to correspond to a coordinate x in the first direction and
a coordinate y in the second direction. The image combining
unit extracts a separate image corresponding to each coor-
dinate (%, y) on a continuous line which is continued in a
plane including the first direction and the second direction,
and arranges and combines extracted separate images in
order of coordinates along the continuous line. Conse-
quently, it is possible to generate a combined tomographic
image along the continuous line.

[0009] In the application example, for example, it is
possible to generate a combined tomographic image of a
target object (for example, a living body) corresponding to
a desired position of the continuous line without an operator
changing a position or an angle of an ultrasonic probe
performing ultrasonic measurement. Consequently, for
example, when puncture work is performed, it is possible to
easily detect a line direction of a blood vessel, and it is
possible to efficiently perform the puncture work and to
improve a puncturing success ratio by arranging an insertion
direction in which a puncture needle is inserted with the line
direction of the blood vessel. In the ultrasonic image pro-
cessing device according to the application example, it is
preferable that the continuous line is a straight line.

[0010] In a case where puncture work is performed, gen-
erally, a linear puncture needle is inserted into an organ such
as a blood vessel. In this case, a blood vessel which is a
destination of the puncture needle is also linear, and an
insertion direction of the puncture needle preferably matches
or substantially matches the linear direction. In the applica-
tion example, the image combining unit generates a com-
bined tomographic image corresponding to the linear con-
tinuous line, and thus it is possible to appropriately
determine a position where a blood vessel is located in a
linear direction.

[0011] Itis preferable that the ultrasonic image processing
device according to the application example further includes
a display control unit that displays the combined tomo-
graphic image combined by the image combining unit on a
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display section, the image combining unit generates a plu-
rality of the combined tomographic images obtained when
the continuous line is moved in a plane including the first
direction and the second direction, and the display control
unit displays the plurality of combined tomographic images
on the display section. In the application example with this
configuration a plurality of combined tomographic images
obtained when the continuous line is moved in a plane
including the first direction and the second direction are
generated, and the plurality of combined tomographic
images are displayed on the display section. As a method of
displaying each combined tomographic image on the display
section, the combined tomographic image may be displayed
in an animation manner (displayed in real time) in conjunc-
tion with movement of the continuous line, and plurality of
combined tomographic images may be displayed to be
arranged on a single screen. Consequently, an operator can
easily understand an internal structure of a living body as an
operation target on the basis of a combined tomographic
image at each position obtained when the continuous line is
moved. It is preferable that the ultrasonic image processing
device according to the application example further includes
an image selecting unit that selects a predetermined com-
bined tomographic image from among the plurality of
combined tomographic and the display control of unit dis-
plays the combined tomographic image selected by the
image unit.

[0012] In the application example with this configuration,
as described above, a plurality of combined tomographic
images obtained when the continuous line is moved are
displayed on the display section, and, for example, if the
image selecting unit selects a combined tomographic image
on the basis of an operation or the like z from an operator,
the display control unit displays the selected combined
tomographic image on the display section, Consequently, it
is possible to display a combined tomographic image at a
position desired to be checked by an operator on the display
section, Particularly, in a case where combined tomographic
images are sequentially displayed in an animation manner
(displayed in real time) in a predetermined cycle through
switching therebetween, the combined tomographic image
can be displayed on the display section at any timing during
animation display.

[0013] Itis preferable that the ultrasonic image processing
device according to the application example further includes
a section position display unit that displays a position of the
continuous line corresponding to the combined tomographic
image selected by the image selecting unit.

[0014] In the application example with this configuration,
in a case where a combined tomographic image is selected
by the image selecting unit, the section position display unit
displays a position of the continuous line corresponding
thereto, The section position display unit may display a
position of the continuous line in a display region of a
combined tomographic image displayed on the display sec-
tion in an overlapping manner, may display a position of the
continuous line in other display regions, and may alternately
display a combined tomographic image and a position of the
continuous line in a switching manner. A position of the
continuous line may be displayed on a display device which
is different from the display section displaying a combined
tomographic image. For example, the continuous line may
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be displayed on a liquid crystal display provided on an upper
surface of an ultrasonic probe performing ultrasonic mea-
surement.

[0015] In the application example with the configuration
described above, a section of a combined tomographic
image displayed on the display section is displayed to
correspond to a certain position, and thus an operator can
more efficiently perform puncture work on the basis of the
combined, tomographic image and the position.

[0016] In the ultrasonic image processing device accord-
ing to the application example, it is preferable that the image
combining unit generates the plurality of combined tomo-
graphic images obtained when the continuous line passing
through a first point in a plane including the first direction
and the second direction is rotated centering on the first
point.

[0017] In the application example with this configuration,
each combined tomographic image, obtained when the con-
tinuous line is rotated centering on the first point through
which the continuous line passes, is generated. For example,
in a case where the continuous line is rotated centering on a
point which is not present on the continuous line, there is a
probability that a region which is not scanned may be
present in a predetermined region in a plane including the
first direction and the second direction, and thus the detec-
tion accuracy of a blood vessel is reduced. In contrast, in the
application example, it is possible to cover the predeter-
mined region. Among a plurality of combined tomographic
images, in a combined tomographic image in which a
dimension of blood vessel in a long axis direction is the
maximum, the continuous line may be determined as being
substantially along a line direction of the blood vessel.
Therefore, an operator can easily specify a line direction of
a blood vessel on the basis of a combined tomographic
image in which a dimension of a blood vessel in a long axis
direction is the maximum, and can thus easily judge an
insertion direction of a puncture needle in puncture work. In
the ultrasonic image processing device according to the
application example, it is preferable that the first point is a
vertex of a predetermined rectangular region in the plane
including the first direction and the second direction.
[0018] In the application example with this configuration,
the continuous line is rotated with a vertex of a predeter-
mined rectangular region in the plane including the first
direction and the second direction as the first point . In other
words, one end (first point) on the continuous line is fixed,
and the other end is moved along an outer peripheral edge
of the rectangular region. In this case, combined tomo-
graphic images in various directions can be obtained by
changing a vertex serving as the rotation center (first point)
as appropriate, and thus an operator can more accurately
determine a line direction of a blood vessel.

[0019] In the ultrasonic image processing device accord-
ing to the application example, it is preferable that the image
combining unit generates the plurality of combined tomo-
graphic images obtained when the continuous line is rotated
with each vertex of the rectangular region as the first point.
[0020] In the application example with this configuration,
a plurality of combined tomographic images obtained when
the continuous line is rotated with each vertex of the
rectangular region as the rotation center are generated.
Consequently, since each combined tomographic image can
be acquired when the continuous line is rotated centering on
each vertex, even if a line direction of a blood vessel is any
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direction, the continuous line close to the line direction of
the blood vessel can be detected with high accuracy.

[0021] In the ultrasonic image processing device accord-
ing to the application example, it is preferable that the image
combining unit generates the plurality of combined tomo-
graphic images obtained when the continuous line is rotated
with, as the first therebetween among vertices of a prede-
termined rectangular region in the plane including the first
direction and the second direction.

[0022] In the application example with this configuration,
the continuous line is rotated with two vertices having no
diagonal relationship therebetween as the rotation center. In
a case where the continuous line is rotated about vertices
having a diagonal relationship therebetween, detectable line
directions of a blood vessel are substantially the same as
each other, and a line direction of a blood vessel cannot be
appropriately searched unless scanning in which the con-
tinuous line is rotated centering on other vertices is pet-
formed. In a case where scanning is performed with all of
four vertices as the rotation center, directions in which
detectable line directions of a blood vessel are substantially
the same as each other are scanned twice, and thus a
measurement time increases. In contrast, in the application
example, since a combined tomographic image obtained
when the continuous line is rotated about vertices having no
diagonal relationship therebetween is generated, a line direc-
tion of a blood vessel can be detected with high accuracy,
and a measurement time can be reduced. In the ultrasonic
image processing device according to the application
example, it is preferable that, in a case where intersections
between the continuous line and an outer peripheral edge of
the rectangular region are set as a first intersection and a
second intersection, the image combining unit rotates the
continuous line by alternately replacing the first point with
the first intersection and the second intersection.

[0023] In the application example with this configuration
since the continuous line is moved by alternately replacing
the first point serving as the rotation center with one end and
the other end of the continuous line, a combined tomo-
graphic image can be smoothly displayed when the com-
bined tomographic image is displayed in an animation
manner (displayed in real time). For example, vertices of the
predetermined rectangular region in a plane including the
first direction and the second direction are set to a first
vertex, a second vertex, a third vertex, and a fourth vertex in
a clockwise direction. A continuous line passing through the
first vertex and the second vertex is rotated with the first
vertex as the rotation center until the fourth vertex is located
on the continuous line. Here, if a continuous line passing
through the first vertex and the second vertex is set again,
and the continuous line is rotated with the second vertex as
the rotation center until the third vertex is located on the
continuous line, animation display of a combined tomo-
graphic image which is previously displayed is not contin-
ued to animation display of a combined tomographic image
which is previously displayed later. In contrast, in the
application example, the first point is alternately replaced
with one end and the other end of the continuous line, and
thus the entire rectangular region is scanned. For example,
the continuous line passing through the first vertex and the
second vertex is rotated with the first vertex as the rotation
center until the fourth vertex is located on the continuous
line, and is then moved with the fourth vertex as the rotation
center until the third vertex is located on the continuous line.
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In this case, such discontinuity in the animation display is
removed, and thus an operator can easily understand a
position of the continuous line and more efficiently perform
puncture work on the basis of a combined tomographic
image displayed on the display section.

[0024] In the ultrasonic image processing device accord-
ing to the application example, it is preferable that the image
combining unit rotates the continuous line and then inverts
a rotation direction.

[0025] In the application example with this configuration,
in a case where a combined tomographic image is displayed
in an animation manner, a direction of the combined tomo-
graphic image viewed from an operator and an actual
direction of the continuous line are not inverted to each
other, and an internal structure can be easily understood.
[0026] For example, in a rectangular region having a first
vertex and a fourth vertex located on the left, a second vertex
and a third vertex located on the right, when viewed from an
operator, a continuous line passing through the first vertex
and the second vertex is rotated with the first vertex as the
rotation center until the fourth vertex is located on the
continuous line. In this case, when viewed from the operator,
a position of the left first vertex is also displayed to be
located on the left in a combined tomographic image on the
display section, and thus there is no feeling of incompat-
ibility. On the other hand, if the continuous line is further
rotated with the fourth vertex as the rotation center, a
position corresponding to the fourth vertex is located on the
right in the combined tomographic image displayed on the
display section regardless of the fourth vertex being located
on the left when viewed from the operator. Therefore, the
left and right sides are inverted to actual ones, and thus it is
hard to understand an internal structure.

[0027] In contrast, in the application example with the
configuration described above, for example, the continuous
line passing through the first vertex and the second vertex is
rotated with the first vertex as the rotation center until the
fourth vertex is located on the continuous line, then the
rotation direction is inverted, and the continuous line is
rotated until the second vertex is located on the continuous
line. Next, the continuous line is rotated with the second
vertex as the rotation center until the third vertex is located
on the continuous line, then the rotation direction is inverted,
and the continuous line is rotated until the first vertex is
located on the continuous line. In this case, a position of the
combined tomographic image displayed on the display sec-
tion and an actual position of the continuous line are not
horizontally inverted, and thus it is possible for an operator
to easily understand a position of the continuous line with
respect to the combined tomographic image and to more
efficiently perform puncture work.

[0028] It is preferable that the ultrasonic image processing
device according to the application example further includes
a first point selecting unit that selects the first point on the
continuous line, and, in a case where the first point is not an
end of the continuous line, the image combining unit gen-
erates the plurality of combined tomographic images
obtained when one of separate lines obtained by dividing the
continuous line with respect to the first point is rotated
centering on the first point.

[0029] In the application example with this configuration,
the image combining unit divides the continuous line into
separate lines centering on the first point selected by the first
point selecting unit, and one of the separate lines is rotated
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centering on the first point. In this case, for example, if a
blood vessel branches or bends in the middle, the first point
is selected at a position corresponding to a branching point
or a bending point, and thus it is possible to acquire a
combined tomographic image along a line direction of a
blood vessel. An ultrasonic measurement apparatus accord-
ing to this application example includes an ultrasonic probe
that acquires a plurality of internal tomographic images of a
target object in a plane including a first direction, along a
second direction intersecting the first direction through
transmission and reception of an ultrasonic wave; an image
acquisition unit that acquires the internal tomographic
images from the ultrasonic probe; an image dividing unit
that divides each of the internal tomographic images into a
plurality or separate images with a normal line to the first
direction, and acquires the separate images; and an image
combining unit that extracts separate images corresponding
to coordinates on a continuous line which is continued in a
plane including the first direction and the second direction,
from the plurality of separate images, and arranges and
combines the separate images in order of coordinates along
the continuous line so as to generate a combined tomo-
graphic image.

[0030] In the application example, in the same manner as
in the above-described ultrasonic image processing device,
it is possible to generate an internal tomographic image
(combined tomographic image) of a target object (for
example, a living body) corresponding to a desired position
of the continuous line without an operator changing a
position or an angle of an ultrasonic probe. Consequently,
for example, when puncture work is performed, it is possible
to easily arrange an insertion direction in which a puncture
needle is inserted with the line direction of the blood vessel,
and thus it is possible to efliciently perform the puncture
work and to improve a puncturing success ratio.

[0031] In the ultrasonic measurement apparatus according
to the application example, it is preferable that the ultrasonic
probe includes a plurality of ultrasonic transducers that are
disposed in an array form along the first direction and the
second direction; a common electrode wiring that connects
the ultrasonic transducers along the first direction to each
other; a driving electrode wiring that connects the ultrasonic
transducers along the second direction to each other; and a
bias voltage output portion that outputs a bias voltage to the
common electrode wiring, and the bias voltage output por-
tion includes a voltage switching unit that switches between
a first bias voltage causing reception of the ultrasonic wave
to be valid and a second bias voltage causing reception of the
ultrasonic wave to be invalid.

[0032] In the application example with this configuration,
among a plurality of ultrasonic transducers disposed in an
array form along the first direction and the second direction,
the ultrasonic transducers along the first direction are con-
nected to each other via the common electrode wiring, and
the ultrasonic transducers along the second direction are
connected to each other via the driving electrode wiring. In
the ultrasonic probe, during an ultrasonic wave reception
process of receiving an ultrasonic wave, the bias voltage
output portion outputs the first bias voltage causing recep-
tion of the ultrasonic wave to be valid, to an ultrasonic
transducer performing reception (from which a received
signal is desired to be extracted), and outputs the second bias
voltage causing reception of the ultrasonic wave to be
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invalid, to an ultrasonic transducer not performing reception
(from which a received signal is not acquired).

[0033] In other words, in the ultrasonic wave reception
process, the first bias voltage is output to ultrasonic trans-
ducers corresponding to a position (measurement region)
where an internal tomographic structure of a living body is
desired to be measured, and the second bias voltage is output
to the other ultrasonic transducers. Consequently, in the
ultrasonic transducers corresponding to regions other than
the measurement region, the reception sensitivity is low and
thus an output received signal is also reduced. On the other
hand, in the ultrasonic transducers corresponding to the
measurement region, the reception sensitivity is high, and a
received signal corresponding to an internal tomographic
structure can be appropriately obtained.

[0034] In the ultrasonic probe, by switching between the
common electrode wirings to which the first bias voltage and
the second bias voltage are output, it is possible to perform
ultrasonic measurement (an ultrasonic wave transmission
process and an ultrasonic wave reception process) by using
ultrasonic transducers corresponding to the measurement
region among the ultrasonic transducers disposed in a two-
dimensional array structure. For example, if the first bias
voltage is output to common electrode wirings correspond-
ing to a first measurement region, and the second bias
voltage is output to of r common electrode wirings, an
internal tomographic structure corresponding to the first
measurement region can be measured. By switching
between output destinations of the bias voltages so that the
first bias voltage is output to common electrode wirings
corresponding to a second measurement region which is
different from the first measurement region, and the second
bias voltage is output to other common electrode wirings, an
internal tomographic structure corresponding to the second
measurement region can be measured. Consequently, the
image acquisition unit can measure internal tomographic
structures at a plurality of positions.

[0035] An ultrasonic image processing method according
to this application example includes acquiring a plurality of
internal tomographic images of a target object in a plane
including a first direction, along a second direction inter-
secting the first direction; dividing each of the internal
tomographic images into a plurality of separate images with
anormal line to the first direction, and acquiring the separate
images; and extracting separate images corresponding to
coordinates on a continuous line which is continued in a
plane including the first direction and the second direction,
from the plurality of separate images, and arranging and
combining the separate images in order of coordinates along
the continuous line so as to generate a combined tomo-
graphic image.

[0036] In the application example, in the same manner as
in the above-described ultrasonic image processing device,
it is possible to generate an internal tomographic image
(combined tomographic image) of a target object (for
example, a living body) corresponding to a desired position
of the continuous line without an operator changing a
position or an angle of an ultrasonic probe . Consequently,
for example, when puncture work is performed, it is possible
to easily arrange an insertion direction in which a puncture
needle is inserted with the line direction of the blood vessel,
and thus it is possible to efficiently perform the puncture
work and to improve a puncturing success ratio.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0038] FIG. 1 is a block diagram illustrating a schematic
configuration of an ultrasonic measurement apparatus
according to the first embodiment.

[0039] FIG. 2 is a perspective view illustrating a sche-
matic configuration of an ultrasonic probe of the first
embodiment.

[0040] FIG. 3 is a plan view illustrating a schematic
configuration of an ultrasonic sensor of the first embodi-
ment.

[0041] FIG. 4 is an enlarged plan view of the ultrasonic
sensor obtained by partially enlarging the ultrasonic sensor
in FIG. 3.

[0042] FIG. 5 is a schematic sectional view of the ultra-
sonic sensor taken along a line A-A in FIG. 4.

[0043] FIG. 6 is a block diagram schematically illustrating
a circuit configuration of the ultrasonic probe of the first
embodiment.

[0044] FIG. 7 is a diagram illustrating a relationship
between a first bias voltage and a second bias voltage.
[0045] FIG. is an image diagram illustrating a case where
an ultrasonic measurement process is performed on a living
body by using the ultrasonic probe of the first embodiment.
[0046] FIG. 9 is a flowchart illustrating an ultrasonic
measurement method in the first embodiment.

[0047] FIG. 10 is a flowchart illustrating an ultrasonic
image acquisition process in FIG. 9.

[0048] FIG. 11 a timing chart illustrating the ultrasonic
measurement process of the first embodiment.

[0049] FIG. 12 is a diagram for explaining a driving order
of element portions in an ultrasonic measurement method of
the first embodiment.

[0050] FIG. 13 is a diagram illustrating examples of
separate images generated from an internal tomographic
image in the first embodiment.

[0051] FIG. 14 is a flowchart illustrating a combined
image display process in FIG. 9.

[0052] FIG. 15 is a diagram illustrating an example of a
combined tomographic image generated from separate
images in the first embodiment.

[0053] FIG. 16 is a diagram illustrating an example of a
combined tomographic image displaved in a display region
of a display section in the first embodiment.

[0054] FIG. 17 is a diagram for explaining movement
procedures of a continuous line in the first embodiment.
[0055] FIG. 18 is a diagram illustrating an example of
transition of a combined tomographic image displayed on
the display section in the first embodiment.

[0056] FIG. 19 is a flowchart illustrating a second ultra-
sonic measurement process in the first embodiment.

[0057] FIG. 20 is a diagram for explaining movement
procedures of rotating the entire continuous line of the first
embodiment centering on a first point.

[0058] FIG. 21 is a diagram for explaining movement
procedures of the continuous line in a case where the
continuous line of the first embodiment is divided with the
first point as a boundary.

[0059] FIG. 22 is a diagram for explaining movement
procedures of a continuous line in a second embodiment.
[0060] FIG. 23 is a diagram for explaining movement
procedures of a continuous line in a third embodiment.
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[0061] FIG. 24 is a diagram illustrating other examples of
movement procedures of a continuous line.

[0062] FIG. 25 is a diagram illustrating still other
examples of movement procedures of a continuous line.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

[0063] Hereinafter, a description will be made of an ultra-
sonic measurement apparatus according to a first embodi-
ment.

[0064] FIG. 1 is a block diagram illustrating a schematic
configuration of an ultrasonic measurement apparatus 1
according to the first embodiment.

[0065] As illustrated in FIG. 1, the ultrasonic measure-
ment apparatus 1 of the present embodiment includes an
ultrasonic probe 2 fixed to a target object (a living body P in
the present embodiment), a control section 3 which controls
the ultrasonic probe 2 to obtain an internal tomographic
image of the living body P, and a display section 4 which
displays the obtained internal tomographic image.

[0066] The ultrasonic measurement apparatus 1 of the
present embodiment can be appropriately used to perform,
for example, puncture work for inserting a puncture needle
11 (refer to FIG. 8) into a predetermined organ (for example,
a blood vessel) of the living body P. In the subsequent
description, a description will be made of a case where the
ultrasonic measurement apparatus 1 is used for the puncture
work as an example, but the ultrasonic measurement appa-
ratus 1 is not limited to the puncture work, and may be used
to perform ultrasonic diagnosis on an affected part position
of the living body P.

[0067] In puncrure work, the ultrasonic measurement
apparatus 1 performs an ultrasonic wave transmission pro-
cess in which the ultrasonic probe 2 is fixed to an affected
part position of the living body P on which puncture is
desired to be performed, and an ultrasonic wave is trans-
mitted into the living body P from the ultrasonic probe 2, and
an ultrasonic wave reception process in which a reflected
ultrasonic wave reflected inside the living body P is
received. The ultrasonic probe 2 outputs a received signal
obtained through the ultrasonic wave reception process, to
the control section 3 The control section 3 forms an internal
tomographic image of the living body P on the basis of the
received signal, and displays the internal tomographic image
on the display section 4.

[0068] By using the ultrasonic measurement apparatus 1,
an operator can efficiently perform puncture work while
checking (observing) the internal tomographic image dis-
played on the display section 4.

[0069] Hereinafter, each configuration of the ultrasonic
measurement apparatus 1 of the present embodiment will be
described in detail.

[0070] Ultrasonic Probe

[0071] FIG. 2 is a perspective view illustrating a sche-
matic configuration of the ultrasonic probe 2 of the first
embodiment.

[0072] The ultrasonic probe 2 of the present embodiment
is configured to include, as illustrated in FIG. 2, a casing 21,
an ultrasonic sensor 22 stored in the casing 21, and a circuit
board 25 (refer to FIG. 6). The ultrasonic probe 2 is
connected to the control section 3 via, for example, a signal
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cable 211, and thus the ultrasonic probe 2 and the control
section 3 are communicably connected to each other.
[0073] The casing 21 is, for example, a rectangular box-
shaped member in a plan view, and stores the ultrasonic
sensor 22 or the circuit board 25 therein. The casing 21 is
provided with a sensor window 212A on one surface (sensor
surface 212) facing the living body P, and the ultrasonic
sensor 22 is provided in the sensor window 212A so as to
face the outside (the living body P side).

[0074] When puncture work is performed, the ultrasonic
probe 2 is fixed to the living body P via an adhesion layer
(not illustrated) At this time, an acoustic matching agent
such as a gel is filled between the ultrasonic sensor 22
exposed from the sensor window 212A and the living body
P, and an ultrasonic wave propagates between the ultrasonic
sensor 22 and the living body P with high efficiency.
[0075] Ultrasonic Sensor

[0076] Next, the ultrasonic sensor 22 will be described.
FIG. 3 is a plan view illustrating a schematic configuration
of the ultrasonic sensor 22 of the present embodiment. FIG.
4 is an enlarged plan view obtained by enlarging the
ultrasonic sensor 22 illustrated in FIG. 3. FIG. 5 is a
schematic sectional view of the ultrasonic sensor 22 taken
along the line A-Ain FIG. 4. In FIGS. 3 and 4, a sealing plate
222 is not illustrated.

[0077] As illustrated in FIG. 3, the ultrasonic sensor 22
includes an array region 22A, a driving terminal region 22B,
and a common terminal region 22C.

[0078] A plurality of element portions 23 which are dis-
posed in a two-dimensional array form in an X direction
(first direction) and a Y direction (second direction) inter-
secting (in the present embodiment, for example, orthogonal
to) each other are provided in the array region 22A. Each of
the element portions is configured to include a predeter-
mined number of ultrasonic transducers 24 which are dis-
posed in an array form along the X direction and the Y
direction as illustrated in FIG. 4.

[0079] In other words, the element portion 23 is config-
ured to include mxn ultrasonic transducers 24 of m (m=>5 in
the example illustrated in FIG. 4) in the X direction and n
(n—=12 in the example illustrated in FIG. 4) in the Y direction,
and the ultrasonic sensor 22 is formed of MxN element
portions 23 of M (in the present embodiment, M=64) in the
X direction and N (in the present embodiment, N-16) in the
direction. The ultrasonic sensor 22 as described above is
configured to include, for example, as illustrated in FIG. 5,
an element board 221, the sealing plate 222, an acoustic
matching layer 223, and the like.

[0080] As illustrated in FIG. 5, the element board 221
includes a base 221A, a vibration film 221B, and a piezo-
electric element 221C. The base 221A is formed of, for
example, a semiconductor substrate such as Si. The base
221A is provided with an opening 221A1 corresponding to
each ultrasonic transducer 24. In the present embodiment,
each opening 221A1 is a through hole which penetrates
through the base 221A in a substrate thickness direction, and
the vibration film 221B is provided on one end side (sealing
plate 222 side) of the through hole.

[0081] The vibration film 221B is made of, for example,
Si0, or a laminate of SiO, and ZrO,, and is provided to
entirely cover the base 221A on the sealing plate 222 side.
In other words, the vibration film 221E is supported by a
partition wall 221 A2 forming the opening 221A1, and closes
the opening 221A1 on the sealing plate 222 side. A thickness
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dimension of the vibration film 221B is sufficiently smaller
than a thickness dimension of the base 221A.

[0082] The piezoelectric element 221C is provided on the
vibration film 221B closing each opening 221A1 as illus-
trated in FIGS. 4 and 5. The piezoelectric element 221C is
formed of a lower electrode 221C1, a piezoelectric film
221C2, and an upper electrode 221C3. Here, a single ultra-
sonic transducer 24 is formed of a region of the vibration
film 221B closing the opening 221A1 and the piezoelectric
element 221C.

[0083] In the ultrasonic transducer 24, a rectangular wave
voltage having a predetermined frequency is output between
the lower electrode 221C1 and the upper electrode 221C3,
so that the piezoelectric film 221C2 is deformed, and thus
the vibration film 221B closing the opening 221 A1 vibrates.
Therefore, an ultrasonic wave is transmitted (ultrasonic
wave transmission process). If an ultrasonic wave is input to
the vibration film 221B, and thus the vibration film 221B
vibrates, a potential difference is generated between the
lower electrode 221C1 side and the upper electrode 221C3
side of the piezoelectric film 221C2. Consequently, a poten-
tial difference between the lower electrode 221C1 and the
upper electrode 221C3 is detected, and thus it is possible to
detect that the ultrasonic wave is received (ultrasonic wave
reception process).

[0084] In the present embodiment, as described above, the
ultrasonic transducers 24 are disposed along an array form
in the X direction and the Y direction.

[0085] Here, the lower electrode 221C1 is a driving elec-
trode wiring, and is linearly formed along the Y direction, A
plurality of lower electrodes 221C1 are arranged in parallel
along the X direction. In other words, the lower electrodes
221C1 are provided to cross the plurality of ultrasonic
transducers 24 arranged in the Y direction, and thus connect
the ultrasonic transducers 24 to each other. In the present
embodiment, a single element portion 23 is formed of m
ultrasonic transducers 24 in the X direction and n ultrasonic
transducers 24 in the Y direction, and the lower electrodes
221C1 connect the ultrasonic transducers 24 forming the
element portion 23 to each other. The lower electrode 221C1
has a linear shape along the Y direction as described above,
and crosses the M element portions 23 arranged in the Y
direction. That is, the element portions 23 arranged in the Y
direction are connected to each other via the lower electrode
221C1.

[0086] Specifically, the m lower electrodes 221C1
arranged along the X direction are connected to each other
via driving connection lines 221D at both ends thereof in the
Y direction, A part of each of the driving connection line
221D extends to the driving terminal region 22B along the
Y direction, and is provided with a driving terminal 221D1
(SIG terminal) connected to the circuit board 25 at a front
end thereof as illustrated in FIG. 3.

[0087] On the other hand, the upper electrode 221C3 is a
common electrode wiring, and is linearly formed along the
X direction. A plurality of upper electrodes 221C3 are
arranged in parallel along the Y direction. In other words, the
upper electrodes 221C3 are provided to cross the plurality of
ultrasonic transducers 24 arranged in the X direction, and
thus connect the ultrasonic transducers 24 to each other.
[0088] The upper electrodes 221C3 connect the ultrasonic
transducers 24 forming a single element portion 23 to each
other. The upper electrodes 221C3 has a linear shape along
the X direction as described above, and crosses the N
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element portions 23 arranged in the X direction. That is, the
element portions 23 arranged in the X direction are con-
nected to each other via the upper electrodes 221C3.
[0089] Specifically, the n upper electrodes 221C3 arranged
along the Y direction are connected to each other via
common connection lines 221F at both ends thereof in the
X direction. A part of each of the common connection line
221E extends to the common terminal region 220 along the
X direction, and is provided with a common terminal 221E1
(COM terminal) connected to the circuit board 25 at a front
end thereof.

[0090] Next, the sealing plate 222 forming the ultrasonic
sensor 22 will be described. The sealing plate 222 is bonded
to the element board 221 so as to reinforce the element board
221. The sealing plate 222 is formed to cover the region of
the element board 221 in which the ultrasonic transducers 24
are disposed in a plan view viewed from the Z direction, and
is formed of a semiconductor substrate such as Si or an
insulator substrate. A material or a thickness of the sealing
plate 222 influences frequency characteristics of the ultra-
sonic transducer 24, and is thus preferably set on the basis
of a center frequency of an ultrasonic wave which is
transmitted and received in the ultrasonic transducer 24.
[0091] The sealing plate 222 is bonded to the element
board 221 via, for example, a bonding film 222A which is
formed on the vibration film 221E of the element board 221.
The bonding film 222A is provided to correspond to a region
(the partition wall 221A2 between the openings 221A1)
other than the opening 221A1 of the base 221A. Therefore,
vibration of the vibration film 221B is not hindered by the
bonding film 222A, and crosstalk between the respective
ultrasonic transducers 24 can be reduced.

[0092] Although not illustrated, the sealing plate 222 is
provided with a through hole so as to oppose a terminal of
the lower electrode 221C1 or the upper electrode 221C3, and
an electrode connecting the lower electrode 221C1 or the
upper electrode 221C3 to the circuit board 25 is provided in
the through hole. As the electrode, for example, a through
electrode may be used, and a lead wire or an FPC may be
used.

[0093] The acoustic matching layer 223 is provided on an
ultrasonic wave transmission/reception side of the element
board 221 so as to be embedded in the opening 221 AT of the
base 221A as illustrated in FIG. 5.

[0094] The acoustic matching layer 223 causes an ultra-
sonic wave transmitted from the ultrasonic transducer 2 to
propagate through the living body P, and causes an ultra-
sonic wave reflected inside the living body P to efficiently
propagate toward the ultrasonic transducer 24. Thus, the
acoustic matching layer 223 is required to be set to have an
intermediate acoustic impedance between the acoustic
impedance of the ultrasonic transducer 24 and the acoustic
impedance of the living body P. A material having such an
acoustic impedance may be, for example, silicon.

[0095] Circuit Board

[0096] Next, the circuit board 25 will be described.

[0097] FIG. 6 is a block diagram illustrating a schematic
circuit configuration of the ultrasonic probe 2 of the present
embodiment.

[0098] The circuit board 25 is configured to include a first
multiplexer (first MUX 251), a second multiplexer (second
MUX 252), a switching circuit 253, a transmission circuit
254, a reception circuit 255, and a voltage source 256.
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[0099] The first MUX 251 is connected to the respective
driving terminals 221D1 of the, driving terminal region
221B and the switching circuit 253, The first MUX 251
switches between the driving terminals 221D1 which output
adrive voltage (drive signal) or incorporate a received signal
on the basis of the control of the control section 3.

[0100] The second MUX 252 is connected to the respec-
tive common terminals 221E1 of the common terminal
region 22C and the voltage source 256. The second MUX
252 is a voltage switching portion, and forms a bias voltage
output portion along with the voltage source 256 which will
be described later. In other words, the second MUX 252
switches between the common terminals 221E1 which out-
put a voltage which is output from the voltage source 256,
on the basis of the control of the control section 3. Specifi-
cally, a first bias voltage V1 and a second bias voltage V2 are
input to the second MUM 252 from the voltage source 256.
The second MUM 252 outputs the first bias voltage V1 to
the common terminal 221E1 connected to the element
portion 23 which is a received signal acquisition target, and
outputs the second bias voltage V2 to the other common
terminals 221E1, on the basis of the control of the control
section 3.

[0101] The switching circuit 253 switches between trans-
mission connection for connecting the driving terminal
221D1 to the transmission circuit 254, and reception con-
nection for connecting the driving terminal 221D1 to the
reception circuit 255 under the control of the control section
3.

[0102] The transmission circuit 254 has pulsation for
outputting a pulsed drive signal. In an ultrasonic wave
transmission process, the transmission circuit 254 outputs a
drive signal to the driving terminal 221D1 via the switching
circuit 253 and the first MUX 251 when the switching circuit
253 performs switching to transmission connection. In the
present embodiment, a predetermined voltage (for example,
15 V) is normally applied to the driving terminal 221D1, and
thus the drive signal superimposed on the voltage is output.
[0103] In the ultrasonic wave reception process, when the
switching circuit 253 performs switching to reception con-
nection, a received signal from the driving terminal 221D1
is input to the reception circuit 255, The reception circuit
255 is configured to include, for example, a linear noise
amplifier, an A/D converter, and the like, and performs
various signal processes such as conversion of the input
received signal into a digital signal, removal of a noise
component, amplification to a desired signal level, and a
phasing addition process, and outputs the processed received
signal to the control section 3.

[0104] The voltage source 256 includes a first voltage
source 256A and a second voltage source 256B.

[0105] The first voltage source 256A generates the first
bias voltage V1 which will be output to the common
terminal 221E1, and outputs the, first bias voltage V1 to the
second MUX 252. The second voltage source 2568 gener-
ates the second bias, voltage V2 which will be output to the
common terminal 221E1, and outputs the second bias volt-
age V2 to the second MUX 252. FIG. 7 is a diagram
illustrating a relationship between the first bias voltage V1
and the second bias voltage V2.

[0106] In the present embodiment, in a case where an
ultrasonic wave is received, a bias voltage is output to the
upper electrode 221C3 (common terminal 221E1), and a
potential difference generated in the piezoelectric film 22102
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when the vibration film 221B vibrates is extracted from the
driving terminal 221D1 connected to the lower electrode
221C1. The bias voltage is a difference between a voltage
output to the driving terminal 221D1 and a voltage output to
the common terminal 221F1. For example, in a case where
a voltage of +15 V is output to the driving terminal 221D1,
and a voltage of 18 V is output to the common terminal
221E1, the bias voltage is -3 V.

[0107] Here, as illustrated in FIG. 7, the reception sensi-
tivity of an ultrasonic wave in the ultrasonic transducer 24
changes depending on a bias voltage.

[0108] Ifa bias voltage is reduced from VB1 at which the
reception sensitivity is the maximum, the reception sensi-
tivity gradually decreases as in an arrow D1 in FIG. 7, and
the reception sensitivity becomes nearly 0 when the bias
voltage is DB2. If the bias voltage is further reduced, a phase
of a received signal is inverted, the reception sensitivity
increases again as indicated by an arrow D2, and the
reception sensitivity becomes the maximum when the bias
voltage is VB3. Absolute values of the reception sensitivity
at VB1 and VB3 are substantially the same as each other, but
a phase of a received signal is inverted.

[0109] Ifthe bias voltage is gradually increased from VB3,
as indicated by an arrow D3 in FIG. 7. the reception
sensitivity gradually decreases, and the reception sensitivity
becomes nearly 0 when the bias voltage is VB4. If the bias
voltage is further increased, a phase of a received signal is
inverted, the reception sensitivity increases again as indi-
cated by an arrow D4, and the reception sensitivity becomes
the maximum when the bias voltage is VBI.

[0110] Here, in the present embodiment, the first bias
voltage V1 is a voltage output to the common terminal
221E1 so that the maximum reception sensitivity is
obtained, and a difference between a voltage output to the
driving terminal 221D1 and the first bias voltage V1 is VBI1.
The first bias voltage V1 is output to the common terminal
221E1 even when an ultrasonic wave is transmitted.
[0111] The second bias voltage V2 is a voltage output to
the common. terminal 221E1 when the reception sensitivity
initially becomes O (or the reception sensitivity is in a
predetermined range centering on 0) as a result of reducing
a voltage from the first bias voltage V1. A difference
between a voltage output to the driving terminal 221D1 and
the first bias voltage V1 is VB2.

[0112] Control Section

[0113] Next, a description will be made of the control
section the ultrasonic measurement apparatus 1.

[0114] The control section 3 is an ultrasonic image pro-
cessing device, and is configured to include a calculation
unit formed of a central processing unit (CPU) and the like,
and a storage unit formed of a memory and the like.
[0115] The storage unit stores various programs or various
data for performing ultrasonic measurement using the ultra-
sonic probe 2, or generation and display of an internal
tomographic image of the living body P based on an
ultrasonic measurement result. By reading and executing the
various programs stored in the storage unit, the calculation
unit functions as a transmission control unit 31, a reception
control unit 32, an image acquisition unit 33, an image
dividing unit 34, an image combining unit 35, an image
selecting unit 36, a first point selecting unit 37, a display
control unit 38, and the like, as illustrated in FIG. 1. The
control section 3 may be provided with an operation input
unit formed of a keyboard and the like. The transmission
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control unit 31 controls the ultrasonic probe 2, so as to
transmit ultrasonic waves from the ultrasonic transducers 24
included in a predetermined element portion 23 of the
ultrasonic sensor 22. Specifically, the transmission control
unit 31 causes the switching circuit 253 to perform switch-
ing to transmission connection, so that the first bias voltage
V1 is output to each common terminal 221E1 from the
voltage source 256, and a drive voltage (drive signal) based
on a pulse signal from the transmission circuit 254 is output
to a predetermined driving terminal 221D1.

[0116] The reception control unit 32 controls the ultra-
sonic probe 2 to receive a received signal from a predeter-
mined element portion 23 of the ultrasonic sensor 22.
Specifically, the reception control unit 32 causes the switch-
ing circuit 253 to perform switching to reception connection,
so that the first bias voltage V1 is output from the voltage
source 256 to the common terminal 221E1 corresponding to
the element portion 23 which is a received signal acquisition
target., and the second bias voltage V2 is output to the other
common terminals 221E1. The received signal output from
the driving terminal 221D1 corresponding to the element
portion 23 which is a received signal acquisition target is
acquired via the reception circuit 255.

[0117] The image acquisition unit 33 acquires the received
signal (image signal) transmitted from the ultrasonic probe
2, and generates (acquires) an internal tomographic image at
each position of the living body P.

[0118] The image dividing unit 34 divides each acquired
internal tomographic image into a plurality of images with
anormal line (a straight line along the Z direction) orthogo-
nal to the X direction, and sets the plurality of images as a
plurality of separate images each of which is rectangular in
the Z direction. The number of separate images obtained
through division in the image dividing unit 34 is not par-
ticularly limited, but a separate image is preferably gener-
ated for each X coordinate. For example, in a case where an
image size of an internal tomographic image is X,,x7,,, the
image dividing unit 34 generates X, , separate images each
having an image size of 1xZ,,according to respective pixels
(1=x=X,,) in the X direction. A plurality of (for example,
Y,,) internal tomographic images along the Y direction are
acquired. In the present embodiment, coordinates y=1t0 Y,
indicating Y positions are added to the internal tomographic
images in order from a -Y side. Consequently, each separate
image obtained by dividing each internal tomographic image
can be expressed by coordinates in an XY plane. In the
following description, a separate image (s, t) indicates a
separate image at a position of x=s in an internal tomo-
graphic image of y=t.

[0119] The image combining unit 35 combines a plurality
of separate images so as to generate a combined tomo-
graphic image. Specifically, the image combining unit 35
extracts separate images (s, t) corresponding to coordinates
on a predetermined continuous line in the XY plane, and
joins the separate images in order of the coordinates of the
continuous line so as to generate a combined tomographic
image The image combining unit 35 generates each com-
bined tomographic image obtained when the continuous line
is moved in the XY plane. The continuous line is a straight
line in the present embodiment, and indicates a section
position corresponding to a combined tomographic image.

[0120] In a case where an operation signal indicating that
an operator of the ultrasonic measurement apparatus I opet-
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ates an operation input unit so as to select an image is input,
the image selecting unit 36 selects a combined tomographic
image.

[0121] In other words, in the present embodiment, the
image combining unit 35 generates a combined tomographic
image obtained when the continuous line is moved, in a
predetermined cycle, and displays the generated combined
tomographic image on the display section 4 in real time. In
other words, combined tomographic images obtained when
the continuous line is moved in the XY plane are displayed
in an animation manner. When an input operation for
selecting an image is input at a predetermined timing during
animation display, the image selecting unit 36 selects a
combined tomographic image which is being displayed on
the display section 4 at the timing. The selected combined
tomographic image may be displayed on the display section
4 immediately after being selected, and a predetermined
number of images may be selected, and then the selected
images may be collectively displayed on the display section
4.

[0122] In acase where the operator opetates the operation
input unit so as to set a position with respect to an internal
tomographic image or a combined tomographic image dis-
played on the display section 4, the first point selecting unit
37 selects (x,y) coordinate position of a separate image
corresponding to the position.

[0123] The display control unit 38 displays an internal
tomographic image or a combined tomographic image on
the display section 4. The display control unit 33 displays a
position (a position of a continuous line) of the internal
tomographic image or the combined tomographic image in
the XY plane on the display section 4.

[0124] A specific process of the control section 3 will be
described later.

[0125] Ultrasonic Measurement Method

[0126] Next, a description will be made of an ultrasonic

measurement method (ultrasonic image processing method)
using the above-described ultrasonic measurement appara-
tus 1.

[0127] FIG. 8 is an image diagram illustrating a case
where an ultrasonic measurement process is performed on
the living body P by using the ultrasonic probe 2 of the
present embodiment. FIG. 9 is a flowchart illustrating an
ultrasonic measurement method in the present embodiment.
[0128] In the ultrasonic measurement method using the
ultrasonic measurement apparatus 1 of the present embodi-
ment, for example, an operator applies an acoustic matching
agent (for example, a gel) for improving the propagation
efficiency of an ultrasonic wave between the living body P
and the ultrasonic sensor 22, on the sensor window 212A of
the casing 21 of the ultrasonic probe 2. As illustrated in FIG.
8, the ultrasonic probe 2 is fixed to a skin surface of the
living body P by using an adhesive tape or the like.

[0129] Acquisition of Internal Tomographic Image
[0130] Next, if an operation signal indicating that ultra-
sonic measurement is started by the operator operating the
operation input unit, first, the control section 3 performs an
ultrasonic image acquisition process (step S1; image acqui-
sition step).

[0131] FIG. 10 is a flowchart illustrating the ultrasonic
image acquisition process in step S1. FIG. 11 is a timing
chart in the ultrasonic measurement process of the present
embodiment. FIG. 12 is a diagram for explaining the order
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of driving the element portions 23 in the ultrasonic mea-
surement process of the present embodiment.

[0132] In step S1, the control section 3 initializes a CH
variable u and a COM variable v indicating a position of a
driving target element portion 23 in ultrasonic measurement
(u=1 and v=1) (step S101).

[0133] Here, the CH variable u (1=u<M) is a variable
indicating a position (CH(1) to CH(M)) of the driving
terminal 221D1 corresponding to the driving target element
portion 23, and, in the present embodiment, a position
(CH(1)) of the driving terminal 221D1 at an end on the -X
side is set: to be u=l. In the present embodiment, M is 64.
The COM variable v (1<v=N) is a variable indicating a
position (COM(1) to COM(N)) of the common terminal
221E1 corresponding to the driving target (received signal
acquisition target) element portion 23, and, in the present
embodiment, a position (COM(1)) of the common terminal
221E1 at an end on the -Y side is set to be v=1. In the
present embodiment, N is 16.

[0134] Next, the transmission control unit 31 performs an
ultrasonic wave transmission process in which the element
portions 23 corresponding to the CH variable u to the CH
variable u+1 output ultrasonic waves (step S102).

[0135] Specifically, the transmission control unit 31
causes the switching circuit 253 to perform switching to
transmission connection, and thus the transmission circuit
254 is connected to the respective driving terminals 221D1.
As illustrated in FIG. 11, a predetermined voltage (for
example, 15 V) is normally output to the driving terminals
221D1 regardless of a connection state of the switching
circuit 253. In other words, a bias of +15 V is applied to the
driving terminals 221D1. The transmission control unit 31
controls the second MUX 252 so that the first bias voltage
V1 output from the voltage source 256 is output to all of the
common terminals 221E1. For example, in a case where the
bias voltage VB1 is 15V, and a voltage of 15 V is output to
the driving terminal 221D1, a voltage of which is the same
as the first bias voltage V1 is output to all of the common
terminals 221E1 during the ultrasonic wave transmission
process.

[0136] The transmission control unit 31 outputs a pulsed
drive signal from the transmission circuit 254. The trans-
mission control unit 31 controls the first MUX 251 so that
the drive signal is output to the driving terminals 221131
corresponding to the CH variable u to the CH variable u+k.
Consequently, the pulse drive signal is output to the driving
terminals 221D1 corresponding to positions of CH(u) to
CH(u+k), and ultrasonic waves are transmitted from the
respective element portions 23 (respective ultrasonic trans-
ducers 24) connected to the driving terminals 221D1. The
integer k may be, for example, a preset value, and may be
a value which is changed as appropriate by a user (an
operator or the like). In the present embodiment, ultrasonic
waves are output from a first number of (k+1) element
portions 23 corresponding to CH(u) to CH(u+k) adjacent to
each other in the X direction.

[0137] For example, in a case of the CH variable u=1, as
illustrated in FIG. 11, a drive signal is output to the driving
terminals 221D1 corresponding to a position of CH(1), and
the drive signal is not output to the driving terminals 221D1
corresponding to CH(j) (where j is an integer of 3<j<64). In
this case, as shown in a first state in FIG. 12, ultrasonic
waves are transmitted from the element portions 23 corre-
sponding to CH(1) and CH(2). In a case of the CH variable
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u=j, as illustrated in FIG. 11, a drive signal is output to the
driving terminals 221D1 of CH (j) and the drive signal is not
output to the driving terminals 221D1 of CH(1).

[0138] In a case of the integer k=2, when an ultrasonic
wave is transmitted, electronic focusing may be performed.
In other words, in a plurality of driving terminals 221D1 to
which a drive signal is output, an output timing of the drive
signal is delayed from the end toward the center. Conse-
quently, an ultrasonic wave which converges at a predeter-
mined depth position, and a resolution in ultrasonic mea-
surement can be improved.

[0139] Thereafter, the reception control unit 32 performs
an ultrasonic wave reception process in which received
signals are acquired from the element portions 23 corre-
sponding to the COM variable v to the COM variable v+i (in
the present embodiment, i=4) (step S103).

[0140] Specifically, the reception control unit 32 causes
the switching circuit 253 to perform switching to reception
connection so that the reception circuit 255 is connected to
the respective driving terminals 221D1.

[0141] The reception control unit 32 controls the second
MUX 252 so that the first bias voltage V1 output from the
voltage source 256 is output to the respective common
terminals 221E1 corresponding to the COM variable v to the
COM variable v+i. The integer i may be, for example, a
preset value, and may be a value which is changed as
appropriate by a user (an operator or the like). In the present
embodiment, the reception sensitivity of a second number of
(i+]) element portions 23 corresponding to COM(v) to
COM(v+i) adjacent to each other in the Y direction is greater
than the reception sensitivity of other element portions 23,
and thus received signals suitable for forming an internal
tomographic image are acquired. Here, as described above,
in the ultrasonic wave reception process, ultrasonic waves
are transmitted from the element portions 23 corresponding
to CH(u) to CH(u+k), but, among the element portions 23,
the reception sensitivity of the element portions 23 corre-
sponding to COM(v) to COM(v+i) increases. Therefore,
reception in the ultrasonic wave reception process becomes
valid in the element portions 23, and the reception sensitivity
is nearly 0 in the other element portions 23, and thus
reception becomes invalid. Only received signals from the
element portions 23 in which reception is valid are input to
the control section 3 via the reception circuit 255. Received
signals from the element portions 23 at COM positions other
than COM(v) to COM(v+i) are also input to the control
section 3, but the second bias voltage 1s output thereto so that
the reception sensitivity thereof decreases. Thus, the
received signals are also reduced to the extent of not
influencing measurement thereof.

[0142] In other words, a region (+Z side) directly under
the element portions 23 (ultrasonic transducers 24) which
are connected to the driving terminals 221D1 corresponding
to CH (u) to CH(u+k) and are connected to the common
terminals 221E1 corresponding to COM(v) to COM(v+i) is
an ultrasonic measurement target region (measurement
region B (refer to FIG. 12)) in the first step S102 and step
S103.

[0143] As aspecific example, for example, in a case where
the COM variable v is 1, as illustrated in FIG. 11, during the
ultrasonic wave reception process, the first bias voltage V1
which causes reception to be valid in the element portions 23
(ultrasonic transducers 24) is output to the common terminal
221E1 at the position corresponding to COM 1).
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[0144] On the other hand, during the ultrasonic wave
reception process, second bias voltage V2 which causes
reception to be invalid in the element portions 23 (ultrasonic
transducers 24) is output to the common terminal 221E1
corresponding to COM(h) (where h is an integer of 5<h=16).
In a case where a bias voltage which causes reception to be
invalid is =3 V, a voltage of 18 V is output as the second bias
voltage V2.

[0145] Here, in a case where the CH variable u is 1, as
shown in a second state in FIG. 12, received signals indi-
cating that ultrasonic waves are detected are output from the
respective element portions 23 corresponding to the mea-
surement region B in which ultrasonic wave transmission
positions overlap positions where reception of ultrasonic
waves is valid. Therefore, as illustrated in FIG. 11, a
received signal having a high level due to reception of an
ultrasonic wave is output from the driving terminal 221D1
corresponding to CH(1), and a level of a received signal
from the driving terminal 221D1 corresponding to CH(j) is
less than a predetermined value. On the other hand, in a case
where the CH variable u is j, a received signal having a high
level due to reception of an ultrasonic wave is output from
the driving terminal 221D1 corresponding to CH(j), and a
level of a received signal from the driving terminal 221D1
corresponding to CH(1) is less than a predetermined value.
[0146] Similarly, in a case where the COM variable v is h,
a received signal having a high level due to reception of an
ultrasonic wave is output from the element portions 23 (the
element portions 23 corresponding to the measurement
region B) in which positions for outputting ultrasonic waves
and positions for outputting the first bias voltage V1 overlap
each other.

[0147] Thereafter, a predetermined value (for example,
“17) is added to the CH variable u (step S104), and it is
determined whether or not the CH variable u+k exceeds the
maximum value M (in the present embodiment, M=64) of
the element portions 23 arranged in the X direction (step
S105).

[0148] In a case where a determination result is negative
(No) in step S105, the flow returns to step S102. In other
words, as shown in third and fourth states in FIG. 12, a CH
position for transmitting an ultrasonic wave is moved to the
+X side, and a scanning process in the X direction, for
acquiring received signals from COM(v) to COM(v+i) is
continuously performed. On the other hand, in a case where
a determination result is affirmative (Yes) in step S105, as
shown in fifth and sixth states in FIG. 12, this indicates that
a CH position for transmitting an ultrasonic wave reaches
the end on the +X side (one scanning process is finished). In
other words, received signals required for internal tomo-
graphic images (internal tomographic images corresponding
to y=1) along the X direction corresponding to the positions
of COM(1) to COM(5) are obtained.

[0149] In this case, the next section position of the living
body P starts to be measured. For this, the control section 3
initializes the CH variable u (u=1), and adds a predetermined
value (for example, “17) to the COM variable v (step $106).
It is determined whether or not the COM variable v+i
exceeds the maximum value N (in the present embodiment,
N=16) of the element portions 23 arranged in the Y direction
(step S107). In a case where a determination result is
negative (No) in step S107, the flow returns to step S102. In
other words, as shown in seventh and eighth states in FIG.
12, a COM position for acquiring a received signal is moved
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to the +Y side, and received signals are sequentially acquired
from COM(v) to COM(v+i). Thereafter, a scanning process
in the X direction is performed in a plurality until a deter-
mination result is affirmative (Yes) in step S107.

[0150] On the other hand, in a case where a determination
result is affirmative (Yes) in step S107, this indicates that
transmission and reception processes of ultrasonic waves for
all of the element portions 23 of the array region 22A are
completed.

[0151] In this case, the image acquisition unit 33 forms
(acquires) an internal tomographic image on the basis of
ultrasonic measurement results (step S108). In other words,
the image acquisition unit 33 generates ultrasonic wave
reflection positions based on ultrasonic wave transmission
timings and reception timings as images, so as to generate an
internal tomographic image along the X direction corre-
sponding to COM(v) to COM(v+i). In the present embodi-
ment, received signals for a single internal tomographic
image are acquired through a scanning process in the X
direction, and the scanning process is sequentially per-
formed while a position is deviated in the Y direction,
Therefore, internal tomographic images at a plurality of
positions in the Y direction can be acquired.

[0152] Display of Combined Tomographic Image

[0153] Referring to FIG. 9 again, after the above-de-
scribed ultrasonic image acquisition process in step S1, the
image dividing unit. 34 divides each acquired internal tomo-
graphic image into a plurality of separate images (step S2;
image dividing step). FIG. 13 is a diagram illustrating an
example of generating separate images from an internal
tomographic image.

[0154] In step S2, as illustrated in FIG. 13, the image
dividing unit 34 generates X, separate images (image size:
1xZ,,) corresponding to respective pixels (1sx<X,,)in the X
direction with respect to a single internal tomographic
image, Since Y,, internal tomographic images are acquired
in the Y direction, X,,xY,, separate images are generated.
[0155] Next, the control section 3 sets a continuous line
indicating positions where images of an internal tomo-
graphic structure are displayed on the XY plane (step S3). In
step S3, it is possible to set whether a continuous line is
manually set on the basis of an operation signal from an
operator via the operation input unit, or a continuous line is
automatically moved. For example, in a case where the
operator manually inputs an operation signal indicating a
position of a continuous line, a manual mode is determined,
and an input continuous line is set. In a case where an
operation signal indicating a position of a continuous line is
not input, an automatic mode is determined, In the automatic
mode, continuous line which is set in advance is initially set,
and scanning is performed by automatically moving the
continuous line in a rectangular region on the XY plane.
[0156] The rectangular region mentioned here is a region
substantially corresponding to the array region 22A, and is
a region of 1=x<X,, and 1=y=<Y, Since a total number of
driving terminals 221D1 is M, a total number of common
terminals 221E1 is N, a width (the number of CH) of the
measurement region B in the X direction is k+1, and a width
(the number of COM) thereof in the Y direction is j+1, X,,
is M-k, and Y, ,is N—j. In the present embodiment, since M
is 64, Nis 16, k is 1, and j is 4, x and y are in ranges of and
1=x<63, and 1<y=12.

[0157] Therefore, a corresponding separate image (s, t) is
present at a coordinate (s, t) in the rectangular region.
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[0158] In the following description, four vertices of the
rectangular region are respectively defined as a first vertex
(1,Y,,), a second vertex (X,,, Y,,) , a third vertex (1, Y,,)
and a fourth vertex (1,1) clockwise.

[0159] In a case where the automatic mode is determined
in step S3, the control section 3 sets an initial continuous line
as a straight line passing through the first vertex and the
second vertex.

[0160] Thereafter, the control section 3 performs a com-
bined image display process of generating and displaying a
combined tomographic image corresponding to the continu-
ous line (step S4; image combining step).

[0161] FIG. 14 is a flowchart illustrating the combined
image display process in step S4. FIG. 15 is a diagram
illustrating an example of generating a combined tomo-
graphic image. FI1G. 16 is a diagram illustrating a combined
tomographic image displayed on the display section.
[0162] In the combined image display process, as illus-
trated in FIG. 13, the image combining unit 35 extracts
separate images corresponding to coordinates on the con-
tinuous line from among the separate images obtained
through division instep S2 (step S201). In otherwords, a
linear expression y=f(x) for the continuous line is calculated,
t=f(1) to f(X,,) corresponding to s=1 to X, is calculated, and
a separate image (s, t) is extracted. In a case where the Y
coordinate value t corresponding to the X coordinate value
s of the linear expression for the continuous line is not an
integer, the closest integer value may be used as the value t.

[0163] Next, the image combining unit 35 disposes a
separate image (1,f(1)) at an end on a -S side in a coordinate
system (a transverse axis is set to an S axis, and a longitu-
dinal direction is set to a Z axis) of the combined image,
disposes separate images t) corresponding tos=2, 3, ..., and
X,, in order toward a S side, and combines the separate
images with each other so as to generate a combined
tomographic image (step S202). Consequently, as illustrated
in FIG. 15, the combined tomographic image is generated on
the basis of the separate images.

[0164] Next, the display control unit 38 displays the
combined tomographic image generated in step S202 on the
display section 4 (step S203).

[0165] Here, as illustrated in FIG. 16, the display control
unit 38 displays a combined tomographic image 51 (or an
internal tomographic image in a case where the continuous
line is parallel to the X direction), a simple array image 52
corresponding to the array region 22A which corresponds to
the combined tomographic image 51, and a section position
image 53 indicating a position of the continuous line with
respect to the array region 22A in an arranged manner in a
display region 41 of the display section 4.

[0166] At this time, the display control unit 38 displays an
X axis image 52X and a Y axis image 52Y on the simple
array image 52, and then displays the section position image
53 to overlap the simple array image 52. Consequently, it is
possible to allow an operator to easily understand a section
position of the displayed combined tomographic image 51
(internal tomographic image).

[0167] Referring to FIG. 9 again, after the above-de-
scribed combined image display process, the image select-
ing unit 36 determines whether or not an operation signal
indicating that the operator selects the displayed combined
tomographic image 51 is input (step S5). In a case where a
determination result is affirmative (Yes) in step S5, the
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image selecting unit 36 stores the combined tomographic
image 51 at a timing at which the operation signal is input,
in the storage unit (step S6).

[0168] In other words, in the present embodiment, in a
case where the continuous line is automatically moved in the
automatic mode, a combined tomographic image obtained
when the continuous line is moved is displayed on the
display section 4 in real time (displayed in an animation
manner). Therefore, in a case where the combined tomo-
graphic image 51 (internal tomographic image) at a section
position desired to be observed is displayed, the operator
operates an operation unit (for example, clicks on a mouse)
so as to select the image. Even in the manual mode, since an
image can be selected by the image selecting unit 36, it is
possible to save time and effort to set a continuous line
again, for example, in a case where a combined tomographic
image at the same position is desired to bye observed.
[0169] After step S6, and after a determination result is
negative (No) in step S5, the image combining unit 35
determines whether or not the continuous line is moved (step
S7). In step 87, it is determined whether or not the automatic
mode is set in a state in which the continuous line is not
manually input in the above step S3.

[0170] Ina casewhere a determination result is affirmative
(Yes) in step S7, the image combining unit 35 of the control
section 3 moves the continuous line to a preset direction
(step S8). In the present embodiment, in step S8, the
continuous line is moved as follows.

[0171] FIG. 17 is a diagram for explaining movement
procedures of the continuous line in the present embodiment
FIG. 18 is a diagram illustrating an example of transition of
the combined tomographic image 51 displayed on the dis-
play section 4 in the present embodiment.

[0172] In a case where the automatic mode is set, in step
S3, as illustrated in FIG. 17, an initial continuous line 61 is
set to a straight line passing through a first vertex C1 and a
second vertex C2, In other words, the continuous line 61
corresponding to a section position of an internal tomo-
graphic image acquired last in step S1 is set. Here, among
intersections between the continuous line 61 and an outer
peripheral edge of a rectangular region Arl, a point over-
lapping the first vertex is referred to as a first intersection
61A, and a point overlapping the second vertex is referred
to as a second intersection 61B.

[0173] In the present embodiment, the image combining
unit 35 first moves the second intersection 61B toward a
third vertex C3 with the first intersection 61A in the above-
described initial continuous line 61 as the rotation center
(first point), so as to rotate the continuous line 61.

[0174] Ifthe second intersection 61B is moved to the third
vertex C3, next, the rotation center is moved to the second
intersection 61B, and the first intersection 61A is moved
from the first vertex C1 toward a fourth vertex C4, so that
the

[0175] continuous line 61 is rotated. If the first intersection
61A is moved to the fourth vertex C4, next, the rotation
center is moved to the first intersection 61A, and the second
intersection 61B is moved from the third vertex C3 toward
the second vertex C2, so that the continuous line 61 is
rotated.

[0176] If the second intersection 61B is moved to the
second vertex C2, the rotation center is moved to the second
intersection 61B, the first intersection 61A is moved from
the fourth vertex C4 toward the first vertex C1 so that the
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continuous line 61 is rotated, and thus the continuous line 61
is returned to the initial position.

[0177] In the present embodiment as mentioned above,
end points (the first intersection 61A and the second inter-
section 61B) of the continuous line 61 are alternately
replaced with each other, and the continuous line 61 is
rotated with each of the four vertices of the rectangular
region Arl as the rotation center. In this case, as illustrated
in FIG. 17, each position in the rectangular region Arl is
scanned at least twice so that a direction of the continuous
line 61 differs. For example, with respect to a predetermined
coordinate (s, t,) in the rectangular region Arl, a combined
tomographic image corresponding to a case where an incli-
nation of the continuous line 61 is negative (the right-
downward continuous line 61 shown on the second part in
FIG. 17), and a combined tomographic image corresponding
to a case where an inclination of the continuous line 61 is
positive (the right-upward continuous line 61 shown on the
sixth part in FIG. 17) can be obtained. Therefore, in a case
where a line direction (long axis direction) of a blood vessel
is directed from the upper left toward the lower right, the
operator can appropriately determine the long axis direction
of the blood vessel on the basis of the former combined
tomographic image, and, in a case where the long axis
direction of the blood vessel is directed from the lower left
toward the upper right, the operator can appropriately deter-
mine the long axis direction of the blood vessel on the basis
of the latter combined tomographic image. Meanwhile, an
amount of moving the continuous line 61 is a preset amount,
and may be, for example, an amount corresponding to one
coordinate in the rectangular region, and may be an amount
corresponding to two or more coordinates. After the con-
tinuous line 61 is moved by a predetermined amount, the
control section 3 returns to the process in step S4 unless a
determination result is affirmative (Yes) in step S9 which
will be described later. In other words, the processes in steps
S4 to S7 are repeatedly performed while moving the con-
tinuous line 61 until a determination result is affirmative
(Yes) in step S9. Consequently, as illustrated in FIG. 18,
combined tomographic images corresponding to movement
destinations of the continuous line 61 are sequentially dis-
played on the display section 4, and the combined tomo-
graphic image 51 (or an internal tomographic image) cor-
responding to movement of the continuous line 61 is
displayed in real time (displayed in an animation manner).

[0178] Referring to FIG. 9 again, after the above step S8,
the control section 3 determines whether or not movement of
the continuous line 61 is finished (step S9). In step S9, in a
case where an operation signal indicating that the operator
finishes real-time display of the combined tomographic
image 51, or combined tomographic images are displayed in
real time through movement of the continuous line 61 for a
predetermined number of times (or a predetermined time)
the control section 3 determines that movement of the
continuous line 61 is finished in step S9. In a case where 1t
is determined that movement of the continuous line 61 is not
finished in step S9, the flow returns to the process in step S4.

[0179] Ina case where a determination result is affirmative
(Yes) in step S9, the display control unit 38 determines
whether or riot there is a selected image stored in step S6
(step S10). In a case where a determination result is affir-
mative (Yes) in step S10, the display control unit 38 displays
the selected combined tomographic image 51 (or the internal
tomographic image) stored in the storage unit on the display
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section 4. In a case where there are a plurality of combined
tomographic images 51, the plurality of combined tomo-
graphic images 51 may be sequentially displayed in a
switching manner, and may be displayed in a list form in the
display region 41 of the display section 4.

[0180] In a case where a determination result is negative
(No) in step S10, and after step S11, the control section 3
determines whether or not the measurement process is
finished (step S12). For example, in step S12, in a case
where an operation signal indicating that the operator fin-
ishes the measurement through an input operation is input,
the measurement process is finished. In a case where a
determination result is negative (No) in step S12, the flow
returns to step S3, Consequently, the operator can display the
combined tomographic image 51 in the automatic mode, and
can then display the combined tomographic image 51 by
designating the continuous line 61 again in the manual
mode. After the manual mode, in a case where a position of
a blood vessel cannot be favorably determined, the com-
bined tomographic image 51 can be displayed in real time
through switching to the automatic mode.

[0181] Here, a description has been made of an example in
which the flow returns to step S3 in a case where a
determination result is negative (No) in step S12, but the
flow may return to step Si. In ultrasonic measurement
targeting the living body P, a position of a blood vessel
changes over time. In this case, the flow returns to step Si so
that an internal tomographic image is acquired again, and
thus it is possible to perform measurement with higher
accuracy.

[0182] Display of Combined Tomographic
obtained by Changing Rotation Center

[0183] Meanwhile, in the above-described example, in the
automatic mode, a description has been made of an example
in which, when the end point (the first intersection 61A or
the second intersection 61B) of the continuous line 61 is
located at each vertex of the rectangular region Arl, the
combined tomographic image Si obtained by rotating the
continuous line 61 about the vertex is displayed.

[0184] In contrast, in the present embodiment, after the
ultrasonic measurement process (first ultrasonic measure-
ment process) as illustrated in FIG. 9, a combined tomo-
graphic image obtained when the operator rotates the con-
tinuous line 61 centering on any point may be displayed
(second ultrasonic measurement process).

[0185] FIG. 19 is a flowchart illustrating the second ultra-
sonic measurement process.

[0186] In the second ultrasonic measurement process, for
example, in the above-described first ultrasonic measure-
ment process, a predetermined combined tomographic
image 51 is selected and is displayed on the display section
4, and then the first point selecting unit 37 acquires a first
point. In other words, in a case where the operator performs
an input operation on the operation input unit, and an
operation signal indicating that a certain point on a com-
bined tomographic image displayed on the display section 4
is designated as a first point is input, the first point selecting
unit 37 acquires the input point as a first point (a point
serving as the rotation center) (step S21). The first point is
a point on the selected combined tomographic image 51, and
is a point indicating a separate image (s, t) forming the
combined tomographic image 51, that is, a point located on
the continuous line 61. For example, in a coordinate system
(a transverse axis is set to an S axis, and a longitudinal
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direction is set to a Z axis) of the combined image, in a case
where any point (s, z) on the combined tomographic image
51 is designated, the first point selecting unit 37 determines
that a separate image (s,) including the point (s, z), that is,
the point (s ,t) on the continuous line 61 is selected.
[0187] Next, the first point selecting unit 37 determines
whether or not the entire movement is selected (step S22).
Here, the entire movement indicates rotation scanning in
which the entire continuous line 61 is rotated centering on
the first point. In a case where the entire movement is not
selected. in the present embodiment, partial movement is
performed. The partial movement indicates rotation scan-
ning in which, when the continuous line 61 i divided into
two straight lines (a first continuous line 611 (refer to FIG.
21) and a second continuous line 612 (refer to FIG. 21)) with
the point (s, t) on the continuous line 61 interposed ther-
ebetween, the first continuous line 611 and the second
continuous line 612 are separately rotated. It is assume& that
the first continuous line 611 is a line segment located further
toward the first intersection 61A side than the first point, and
the second continuous line 612 is a line segment located
further toward the second intersection 61B side than the first
point.

[0188] In acase where an operation signal indicating that
the entire movement is designated is input by the operator
operating the operation input unit, the first point selecting
unit 37 determines that the entire movement is selected in
step S22, FIG. 20 is a diagram for explaining movement
procedures when the entire continuous line 61 is rotated
centering on a first point 62.

[0189] Inacase where a determination result is affirmative
(Yes) in step S22, as illustrated in FIG. 20, the image
combining unit 35 rotates the continuous line 61 with the
first point 62 selected in step S21 as the rotation center (step
S23). A rotation angle is a preset angle in the same manner
as in the movement of the continuous line 61 in step S8. The
image combining unit 35 performs the same combined
image display process as in step S4 so as to display the
combined tomographic image 51 (step S24). At this time, in
the same manner as in steps S5 and S6, the image selecting
unit 36 determines whether or not an operation signal
indicating that the operator selects the combined tomo-
graphic image 51 is input (step S25). If the combined
tomographic image 51 is selected, the combined tomo-
graphic image 51 is stored in the storage unit (step S26). The
control section 3 determines whether or not movement of the
continuous line 61 is finished (step S27). In the same manner
as in step S9, in step S27, for example, in a case where an
operation signal indicating that the operator finishes real-
time display of the combined tomographic image 51, or
combined tomographic images 51 are displayed in real time
through movement of the continuous line 61 for a predeter-
mined angle (or a predetermined time), the control section 3
determines that movement of the continuous line 61 is
finished. In a case where it is determined that movement of
the continuous line 61 is not finished in step S27, the flow
returns to the process in step S23, and the combined tomo-
graphic image 51 obtained when the continuous line 61 is
rotated is continuously displayed in real time. Therefore, in
step S27, the continuous line 61 is rotated centering on the
first point until a determination result is affirmative (Yes) in
step S27, and the combined tomographic image 51 gener-
ated at that time is displayed on the display section 4 in real
time.
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[0190] FIG. 21 is a diagram for explaining movement
procedures of the continuous line 61 in a case where the
continuous line 61 is divided with the first point 62 as a
boundary.

[0191] In a case where a determination result is negative
(No) in the above step S22, the image combining unit 35
divides the continuous line 61 into the first continuous line
611 on the first intersection 61A side and the second con-
tinuous line 612 on the second intersection 61B with the first
point 62 as a boundary (step S28). The image combining unit
35 rotates the second continuous line 612 centering on the
first point 62 (step S29).

[0192] Specifically, as illustrated in FIG. 21, the image
combining unit 35 first rotates the second continuous line
612 in a clockwise direction, and then rotates the second
continuous line 612 in a counterclockwise direction. For
example, in a case where the second intersection 61B is
located between the second vertex C2 and the third vertex
C3, the second continuous line 612 is first rotated until the
second intersection 61B is located at the second vertex C2,
then, the rotation direction is inverted, and the second
continuous line 612 is rotated until the second intersection
61B is located at the third vertex C3.

[0193] A rotation angle at this time is a preset angle in the
same manner as in step S8 or step S23. In the same mariner
as in step S4, the image combining unit 35 performs a
combined image display process whenever the second con-
tinuous line 612 is rotated by a predetermined angle, so as
to display the combined tomographic image 51 on the
display section 4 in real time (step S30).

[0194] In the same manner as in step S5, the image
selecting unit 36 determines whether or not an operation
signal indicating that the operator elects the combined
tomographic image 51 is input (step S31).

[0195] In a case where a determination result is negative
(No) in step S31, the flow returns to step S29, and movement
of the second continuous line 612 is continuously moved.
[0196] On the other hand, in a case where a determination
result is affirmative (Yes) in step S31, the image combining
unit 35 stops movement of the second continuous line 612,
and fixes the second continuous line 612 to a certain position
(step S32)

[0197] After step S32, the image combining unit 35 moves
the first continuous line 611 (step S33).

[0198] Specifically, as illustrated in FIG. 21, the image
combining unit 35 first rotates the first continuous line 611,
for example, in a counterclockwise direction, and then
rotates the first continuous line 611 in a clockwise direction.
For example, in a case where the first intersection 61A is
located at the first vertex C1, first, the first continuous line
611 is rotated until the first intersection 61A is moved to the
third vertex 03 via the fourth vertex 04, then, the rotation
direction is inverted, and the first continuous line 611 is
rotated until the first intersection 61A is moved to the second
vertex 02 via the third vertex C3 and the first vertex C1.
[0199] A rotation angle at this time is a preset angle in the
same manner as in step 38, step 323, or step S29. In the same
manner as in step S4, the image combining unit 35 performs
a combined image display process so as to display the
combined tomographic image 51 on the display section 4 in
real time (step S34) in the same manner as in steps S5 and
S6, the image selecting unit 36 determines whether or not an
operation signal indicating that the operator selects the
combined tomographic image is input (step S35), and stores
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the combined tomographic image 51 in the storage unit in a
case where a determination result is affirmative (Yes) (step
S16).

[0200] The control section 3 determines whether or not
movement of the first continuous line 611 is finished (step
S37). In the same manner as in step S9, in step S37, for
example, in a case where an operation signal indicating that
the operator finishes real-time display of the combined
tomographic image 51, or the combined tomographic image
51 is displayed in real time through movement of the
continuous line 61 for a predetermined angle (or a prede-
termined time), the control section 3 determines that move-
ment of the continuous line 61 is finished, In a case where
a determination result is negative (No) in step S37, the flow
returns to step S33.

[0201] Inacasewhere a determination result is affirmative
(Yes) in step S37, the same processes (from step S38 to step
S40) as the processes in steps S10 to S12 in FIG. 9 are
performed.

[0202] Operations and Effects of Present Embodiment
[0203] In the ultrasonic measurement apparatus 1 of the
present embodiment, the image acquisition unit 33 acquires
a plurality of internal tomographic images along the Y
direction, and the image dividing unit 34 divides each
internal tomographic image into a plurality of separate
images with a normal line to the X direction. The image
combining unit 35 extracts a separate image (s, t) corre-
sponding to each coordinate (s, t) on the continuous line 61
which is continued on the XY plane which is the same plane
as the array region 22A, arranges the extracted separate
images in order of coordinates along the continuous line 61
so as to combine the separate images with each other, and
thus generates a combined tomographic image. Thus, as
illustrated in FIG. 8, an operator can check the combined
tomographic image 51 indicating a sectional structure of the
living body P corresponding to a desired position of the
continuous line without changing a position or an angle of
the ultrasonic probe 2 in a state in which the ultrasonic probe
is fixed to the living body P. Consequently, for example,
when puncture work is performed, a line direction of a blood
vessel in the living body P can be easily recognized, and thus
the operator can also easily understand an insertion direction
of inserting the puncture needle 11. Therefore, it is possible
to efficiently perform puncture work and to improve a
puncturing success ratio.

[0204] In the ultrasonic measurement apparatus 1 of the
present embodiment, the continuous line 61 is a straight line.
Thus, when the linear puncture needle 11 is inserted into a
blood vessel, a line direction (long axis direction) of the
blood vessel can be specified by checking the combined
tomographic image 51. In other words, an operator can
easily understand an insertion direction in which the punc-
ture needle 11 is easily inserted by checking the combined
tomographic image 51 in which the maximum dimension of
the blood vessel in the long axis direction is greatest and a
position of the continuous line 61 at that time.

[0205] In the ultrasonic measurement apparatus 1 of the
present embodiment, the display control unit 38 displays the
combined tomographic image 51 obtained when the con-
tinuous line 61 is moved, on the display section 4 in real
time. In a case where an input operation for selecting an
image by using the image selecting unit 36 is performed, the
display control unit 38 displays the combined tomographic
image 51 at a timing of performing the input operation.
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Consequently, the operator can easily check a sectional
structure of the living body P at various positions when the
continuous line 61 is moved. Since the combined tomo-
graphic image 51 corresponding to a desired continuous line
61 at a timing designated by the operator can be displayed,
the operator can easily check the desired combined tomo-
graphic image 51.

[0206] In the ultrasonic measurement apparatus 1 of the
present embodiment, the display control unit 38 displays the
combined tomographic image 51 on the display section 4,
and also displays a position of the continuous line 61
corresponding to the combined tomographic image 51 by
using the simple array image 52 and the section position
image 53.

[0207] Consequently, the operator can easily understand a
position in the living body P corresponding to the combined
tomographic image 51 displayed on the display section 4.

[0208] In the ultrasonic measurement apparatus 1 of the
present embodiment, the image combining unit 35 generates
the combined tomographic image 51 obtained when the
continuous line 61 passing through the first point 62 is
rotated centering on the first point 62, and displays the
combined tomographic image 51 in real time.

[0209] Consequently, internal tomographic images pass-
ing through respective coordinate positions in the rectangu-
lar region Arl can be displayed. Since the first point 62 can
be set and input by the operator, for example, if a point on
a blood vessel is set as the first point 62, a combined
tomographic image in which a line direction of the blood
vessel is reflected and a position of the continuous line 61 at
that time can be easily acquired. Therefore, it is possible to
efficiently perform puncture work and to improve a punc-
turing success ratio.

[0210] In the ultrasonic measurement apparatus 1 of the
present embodiment, the image combining unit 35 rotates
the continuous line 61 by using the vertex of the rectangular
region Arl as the first point (rotation center).

[0211] In a case of generating a combined tomographic
image obtained when the continuous line 61 is rotated by
using a vertex position of the rectangular region Arl as the
rotation center, combined tomographic images in various
directions can be obtained by appropriately changing a
vertex used as the rotation center, and thus the operator more
accurately determines a line direction of a blood vessel.

[0212] In the ultrasonic measurement apparatus 1 of the
present embodiment, the image combining unit 35 generates
a combined tomographic image obtained when the continu-
ous line 61 is rotated by using each vertex of the rectangular
region Arl as the rotation center.

[0213] In this case, since each combined tomographic
image can be acquired when the continuous line is rotated
with each vertex as the center, even if a line direction of a
blood vessel is any direction in the rectangular region Arl,
a continuous line close to the line direction of the blood
vessel can be easily detected. After scanning centering on
the vertex of the rectangular region Ar1 is performed in the
automatic mode, and a mark in a line direction of a blood
vessel is attached, scanning in which the first point 62 is
designated is performed, or a combined tomographic image
is displayed in the manual mode in a state in which a
continuous line is designated as illustrated in FIG. 19, and
thus the operator can detect the line direction of the blood
vessel with higher accuracy.
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[0214] In the present embodiment, the image combining
unit 35 rotates the continuous line 61 with the first inter-
section 61A of the continuous line 61 as the rotation center,
and then rotates the continuous line 61 with the second
intersection 61B as the rotation center. In other words, the
rotation center during rotation of the continuous line 61
alternately switches between the first intersection 61A and
the second intersection 61B. Consequently, when each gen-
erated combined tomographic image is displayed in real
time (displayed in an animation manner), a horizontal posi-
tion of an image is not suddenly inverted, and changes of
combined tomographic images due to movement of the
continuous line 61 can be smoothly displayed.

[0215] In the ultrasonic measurement apparatus 1 of the
present embodiment, in a case where the first point selecting
unit 37 selects a first point on the continuous line 61, and an
operation signal indicating partial movement is input, the
image combining unit 35 divides the continuous line 61 into
the first continuous line 611 and the second continuous line
612. The image combining unit 35 displays a combined
tomographic image obtained when the first continuous line
611 is rotated centering on the first point 62, and a combined
tomographic image obtained when the second continuous
line 612 is rotated centering on the first point 62, in real time.

[0216] Inthis case, for example, if a blood vessel branches
or bends in the middle, the first point 62 is selected at a
position corresponding to a branching point or a bending
point, and thus it is possible to acquire a combined tomo-
graphic image along a line direction of a blood vessel with
high accuracy. Thus, for example, the operator can check
whether or not a puncture needle accurately reaches a target
position, or a catheter is accurately inserted into a blood
vessel after performing puncture work, and thus it is possible
to further improve a puncturing success ratio.

[0217] The ultrasonic probe 2 of the ultrasonic measure-
ment apparatus 1 of the present embodiment includes the
ultrasonic transducers 24 disposed in a two-dimensional
array form in the X direction and the Y direction. Among the
ultrasonic transducers 24, the ultrasonic transducers 24
disposed in the X direction are connected to each other via
the upper electrode 221C3 (common electrode wiring), and
are connected to the circuit board 25 from the common
terminal 221E1, The ultrasonic transducers 24 disposed in
the Y direction are connected to each other via the lower
electrode 221C1 (driving electrode line), and are connected
to the circuit board 25 from the driving terminal 221D1.
When the ultrasonic wave reception process is performed,
the voltage source 256 provided on the circuit board 25
outputs the first bias voltage V1 causing reception of an
ultrasonic wave to be valid, to the common terminal 221E1
corresponding to the ultrasonic transducers 24 (element
portion 23) which are received signal acquisition targets, and
outputs the second bias voltage V2 causing reception to be
invalid, to the other ultrasonic transducers 24 (element
portions 23) which are not received signal acquisition tar-
gets. With this configuration, in the ultrasonic transducers 24
other than a region corresponding to acquired internal tomo-
graphic images, the reception sensitivity is low, and thus a
received signal is reduced to the extent of not influencing
measurement thereof . On the other hand, in the ultrasonic
transducers 24 corresponding to a region required to form an
internal tomographic image, the reception sensitivity is high,
and a received signal required to form an internal tomo-
graphic image can be appropriately obtained,



US 2017/0258452 Al

[0218] Switching sequentially occurs between the com-
mon terminals 221E1 which are output destinations of the
first bias voltage 1 and the second bias voltage V2, and thus
it is possible to switch between the ultrasonic transducers 24
which are received signal acquisition targets. Therefore, a
plurality of internal tomographic images along the X direc-
tion can be acquired in the Y direction, and thus the living
body P can be scanned in a three-dimensional manner.
Consequently, in the present embodiment, internal tomo-
graphic images can be obtained in a wide range even in a
state in which the ultrasonic probe 2 is fixed to the living
body P. Therefore, it is possible to reduce time and effort for
an operator to adjust a position or an angle of the ultrasonic
probe 2. It is also possible to easily acquire a position of a
puncture needle in puncture work and thus to considerably
reduce a load in the puncture work. Since an operator can
concentrate on an operation of the puncture needle 11, it is
possible to improve a puncturing success ratio and also to
reduce infection disease due to a puncturing failure.

Second Embodiment

[0219] Next, a second embodiment will be described.
[0220] In the above-described first embodiment, as illus-
trated in FIG. 17, in the automatic mode, the continuous line
61 is rotated about each vertex. In contrast, in the second
embodiment, movement procedures of the continuous line
61 are different from those in the first embodiment.

[0221] FIG. 22 is a diagram for explaining movement
procedures of the continuous line 61 in the second embodi-
ment. In the following description, configurations or steps
which have already been described are given the same
reference numerals, and description thereof will be omitted
or made briefly.

[0222] In the present embodiment, the ultrasonic measure-
ment apparatus 1 may be formed of the same configuration
as in the first embodiment, and, as illustrated in FIG. 9 or
FIG. 19, an ultrasonic measurement process may be per-
formed on the living body P through the substantially same
process as in the first embodiment.

[0223] In the present embodiment, movement procedures
of the continuous line 61 are different from those in the first
embodiment in step S8 in FIG. 9.

[0224] In other words, in the present embodiment, as
illustrated in FIG. 22, the continuous line 61 set in the first
vertex C1 and the second vertex C2 is rotated with the first
intersection 61A located at the first vertex C1 as the rotation
center, and thus the second intersection 61B is moved to the
fourth vertex C4 via the third vertex C3.

[0225] Next, the first intersection 61A is moved from the
first vertex C1 to the third vertex C3 via the second vertex
C2 with the second intersection 61B at the fourth vertex C4
as the rotation center.

[0226] Next, the rotation direction is inverted, and the first
intersection 61A is returned to the first vertex C1, and the
second intersection 61B is returned to the second vertex C2.
In the ultrasonic measurement apparatus 1 of the present
embodiment, the image combining unit 35 performs scan-
ning by rotating the continuous line 61 with two vertices (for
example, the first vertex C1 and the fourth vertex C4) which
do not have a diagonal relationship therebetween in the
rectangular region Arl as the rotation center.

[0227] Positive or negative of an inclination of the con-
tinuous line 61 is the same in rotation about vertices (for
example, the first vertex C1 and the third vertex C3) having
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a diagonal relationship therebetween, and thus detectable
line directions of a blood vessel are substantially the same as
each other. In this case, an operator can easily determine a
line direction of a blood vessel by checking either one of a
combined tomographic image (a combined tomographic
image obtained when the continuous line 61 is rotated about
the first vertex C1 or a combined tomographic image
obtained when the continuous line 61 is rotated about the
third vertex C3). In other words, in a case where internal
tomographic images are displayed by rotating the continu-
ous line with all of the four vertices as the rotation center, a
plurality of combined tomographic images which pass
through a predetermined single point (s, t) and have the
substantially same shape are displayed, and thus a measure-
ment time increases. In contrast, in the present embodiment,
combined tomographic images are generated by rotating the
continuous line about two vertices having no diagonal
relationship therebetween. Also in this ¢ two combined
tomographic images passing through a predetermined single
point (s, t) are displayed, but positive or negative of an
inclination of the continuous line 61 differs in both of the
images. Therefore, it is possible to omit waste in measure-
ment time and thus to perform rapid measurement, and also
to prevent a decrease in the detection accuracy when a line
direction of a blood vessel is detected.

Third Embodiment
[0228] Next, a third embodiment will be described.
[0229] In the above-described second embodiment, the

continuous line 61 is rotated about the first vertex C1, and
then the continuous line 61 is rotated about the fourth vertex
C4. In contrast, the third embodiment is different from the
second embodiment in that the continuous line 61 is rotated
about the first vertex C1, the rotation direction is inverted
once, and then the continuous line is rotated.

[0230] FIG. 23 is a diagram for explaining movement
procedures of the continuous line 61 in the third embodi-
ment.

[0231] Inthe present embodiment, the ultrasonic measure-
ment apparatus 1 may be formed of the same configuration
as in the first embodiment, and, as illustrated in FIG. 9 or
FIG. 19, an ultrasonic measurement process may be pet-
formed on the living body P through the substantially same
process as in the first embodiment.

[0232] In other words, in the present embodiment, as
illustrated in FIG. 23, the image combining unit 35 rotates
the continuous line 61 set in the first vertex C1 and the
second vertex C2 with the first intersection 61A located at
the first vertex C1 as the rotation center, and thus the second
intersection 61B is moved to the fourth vertex C4 via the
third vertex C3. Next, in the present embodiment, the
continuous line 61 is inverted with the first intersection 61A
located at the first vertex C1 as the rotation center, and the
second intersection 61B is returned from the fourth vertex
C4 to the second vertex C2 via the third vertex C3.

[0233] Thereafter, the image combining unit 35 rotates the
continuous line 61 with the second intersection 61B located
at the second vertex C2 as the rotation center, and thus
moves the first intersection 61A from the first vertex C1 to
the third vertex C3 via the fourth vertex C4. The continuous
line 61 is inverted with the second intersection 61B located
at the second vertex C2 as the rotation center, and the first
intersection 61A is returned from the third vertex C3 to the
first vertex C1 via the fourth vertex C4.
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[0234] 1In the ultrasonic measurement apparatus 1 of the
invention, the image combining unit 35 rotates the continu-
ous line 61 from the initial position of the continuous line 61
centering on the first vertex C1, then inverts the continuous
line 61 up to the original initial position, and then rotates the
continuous line 61 centering on the second vertex C2. in this
case, when a combined tomographic image is displayed in
an animation manner, a positional relationship between the
first intersection 61A and the second intersection 61B
viewed from an operator matches a horizontal direction
thereof in the combined tomographic image 51 displayed on
the display section 4, and thus the operator can easily
understand an internal structure of the living body P.
[0235] For example, with respect to the rectangular region
An in which the first vertex C1 and the fourth vertex C4 are
located on the left, and the second vertex C2 and the third
vertex C3 are located on the right, when viewed from the
operator, the continuous line 61 passing through the first
vertex C1 and the second vertex C2 is rotated with the first
vertex C1 as the rotation center until the second intersection
61B is located at the fourth vertex C4 via the third vertex C3
in this case, when viewed from the operator, a position of the
left first vertex C1 is also displayed to be located on the left
in the combined tomographic image 51 on the display
section 4, and thus there is no feeling of incompatibility.
However, as in the second embodiment, if the first intersec-
tion 61A is then moved to the third vertex C3 via the second
vertex C2 with the second intersection 61B at the fourth
vertex C4 as the rotation center, a position corresponding to
the fourth vertex C4 is located, on the right in the combined
tomographic image 51 displayed on the display section 4
regardless of the fourth vertex C4 being located on the left
when viewed from the operator. Therefore, the left and right
sides are inverted to actual ones. In this case, the operator
has a feeling of incompatibility for an image, and thus it is
hard to understand an internal structure.

[0236] In contrast, in the present embodiment, for
example, the continuous line 61 passing through the first
vertex C1 and the second vertex C2 is rotated with the first
vertex C1 as the rotation center until the second intersection
61B is moved to the fourth vertex C4, the rotation direction
is inverted, and the second intersection 61B is returned to the
second vertex C2. Thereafter, the continuous line 61 is
rotated with the second intersection 61B at the second vertex
C2 as the rotation center until the first intersection 61A is
moved to the third vertex C3. In this case, a position of the
combined tomographic image 51 displayed on the display
section 4 and an actual position of the continuous line 61 are
not horizontally inverted, and thus it is possible to easily
understand a position of the continuous line 61 with respect
to the combined tomographic image 51. Consequently, the
operator can appropriately understand an internal structure
of the living body P. Therefore, it is possible to efliciently
perform puncture work and also to improve a puncturing
success ratio.

Modification Examples

[0237] Each of the above-described embodiments is only
an example, and configurations obtained through modifica-
tions, alterations, and combinations of the respective
embodiments within the scope of being able to achieve the
object thereof are included in the invention.

[0238] In the first embodiment, a description has been
made of an example in which the image combining unit 35
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rotates the continuous line 61 about each of the first vertex
C1 to the fourth vertex C4, but any other method may be
used.

[0239] FIG. 24 is a diagram illustrating other examples of
movement procedures of the continuous line 61.

[0240] As illustrated in FIG. 24, the image combining unit
35 rotates the continuous line 61 set in the first vertex C1 and
the second vertex C2 with the first intersection 61A located
at the first vertex C1 as the rotation center, and thus moves
the second intersection 61B to the fourth vertex C4 via the
third vertex C3.

[0241] Next, the image combining unit 35 rotates the
continuous line 61 with the second intersection 61B located
at the fourth vertex C4 as the rotation center until the first
intersection 61A is moved from the first vertex C1 to the
third vertex C3 via the second vertex C2.

[0242] Next, the image combining unit 35 rotates the
continuous line 61 with the first intersection 61A located at
the third vertex C3 as the rotation center until the second
intersection 61B is moved from the fourth vertex C4 to the
second vertex C2 via the first vertex C1.

[0243] The image combining unit 35 rotates the continu-
ous line 61 with the second intersection 61B located at the
second vertex C2 as the rotation center until the first
intersection 61A is moved from the third vertex C3 to the
first vertex C1 via the fourth vertex C4.

[0244] In this case, image inversion occurs, but a com-
bined tomographic image obtained when the continuous line
61 is rotated by 90 degrees about each vertex can be
displayed, and thus an operator can more easily detect a line
direction of a blood vessel.

[0245] The first embodiment or the example illustrated in
FIG. 24 relates to an example in which the continuous line
is rotated with each vertex as the rotation center, and the
second embodiment or the third embodiment relates to an
example in which the continuous line is rotated with two
vertices having no diagonal relationship therebetween as the
rotation center, but the continuous line may be rotated with
three vertices as the rotation center 25 is a diagram illus-
trating still other examples of movement procedures of the
continuous line 61.

[0246] In an example illustrated in FIG. 25, the image
combining unit 35 rotates the continuous line 61 set in the
first vertex C1 and the second vertex C2 with the first
intersection 61A located at the first vertex C1 as the rotation
center, and thus moves the second intersection 61B to the
fourth vertex C4 via the third vertex C3.

[0247] Next, the image combining unit 35 rotates the
continuous line 61 with the second intersection 61B located
at the fourth vertex C4 as the rotation center until the first
intersection 61A is moved from the first vertex C1 to the
second vertex C2.

[0248] Next, the image combining unit 5 rotates the con-
tinuous line 61 with the first intersection 61A located at the
second vertex C2 as the rotation center until the second
intersection 61B is moved from the fourth vertex C4 to the
first vertex C1. In this case, positions of the first intersection
61A and the second intersection 61B are inverted with
respect to the initial continuous line 61, and the combined
tomographic image 51 is also displayed on the display
section 4 in a form of being horizontally inverted. but the
continuous line 61 can be returned to the original position by
performing the same operation again.



US 2017/0258452 Al

[0249] There may be a configuration in which an operator
selects the movement procedures in the first to third embodi-
ments, and the movement procedures as illustrated in FIG.
24 or 25 as appropriate, and there may be a configuration in
which the operator can set and input a movement destination
of the first intersection 61A or the second intersection 61B.
[0250] In the above-described respective embodiments, a
description has been made of an example in which the
continuous line 61 is straight line, but the continuous line 61
is not limited thereto. The continuous line may be, for
example, a circular arc line or a dashed line. Particularly, in
the manual mode, an operator manually inputs an expression
representing a continuous line and can thus set a continuous
line having any shape.

[0251] In the second ultrasonic measurement process of
the first embodiment, in a case where a determination result
is negative (No) in step S22, only the second continuous line
612 is rotated, and the first continuous line 611 is rotated in
a state in which the second continuous line 612 is fixed, but
any other method may be used. For example, the first
continuous line 611 may be rotated, and then the second
continuous line 612 may be rotated.

[0252] There may be a configuration in which an operator
can select a line which will be first rotated of the first
continuous line 611 and the second continuous line 612.
[0253] Of the first continuous line 611 and the second
continuous line 612, one line having a shorter length dimen-
sion is first rotated, and then the other line may be rotated.
[0254] In the first embodiment, a description has been
made of an example in which a single first point 62 is
selected, but any other method may be used. By repeatedly
performing the second ultrasonic measurement process, the
number of first points selected by the first point selecting
unit 37 can be increased, In this case, it is possible to
appropriately generate a combined tomographic image
along a line direction of a blood vessel with respect to a
blood vessel having a complex branching structure or a
blood vessel having a lot of bending points. In the respective
embodiments, a description has been made in which the X
direction (first direction) and the Y direction (second direc-
tion) are orthogonal to each other, but the two directions may
not necessarily be orthogonal to each other as long as the
directions intersect each other. For example, an angle of 60
degrees may be formed between the X direction and the Y
direction.

[0255] In the above-described embodiments, the display
control unit 38 also functions as a section position display
unit, and displays the combined tomographic image 51 and
the section position image 53 indicating a position of the
continuous line 61 in an arranged manner on the display
section 4, but is not limited thereto.

[0256] For example, the display control unit 38 may
display the section position image 53 by changing display on
the display section 4 in response to an input operation from
an operator in a state in which the combined tomographic
image 51 is displayed.

[0257] For example, a display may be performed on an
upper surface of the ultrasonic probe 2, and the section
position image 53 may be displayed on the display. In other
words, a position of the continuous line 61 corresponding to
the combined tomographic image 51 displayed on the dis-
play section 4 is directly displayed on the ultrasonic probe
2. In this case, an operator can more easily understand a
position of the continuous line 61 corresponding to the
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combined tomographic image 51 displayed on the display
section 4, and thus it is possible to more efficiently perform
puncture work and also to improve a puncturing success
ratio.

[0258] In the first embodiment, as an example, the image
selecting unit 36 selects an image on the basis of an input
operation from an operator, but is not limited thereto. For
example, the image selecting unit 36 may perform image
analysis on each generated combined tomographic image so
as to specify a blood vessel, and may perform a process of
selecting a combined tomographic image in which a dimen-
sion of the blood vessel in a long axis direction is the
maximum.

[0259] The image selecting unit 36 may not be provided.
In the above-described embodiments, since the continuous
line 61 is automatically moved, and thus combined tomo-
graphic images are displayed in a switching manner in real
time, it may be effective for the image selecting unit 36 to
select an image. However, for example, in a case where
respective combined tomographic images obtained when the
continuous line 61 is moved are displayed in a list form on
the display section 4, the combined tomographic images at
the respective time points may be displayed on the display
section 4 in a list form without selecting an image. In this
case, even if the image selecting unit 36 is not provided, an
operator can find a desired image from the combined tomo-
graphic images 51 displayed on the display section 4 in a list
form.

[0260] Inthe first embodiment, as an example, the element
board 221 has a configuration in which the opening 221A1
corresponding to each ultrasonic transducer 24 is provided
in the base 221A, but is not limited thereto. The opening
221A1 defines a vibration region of the vibration film 221B
in the ultrasonic wave transmission process or the ultrasonic
wave reception process, and is not limited to the opening
221A1 surrounded by the partition walls 221A2. For
example, a rectangular opening 221A1 may be provided in
the base 221A in the Y direction, and the piezoelectric
element 221C may be disposed on the vibration film 221B
closing the opening 221A1 in the Y direction. A bonding
portion which bonds the vibration film 221B and the sealing
plate 222 together may be provided between the respective
piezoelectric elements 221C. In this configuration, a vibra-
tion region of the vibration film 221B in a single ultrasonic
transducer 24 can be defined by the partition wall 221A2 of
the base 221 A forming the opening 221A1 and the bonding
portion. A size of the opening 221A1 can be relatively
increased, and thus the manufacturing efficiency of the
ultrasonic sensor 22 can be improved.

[0261] In the above-described first embodiment, in the
ultrasonic sensor 22, a description has been made of an
example in which an ultrasonic wave is transmitted from the
opening 221A1 side of the base 221A, and an ultrasonic
wave which is input to the vibration film 221B from the
opening 221A1 is received, but any other configuration may
be employed. For example, there may be a configuration in
which, in the ultrasonic sensor, the sealing plate 222 is
bonded to the opening 221A1 side of the base 221A, an
ultrasonic wave is transmitted from the vibration film 221B
side, and an ultrasonic wave which is input from the
vibration film 221E is received.

[0262] In the first embodiment, a description has been
made of an example in which the ultrasonic transducer 24 is
formed of the vibration film 221B closing the opening
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221A1 of the base 221A and the piezoelectric element 221C,
but any other configuration may be employed.

[0263] Forexample, there may be a configuration in which
a vibration film may be disposed on a board via an air gap,
and opposing electrodes with the air gap interposed ther-
ebetween may be disposed on the board and the vibration
film. In this case, there may a configuration in which an
electrostatic attraction force is caused by the electrodes by
outputting a periodic drive signal between the electrodes,
and thus the vibration film vibrates.

[0264] In the above-described respective embodiments, a
scanning process is performed in the X direction in order to
acquire an internal tomographic image along the X direc-
tion, and received signals corresponding to a plurality of
internal tomographic images are acquired by deviating a
position where the scanning process is performed in the Y
direction, In contrast, for example, there may be a configu-
ration in which a scanning process is performed in the Y
direction, received signals for respective measurement
regions are acquired by deviating a position where the
scanning process is performed in the X direction, and an
internal tomographic image in the X direction is formed by
combining the received signals for the respective measure-
ment regions in the X direction with each other.

[0265] The respective embodiments and modification
examples may be combined with each other as appropriate
within the scope of being capable of achieving the object of
the invention, and may be altered to other structures as
appropriate,

[0266] The entire disclosure of Japanese Patent Applica-
tion No. 2016-046653 filed Mar. 10, 2016 is expressly
incorporated by reference herein.

What is claimed is:

1. An ultrasonic image processing device comprising:

an image acquisition unit that acquires a plurality of
internal tomographic images of a target object in a
plane including a first direction, along a second direc-
tion intersecting the first direction;

an image dividing unit that divides each of the internal
tomographic images into a plurality of separate images
with a normal line to the first direction, and acquires the
separate images; and

an image combining unit that extracts separate images
corresponding to coordinates on a continuous line
which is continued in a plane including the first direc-
tion and the second direction, from the plurality of
separate images, and arranges and combines the sepa-
rate images in order of coordinates along the continu-
ous line so as to generate a combined tomographic
image.

2. The ultrasonic image processing device according to

claim 1,

wherein the continuous line is a straight line.

3. The ultrasonic image processing device according to

claim 1, further comprising:

a display control unit that displays the combined tomo-
graphic image combined by the image combining unit
on a display section,

wherein the image combining unit generates a plurality of
the combined tomographic images obtained when the
continuous line is moved in a plane including the first
direction and the second direction, and

wherein the display control unit displays the plurality of
combined tomographic images on the display section.
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4. The ultrasonic image processing device according to

claim 3, further comprising:

an image selecting unit that selects a predetermined
combined tomographic image from among the plurality
of combined tomographic images,

wherein the display control unit displays the combined
tomographic image selected by the image selecting
unit.

5. The ultrasonic image processing device according to

claim 4, further comprising:

a section position display unit that displays a position of
the continuous line corresponding to the combined
tomographic image selected by the image selecting
unit.

6. The ultrasonic image processing device according to

claim 3,

wherein the image combining unit generates the plurality
of combined tomographic images obtained when the
continuous line passing through a first point in a plane
including the first direction and the second direction is
rotated centering on the first point.

7. The ultrasonic image processing device according to

claim 6,

wherein the first point is a vertex of a predetermined
rectangular region in the plane including the first direc-
tion and the second direction.

8. The ultrasonic image processing device according to

claim 7,

wherein the image combining unit generates the plurality
of combined tomographic images obtained when the
continuous line is rotated with each vertex of the
rectangular region as the first point.

9. The ultrasonic image processing device according to

claim 7,

wherein the image combining unit generates the plurality
of combined tomographic images obtained when the
continuous line is rotated with, as the first point, two
vertices having no diagonal relationship therebetween
among vertices of a predetermined rectangular region
in the plane including the first direction and the second
direction.

10. The ultrasonic image processing device according to

claim 7,

wherein, in a case where intersections between the con-
tinuous line and an outer peripheral edge of the rect-
angular region are set as a first intersection and a
second intersection, the image combining unit rotates
the continuous line by alternately replacing the first
point with the first intersection and the second inter-
section.

11. The ultrasonic image processing device according to

claim 10,

wherein the image combining unit rotates the continuous
line and then inverts a rotation direction.

12. The ultrasonic image processing device according to

claim 6, further comprising:

a first point selecting unit that selects the first point on the
continuous line,

wherein, in a case where the first point is not an end of the
continuous line, the image combining unit generates
the plurality of combined tomographic images obtained
when one of separate lines obtained by dividing the
continuous line with respect to the first point is rotated
centering on the first point.
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13. An ultrasonic measurement apparatus comprising:

an ultrasonic probe that acquires a plurality of internal
tomographic images of a target object in a plane
including a first direction, along a second direction
intersecting the first direction through transmission and
reception of an ultrasonic wave;

an image acquisition unit that acquires the internal tomo-
graphic images from the ultrasonic probe;

an image dividing unit that divides each of the internal
tomographic images into a plurality of separate images
with a normal line to the first direction, and acquires the
separate images; and

an image combining unit that extracts separate images
corresponding to coordinates on a continuous line
which is continued in a plane including the first direc-
tion and the second direction, from the plurality of
separate images, and arranges and combines the sepa-
rate images in order of coordinates along the continu-
ous line so as to generate a combined tomographic
image.

14. The ultrasonic measurement apparatus according to

claim 13,

wherein the ultrasonic probe includes

a plurality of ultrasonic transducers that are disposed in
an array form along the first direction and the second
direction;
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a common electrode wiring that connects the ultrasonic
transducers along the first direction to each other;
a driving electrode wiring that connects the ultrasonic
transducers along the second direction to each other;
and
a bias voltage output portion that outputs a bias voltage
to the common electrode wiring, and
wherein the bias voltage output portion includes a voltage
switching unit that switches between a first bias voltage
causing reception of the ultrasonic wave to be valid and
a second bias voltage causing reception of the ultra-
sonic wave to be invalid.
15. An ultrasonic image processing method comprising:
acquiring a plurality of internal tomographic images of a
target object in a plane including a first direction, along
a second direction intersecting the first direction;
dividing each of the internal tomographic images into a
plurality of separate images with a normal line to the
first direction, and acquiring the separate images; and
extracting separate images corresponding to coordinates
on a continuous line which is continued in a plane
including the first direction and the second direction,
from the plurality of separate images, and arranging
and combining the separate images in order of coordi-
nates along the continuous line so as to generate a
combined tomographic image.
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