a9y United States

US 20180008232A1

12 Patent Application Publication (o) Pub. No.: US 2018/0008232 A1

MINE et al. (43) Pub, Date: Jan, 11, 2018
(54) ULTRASONIC DIAGNOSTIC APPARATUS, Publication Classification
SCAN SUPPORT METHOD, AND MEDICAL (51) Int.Cl
IMAGE PROCESSING APPARATUS A61B 8/00 (2006.01)
(71) Applicant: Toshiba Medical Systems jzg g%; (588281)
Corporation, Otawara-shi (JP) ( 0
(52) US. CL
(72) Inventors: Yoshitaka MINE, Nasushiobara (JP); CPC s A61B 8/4254 (2013.01); A61B 8/5207
Yutaka KOBAYASHI, Nasushiobara (2013.01); A61B /463 (2013.01); A61B
(JP); Jiro HIGUCHL, Otawara (JP); 8/4218 (2013.01); A61B 8/08 (2013.01); A61B
Atsushi NAKAI, Nasushiobara (JP); 80891 (2013.01); A61B 8/0875 (2013.01);
Satoru TEZUKA, Nasushiobara (IP); A61B 8/14 (2013.01)
Kazuo TEZUKA, Nasushiobara (JP);
Cong YAO, Otawara (JP) (57) ABSTRACT
An ultrasonic diagnosis apparatus includes a position detec-
(73) Assignee: Toshiba Medical Systems tor, and control circuitry. The position detector detects a
Corporation, Otawara-shi (JP) position in a three-dimensional space of one of an ultrasonic
image and an ultrasonic probe. The control circuitry uses a
(21) Appl. No.: 15/644,260 vivisection view defined in a three-dimensional space. The
control circuitry associates a structure related to a subject
(22) Filed: Jul. 7, 2017 included in the ultrasonic image with a structure included in
the vivisection view using a position and orientation in a first
(30) Foreign Application Priority Data three-dimensional coordinate system of the structure related
to the subject included in the ultrasonic image and a position
Jul. 7, 2016 (JP) e 2016-135062 and orientation in a second three-dimensional coordinate
Nov. 16, 2016 (JP) oo 2016-223312 system of the structure included in the vivisection view.
1
ha'l
10~ Main body device 213
B-mode |
p progessing circuitry 15 =8
2 A2 14 Thee— Image calculation
i Ultrasonic Doppler dimensional | | circutry
Ultrasenic reception circuitry | |processing circuitry] | data generation| ] L
prove | | Thesome F—11 circuitry Image generation
" i fransmission circuitry 12 : function
, Position |1 r -
E sensor E 1121 Control circuitry 122 lntema!ﬂ
t i
| 322 i ﬁgiz 33%}18 Position information|| {_storage eircuitry
| 3 Pcton. | [redistration function 19
% 33 % = },12?t, ~z Image memory o Pl : 50
[ Postion || nformation Coordinate | Doy Diplay
H detection device | control function || conversion function processing Griutry vice
' | 110 A1
| 3 s 1126 e P
o Magnetic || Association | §Support information - ; | | Operation
||_generator |1 function | { acquisition function A Tt interface panel TCS
; B ; Comeunication | | l &
I Position ! interface i
| seasor system | l Input device
.............. et
; S
External apparatus 40




US 2018/0008232 A1

Jan. 11,2018 Sheet 1 of 29

Patent Application Publication

Of ~§ smeedde jeuia)xy P mv ~ n_
004 o
b i e
aojAep ndu} | wayshs losuas
26 ] sorLioguUl ] UOIHSOd
UOREOIUNUILIOS i
S| jeued yoijoun uonisinboe uorouny ; JOTEISUDE
uonesedg . adepa Jnduj T uofjeuioju toddng || uonemossy il oneusey
5 ST AN K gzLL b 3e~
SOIASP Aninoio 3u1s5890.d UoRoUn} UOISiBAU0S gowwmmwﬁbhou | [e5inap uonoeiop
Aegdsigy " Kejdsig - — 2jeUIpIoC]) orso M : | = \uommmoa
- - Ot H
05~ I e | (e el | ]
61~ uopouny vepaas@al| g oMo m
| [ Amodio o8ei0is uoeuLOl UOISIG | gyin sepy i Nmm
BLIOYY !
T ?\M m T Kmnoso poaquony bZHE H o osuss
. 7 i} uomiso
tonyoury il AInouo uoissiusuesy | “ Aisod
uonesauss aFeuy Aninase b1 Sluosen “ aqoud
T T | |uoneisucd eyep]  [Aninoss Suissanosd Asginoay uondassl ._ dluosenin
Aiynoan feuoistaup Jajddog owosen 7
uonejnojEo 98w \Mueﬁ {1 e 0¢
gy~ S Anindao Buissanoid d
Spou-§
e~ 20iap Apog uiely k()
¥(/w

A o, ok bt M oty A ot i S e e e A o b i o o b e o e iy e it e by o e e WS



Patent Application Publication  Jan. 11,2018 Sheet 2 of 29 US 2018/0008232 A1

Acquire position information of
characteristic portion in atlas ~ 521
coordinate system

Y

Acquire position information
of ultrasonic probe 20

- 522

323

Is designation performed
in tomographic image?

Yes
¥ S#

Calculate position in magnetic fisld

No coordinate system based on position
of ultrasonic probe 20 and position of

designated portion in tomographic image

]

Y
Register position of
biological reference portion

Y

Acquire position information of
characteristic portion in magnetic 826
field coordinate system

Y

Convert position information

~ 525

inte biclogical coordinate system 827
Y
Associate ~ 528
END

FIG.2



Patent Application Publication  Jan. 11,2018 Sheet 3 of 29 US 2018/0008232 A1

Xiphoid process

FIG.3

50

Xiphoid process

FIG. 4



Patent Application Publication  Jan. 11,2018 Sheet 4 of 29 US 2018/0008232 A1

20

6/ Xiphoid process

» z{Body axis}

FIG. 6



Patent Application Publication  Jan. 11,2018 Sheet 5 of 29 US 2018/0008232 A1

/”" ™

»- z{Body axis)

Xiphoid
process




Patent Application Publication  Jan. 11,2018 Sheet 6 of 29 US 2018/0008232 A1

( START )

e
e

Y

Acquire position information 501
of ultrasonic probe 20

Y

Display atlas image

on display device 50 592
Y
Transmit ultrasonic wave to subject P, | 503
and generate reception signal

Y

Generate two—dimensional image

data based on reception signal ~ 594
R
Display two-8imensional image
data on display device 50 ~S95

Is support information
further requested?

Yes
S97
Y )

Display requested
support information

l

Has storage operation
been performed?

Store two~dimensional image data by 599
adding position information and tag

END

FIG.9



Patent Application Publication  Jan. 11,2018 Sheet 7 of 29 US 2018/0008232 A1

[
T o
O
¥,
&
=
g
B o
g
4
L4
3
o~
O

G21

G221
A1

FI1G.10



US 2018/0008232 A1

Jan. 11, 2018 Sheet 8 of 29

Patent Application Publication

Lol

€9

—1E9

—1E9




US 2018/0008232 A1

Jan. 11,2018 Sheet 9 of 29

Patent Application Publication

(Z-Aodaieoiudis suem
pue xem :/-iaAl 9ndi4

£

Amxbowovmov&ﬁma
(U19A [eyiod) [9559A PoO|q LM
UOISS| PIOS (G-I0Al] 8NF1Y

(G-MoZajeoyjusWwadURYUR
0U99 Jouaisod
‘au0z dtoyosodAy jeuid.ieul
‘wisnied olesow :¢-JoAl 94n314

R oo

{Z-MoBa1e0)0U08 Fuois

(G-Aiod9e0)
USIS J938n|9 p-JoAl NS4

(-Ad0da1e0)
uofjelefip 1onp 8jiq jeisydiied
UM UCISS} pljos 1z—JsAl 8ungl4

2914

H1wo




Patent Application Publication  Jan. 11,2018 Sheet 10 of 29  US 2018/0008232 A1

<
e
o
-
+
3
o8
=
>
8
§o
&
+
L3
L+
S
)
-
N
D)
D~
i/
4
0
o

FIG. 13



US 2018/0008232 A1

Jan. 11, 2018 Sheet 11 of 29

Patent Application Publication

L OI4

BABO BUBA Jouayu].
uaA onjeday 1ydy .
UloA [e1iod §o youe.q
Joligyu oLy .
UIsA Jeriod Jo youedq
Jougdns Jouaiuy.
utoA feypiod jo
youe.q JoLiajuy .

A




Patent Application Publication

Jan. 11, 2018 Sheet 12 of 29

US 2018/0008232 A1

220w & §g
E @ 80K

Left hepatic lobe

Right hepatic lobe

Falciform ligame

7
!
\
G72

}

/

{
G71

FIG. 15



US 2018/0008232 A1

Jan. 11,2018 Sheet 13 of 29

Patent Application Publication

O ~ sme.edde jewseyxy gl 914
004 o¢
14
o e e
301A9p Indu] L | woishs Josuss
" aoepeUl :

9 _ |1 uonesiunwwon M 1o
SO oued [ iojessuei
voneidg ] WMWY L~ HonSn; doTd W u_wm:mms_

— ' ;

Tl o Leh P 1e

_ Aninoso 3uissav0ad LoRouny uotlisinboe i
aoi1A0p Aejdsigi+— »mamwa — uorewlogul poddng m ooENﬂ.MMwmﬁmu
05— T - Adowsws eFewy AT m T ~
61— TORouny m
Ainodin ofeio)s UOREI0SSY m wm
] BUsBIL] Bz~ BTl "
— Aninodio jouon ! 105UI9s
e 81 Aninouio uoissiwsten] |rf Uomisod
uoneJauss afew] L i T eqou
L9l —~ B INOJIO UOIIaUaE d ] owose
AInoao u ﬁ«v maco_%osﬁ Anoao Juisseooad Ainodio uendeooss iuoseyn
uoneinajes adeuy so&.; 1 _ Jepddo( owasedyf omw
9L~ T L~ 1% d
Aanos 3uisseooid
apou-g
e S01ASp Apoq Uil (—e()
r\/
Bl




Patent Application Publication  Jan. 11,2018 Sheet 14 of 29  US 2018/0008232 A1

(_ START )

4

Associate organ position in
three~dimensional bislogical atlas - $171

data with organ position in
three~dimensional data of CT/MR

Y

Associate three~dimensional MR image
data or three-dimensional CT image data }~— §172
with ultrasonic space by fusion function

Y

(e )
FIG. 17



US 2018/0008232 A1

Jan. 11,2018 Sheet 15 of 29

SO Y UOISDIBES

LiAxpeng

Patent Application Publication

8l 914



Patent Application Publication  Jan. 11,2018 Sheet 16 of 29  US 2018/0008232 A1

(__START )

4

Display uitrasonic image or atlas slice corresponding L $191
to position information of ultrasonic probe 20

Y

Specify organ included in atlas slice based on atlas data ~ 8192
Y

Accept designation for plural candidates 5193
Y

Load support data corresponding to designated organ from internal

storage circuitry 18 by support information acquisition function 1126 ~— 5194
Display support information -~ 5195

END

FIG.19

(_ START )
)

Display ultrasonic image or atlas slice corresponding - S201
to position information of ultrasonic probe 20

Y

Specify organ included in atlas slice based on atlas data I~ 8202
Accept designation for plural candidates ~— 85203

4
Read out image quality conditions and/

or display conditions corresponding to designated organ - 5204
Y
Generate ultrasonic image under image quality conditions and/ - S205

or display conditions suitable for organ

END

FI1G.20



Patent Application Publication

Jan. 11,2018 Sheet 17 of 29

US 2018/0008232 A1

- VR @

G20

G21

G224

FI1G. 21



US 2018/0008232 A1

Jan. 11,2018 Sheet 18 of 29

Patent Application Publication

0f ~{ sniesedde jeusaixg NN mu _
0
N G
80IASp Jnduj | woysAs Josues
7577 anep U ! UoIISOd
| ] uonesmnwwon !
S91 foued ~7 I J0jeieusd
uonyeladg soepeundu; | L)) | anaudep
9~ o || Auqinoao jonuog m e~
) ! [aotrsp uonsels
aoinop Aejdsig Em:oﬁ wmwm%uoa BRM4Y B cw_y_w.o d P
05—~ 71~ . | Auowaw aFeuy | o
~7 1
uonouny 6 m A%
uoneIsuas sdew] || Aipnduio eBedols i 0
qi91~ eda 1| Josuss
uonouny UoISaAU0D gL~ ALNDUID UOISSILLSUR.L m uehisod
sjelipiong dluose.N xw :
€L~ n e 8go.d
_ dluoseLN
uonoun, [0JU02 ANInoao Suissaoo.d Ainoaio uondassai |~
uoriod 90UsI)oY Jsjddoq) oILICSRAY (] {
T Aynodid uonessuss| | L~ L~ 0z d
Agina o —| B3ep jeuoisuswip | | fRRnoxo 8U1ss800.d
uonenojes a8ewy] 994y}l apotu-g
991~ gL~ e~ solnep Apoq el -0
(/
ai



Patent Application Publication

Jan. 11,2018 Sheet 19 of 29

Acquire position information

of ultrasonic probe 20

Is designation performed in

US 2018/0008232 A1

8231

Yes

tomographic image?

No

S234
Y ~

Calculate position in three—
dimensional space based on
position of ultrasonic probe 20
and position of designated
portion in tomographic image
|

1

A

Register position of biological reference portion

~ 5233

(-

Y

Acquire position information of characteristic
portion in atlas coordinate system

~ 8235

Y

Transmit ultrasonic wave to subject P,
and generate reception signal

~ 5236

Y

Generate two-dimensional image
data based on reception signal

~ 5237

Y

Display two~dimensional image
data on display devics 50

~ S§238

5239

Has storage operation
been performed?

Store two-dimensional image data
by adding position information

~ 52310

FIG.23



Patent Application Publication  Jan. 11,2018 Sheet 20 of 29  US 2018/0008232 A1

Read out two—dimensional image data -~ S$241
* .
Convert position information into biological coordinate system |~ S242
Y
Generate map display image data ~ 8243
Y
Display map display image data ~ 5244

Y

(e )
FIG. 24




Patent Application Publication  Jan. 11,2018 Sheet 21 of 29  US 2018/0008232 A1




Patent Application Publication  Jan. 11,2018 Sheet 22 of 29  US 2018/0008232 A1




Patent Application Publication

D1

G12 G11

Jan. 11,2018 Sheet 23 of 29

D3 D2

US 2018/0008232 A1

WAL IS 5
PR AWRR A4

8
Fi 610
FIG. 29
D1 G12 Gi1 D3 D2

G20

TMAMLA ORI 3 7T
LR LR L OO M d e tind

- Lt

F1

G10

FI1G. 30

F1 G20



Patent Application Publication

D1 G12 G11

Jan. 11, 2018 Sheet 24 of 29

D3 D2

) |

US 2018/0008232 A1

z
I ST (/
) ) !
Fm  G10 Fm o G20
F1G. 31
D‘1 612 G11 D3 D2
z
SRS <
/ [ !
Fm a10 G20

FI1G. 32



Patent Application Publication  Jan. 11,2018 Sheet 25 of 29  US 2018/0008232 A1

G12 G11

||

i~ G21

RABINEMY <O RITAIN
L e

[ Bt N

I r,)}y WS
/W/

f (
F1 G10 F1 G20

FI1G. 33

G12 G

|

~—G21




Patent Application Publication  Jan. 11,2018 Sheet 26 of 29  US 2018/0008232 A1

G12 G

- G21
|

BTN PR KIS A
ey TR

an G10

FIG. 35

G12 G171

| )

‘\—/621

LA D, | APPSO AT e
0 ad oot bl Trd ab Ok AT o e




Patent Application Publication

Jan. 11,2018 Sheet

270129  US2018/0008232 A1

20

FI1G. 37

20
Z

Y
M

Fo

Xiphoid process

agnetic field coordinate system

10~

Main body device

Position
datection
device

33

F1G. 38



Patent Application Publication  Jan. 11,2018 Sheet 28 of 29  US 2018/0008232 A1

34 Biological coordinate system

7 = Magnetic field coordinate system

Positign 33
10~ Main body device detection
device
140 10
Lﬁ:’,ﬁ?
32 143
20
p | ]
A
141
Robot arm
control [
circuitry

F1G. 40



Patent Application Publication  Jan. 11,2018 Sheet 29 of 29  US 2018/0008232 A1

10




US 2018/0008232 A1

ULTRASONIC DIAGNOSTIC APPARATUS,
SCAN SUPPORT METHOD, AND MEDICAL
IMAGE PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2016-223312, filed Nov. 16, 2016 and No. 2016-
135062, filed Jul. 7, 2016, the entire contents of both which
are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus, a scan support method,
and a medical image processing apparatus.

BACKGROUND

[0003] As a conventional technique, there is provided an
ultrasonic diagnostic apparatus which includes a mechanical
four-dimensional probe for swinging a plurality of transduc-
ers arrayed in line or a two-dimensional array probe with a
plurality of transducers arranged in a grid, and acquires a
three-dimensional ultrasonic image in real time. There is
also provided an ultrasonic diagnostic apparatus which
obtains, using an ultrasonic probe attached with a position
sensor, a three-dimensional ultrasonic image based on the
position of the ultrasonic probe detected by the position
sensor and reflection data received by the ultrasonic probe.
In these ultrasonic diagnostic apparatuses, a Multi-Planar
Reconstruction/Reformation (MPR) image and/or a Volume
Rendering (VR) image is displayed in a three-dimensional
space.

[0004] A scan operator who performs a scan acquires an
ultrasonic image by bringing an ultrasonic probe into contact
with the body of a patient and appropriately moving the
ultrasonic probe on the surface of the body. On the other
hand, since there are many organs in the body, the scan
operator cannot decide, in some cases, a specific position on
the living body surface with which the ultrasonic probe is
brought into contact and a specific direction in the body in
which the ultrasonic probe is moved in order to appropri-
ately acquire an image of an organ to be diagnosed.
[0005] An ultrasonic scan is performed in various direc-
tions in accordance with a situation. Thus, it is difficult for
a person other than the scan operator to understand, from a
displayed image, a specific position on the living body
surface with which the ultrasonic probe is brought into
contact and a specific direction in the body in which the
ultrasonic probe is moved when the displayed image is
acquired.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG.11is ablock diagram showing the arrangement
of an ultrasonic diagnostic apparatus according to the first
embodiment;

[0007] FIG. 2 is a flowchart illustrating the procedure of
processing in which the ultrasonic diagnostic apparatus
shown in FIG. 1 associates the position of an organ or the
like included in an ultrasonic image with the position of an
organ or the like included in a three-dimensional atlas
image;

Jan. 11,2018

[0008] FIG. 3 is a view when an ultrasonic probe shown
in FIG. 1 is brought into contact with the body surface of a
subject in a vertical direction;

[0009] FIG. 4 is a view when a biological reference
portion is designated in an ultrasonic tomographic image
displayed on a display device shown in FIG. 1;

[0010] FIG. 5 is a view showing a scan of the ultrasonic
probe shown in FIG. 1 on a living body surface;

[0011] FIG. 6 is a view showing a biological coordinate
system when a xiphoid process is set as a biological refer-
ence portion;

[0012] FIG. 7 is a view showing a biological coordinate
system when a biological reference portion exists in a body;
[0013] FIG. 8 is a view showing association between
characteristic portions in the biological coordinate system
and characteristic portions in an atlas coordinate system;
[0014] FIG. 9 is a flowchart illustrating the procedure of
processing in which the ultrasonic diagnostic apparatus
shown in FIG. 1 generates display image data;

[0015] FIG. 10 s a view showing a display image in which
a two-dimensional image and a three-dimensional atlas
image are displayed side by side;

[0016] FIG. 11 is a view showing a display image in which
support images each representing an organ content are
displayed in the second display region;

[0017] FIG. 12 is a view showing a display image in which
support images each representing an organ content are
displayed in the second display region;

[0018] FIG. 13 is a view showing a display image in which
images related to a scan method complying with the exami-
nation guideline of ultrasonic diagnosis are displayed in the
second display region;

[0019] FIG. 14 is a view showing a display image in which
annotations are displayed on an ultrasonic image displayed
in the first display region;

[0020] FIG. 151s a view showing a display image in which
an image based on an examination history is displayed in the
second display region;

[0021] FIG. 16 is a block diagram showing another
example of the arrangement of the ultrasonic diagnostic
apparatus shown in FIG. 1;

[0022] FIG. 17 is a flowchart illustrating the procedure of
processing in which the ultrasonic diagnostic apparatus
shown in FIG. 16 associates the position of an organ or the
like included in an ultrasonic image with the position of an
organ or the like included in a three-dimensional atlas
image;

[0023] FIG. 18 is a view showing a display image in which
the sectional position of a three-dimensional CT image is
associated with the scan position of the ultrasonic probe and
an ultrasonic tomographic image by a fusion function;
[0024] FIG. 19 is a flowchart when control circuitry
shown in FIG. 1 or 16 automatically reads out support data;
[0025] FIG. 20 is a flowchart when the control circuitry
shown in FIG. 1 or 16 automatically changes transmission/
reception conditions in accordance with an organ to be
recognized,

[0026] FIG. 21 is a view showing a display image when an
atlas image and a plurality of ultrasonic images correspond-
ing to a position designated in the atlas image are displayed,
[0027] FIG. 22 is a block diagram showing the arrange-
ment of an ultrasonic diagnostic apparatus according to the
second embodiment;
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[0028] FIG. 23 is a flowchart illustrating an example of the
procedure of processing in which the ultrasonic diagnostic
apparatus shown in FIG. 22 acquires ultrasonic image data;
[0029] FIG. 24 is a flowchart illustrating the procedure of
processing in which the ultrasonic diagnostic apparatus
shown in FIG. 22 displays map display image data on a
display device;

[0030] FIG. 25 is a view showing map display image data
displayed on the display device shown in FIG. 22;

[0031] FIG. 26 is a view when the map display image
shown in FIG. 25 is displayed in the y-axis direction;
[0032] FIG. 27 is a view showing a map display image
when a two-dimensional image, arranged at a foremost
position, of the map display image shown in FIG. 25 is
changed;

[0033] FIG. 28 is a view showing a map display image
when only a predetermined two-dimensional image is dis-
played;

[0034] FIG. 29 is a view showing a screen on which the
map display image and one of two-dimensional images
arranged in the map display image are displayed;

[0035] FIG. 30 is a view showing another example of the
screen shown in FIG. 29;

[0036] FIG. 31 is a view showing a screen on which the
map display image and one of the two-dimensional images
arranged in the map display image are displayed;

[0037] FIG. 32 is a view showing a screen on which the
map display image and the two-dimensional image arranged
in the map display image are displayed;

[0038] FIG. 33 is a view showing a screen on which the
map display image superimposed on an atlas image and one
of the two-dimensional images arranged in the map display
image are displayed;

[0039] FIG. 34 is a view showing another example of the
screen shown in FIG. 33;

[0040] FIG. 35 is a view showing a screen on which the
map display image superimposed on the atlas image and one
of the two-dimensional images arranged in the map display
image are displayed;

[0041] FIG. 36 is a view showing a screen on which the
map display image superimposed on the atlas image and the
two-dimensional image arranged in the map display image
are displayed;

[0042] FIG. 37 is a view when a plurality of position
coordinate points of a subject are acquired,

[0043] FIG. 38 is a view showing the configuration of a
position sensor system shown in FIG. 1, 16, or 22;

[0044] FIG. 39 is a view showing another configuration of
the position sensor system shown in FIG. 1, 16, or 22;
[0045] FIG. 40 is a view showing still another configura-
tion of the position sensor system shown in FIG. 1, 16, or 22;
and

[0046] FIG. 41 is a view showing still another configura-
tion of the position sensor system shown in FIG. 1, 16, or 22.

DETAILED DESCRIPTION

[0047] In general, according to one embodiment, an ultra-
sonic diagnosis apparatus includes a position detector, and
control circuitry. The position detector detects a position in
a three-dimensional space of one of an ultrasonic image and
an ultrasonic probe. The control circuitry uses a vivisection
view defined in a three-dimensional space. The control
circuitry associates a structure related to a subject included
in the ultrasonic image with a structure included in the
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vivisection view using a position and orientation in a first
three-dimensional coordinate system of the structure related
to the subject included in the ultrasonic image and a position
and orientation in a second three-dimensional coordinate
system of the structure included in the vivisection view.
[0048] Embodiments will be described below with refer-
ence to the accompanying drawings.

First Embodiment

[0049] FIG. 1 is a block diagram showing an example of
the arrangement of an ultrasonic diagnostic apparatus 1
according to the first embodiment. As shown in FIG. 1, the
ultrasonic diagnostic apparatus 1 includes a main body
device 10, an ultrasonic probe 20, and a position sensor
system 30. The main body device 10 is connected to an
external apparatus 40 via a network 100. The main body
device 10 is also connected to a display device 50.

[0050] The ultrasonic probe 20 includes a plurality of
piezoelectric transducers, a matching layer provided for the
piezoelectric transducers, and a backing material for pre-
venting the ultrasonic waves from propagating backward
from the piezoelectric transducers. The ultrasonic probe 20
is detachably connected to the main body device 10. Each of
the plurality of piezoelectric transducers generates an ultra-
sonic wave based on a driving signal supplied from ultra-
sonic transmission circuitry 11 included in the main body
device 10.

[0051] When the ultrasonic probe 20 transmits ultrasonic
waves to a subject P, the transmitted ultrasonic waves are
sequentially reflected by a discontinuity surface of acoustic
impedance of the living tissue of the subject P, and received
by the plurality of piezoelectric transducers of the ultrasonic
probe 20 as a reflected wave signal. The amplitude of the
received reflected wave signal depends on an acoustic
impedance difference on the discontinuity surface by which
the ultrasonic waves are reflected. Note that the frequency of
the reflected wave signal generated when the transmitted
ultrasonic pulses are reflected by moving blood or the
surface of a cardiac wall or the like shifts depending on the
velocity component of the moving body in the ultrasonic
transmission direction due to the Doppler effect. The ultra-
sonic probe 20 receives the reflected wave signal from the
subject P, and converts it into an electrical signal.

[0052] An operation panel 61 of the main body device 10
includes, for example, an input means formed from a button
or the like for accepting, from an operator, an instruction to
designate a biological reference portion (to be described
later). When the operator presses the button, the operation
panel 61 outputs, to the main body device 10, a designation
instruction to designate the current position of the ultrasonic
probe 20 as the position of the biological reference portion.
Note that the input means may be provided in the ultrasonic
probe 20 or a position sensor 32 provided in the position
sensor system 30.

[0053] The ultrasonic probe 20 according to this embodi-
ment scans the subject P two-dimensionally with ultrasonic
waves. As shown in FIG. 1, the position sensor 32 is attached
to the ultrasonic probe 20. The ultrasonic probe 20 can detect
the position of the probe when the subject P is scanned
three-dimensionally. More specifically, the ultrasonic probe
20 according to this embodiment is a one-dimensional probe
including a plurality of ultrasonic transducers for scanning
the subject P two-dimensionally.
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[0054] Note that the ultrasonic probe 20 attached with the
position sensor 32 may be a mechanical four-dimensional
probe (a three-dimensional probe with a mechanical swing-
ing mechanism) for scanning the subject P three-dimension-
ally by causing the ultrasonic transducers to swing at a
predetermined angle (swinging angle). a two-dimensional
array probe in which a plurality of ultrasonic transducers are
arrayed in a matrix, or a 1.5-dimensional array probe in
which a plurality of transducers arrayed one-dimensionally
are divided into a plurality of groups.

[0055] The position sensor system 30 shown in FIG. 1 is
a system for acquiring the three-dimensional position infor-
mation of the ultrasonic probe 20. The position sensor
system 30 acquires the three-dimensional position informa-
tion of the ultrasonic probe 20 by attaching, for example, a
magnetic sensor or a target for an infrared camera to the
ultrasonic probe 20. Note that a gyro sensor (angular veloc-
ity sensor) may be incorporated in the ultrasonic probe 20
and the three-dimensional position information of the ultra-
sonic probe 20 may be acquired by the gyro sensor. The
position sensor system 30 may be a system which shoots the
ultrasonic probe 20 by a camera and detects the position of
the ultrasonic probe 20 in a three-dimensional space by
image recognition. The position sensor system 30 may be a
system which holds the ultrasonic probe 20 by a robot arm,
and detects the position of the robot arm in the three-
dimensional space as the position of the ultrasonic probe 20.
This embodiment will exemplify a case in which the posi-
tion sensor system 30 uses a magnetic sensor as the position
sensor 32 to acquire the position information of the ultra-
sonic probe 20.

[0056] The position sensor system 30 includes a magnetic
generator 31, the position sensor 32, and a position detection
device 33.

[0057] The magnetic generator 31 includes, for example,
a magnetic generation coil. The magnetic generator 31 is
arranged at an arbitrary position, and forms a magnetic field
outward with respect to the self device as the center. The
position sensor 32 is attached to the ultrasonic probe 20. The
position sensor 32 detects the intensity and inclination of the
three-dimensional magnetic field formed by the magnetic
generator 31. The position sensor 32 outputs the detected
intensity and inclination of the magnetic field to the position
detection device 33.

[0058] The position detection device 33 may be one
example of a position detector. Based on the intensity and
inclination of the magnetic field detected by the position
sensor 32, the position detection device 33 calculates the
position (the position coordinates (x, y, z) and rotation
angles (8x, By, 6z) of a scan surface) of the ultrasonic probe
20 in the three-dimensional space having a predetermined
position as an origin. At this time, the predetermined posi-
tion is, for example, the position at which the magnetic
generator 31 is arranged. The position detection device 33
transmits, to the main body device 10, position information
about the calculated position (X, v, z, 8%, 8y, 6z). Note that
a three-dimensional coordinate system defined by the posi-
tion sensor system 30 will be referred to as a magnetic field
coordinate system hereinafter.

[0059] The main body device 10 shown in FIG. 1 is an
apparatus which generates an ultrasonic image based on the
reflected wave signal received by the ultrasonic probe 20. As
shown in FIG. 1, the main body device 10 includes the
ultrasonic transmission circuitry 11, ultrasonic reception
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circuitry 12, B-mode processing circuitry 13, Doppler pro-
cessing circuitry 14, the operation panel 61, an input device
62, three-dimensional data generation circuitry 15, image
calculation circuitry 16, display processing circuitry 17,
internal storage circuitry 18, an image memory 19 (cine
memory), an input interface 110, a communication interface
111, and control circuitry 112.

[0060] The ultrasonic transmission circuitry 11 is a pro-
cessor which supplies a driving signal to the ultrasonic probe
20. The ultrasonic transmission circuitry 11 may be imple-
mented by, for example, trigger generation circuitry, delay
circuitry, and pulser circuitry. The trigger generation cir-
cuitry repetitively generates rate pulses for the formation of
transmission ultrasonic waves at a predetermined rate fre-
quency. The delay circuitry gives, to each rate pulse gener-
ated by the trigger generation circuitry, a delay time neces-
sary to focus an ultrasonic wave generated from the
ultrasonic probe 20 into a beam and determine transmission
directivity for each piezoelectric transducer. The pulser
circuitry applies a driving signal (driving pulse) to the
ultrasonic probe 20 at the timing based on the rate pulse.
When the delay circuitry changes the delay time to be given
to each rate pulse, a transmission direction from the surface
of the piezoelectric transducer can be arbitrarily adjusted.
[0061] The ultrasonic reception circuitry 12 is a processor
which performs various processes for the reflected wave
signal received by the ultrasonic probe 20, and generates a
reception signal. The ultrasonic reception circuitry 12 may
be implemented by, for example, amplification circuitry, an
A/D converter, reception delay circuitry, and an adder. The
amplification circuitry amplifies, for each channel, the
reflected wave signal received by the ultrasonic probe 20,
and performs gain correction processing. The A/D converter
converts the reflected wave signals having undergone gain
correction into digital signals. The reception delay circuitry
gives the digital signals delay times necessary to determine
reception directivities. The adder adds the plurality of digital
signals which have been given the delay times. The addition
processing by the adder generates a reception signal in
which reflected components in directions according to the
reception directivities are enhanced.

[0062] The B-mode processing circuitry 13 is a processor
which generates B-mode data based on the reception signal
received from the ultrasonic reception circuitry 12. The
B-mode processing circuitry 13 performs envelope detection
processing, logarithmic amplification, and the like for the
reception signal received from the ultrasonic reception cit-
cuitry 12, and generates data (B-mode data) in which the
signal intensity is expressed by the brightness of luminance.
The generated B-mode data is stored in a RAW data memory
(not shown) as B-mode RAW data on a two-dimensional
ultrasonic scanning line.

[0063] The Doppler processing circuitry 14 is a processor
which generates a Doppler waveform and Doppler data
based on the reception signal received from the ultrasonic
reception circuitry 12. The Doppler processing circuitry 14
extracts a blood flow signal from the reception signal, and
generates a Doppler waveform based on the extracted blood
flow signal. Furthermore, the Doppler processing circuitry
14 generates data (Doppler data) by extracting, from the
extracted blood flow signal, information such as mean
velocities, variances, and powers at multiple points.

[0064] The three-dimensional data generation circuitry 15
is a processor which generates three-dimensional image data
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with position information based on the data generated by the
B-mode processing circuitry 13 and the Doppler processing
circuitry 14. If the ultrasonic probe 20 attached with the
position sensor 32 is a one-dimensional array probe or a
1.5-dimensional array probe, the three-dimensional data
generation circuitry 15 adds the position information of the
ultrasonic probe 20 calculated by the position detection
device 33 to the B-mode RAW data stored in the RAW data
memory. The three-dimensional data generation circuitry 15
generates two-dimensional image data formed from pixels
by executing RAW-pixel conversion. The generated two-
dimensional image data is added with the position informa-
tion of the ultrasonic probe 20 calculated by the position
detection device 33.

[0065] The three-dimensional data generation circuitry 15
generates three-dimensional image data (to be referred to as
volume data hereinafter) formed from voxels within a
desired range by executing, for the B-mode RAW data stored
in the RAW data memory, RAW-voxel conversion including
interpolation processing which takes spatial position infor-
mation into consideration. The volume data is added with
the position information of the ultrasonic probe 20 calcu-
lated by the position detection device 33. Similarly, if the
ultrasonic probe 20 attached with the position sensor 32 is a
mechanical four-dimensional probe (a three-dimensional
probe with a mechanical swinging mechanism) or a two-
dimensional array probe, the position information is added
to two-dimensional RAW data, two-dimensional image data,
and three-dimensional image data.

[0066] The three-dimensional data generation circuitry 15
performs rendering processing for the generated volume
data, and generates rendering image data. Examples of the
rendering processing are VR (Volume Rendering) process-
ing, MPR (Multi Planar Reconstruction) processing, and
MIP (Maximum Intensity Projection).

[0067] The three-dimensional data generation circuitry 15
adds the position information of the ultrasonic probe 20
calculated by the position detection device 33 to an M-mode
image and a spectrum Doppler image collected at a desired
scan position. The three-dimensional data generation cir-
cuitry 15 also adds the position information of the ultrasonic
probe 20 calculated by the position detection device 33 to
image quality conditions (angle of view, visual field depth,
field angle, preset, frequency, image processing conditions,
and the like) and scan mode information at the time of a
scan, a measurement image and measurement result, and
application information and an image.

[0068] The image calculation circuitry 16 is a processor
which generates display image data based on the various
image data generated by the three-dimensional data genera-
tion circuitry 15. The image calculation circuitry 16 imple-
ments an image generation function 161 by executing an
image processing program stored in the internal storage
circuitry 18.

[0069] The image generation function 161 is a function of
generating display image data based on the various image
data generated by the three-dimensional data generation
circuitry 15 and support data stored in the internal storage
circuitry 18. More specifically, upon acquiring support data,
the image calculation circuitry 16 executes the image gen-
eration function 161. By executing the image generation
function 161, the image calculation circuitry 16 generates
display image data for displaying, side by side, the various
image data generated by the three-dimensional data genera-
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tion circuitry 15 and the acquired support data. The image
calculation circuitry 16 generates display image data for
superimposing and displaying the acquired support data on
the various image data generated by the three-dimensional
data generation circuitry 15.

[0070] The display processing circuitry 17 is a processor
which converts the various image data generated by the
three-dimensional data generation circuitry 15 and the image
calculation circuitry 16 into signals displayable on the
display device 50. More specifically, the display processing
circuitry 17 converts the image data into video signals by
executing various processes associated with a dynamic
range, luminance (brightness), contrast, y curve correction,
RGB conversion, and the like for the various image data.
The display processing circuitry 17 displays the video
signals on the display device 50. The display processing
circuitry 17 may display, on the display device 50, a GUI
(Graphical User Interface) used by the operator to input
various instructions via the input interface 110. Note that the
display processing circuitry 17 includes peripheral circuitry
suich as a connector and a cable for connection to the display
device 50.

[0071] As the display device 50, for example, a CRT
display, a liquid crystal display, an organic EL display, an
LED display, a plasma display, or another arbitrary display
known in the technical field can appropriately be used.
[0072] The image memory 19 includes, for example, a
magnetic or optical recording medium or a processor-read-
able recording medium such as a semiconductor memory.
The image memory 19 saves image data corresponding to a
plurality of frames immediately before a freeze operation
input via the input interface 110. The image data stored in
the image memory 19 undergoes, for example, continuous
display (cine display).

[0073] The internal storage circuitry 18 includes, for
example, a magnetic or optical recording medium or a
processor-readable recording medium such as a semicon-
ductor memory. Note that the internal storage circuitry 18
need not always be implemented by a single storage device.
For example, the internal storage circuitry 18 may be
implemented by a plurality of storage devices.

[0074] The internal storage circuitry 18 stores a control
program for implementing ultrasonic transmission/recep-
tion, a control program for performing image processing, a
control program for performing display processing, and the
like. The internal storage circuitry 18 also stores diagnosis
information (for example, a patient 1D, findings by doctors,
and the like), a diagnosis protocol, a body mark generation
program, and a data group such as a conversion table for
presetting, for each portion to be diagnosed, a range of color
data to be used for visualization.

[0075] The internal storage circuitry 18 stores support data
for supporting a scan of the ultrasonic probe 20 by the scan
operator. The support data includes data about a vivisection
view, for example, atlas data. The atlas data includes data
about an image and various data about a structure in a living
body.

[0076] Examples of data about an image are atlas image
data for displaying blood vessels, atlas image data for
displaying muscles, atlas image data for displaying a skel-
etal structure, atlas image data for displaying nerves, and
atlas image data for displaying organs. Each atlas image data
is represented by a two- or three-dimensional atlas image.
Each atlas image data may be represented by an image
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obtained by faithfully rendering the interior of a living body,
or an image obtained by schematically rendering the interior
of a living body.

[0077] Various data about the structure in the living body
include data about the names of portions in the living body,
data about physiological functions, diagnosis/treatment
information of a disease, and data about examination find-
ings complying with an examination guideline when exam-
ining a predetermined organ in ultrasonic diagnosis.

[0078] The support data includes data about a scan method
for the ultrasonic probe 20 complying with the examination
guideline.

[0079] Inaccordance with a storage operation input via the
input interface 110, the internal storage circuitry 18 stores
the two-dimensional image data, volume data, rendering
image data, M-mode image data with position information,
spectrum Doppler image data with position information,
which have been generated by the three-dimensional data
generation circuitry 15. Note that in accordance with a
storage operation input via the input interface 110, the
internal storage circuitry 18 may store the two-dimensional
image data with position information, volume data with
position information, rendering image data with position
information, a Doppler waveform with position information,
spectrum Doppler data with position information, which
have been generated by the three-dimensional data genera-
tion circuitry 15, by including an operation order and an
operation time.

[0080] Furthermore, in accordance with a storage opera-
tion input via the input interface 110, the internal storage
circuitry 18 stores the display image data generated by the
image calculation circuitry 16. The internal storage circuitry
18 stores the operation information of the ultrasonic diag-
nostic apparatus 1, image condition information, ultrasonic
data about ultrasonic examination, and the like in associa-
tion with the above data.

[0081] The operation information includes change of a
mode, change of an image quality preset, change of a display
layout, saving of an image, activation of measurement,
activation of an application, and change of a probe. The
image quality condition information includes ultrasonic
transmission conditions such as a frequency, visual field
depth, field angle, beam density, frame rate, and MI (Me-
chanical Index) value, image processing settings, and three-
dimensional image quality parameters. The ultrasonic data
includes, for example, measurement information, annotation
information, biological reference information such as an
ECG (Flectro Cardiogram) waveform, and acquisition time
information.

[0082] The internal storage circuitry 18 stores the position
information of the biological reference portion.

[0083] Note that the internal storage circuitry 18 can
transfer the stored data to an external peripheral apparatus
via the communication interface 111.

[0084] Furthermore, the internal storage circuitry 18 stores
image data transferred from the external apparatus 40. For
example, the internal storage circuitry 18 acquires, from the
external apparatus 40, past image data about the same
patient, which has been acquired in past consultation, and
stores the acquired image data. The past image data include
ultrasonic image data, CT (Computed Tomography) image
data, MR image data, PET (Positron Emission Tomography)
image data, and X-ray image data.
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[0085] The input interface 110 accepts various instructions
by the operator from the input device 62 such as a mouse,
keyboard, panel switch, slider switch, trackball, and rotary
encoder via the operation panel and touch command screen
(TCS) 61. The input interface 110 is connected to the control
circuitry 112 via, for example, a bus, converts an operation
instruction input from the operator into an electrical signal,
and outputs the electrical signal to the control circuitry 112.
Note that in this specification, the input interface 110 is not
limited to an interface connected to a physical operation part
suich as a mouse and keyboard. For example, examples of the
input interface 110 include electrical signal processing cit-
cuitry which receives an electrical signal corresponding to
an operation instruction input from an external input device
provided separately from the ultrasonic diagnostic apparatus
1 and outputs the electrical signal to the control circuitry
112.

[0086] The communication interface 111 is connected to
the position sensor system 30, and receives the position
information transmitted from the position detection device
33. The communication interface 111 is also connected to
the external apparatus 40 via the network 100 or the like, and
performs data communication with the external apparatus
40. The external apparatus 40 is, for example, a database for
a PACS (Picture Archiving and Communication System) as
a system which manages various medical image data or a
database for an electronic health record system which man-
ages electronic health records attached with medical images.
The external apparatus 40 may be, for example, an X-ray CT
apparatus, and various medical image diagnostic appara-
tuses such as an MRI (Magnetic Resonance Imaging) appa-
ratus, a nuclear medicine diagnostic apparatus, and an X-ray
diagnostic apparatus. Note that the standard of communica-
tion with the external apparatus 40 may be arbitrary. For
example, DICOM (Digital Imaging and COmmunication in
Medicine) is adopted.

[0087] The control circuitry 112 is a processor which
serves as a center function of the ultrasonic diagnostic
apparatus 1. The control circuitry 112 executes the control
program stored in the internal storage circuitry 18, thereby
implementing a function corresponding to the program.
[0088] More specifically, the control circuitry 112 imple-
ments processing of associating the position of an organ or
the like of the subject with the position of an organ or the
like included in the three-dimensional atlas image by execut-
ing the control program according to this embodiment. That
is, by executing the control program, the control circuitry
112 has an atlas data processing function 1121, a position
information registration function 1122, a position informa-
tion control function 1123, a coordinate conversion function
1124, and an association function 1125.

[0089] The atlas data processing function 1121 is a func-
tion of acquiring the coordinate information of characteristic
portions in the coordinate system of the three-dimensional
atlas image. In other words, the atlas data processing func-
tion 1121 uses a vivisection view defined in the three-
dimensional space. In this embodiment, the characteristic
portions are characteristic structures existing in the living
body, and are used to associate the position of an organ or
the like of the subject with the position of an organ or the
like included in the three-dimensional atlas image. The
characteristic portions include a characteristic organ, a char-
acteristic organ portion, an organ boundary, the axis of an
organ, a characteristic blood vessel, and a characteristic
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vascular portion. Examples of the characteristic organ por-
tion are hepatic areas S1 to S8. An example of the charac-
teristic vascular portion is a vascular bifurcation.

[0090] More specifically, if characteristic portions are des-
ignated on the atlas image via the input interface 110, the
control circuitry 112 executes the atlas data processing
function 1121. By executing the atlas data processing func-
tion 1121, the control circuitry 112 acquires the coordinate
information of the designated characteristic portions on the
three-dimensional atlas image.

[0091] The position information registration function 1122
is a function of storing, in the internal storage circuitry 18,
the position information about the structure in the subject,
that is, a function of registering the position information of
the biological reference portion and the position information
of the characteristic portions. In this embodiment, the bio-
logical reference portion is a portion serving as the origin of
the biological coordinate system.

[0092] More specifically, for example, upon receiving a
designation instruction of a biological reference portion or
characteristic portion, the control circuitry 112 executes the
position information registration function 1122. By execut-
ing the position information registration function 1122, the
control circuitry 112 stores, in the internal storage circuitry
18, the position information of the ultrasonic probe 20 in the
magnetic field coordinate system of the position sensor
system 30, which is acquired upon receiving the designation
instruction. In the example of the position sensor 32 shown
in FIG. 1, the control circuitry 112 stores, in the internal
storage circuitry 18, the position information of the position
sensor 32 installed in the ultrasonic probe 20. Alternatively,
the control circuitry 112 may store, in the internal storage
circuitry 18, as position information, a desired position such
as the center of the ultrasonic transmission/reception surface
of the ultrasonic probe 20 using the shape information of the
ultrasonic probe 20.

[0093] The position information control function 1123 is a
function of calculating the position of a portion designated
via an ultrasonic tomographic image. More specifically, for
example, upon receiving, from the operator. designation of
a biological reference portion or characteristic portion on an
ultrasonic tomographic image displayed on the display
device 50, the control circuitry 112 executes the position
information control function 1123. By executing the position
information control function 1123, the control circuitry 112
calculates a position in the magnetic field coordinate system
of the position sensor system 30 based on the position of the
ultrasonic probe 20 at the time of acquiring the ultrasonic
tomographic image and the position designated in the ultra-
sonic tomographic image.

[0094] The coordinate conversion function 1124 is a func-
tion of converting the coordinates of the designated charac-
teristic portion into the biological coordinate system. More
specifically, for example, upon acquiring the position infor-
mation of the characteristic portion in the magnetic field
coordinate system of the position sensor system 30, the
control circuitry 112 executes the coordinate conversion
function 1124. By executing the coordinate conversion
function 1124, the control circuitry 112 converts the coor-
dinates of the characteristic portion from the magnetic field
coordinate system into the biological coordinate system
defined based on the position of the biological reference
portion. The control circuitry 112 defines the biological
coordinate system based on the position (x, y, z, 0x, 8y, 02)
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of the biological reference portion in the magnetic field
coordinate system. For example, the biological coordinate
system is defined so that the position coordinate point (x, ¥,
7) is set as an origin and, based on the rotation angles (6x,
By, 0z), the x-axis is set in the azimuth direction as a scan
direction, the y-axis is set in the depth direction, and the
z-axis is set in the elevation direction as a swing direction.
[0095] The association function 1125 is a function of
associating the position of an organ or the like of the subject
with the position of an organ or the like included in the
three-dimensional atlas image. More specifically, for
example, upon acquiring the position coordinates of the
characteristic portion in the atlas coordinate system and
those in the biological coordinate system, the control cir-
cuitry 112 executes the association function 1125. By
executing the association function 1125, the control circuitry
112 associates the characteristic portion handled in the
biological coordinate system with the characteristic portion
which is the same as that characteristic portion and is
handled in the atlas coordinate system. This associates the
magnetic field space of the position sensor system 30 with
the coordinate space in the three-dimensional atlas image.

[0096] Inthis embodiment, after converting the position of
the characteristic portion of the living body from the mag-
netic field coordinate system into the biological coordinate
system with reference to the biological reference portion, the
characteristic portion handled in the biological coordinate
system is associated with the characteristic portion which is
the same as that characteristic portion and is handled in the
atlas coordinate system. Since the installation position of the
magnetic generator 31 is different for each examination
operation, the position of the living body in the magnetic
field coordinate system is different for each examination
operation. By introducing the biological coordinate system,
for example, association with the atlas coordinate system
can be performed without influence of the difference in
magnetic field coordinate system in a plurality of examina-
tion operations of the same patient.

[0097] This embodiment, however, is not limited to a case
in which the characteristic portion handled in the atlas
coordinate system is associated with the characteristic por-
tion of the living body via the biological coordinate system.
The atlas coordinate system may be directly associated with
the coordinate system of the position sensor system. That is,
if the position of the characteristic portion in the magnetic
field coordinate system is detected, and the position coor-
dinates in the atlas coordinate system of the characteristic
portion which is the same as that characteristic portion are
acquired, the control circuitry 112 associates the character-
istic portion handled in the magnetic field coordinate system
with that handled in the atlas coordinate system.

[0098] The control circuitry 112 implements processing of
acquiring support data desired by the operator from the
internal storage circuitry 18 by executing the control pro-
gram according to this embodiment. More specifically, the
control circuitry 112 has a support information acquisition
function 1126 by executing the control program.

[0099] The support information acquisition function 1126
is a function of acquiring support data desired by the
operator from the internal storage circuitry 18. More spe-
cifically, for example, if support data is requested via the
input interface 110, the control circuitry 112 executes the
support information acquisition function 1126. By executing
the support information acquisition function 1126, the con-
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trol circuitry 112 reads out the requested support data from
the internal storage circuitry 18.

[0100] Note that the image generation function 161, the
atlas data processing function 1121, the position information
registration function 1122, the position information control
function 1123, the coordinate conversion function 1124, the
association function 1125, and the support information
acquisition function 1126 have been explained as modules
forming the processing program according to this embodi-
ment. The present invention, however, is not limited to this.
For example, the image calculation circuitry 16 may include
dedicated hardware circuitry for implementing the image
generation function 161. Furthermore, the image calculation
circuitry 16 may be implemented by an ASIC

[0101] (Application Specific Integrated Circuit), FPGA
(Field Programmable Gate Array), CPLD (Complex Pro-
grammable Logic Device), or SPLD (Simple Programmable
Logic Device), which incorporates the dedicated hardware
circuitry. In addition, for example, the control circuitry 112
may include dedicated hardware circuitry for implementing
the atlas data processing function 1121, that for implement-
ing the position information registration function 1122, that
for implementing the position information control function
1123, that for implementing the coordinate conversion func-
tion 1124, that for implementing the association function
1125, and that for implementing the support information
acquisition function 1126. The control circuitry 112 may be
implemented by an ASIC (Application Specific Integrated
Circuit), FPGA (Field Programmable Gate Array), CPLD
(Complex Programmable Logic Device), or SPLD (Simple
Programmable Logic Device), which incorporates the dedi-
cated hardware circuitry.

[0102] FIG. 2 is a flowchart illustrating an example of the
procedure of processing in which the ultrasonic diagnostic
apparatus 1 according to the first embodiment associates the
position of an organ or the like included in various image
data generated by the three-dimensional data generation
circuitry 15 with the position of an organ or the like included
in the three-dimensional atlas image data. A case in which a
xiphoid process is set as a biological reference portion will
be exemplified below.

[0103] Note that setting a xiphoid process as a biological
reference portion corresponds to setting a biological refer-
ence portion on a body surface.

[0104] Prior to ultrasonic examination of the subject P,
diagnosis information is input, transmission/reception con-
ditions are set, and conditions for collecting various ultra-
sonic data are set in response to an operator instruction via
the input interface 110. These pieces of information are
stored in the internal storage circuitry 18.

[0105] The operator defines characteristic portions com-
monly recognizable in the three-dimensional atlas image and
the ultrasonic image. The characteristic portions indicate, for
example, a characteristic organ, a characteristic organ por-
tion, an organ boundary, the axis of an organ, a characteristic
vascular portion, and a characteristic structure. More spe-
cifically, for example, the three-dimensional atlas image is
displayed on the display device 50. The operator designates
a plurality of characteristic portions associated with this
examination operation among a plurality of characteristic
portions in the three-dimensional atlas image displayed on
the display device 50. The operator designates each charac-
teristic portion by, for example, directly touching the char-
acteristic portion displayed on the display device 50 via the
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touch command screen provided on the surface of the
display device 50. Alternatively, the operator may designate
each characteristic portion by, for example, operating the
trackball or the like to set, on the characteristic portion, a
cursor displayed on the display device 50, and pressing an
OK button provided in the input interface 110.

[0106] If the characteristic portion is designated, the con-
trol circuitry 112 executes the atlas data processing function
1121. By executing the atlas data processing function 1121,
the control circuitry 112 acquires position coordinates (xa,
va, za) of the designated characteristic portion on the three-
dimensional atlas image (step S21). The control circuitry
112 stores the acquired position coordinates of the charac-
teristic portion in the internal storage circuitry 18 as coor-
dinate information.

[0107] Subsequently, the operator registers the position
information of a biclogical reference portion R. More spe-
cifically, for example, the operator brings the ultrasonic
probe 20 into contact with the body surface of the subject P
in the vertical direction so as to scan an axial surface
including the xiphoid process set as the biological reference
portion R. FIG. 3 is a schematic view when the ultrasonic
probe 20 is brought into contact with the body surface of the
subject P in the vertical direction. After bringing the ultra-
sonic probe 20 into contact with the subject P, the operator
presses a button provided in the ultrasonic probe 20 or the
operation panel 61. This inputs a designation instruction to
the control circuitry 112.

[0108] Upon receiving the designation instruction, the
control circuitry 112 executes the position information reg-
istration function 1122. By executing the position informa-
tion registration function 1122, the control circuitry 112
acquires the position (X, v, z, 0x, Oy, 6z) of the ultrasonic
probe 20 calculated by the position detection device 33
when the designation instruction is input (step S22). The
position of the ultrasonic probe 20 is, for example, the
position of the position sensor 32 installed in the ultrasonic
probe 20. Note that the position of the ultrasonic probe 20
may be a desired position such as the center of the ultrasonic
transmission/reception surface of the ultrasonic probe 20,
which is obtained by using the shape information of the
ultrasonic probe 20.

[0109] If the xiphoid process is set as the biological
reference portion R, an arbitrary portion in the ultrasonic
tomographic image displayed on the display device 50 is not
designated after the pressing of the button (NO in step S23).
The control circuitry 112 registers, as the position informa-
tion of the biological reference portion R, the position (x, v,
z, 0x, By, 0z) of the ultrasonic probe 20 acquired in step S22
(step S25).

[0110] On the other hand, the biological reference portion
does not always exist on the body surface. The biological
reference portion may exist, for example, in the body such
as a mitral valve, portal vein bifurcation, abdominal aortic
bifurcation, or the interior of an organ. In this case, after the
pressing of the button, an arbitrary portion in the ultrasonic
tomographic image displayed on the display device 50 is
designated.

[0111] Ifan arbitrary portion in the ultrasonic tomographic
image displayed on the display device 50 is designated after
the pressing of the button (YES in step S23), the control
circuitry 112 executes the position information control func-
tion 1123. By executing the position information control
function 1123, the control circuitry 112 acquires the position
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(X, y, 7, 0%, By, 0z) of the ultrasonic probe 20 calculated by
the position detection device 33 when the designation
instruction is input, and a position (x', y'), in the ultrasonic
tomographic image, of the portion designated in the ultra-
sonic tomographic image. FIG. 4 is a schematic view when
the biological reference portion R is designated in the
ultrasonic tomographic image displayed on the display
device 50.

[0112] Note that FIG. 2 exemplifies a designation opera-
tion of two stages of pressing the button after the ultrasonic
probe 20 is brought into contact with the subject P and then
designating the reference portion R on the image. However,
the reference portion R may be designated by only an
operation of designating the reference portion on the image.
In this case, the control circuitry 112 acquires the position
information of the ultrasonic probe 20 simultaneously with
designation of the reference portion on the image.

[0113] The control circuitry 112 calculates the position, in
the magnetic field coordinate system of the position sensor
system 30, of the portion designated in the ultrasonic tomo-
graphic image based on the position (%, y, z, 6x, 8y, 0z) of
the ultrasonic probe 20 and the position (x', y') in the
ultrasonic tomographic image (step S24). The control cir-
cuitry 112 registers the calculated position as the position
information of the biological reference portion R in the body
(step S25).

[0114] After the position information of the biological
reference portion R is registered, the operator designates
characteristic portions in the subject P corresponding to the
characteristic portions designated in step S21 on the three-
dimensional atlas image. More specifically, for example, the
operator brings the ultrasonic probe 20 into contact with the
subject P so that the characteristic portions designated in
step S21 are included in the ultrasonic tomographic image.
If characteristic portions are included in the ultrasonic
tomographic image displayed on the display device 50, the
operator designates the characteristic portions included in
the ultrasonic tomographic image. For example, the operator
designates each characteristic portion by directly touching
the characteristic portion displayed on the display device 50
via the touch command screen provided on the surface of the
display device 50. Alternatively, for example, the operator
may designate each characteristic portion by operating the
trackball or the like to set, on the characteristic portion, the
cursor displayed on the display device 50, and pressing the
OK button provided in the input interface 110.

[0115] After the characteristic portions included in the
ultrasonic tomographic image are designated, the control
circuitry 112 executes the position information registration
function 1122 and the position information control function
1123. By executing the position information control function
1123, the control circuitry 112 acquires the position (X, v, z,
0%, Oy, 8z) of the ultrasonic probe 20 calculated by the
position detection device 33 when the designation instruc-
tion is input, and the position (x', ¥'), in the ultrasonic
tomographic image, of the portion designated in the ultra-
sonic tomographic image. The control circuitry 112 calcu-
lates the position, in the magnetic field coordinate system of
the position sensor system 30, of the characteristic portion
designated in the ultrasonic tomographic image based on the
position (X, y, z, 0%, Oy, 0z) of the ultrasonic probe 20 and
the position (x', y') in the ultrasonic tomographic image. The
control circuitry 112 executes the position information reg-
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istration function 1122 to register the calculated position as
the position information of the characteristic portion in the
body (step S26).

[0116] The operator designates, on the ultrasonic tomo-
graphic image, characteristic portions corresponding to all
the characteristic portions designated in step S21 by scan-
ning the ultrasonic probe 20 on the living body surface of the
subject P, as shown in FIG. 5. The control circuitry 112
calculates the positions of all the characteristic portions
designated on the ultrasonic tomographic image, and regis-
ters the calculated positions as position information.

[0117] After the position information of the characteristic
portions in the magnetic field coordinate system of the
position sensor system 30 is registered, the control circuitry
112 executes the coordinate conversion function 1124. By
executing the coordinate conversion function 1124, the
control circuitry 112 converts the coordinates of each char-
acteristic portion from the magnetic field coordinate system
into the biological coordinate system defined based on the
position of the biological reference portion R (step S27).
FIG. 6 is a view showing an example of the biological
coordinate system when the xiphoid process is set as the
biological reference portion R and the position information
of the biological reference portion R is acquired, as shown
in FIG. 3. FIG. 7 is a view showing an example of the
biological coordinate system when the biological reference
portion R exists in the bady and the position information of
the biological reference portion R is acquired, as shown in
FIG. 4.

[0118] After the position coordinates of the characteristic
portions in the biological coordinate system are acquired,
the control circuitry 112 executes the association function
1125. By executing the association function 1125, the con-
trol circuitry 112 associates the characteristic portions in the
biological coordinate system with those in the atlas coordi-
nate system based on the position coordinates in the bio-
logical coordinate system and those in the atlas coordinate
system, as shown in FIG. 8 (step S28). This associates the
magnetic field space of the position sensor system 30 with
the coordinate space of the three-dimensional atlas image.

[0119] The distances between the characteristic portions in
the atlas image are set based on a standard body build. On
the other hand, the body builds of subjects are different.
Thus, the registered characteristic portions of the subject
may be different from characteristic portions in the atlas
image. In the processing shown in FIG. 2, the characteristic
portions in the biological coordinate system are associated
with those in the atlas coordinate system. Therefore, if there
is a difference between the body build of the subject and the
body build represented by the atlas image, the distances
between the characteristic portions in the atlas image are
increased or decreased based on the characteristic portions
in the biological coordinate system. Alternatively, the rela-
tionship between the characteristic portions in the atlas
image may be changed based on the characteristic portions
in the biological coordinate system. Consequently, even if
there is a difference between the body build of the subject
and the body build represented by the atlas image, the
ultrasonic diagnostic apparatus 1 can associate the position
of an organ or the like included in the various image data
generated by the three-dimensional data generation circuitry
15 with the position of an organ or the like included in the
three-dimensional atlas image data. That is, with reference
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to atlas data, the ultrasonic diagnostic apparatus 1 can
recognize a position in the subject P at which the ultrasonic
probe 20 scans.

[0120] Note that the distances between the characteristic
portions in the atlas image may be adjusted for the whole
body or for each organ. FIG. 5 shows an example in which
body build information is input based on the position
information of the ultrasonic probe 20.

[0121] Furthermore, when associating the characteristic
portions in the magnetic field coordinate system with those
in the atlas coordinate system, if there is a difference
between the body build of the subject and the body build
represented by the atlas image, the distances between the
characteristic portions in the atlas image are increased,
decreased, or changed based on the characteristic portions in
the magnetic field coordinate system. The relationship
between the characteristic portions in the atlas image is
changed based on the characteristic portions in the magnetic
field coordinate system.

[0122] FIG. 9is a flowchart illustrating an example of the
procedure of processing in which the ultrasonic diagnostic
apparatus 1 according to the first embodiment generates
display image data. A description of FIG. 9 assumes that the
magnetic field space of the position sensor system 30 is
associated with the coordinate space in the three-dimen-
sional atlas image by the processing shown in FIG. 2. A case
in which the three-dimensional data generation circuitry 15
generates two-dimensional image data will be exemplified
below.

[0123] The operator performs ultrasonic examination of
the subject P using the ultrasonic probe 20. The position
sensor system 30 detects the position of the ultrasonic probe
20. The detected position is output to the main body device
10 as position information in the magnetic field coordinate
system (step S91).

[0124] After the position of the ultrasonic probe 20 is
detected, the control circuitry 112 executes the support
information acquisition function 1126. By executing the
support information acquisition function 1126, the control
circuitry 112 reads out the three-dimensional atlas image
data from the internal storage circuitry 18. The image
calculation circuitry 16 executes the image generation func-
tion 161 to generate display image data from the three-
dimensional atlas image.

[0125] More specifically, for example, the image calcula-
tion circuitry 16 converts the acquired position information
into position coordinates in the atlas coordinate system
based on the relationship between the magnetic field space
and the atlas coordinate space which have been associated
by the processing shown in FIG. 2. Based on the converted
position coordinates, the image calculation circuitry 16
superimposes the icon (to be referred to as a virtual probe
(22 hereinafter) of the ultrasonic probe on the three-dimen-
sional atlas image. Based on, for example, ultrasonic trans-
mission condition information and the like, the image cal-
culation circuitry 16 creates a virtual scan area Al imitating
ultrasonic waves transmitted from the ultrasonic probe 20.
The image calculation circuitry 16 superimposes the created
virtual scan area Al at the distal end of the virtual probe
G22. The display processing circuitry 17 converts, into a
video signal, display image data obtained by superimposing
the virtual probe G22 and the virtual scan area Al on the
three-dimensional atlas image, and displays the video signal
on the display device 50 (step S92).
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[0126] The ultrasonic probe 20 manually, three-dimen-
sionally scans the subject P using the plurality of ultrasonic
transducers for two-dimensionally scanning the subject P.
The ultrasonic waves transmitted from the ultrasonic probe
20 to the subject P are sequentially reflected by a disconti-
nuity surface of acoustic impedance of the living tissue of
the subject P, and received by the ultrasonic probe 20 as a
reflected wave signal. The ultrasonic reception circuitry 12
performs various processes for the reflected wave signal
received by the ultrasonic probe 20, and generates a recep-
tion signal (step S93).

[0127] The B-mode processing circuitry 13 generates
B-mode RAW data on a two-dimensional ultrasonic scan-
ning line based on the reception signal received from the
ultrasonic reception circuitry 12. The three-dimensional data
generation circuitry 15 generates a plurality of two-dimen-
sional image data by executing RAW-pixel conversion for
the two-dimensional B-mode RAW data generated by the
B-mode processing circuitry 13 (step S94). The plurality of
two-dimensional image data represent a plurality of tomo-
graphic images collected while manually moving the ultra-
sonic probe.

[0128] The image calculation circuitry 16 sets one of the
plurality of generated two-dimensional image data as new
display image data in parallel with the display image data
generated in step S92. The display processing circuitry 17
converts the generated display image data into a video
signal, and displays it on the display device 50 (step S95).

[0129] FIG. 10 is a view showing an example of a display
image in which a two-dimensional image and a three-
dimensional atlas image are displayed side by side. The
display image shown in FIG. 10 includes a first display
region G10 where a two-dimensional image is displayed and
a second display region G20 where support data is dis-
played. In the example shown in FIG. 10, an ultrasonic
image including a liver is displayed in the first display region
G10, and a three-dimensional atlas image G21 including
organs and bones in the overall image of the living body is
displayed in the second display region G20. In the second
display region G20 shown in FIG. 10, the virtual probe G22
is superimposed at a position corresponding to the position
of the ultrasonic probe 20 in the magnetic field coordinate
system. The virtual scan area A1 representing a virtual scan
area is superimposed at the distal end of the virtual probe
G22.

[0130] Note that FIG. 10 shows a case in which the
three-dimensional atlas image of the overall image of the
living body is displayed in the second display region G20.
The present invention, however, is not limited to this. The
atlas image displayed in the second display region G20 may
be a three-dimensional atlas image representing the overall
image of an organ or a two-dimensional atlas image repre-
senting a corresponding section. Alternatively, the atlas
image displayed in the second display region G20 may be a
three-dimensional atlas image representing blood vessels or
muscles. The operator can select an atlas image to be
displayed in the second display region G20, as needed. The
image calculation circuitry 16 switches the display of the
second display region G20 to the selected atlas image.

[0131] The operator scans the subject P while moving the
ultrasonic probe 20. In synchronism with the movement of
the ultrasonic probe 20 by the operator, the display position
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of the virtual probe G22 and the display position of the
virtual scan area Al, which are displayed in the second
display region G20, move.

[0132] The control circuitry 112 determines whether sup-
port data is further requested by the operator in the support
information acquisition function 1126 (step S96). The dis-
play image displayed on the display device 50 is provided
with, for example, an input region for accepting a request
from the operator. If a request is input to the input region by
the operator (YES in step S96), the control circuitry 112
reads out, from the internal storage circuitry 18, the support
data requested by the operator using, as search keys, a search
word input to the input region and an organ name, a portion
name, a vein name, and the like which are recognized based
on the position of the ultrasonic probe 20. The control
circuitry 112 presents a search result to the operator by
displaying, on the display device 50, the support data found
based on the search word and the recognized organ name
and the like. The control circuitry 112 accepts selection of
the presented support data. The image calculation circuitry
16 displays, in the second display region G20, an image
based on the selected support data (step S97).

[0133] An example of the display image generated by the
image calculation circuitry 16 will be described with refer-
ence to FIGS. 11, 12, 13, 14, and 15. FIGS. 11 and 12 are
views each showing an example of the display image in
which support images each representing an organ content
are displayed in the second display region G20.

[0134] Referring to FIG. 11, an ultrasonic image related to
aknee region is displayed in the first display region G10 and
support images G31 are displayed in the second display
region G20. In the support images G31 shown in FIG. 11, a
surface rendering image with respect to an MR image
related to the knee region and MPR images with respect to
the MR image are displayed.

[0135] The operator who wants to display the display
image shown in FIG. 11 inputs, for example, a search word
“MR image” to the input region. Based on the search word
and a scan of the knee region recognized based on the atlas
data, the control circuitry 112 searches for necessary infor-
mation from the internal storage circuitry 18 and the external
apparatus 40 connected via the network 100. The control
circuitry 112 reads out, for example, the electrical health
record information of the subject P, and confirms based on
the readout electrical health record information whether
there are MR images obtained by imaging the knee of the
subject P in the past. If there are MR images obtained by
imaging the knee of the subject P in the past, the control
circuitry 112 reads out the MR images from, for example,
the database for the PACS. The image calculation circuitry
16 displays the readout MR images on the display device 50.
The operator selects an image appropriate for comparison
with the ultrasonic image from the MR images displayed on
the display device 50. The image calculation circuitry 16
displays the selected MR image as the support image G31.
[0136] Note that if there is no MR image obtained by
imaging the knee of the subject P in the past, the control
circuitry 112 may read out, for example, an MR image
related to a knee included in the atlas data.

[0137] Alternatively, for example, the control circuitry
112 may read out an MR image related to a knee of another
patient from the database for the PACS. The image displayed
in the support image G31 is not limited to the MR image. An
image acquired by another medical image diagnostic appa-
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ratus may be displayed in the support image G31. This
allows the scan operator to scan the ultrasonic probe 20
while collating an organ or the like included in the ultrasonic
image with the image acquired by the other medical image
diagnostic apparatus.

[0138] Referring to FIG. 12, an ultrasonic image related to
a liver is displayed in the first display region G10, and a
support image G41 is displayed in the second display region
G20. Findings related to the liver are displayed in the
support image G41 shown in FIG. 12.

[0139] The operator who wants to display the display
image shown in FIG. 12 inputs, for example, a search word
“findings” to the input region. Based on the search word and
a scan of the liver recognized based on the atlas data, the
control circuitry 112 searches for necessary information
from the internal storage circuitry 18 and the external
apparatus 40 connected via the network 100. The control
circuitry 112 reads out, for example, examination findings
which are included in the atlas data and complies with a liver
examination guideline. The image calculation circuitry 16
displays the readout examination findings on the display
device 50. The operator selects a finding appropriate for
comparison with the ultrasonic image from the examination
findings displayed on the display device 50. The image
calculation circuitry 16 displays the selected finding as the
support image G41. This allows the scan operator to scan the
ultrasonic probe 20 while confirming the examination find-
ing of the organ or the like included in the ultrasonic image.
In addition, it is possible to objectively acquire a finding
image independent of the operator with reference to the
finding information. Note that the examination findings read
out by the control circuitry 112 may be those in medical
image diagnosis other than ultrasonic diagnosis.

[0140] Note that in FIG. 11, an image captured by another
modality is displayed as an example of an organ content. A
case in which an examination finding is displayed as an
example of an organ content has been exemplified with
reference to FIG. 12. The organ contents displayed in the
second display region G20 are not limited to them. The
organ contents displayed in the second display region G20
may include information about physiological functions,
diagnosis information of a disease, and treatment informa-
tion of the discase. Furthermore, electrical health record
information of an organ currently scanned may be displayed.
The information about physiological functions includes
information about the result of non-image examination such
as blood examination of the patient.

[0141] FIG. 13 is a view showing an example of the
display image in which images related to a scan method
complying with the examination guideline of ultrasonic
diagnosis are displayed in the second display region G20.
Referring to FIG. 13, an ultrasonic image related to a liver
is displayed in the first display region G10, and the three-
dimensional atlas image G21 and support images G51
superimposed on the three-dimensional atlas image G21 are
displayed in the second display region G20. In the support
images G51 shown in FIG. 13, images related to a scan
method complying with the liver examination guideline are
displayed. In the support images G51 shown in FIG. 13, a
method of bringing the ultrasonic probe 20 into contact with
the living body surface, a moving direction, and the like are
displayed as a scan method.

[0142] The operator who wants to display the display
image shown in FIG. 13 inputs, for example, a search word
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“scan method” to the input region. Based on the search word
and a scan of the liver recognized based on the atlas data, the
control circuitry 112 searches for necessary information
from the internal storage circuitry 18 and the external
apparatus 40 connected via the network 100. The control
circuitry 112 reads out, for example, scan methods of the
ultrasonic probe 20 complying with the liver examination
guideline from the internal storage circuitry 18. The image
calculation circuitry 16 displays the readout scan methods
on the display device 50. The operator selects, from the scan
methods displayed on the display device 50, a scan method
which is considered to be reference for the current scan. The
image calculation circuitry 16 displays the selected scan
method as the support image G51. This generalizes ultra-
sonic examination know-how, thereby increasing chances of
applying an ultrasonic diagnostic apparatus. It is also pos-
sible to objectively perform examination and collect images
independent of the operator in accordance with a predeter-
mined scan technique.

[0143] Note that in the example shown in FIG. 13, a
method of bringing the ultrasonic probe 20 into contact with
the living body surface, a moving direction, and the like are
displayed in the support images G51 as a scan method. The
present invention, however, is not limited to this. A region to
be scanned of the organ displayed in the ultrasonic image
may be displayed in the support image G51. The region to
be scanned is set based on, for example, an examination
fining complying with the examination guideline.

[0144] FIG. 14 is a view showing an example of the
display image in which annotations are superimposed and
displayed on the ultrasonic image displayed in the first
display region G10. For example, if the operator requests to
display annotations in the display image shown in FIG. 10,
the image calculation circuitry 16 adds annotations shown in
FIG. 14 to a structure included in the ultrasonic image
displayed in the first display region G10. The annotations
shown in FIG. 14 include, for example, liver areas “S5”,
“S7”, and “S8”. The annotations shown in FIG. 14 also
include, for example, “anterior branch of portal vein”,
“anterior superior branch of portal vein”, “anterior inferior
branch of portal vein”, “Right hepatic vein”, and “inferior
vena cava” each of which represents a vascular portion.
Processing of adding annotations to the ultrasonic image is
performed as follows.

[0145] For example, if the operator requests to display
annotations, the control circuitry 112 reads out, from the
atlas data, names related to the organs, the blood vessels, and
the like included in the ultrasonic image. For example, the
image calculation circuitry 16 displays the readout names as
a menu, as shown in a support image G61 of FIG. 14. The
operator assigns the displayed names to the organs, the
blood vessels, and the like included in the ultrasonic image.
[0146] Alternatively, the control circuitry 112 may auto-
matically assign the annotations based on the standard
screen. For example, the image calculation circuitry 16
displays, on the three-dimensional atlas image, the position
of the ultrasonic probe 20 for imaging the standard screen.
The operator scans the ultrasonic probe 20 to set the virtual
probe G22 at a desired one of, for example, 15 imaging
positions displayed on the three-dimensional atlas image,
and acquires an ultrasonic image. Note that the standard
screen includes an ultrasonic image acquired in a median
position, an ultrasonic image acquired in a vertical position,
and an ultrasonic image acquired in a median transverse
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position. The image calculation circuitry 16 assigns the
name of the structure included in the standard image of the
atlas data to the same structure included in the actually
acquired standard image. This allows the scan operator to
scan the ultrasonic probe 20 while confirming the names of
the organs and the like included in the ultrasonic image. In
addition, the labor for inputting annotations is significantly
reduced.

[0147] The control circuitry 112 stores the examination
history displayed on the three-dimensional atlas image in the
internal storage circuitry 18. The examination history
includes the locus of the virtual probe G22. If the operator
inputs a modification instruction via the input interface 110,
the control circuitry 112 modifies the examination history
stored in the internal storage circuitry 18 in accordance with
the modification instruction. Furthermore, if the operator
inputs a determination instruction via the input interface
110, the control circuitry 112 determines the examination
history stored in the internal storage circuitry 18.

[0148] If the operator requests to display support data
based on the examination history, the control circuitry 112
reads out the examination history from the internal storage
circuitry 18. The image calculation circuitry 16 displays, on
the display device 50, an image based on the readout
examination history. FIG. 15 is a view showing an example
of the display image in which the image based on the
examination history is displayed in the second display
region G20. Referring to FIG. 15, an ultrasonic image
related to a liver is displayed in the first display region G10,
and a two-dimensional atlas image G71 related to the liver
and a non-scan area G72 superimposed on the two-dimen-
sional atlas image G71 are displayed in the second display
region G20. The non-scan area G72 indicates an area which
has not been scanned in examination. Note that to create the
more correct non-scan area G72, it is preferable to define a
plurality of characteristic portions for one organ, and asso-
ciate the magnetic field space with the atlas space using the
plurality of characteristic portions for the organ. This
improves the objectivity of ultrasonic diagnosis. It is pos-
sible to prevent oversight in examination.

[0149] Note that the image based on the examination
history is not limited to the non-scan area G72. The image
calculation circuitry 16 may display a scan area in the
second display region G20 together with the atlas image.
The image based on the examination history may be dis-
played in real time or displayed after examination.

[0150] Note that the support data displayed on the display
device 50 may be switched to support data representing
other information based on a selection instruction input by
the operator via the input interface 110. For example, the
image calculation circuitry 16 generates display image data
to display support data designated by the operator. If the
operator carefully observes the display image displayed on
the display device 50 in step S95 or S97, and determines that
the display image includes a desired structure, he/she per-
forms a freeze operation via the input interface 110. Two-
dimensional image data corresponding to a plurality of
frames immediately before the freeze operation are saved in
the image memory 19. If the operator confirms a two-
dimensional image saved in the image memory 19, and
determines that the saved two-dimensional image is a two-
dimensional image to be stored in the internal storage
circuitry 18, he/she performs a storage operation for the
two-dimensional image via the input interface 110.
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[0151] The control circuitry 112 determines whether a
storage operation has been performed (step S98). If a storage
operation has been performed (YES in step S98), the control
circuitry 112 stores the two-dimensional image data having
undergone storage operation in the internal storage circuitry
18 by adding position information in the magnetic field
coordinate system and a tag representing the recognized
organ to the data (step S99). Note that the two-dimensional
image data may be added with position coordinates in the
biological coordinate system after coordinate conversion
and then stored, or may be added with position coordinates
in the atlas coordinate system and then stored. A tag added
to the two-dimensional image data is not limited to the tag
representing the organ, and may be a tag representing an
organ portion. The two-dimensional image data may be
added with the determined examination history and then
stored.

[0152] If no storage operation has been performed (NO in
step S98), the control circuitry 112 cancels the freeze
operation, and returns the process to step S91.

[0153] As described above, in the first embodiment, the
control circuitry 112 converts the coordinates of each char-
acteristic portion detected by the position sensor system 30
from the magnetic field coordinate system into the biological
coordinate system. The control circuitry 112 associates the
position of the organ or the like of the subject with the
position of the organ or the like included in the three-
dimensional atlas image by associating the characteristic
portions represented in the biological coordinate system
with those represented in the atlas coordinate system. This
enables the control circuitry 112 to recognize the scan
position of the ultrasonic probe 20 in the coordinate space in
the atlas image.

[0154] Furthermore, in the first embodiment, the image
calculation circuitry 16 displays, on the display device 50,
support information based on the internal structure of the
subject P which is grasped from the coordinate space in the
atlas image. Since there are many organs in the body, the
scan operator cannot decide, in some cases, a specific
position on the living body surface with which the ultrasonic
probe is brought into contact and a specific direction in the
body in which the ultrasonic probe is moved in order to
appropriately acquire an image of an organ to be diagnosed.
In addition, depending on a displayed image, it may be
difficult for the scan operator to identify an organ in the
image. The ultrasonic diagnostic apparatus 1 according to
the first embodiment can present, to the scan operator,
support information corresponding to a portion scanned by
the ultrasonic probe 20 in ultrasonic examination.

[0155] Therefore, the ultrasonic diagnostic apparatus 1
according to the first embodiment can support a scan using
the ultrasonic probe.

[0156] In the first embodiment, for example, as indicated
in step S99 of FIG. 9, the image data added with the position
information in the magnetic field coordinate system and the
tag representing the recognized organ is stored in the internal
storage circuitry 18. This allows a medical facility such as a
hospital to collect ultrasonic images together with scanned
organ positions. The medical facility can also manage the
ultrasonic images by classifying them by tags. For example,
if a large number of ultrasonic images classified by tags are
managed by a database or the like, it is possible to extract
only necessary ultrasonic images based on a predetermined
characteristic. For example, it is possible to extract ultra-
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sonic images related to “pancreas”, and confirm typical
ultrasonic images related to the pancreas. Therefore, it is
possible to objectively perform examination and collect
images independent of the operator. Furthermore, the labor
for diagnosis is reduced after examination.

[0157] In the first embodiment, the image data is added
with an examination history, and stored in the internal
storage circuitry 18. This allows the medical facility to
collect ultrasonic images together with a scanning locus.
This type of image data may be used for big data analysis
using a scanning locus.

[0158] (Another Example of First Embodiment)

[0159] In the first embodiment, the control circuitry 112
converts the coordinates of each characteristic portion
detected by the position sensor system 30 from the magnetic
field coordinate system into the biological coordinate sys-
tem. The control circuitry 112 associates the magnetic field
space of the position sensor system 30 with the coordinate
space in the three-dimensional atlas image by associating the
characteristic portions represented in the biological coordi-
nate system with those represented in the atlas coordinate
system. In another example, the magnetic field space of the
position sensor system 30 may be associated with the
coordinate space in the three-dimensional atlas image via
three-dimensional medical image data such as three-dimen-
sional MR image data or three-dimensional CT image data.
[0160] FIG. 16 is a block diagram showing an example of
the arrangement of an ultrasonic diagnostic apparatus la
according to the other example. As shown in FIG. 16, the
ultrasonic diagnostic apparatus la includes a main body
device 10a, an ultrasonic probe 20, and a position sensor
system 30. The main body device 10a is connected to the
external apparatus 40 via the network 100. The main body
device 10a is connected to the display device 50. The main
body device 10a shown in FIG. 16 is an apparatus which
generates an ultrasonic image based on a reflected wave
signal received by the ultrasonic probe 20. As shown in FIG.
16, the main body device 10a includes ultrasonic transmis-
sion circuitry 11, ultrasonic reception circuitry 12, B-mode
processing circuitry 13, Doppler processing circuitry 14,
three-dimensional data generation circuitry 15, image cal-
culation circuitry 16, display processing circuitry 17, inter-
nal storage circuitry 18, an image memory 19, an input
interface 110, a communication interface 111, and control
circuitry 112a.

[0161] The control circuitry 112a is a processor which
serves as a center function of the ultrasonic diagnostic
apparatus la. The control circuitry 112a executes a control
program stored in the internal storage circuitry 18, thereby
implementing a function corresponding to the program.
More specifically, the control circuitry 112a implements
processing of associating the position of an organ or the like
of a subject with the position of an organ or the like included
in a three-dimensional atlas image by executing the control
program according to this embodiment. That is, by execut-
ing the control program, the control circuitry 112¢ has an
association function 1125a and a fusion function 1127.
[0162] The association function 1125¢ is a function of
associating the position of an organ or the like included in
a three-dimensional MR image or a three-dimensional CT
image with the position of an organ or the like included in
the three-dimensional atlas image. More specifically, for
example, if association is requested via the input interface
110, the control circuitry 112a executes the association
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function 1125a. By executing the association function
1125a, the control circuitry 112a associates characteristic
portions included in the three-dimensional MR image data
or the three-dimensional CT image data with those included
in the three-dimensional atlas image data using, for example,
a landmark-based alignment algorithm by inter-image align-
ment.

[0163] The fusion function 1127 is a function of associ-
ating the three-dimensional MR image data or the three-
dimensional CT image data with the ultrasonic image. More
specifically, for example, upon completion of association of
the characteristic portions included in the three-dimensional
MR image data or the three-dimensional CT image data with
those included in the three-dimensional atlas image data, the
control circuitry 112a executes the fusion function 1127. By
executing the fusion function 1127, the control circuitry
112a associates the three-dimensional MR image data with
the position of the ultrasonic image and the position of the
ultrasonic probe 20. Alternatively, the control circuitry 112a
associates the three-dimensional CT image data with the
position of the ultrasonic image and the position of the
ultrasonic probe 20.

[0164] FIG.17 is a flowchart illustrating an example of the
procedure of processing in which the ultrasonic diagnostic
apparatus la according to the other example associates the
position of an organ or the like included in various image
data generated by the three-dimensional data generation
circuitry 15 with the position of an organ or the like included
in the three-dimensional atlas image data.

[0165] Prior to ultrasonic examination of the subject P,
diagnosis information is input, fransmission/reception con-
ditions are set, and conditions for collecting various ultra-
sonic data are set in response to an operator instruction via
the input interface 110. These pieces of information are
stored in the internal storage circuitry 18.

[0166] The control circuitry 112a accepts a request to
associate the position of the organ or the like included in the
various image data generated by the three-dimensional data
generation circuitry 15 with the position of the organ or the
like included in the three-dimensional atlas image data. The
operator inputs the request to perform association from, for
example, the input interface 110.

[0167] After the operator requests, via the input interface
110, to perform association, the control circuitry 112a
executes the association function 1125q. By executing the
association function 11254, the control circuitry 1124 reads
out the three-dimensional MR image data or the three-
dimensional CT image data from the internal storage cit-
cuitry 18. The control circuitry 112a reads out the three-
dimensional atlas image data from the internal storage
circuitry 18. The control circuitry 112a associates charac-
teristic portions included in the three-dimensional MR
image data or the three-dimensional CT image data with
those included in the three-dimensional atlas image data
using the landmark-based alignment algorithm (step S171).
[0168] After the characteristic portions included in the
three-dimensional MR image data or the three-dimensional
CT image data are associated with those included in the
three-dimensional atlas image data, the control circuitry
112a executes the fusion function 1127. By executing the
fusion function 1127, the control circuitry 112a associates
the three-dimensional MR image data with the position of
the ultrasonic image and the position of the ultrasonic probe
20 based on the position information of the ultrasonic probe
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20 acquired by the position sensor system 30. Alternatively,
the control circuitry 112a associates the three-dimensional
CT image data with the position of the ultrasonic image and
the position of the ultrasonic probe 20 based on the position
information of the ultrasonic probe 20 acquired by the
position sensor system 30 (step S172).

[0169] FIG. 18 is a view showing an example of a display
image in which the sectional position of a three-dimensional
CT image 1s associated with the scan position of the ultra-
sonic probe 20 and an ultrasonic tomographic image by the
fusion function 1127. Referring to FIG. 18, an ultrasonic
image related to a liver is displayed in the first display region
G10, and an MPR image representing a section correspond-
ing to the ultrasonic image is displayed in a third display
region G30. This associates the magnetic field space of the
position sensor system 30 with the coordinate space in the
three-dimensional atlas image via the three-dimensional
medical image data.

[0170] As described above, in this example, the control
circuitry 112q associates the position of the organ or the like
included in the three-dimensional MR image or the three-
dimensional CT image with the position of the organ or the
like included in the three-dimensional atlas image. The
control circuitry 112a then associates the three-dimensional
MR image data or the three-dimensional CT image data with
the ultrasonic image by the fusion function. This associates
the position of the organ or the like of the subject with the
position of the organ or the like included in the three-
dimensional atlas image. That is, the control circuitry 112a
can recognize the scan position of the ultrasonic probe 20 in
the coordinate space in the atlas image.

[0171] In this example, the image calculation circuitry 16
displays, on the display device 50, support information
based on the internal structure of the subject P which is
grasped from the coordinate space in the atlas image. This
enables the ultrasonic diagnostic apparatus 1a to present, to
the scan operator, support information corresponding to a
portion scanned by the ultrasonic probe 20 in ultrasonic
examination.

[0172] Note that the first embodiment has exemplified, for
example, a case in which the control circuitry 112 acquires
support data based on an input from the operator, as
described in step S97 of FIG. 9. The present invention,
however, is not limited to this. The control circuitry 112 or
112a may specify an organ included in an ultrasonic image
based on atlas coordinates, and automatically read out
support data corresponding to the specified organ or the like
from the internal storage circuitry 18.

[0173] FIG. 19 is a flowchart when the control circuitry
112 or 112a automatically reads out support data. An ultra-
sonic image or a three-dimensional atlas image correspond-
ing to the position of the ultrasonic probe 20 is displayed in,
for example, the second display region G20 of the display
device 50 (step S191). Note that the three-dimensional atlas
image may represent a section.

[0174] After the three-dimensional atlas image is dis-
played, the control circuitry 112 or 112a executes the
support information acquisition function 1126. By executing
the support information acquisition function 1126, the con-
trol circuitry 112 or 112a acquires coordinate information of
the displayed three-dimensional atlas image in the atlas
coordinate system. The control circuitry 112 or 1124 speci-
fies an organ and/or biological structure included in the
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three-dimensional atlas image based on the acquired coor-
dinate information (step S192).

[0175] The control circuitry 112 or 112a displays the
specified organ and/or biological structure on the display
device 50, and accepts, from the operator, designation for
candidates of an organ or biological structure for which
support data is requested (step S193). For example, one of
a plurality of organs and/or biological structures specified on
the atlas image is designated via the input device 62. At this
time, the operator sets, on the specified organ/or biological
structure, a cursor displayed on the display device 50.
Alternatively, a list of the specified organs and/or biological
structures may be displayed on the display device 50, and
selection from the list by the operator may be accepted. Note
that if the control circuitry 112 or 1124 specifies one organ
or biological structure, designation need not be accepted
from the operator. That is, the processing in step S193 may
be skipped.

[0176] After the organ and/or biological structure included
in the three-dimensional atlas image is designated, the
control circuitry 112 or 112a reads out, from the internal
storage circuitry 18, support data related to the designated
organ and/or biological structure (step S194). The control
circuitry 112 or 112a displays the readout support data on the
display device 50 (step S195). Note that a case in which by
executing the support information acquisition function 1126,
the control circuitry 112 or 112a acquires coordinate infor-
mation of the three-dimensional atlas image in the atlas
coordinate system, and specifies an organ and/or biological
structure included in the three-dimensional atlas image
based on the acquired coordinate information has been
exemplified. The present invention, however, is not limited
to this. By executing the control program, the control
circuitry 112 or 112¢ may implement a structure specifying
function of acquiring the coordinate information of the
three-dimensional atlas image in the atlas coordinate system,
and specifying an organ and/or biological structure included
in the three-dimensional atlas image based on the acquired
coordinate information.

[0177] Furthermore, the ultrasonic diagnostic apparatus 1
or 1a according to the above embodiment may automatically
change the transmission/reception conditions in accordance
with an organ to be recognized. For example, a vascular flow
is slow in a kidney and is fast in a heart. For example, if the
organ to be recognized is a kidney, the control circuitry 112
or 112a sets a narrow velocity range at the time of color
Doppler processing. If the organ to be recognized is a heart,
the control circuitry 112 or 112« sets a wide velocity range
at the time of color Doppler processing.

[0178] FIG. 20 is a flowchart when the control circuitry
112 or 112a automatically changes the transmission/recep-
tion conditions in accordance with the organ to be recog-
nized. An ultrasonic image or a three-dimensional atlas
image corresponding to the position of the ultrasonic probe
20 is displayed in, for example, the second display region
G20 of the display device 50 (step S201).

[0179] After the three-dimensional atlas image is dis-
played, the control circuitry 112 or 112a executes the
support information acquisition function 1126. By executing
the support information acquisition function 1126, the con-
trol circuitry 112 or 112a acquires the coordinate informa-
tion of the displayed three-dimensional atlas image in the
atlas coordinate system. The control circuitry 112 or 1124
specifies an organ and/or biological structure included in the
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three-dimensional atlas image based on the acquired coor-
dinate information (step S202).

[0180] The control circuitry 112 or 112a displays the
specified organ and/or biological structure on the display
device 50, and accepts, from the operator, designation for
candidates of an organ or biological structure for which
support data is requested (step S203). For example, one of
a plurality of organs and/or biological structures specified on
the atlas image is designated via the input device 62. Note
that if the control circuitry 112 or 112a specifies one organ
or biological structure, designation need not be accepted
from the operator. That is, the processing in step S203 may
be skipped.

[0181] After the organ and/or biological structure included
in the three-dimensional atlas image is designated, the
control circuitry 112 or 112a reads out, from the internal
storage circuitry 18, image quality conditions and/or display
conditions related to the designated organ and/or biological
structure (step S204). The control circuitry 112 or 112a sets
the readout image quality conditions and/or display condi-
tions (step S205). The ultrasonic diagnostic apparatus 1 or
1a transmits/receives ultrasonic waves under the set image
quality conditions and/or display conditions, thereby gener-
ating an ultrasonic image.

[0182] The above embodiment has exemplified a case in
which the image calculation circuitry 16 displays support
data in real time in parallel with an ultrasonic image in
synchronism with the scan of the ultrasonic probe 20. The
present invention, however, is not limited to this. The image
calculation circuitry 16 may generate display image data
based on stored image data after examination. In this case,
for example, the control circuitry 112 or 1124 reads out
image data after examination, and recognizes, based on
position information added to the image data, the position of
the ultrasonic probe 20 at the time of acquiring the readout
image data. The control circuitry 112 or 112a acquires
position coordinates in the atlas coordinate system corre-
sponding to the recognized position information, and rec-
ognizes an organ or the like included in the image data. The
control circuitry 112 or 1124 reads out support data corre-
sponding to the recognized organ or the like from the
internal storage circuitry 18. The image calculation circuitry
16 generates display image data from the image data and the
readout support data. This can improve the objectivity of
ultrasonic diagnosis while improving efficiency of consul-
tation.

[0183] Ifthe operator designates a predetermined position
on the atlas image, the image calculation circuitry 16 accord-
ing to the above embodiment may display, on the display
device 50, an ultrasonic image acquired in a region at almost
the same position as the designated position.

[0184] FIG. 21 is a view showing an example when the
atlas image G21 and a plurality of ultrasonic images corre-
sponding to a position designated in the atlas image G21 are
displayed. As shown in FIG. 21, the operator moves, onto a
desired organ, the virtual probe G22 on the atlas image. If
the virtual probe is moved, the control circuitry 112 or 112a
executes the support information acquisition function 1126.
[0185] By executing the support information acquisition
function 1126, the control circuitry 112 or 112a specifies a
range in the magnetic field coordinate system corresponding
to the position range of the organ in the atlas coordinate
system. The control circuitry 112 or 1124 reads out, from the
internal storage circuitry 18, ultrasonic images included in
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the specified range in the magnetic field coordinate system,
and displays them on the display device 50. At this time, the
ultrasonic images associated with the atlas image are stored
in the internal storage circuitry 18. Note that the displayed
ultrasonic images may be two-, three-, or four-dimensional
ultrasonic images. Alternatively, the displayed ultrasonic
images may be MPR images or VR images.

Second Embodiment

[0186] The first embodiment has explained the ultrasonic
diagnostic apparatus capable of supporting a scan using the
ultrasonic probe by associating the magnetic field space of
the position sensor system with the coordinate space in the
three-dimensional atlas image. The second embodiment will
describe an ultrasonic diagnostic apparatus capable of
improving the objectivity of ultrasonic diagnosis by genet-
ating map display image data for displaying image data from
a bird’s eye view in a three-dimensional space of a biologi-
cal coordinate system.

[0187] FIG. 22 is a block diagram showing an example of
the arrangement of an ultrasonic diagnostic apparatus 15
according to the second embodiment. As shown in FIG. 22,
the ultrasonic diagnostic apparatus 14 includes a main body
device 104, an ultrasonic probe 20, and a position sensor
system 30. The main body device 105 is connected to an
external apparatus 40 via a network 100. The main body
device 104 is also connected to a display device 50.
[0188] The main body device 105 shown in FIG. 22 is an
apparatus which generates an ultrasonic image based on a
reflected wave signal received by the ultrasonic probe 20. As
shown in FIG. 22, the main body device 105 includes
ultrasonic transmission circuitry 11, ultrasonic reception
circuitry 12, B-mode processing circuitry 13, Doppler pro-
cessing circuitry 14, an operation panel 61, an input device
62, three-dimensional data generation circuitry 15, image
calculation circuitry 165, display processing circuitry 17,
internal storage circuitry 18, an image memory 19, an input
interface 110, a communication interface 111, and control
circuitry 1125.

[0189] The image calculation circuitry 165 is a processor
which generates map display image data for displaying
various image data from a bird’s eye view in the three-
dimensional space of the biological coordinate system based
on various image data generated by the three-dimensional
data generation circuitry 15. The image calculation circuitry
165 executes an image processing program stored in the
internal storage circuitry 18, thereby implementing a func-
tion corresponding to the program.

[0190] More specifically, the image calculation circuitry
164 generates map display image data for displaying two-
dimensional image data from a bird’s eye view in the
three-dimensional space of the biological coordinate system
based on two-dimensional image data generated by the
three-dimensional data generation circuitry 15. The image
calculation circuitry 165 also generates map display image
data for displaying rendering image data from a bird’s eye
view in the three-dimensional space of the biological coor-
dinate system based on rendering image data (MPR image
and VR image) generated by the three-dimensional data
generation circuitry 15,

[0191] The image calculation circuitry 16 generates map
display image data for displaying M-mode image data from
a bird’s eye view in the three-dimensional space of the
biological coordinate system based on M-mode image data
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added with position information by the three-dimensional
data generation circuitry 15. The image calculation circuitry
165 generates map display image data for displaying spec-
trum Doppler image data from a bird’s eye view in the
three-dimensional space of the biological coordinate system
based on spectrum Doppler image data added with position
information by the three-dimensional data generation cir-
cuitry 15. The image calculation circuitry 165 generates map
display image data for displaying, from a bird’s eye view,
image quality conditions and scan mode information at the
time of a scan, a measurement image and measurement
result, and application information and an image, which
have been added with position information by the three-
dimensional data generation circuitry 15.

[0192] Note that the map display image data generated by
the image calculation circuitry 165 include the image data
itself or predetermined information based on the image data.
The map display image data generated by the image calcu-
lation circuitry 165 is stored in the internal storage circuitry
18.

[0193] The control circuitry 1125 is a processor which
serves as a center function of the ultrasonic diagnostic
apparatus 1b. The control circuitry 1126 executes a control
program stored in the internal storage circuitry 18, thereby
implementing a function corresponding to the program. For
example, the control circuitry 1125 has a function of storing
the position information of a biological reference portion in
the internal storage circuitry 18, that is, a registration
function of registering the position information of a biologi-
cal reference portion.

[0194] The image calculation circuitry 165 shown in FIG.
22 executes the image processing program according to this
embodiment, thereby implementing processing of generat-
ing map display image data for displaying the various image
data generated by the three-dimensional data generation
circuitry 15 from a bird’s eye view in the three-dimensional
space of the biological coordinate system. More specifically,
by executing the image processing program, the image
calculation circuitry 165 has a reference portion control
function 162, a coordinate conversion function 163, and an
image generation function 1615.

[0195] The reference portion control function 162 is a
function of calculating the position of a biological reference
portion designated via an ultrasonic tomographic image.
More specifically, upon receiving, from the operator, desig-
nation of a biological reference portion in the ultrasonic
tomographic image displayed on the display device 50, the
image calculation circuitry 165 executes the reference por-
tion control function 162. By executing the reference portion
control function 162, the image calculation circuitry 165
calculates the position of the biclogical reference portion in
the magpnetic field coordinate system of the position sensor
system 30 based on the position of the ultrasonic probe 20
at the time of acquiring the ultrasonic tomographic image
and the position designated in the ultrasonic tomographic
image.

[0196] The coordinate conversion function 163 is a func-
tion of converting the coordinates of the position informa-
tion added to the image data from the magnetic field
coordinate system into a biological coordinate system
defined based on the position of the biological reference
portion. More specifically, for example, after predetermined
image data is selected, the image calculation circuitry 165
executes the coordinate conversion function 163. By execut-
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ing the coordinate conversion function 163, the image
calculation circuitry 165 causes the three-dimensional data
generation circuitry 15 to convert, for example, the coordi-
nates of the position information added to the two-dimen-
sional image data, rendering image data, M-mode image
data, or spectrum Doppler image data from the magnetic
field coordinate system into the biological coordinate sys-
tem. The image calculation circuitry 165 defines the bio-
logical coordinate system based on the position (X, y, z, 0x,
8y, 6z) of the biological reference portion. For example, the
biological coordinate system is defined so that the position
coordinate point (X, y, Z) is set as an origin and, based on the
rotation angles (0x, Oy, 0z), the x-axis is set in the azimuth
direction as a scan direction, the y-axis is set in the depth
direction, and the z-axis is set in the elevation direction as
a swing direction.

[0197] The image generation function 1615 is a function
of generating map display image data in which the various
image data generated by the three-dimensional data genera-
tion circuitry 15 are arranged at position coordinates after
coordinate conversion, that is, corresponding positions in the
three-dimensional space of the biological coordinate system.
More specifically, for example, after the position informa-
tion of the various image data generated by the three-
dimensional data generation circuitry 15 undergoes coordi-
nate conversion, the image calculation circuitry 165
executes the image generation function 1615. By executing
the image generation function 1615, the image calculation
circuitry 165 generates map display image data in which the
two-dimensional image data, rendering image data, M-mode
image data, or spectrum Doppler image data is arranged at
the position coordinates after coordinate conversion. Thus,
in the map display image data, the various image data are
displayed from a bird’s eye view in the three-dimensional
space of the biological coordinate system.

[0198] Note that the reference portion control function
162, the coordinate conversion function 163, and the image
generation function 1615 have been explained as modules
forming the image processing program according to this
embodiment. The present invention, however, is not limited
to this. For example, the image calculation circuitry 165 may
include dedicated hardware circuitry for implementing the
reference portion control function 162, that for implement-
ing the coordinate conversion function 163, and that for
implementing the image generation function 1615. The
image calculation circuitry 165 may be implemented by an
ASIC, FPGA, CPLD, or SPLD which incorporates the
dedicated hardware circuitry.

[0199] FIG. 23 is a flowchart illustrating an example of the
procedure of processing in which the ultrasonic diagnostic
apparatus 15 according to the second embodiment acquires
two-dimensional image data. A case in which a xiphoid
process is set as a biological reference portion will be
exemplified below. Note that setting a xiphoid process as a
biological reference portion corresponds to setting a bio-
logical reference portion on a body surface.

[0200] Furthermore, a case in which the three-dimensional
data generation circuitry 15 generates two-dimensional
image data will be exemplified below.

[0201] Prior to ultrasonic examination of a subject P,
diagnosis information is input, transmission/reception con-
ditions are set, and conditions for collecting various ultra-
sonic data are set in response to an operator instruction via
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the input interface 110. These pieces of information are
stored in the internal storage circuitry 18.

[0202] In addition, prior to ultrasonic examination of the
subject P, the operator registers the position information of
a biological reference portion R. More specifically, for
example, the operator brings the ultrasonic probe 20 into
contact with the body surface of the subject P in the vertical
direction, as shown in FIG. 3, so as to scan an axial surface
including the xiphoid process set as the biological reference
portion R. After bringing the ultrasonic probe 20 into contact
with the subject P, the operator presses a button provided in
the ultrasonic probe 20 or the operation panel 61. This inputs
a designation instruction to the control circuitry 1124.
[0203] Upon receiving the designation instruction, the
control circuitry 1125 acquires a position (X, , z, 0x, 8y, 62)
of the ultrasonic probe 20 calculated by a position detection
device 33 when the designation instruction is input (step
S231).

[0204] After the ultrasonic probe 20 is brought into con-
tact with the subject P, the ultrasonic probe 20 transmits
ultrasonic waves to the subject P, and an ultrasonic tomo-
graphic image of the subject P at the position with which the
ultrasonic probe 20 is in contact is displayed on the display
device 50. After the pressing of the button, the control
circuitry 1125 determines whether an arbitrary portion in the
ultrasonic tomographic image displaved on the display
device 50 is designated (step S232). For example, a touch
command screen serving as the input interface 110 is pro-
vided on the surface of the display device 50. If the operator
touches a predetermined portion in the ultrasonic tomo-
graphic image displayed on the display device 50, the touch
command screen detects the touch on the portion, and
designation of the portion by the operator is recognized.
Note that the operator may designate the predetermined
portion in the ultrasonic tomographic image displayed on the
display device 50 by operating a cursor on the display device
50 using a trackball or the like.

[0205] If the xiphoid process is set as the biological
reference portion R, an arbitrary portion in the ultrasonic
tomographic image displayed on the display device 50 is not
designated after the pressing of the button (NO in step
S232). The control circuitry 1125 registers, as the position
information of the biological reference portion R, the posi-
tion (%, y, 7, 0%, Oy, 0z) of the ultrasonic probe 20 acquired
in step S231 (step S233).

[0206] On the other hand, the biological reference portion
does not always exist on the body surface. The biological
reference portion may exist in a body such as a mitral valve
or portal vein bifurcation. In this case, after the pressing of
the button, an arbitrary portion in the ultrasonic tomographic
image displayed on the display device 50 is designated, as
shown in, for example, FIG. 4. If an arbitrary portion in the
ultrasonic tomographic image displayed on the display
device 50 is designated after the pressing of the button (YES
in step S232), the control circuitry 112/ acquires the position
(X, Y, 7, 0%, 8y, 8z) of the ultrasonic probe 20 calculated by
the position detection device 33 when the designation
instruction is input, and a position (x', y'), in the ultrasonic
tomographic image, of the portion designated in the ultra-
sonic tomographic image.

[0207] After the position (x, y, z, 0x, Oy, 0z) of the
ultrasonic probe 20 and the position (x', ') in the ultrasonic
tomographic image are acquired, the image calculation
circuitry 165 executes the reference portion control function
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162. By executing the reference portion control function
162, the image calculation circuitty 165 calculates the
position of the portion designated in the ultrasonic tomo-
graphic image in the magnetic field coordinate system of the
position sensor system 30 based on the position (x, y, z, 0x,
8y, 8z) of the ultrasonic probe 20 and the position (x', y") in
the ultrasonic tomographic image (step S234). The control
circuitry 1125 registers the calculated position as the posi-
tion information of the biological reference portion R in the
body (step S233).

[0208] Note that when setting the biological reference
portion, the operator may refer to past image data about the
same patient, which have been acquired in past consultation.
The past image data include ultrasonic image data, CT
image data, MR image data, PET image data, and X-ray
image data. The control circuitry 1125 may store, in the
internal storage circuitry 18, the referred past image data in
association with the acquired image data.

[0209] In steps S232 to S234, a case in which the position
of the biological reference portion existing in the body is
acquired based on designation of an arbitrary portion in the
ultrasonic tomographic image displayed on the display
device 50 has been exemplified. The embodiment, however,
is not limited to this. The ultrasonic diagnostic apparatus 15
acquires, from the internal storage circuitry 18 or the like, as
a reference image, a three-dimensional ultrasonic image,
three-dimensional CT image, three-dimensional MR image,
or three-dimensional X-ray image which has been acquired
from the same subject in past consultation and includes a
region corresponding to the same position as that of the
ultrasonic tomographic image acquired in real time. Then,
the control circuitry 1126 may have an image reference
function of displaying the reference image on the display
device 50 at the time of ultrasonic examination and allowing
the operator to refer to the reference image. Processing when
a past three-dimensional CT image is displayed on the
display device 50 as a reference image will be described in
detail below.

[0210] Prior to ultrasonic examination, the magnetic field
coordinate system of the position sensor system 30 is
associated with the coordinate system of the three-dimen-
sional CT image by a desired method. This associates the
position of the ultrasonic probe 20 with the position in the
three-dimensional CT image.

[0211] After the pressing of the button provided in the
ultrasonic probe 20 or the operation panel 61, the control
circuitry 1125 determines whether an arbitrary portion in the
three-dimensional CT image displayed on the display device
50 is designated. If an arbitrary portion in the three-dimen-
sional CT image displayed on the display device 50 is
designated after the pressing of the button, the control
circuitry 11256 acquires the position of the ultrasonic probe
20 calculated by the position detection device 33 at the time
of designation and the position, in the three-dimensional CT
image, of the portion designated in the three-dimensional
CT image. After the position of the ultrasonic probe 20 and
the position in the three-dimensional CT image are acquired,
the image calculation circuitry 165 calculates the position of
the portion designated in the three-dimensional CT image in
the magnetic field coordinate system of the position sensor
system 30 based on these positions. The control circuitry
1126 registers the calculated position as the position infor-
mation of the biological reference portion R in the living
body.
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[0212] 1In step S232, a case in which the operator desig-
nates an arbitrary portion in the ultrasonic tomographic
image displayed on the display device 50 has been exem-
plified. The present invention, however, is not limited to this.
As the arbitrary portion in the reference image or the
ultrasonic tomographic image displaved on the display
device 50, a desired portion may be automatically recog-
nized by an image analysis function and then designated.
[0213] After the position information of the biological
reference portion R is registered, the operator performs
ultrasonic examination of the subject P using the ultrasonic
probe 20. The position sensor system 30 detects the position
of the ultrasonic probe 20. The detected position is output to
the main body device 106 as position information in the
magnetic field coordinate system (step S235).

[0214] For example, the ultrasonic probe 20 manually,
three-dimensionally scans the subject P using a plurality of
ultrasonic transducers for two-dimensionally scanning the
subject P. The ultrasonic probe 20 emits ultrasonic waves,
and receives a reflected wave signal obtained when the
ultrasonic waves are reflected. The ultrasonic reception
circuitry 12 performs various processes for the reflected
wave signal received by the ultrasonic probe 20, and gen-
erates a reception signal (step S236).

[0215] The B-mode processing circuitry 13 generates
B-mode RAW data on a two-dimensional ultrasonic scan-
ning line based on the reception signal received from the
ultrasonic reception circuitry 12. The three-dimensional data
generation circuitry 15 generates a plurality of two-dimen-
sional image data added with the position information by
executing RAW-pixel conversion for the two-dimensional
B-mode RAW data generated by the B-mode processing
circuitry 13 (step S237). The plurality of two-dimensional
image data represent a plurality of tomographic images
collected while manually moving the ultrasonic probe. The
display processing circuitry 17 converts one of the plurality
of generated two-dimensional image data into a video sig-
nal, and displays it on the display device 50 (step S238).
[0216] If the operator carefully observes the two-dimen-
sional image displayed on the display device 50 while
moving the ultrasonic probe 20, and determines that the
displayed two-dimensional image includes a desired struc-
ture or the like, he/she performs a freeze operation via the
input interface 110. Two-dimensional image data corre-
sponding to a plurality of frames immediately before the
freeze operation are saved in the image memory 19. If the
operator confirms a two-dimensional image saved in the
image memory 19, and determines that the saved two-
dimensional image is a two-dimensional image to be stored
in the internal storage circuitry 18, he/she performs a storage
operation for the two-dimensional image via the input
interface 110. At this time, when a predetermined switch
operation is set as a start point, if a predetermined time
elapses or before the next switch operation is performed, the
storage operation for the two-dimensional image added with
the position information may be performed.

[0217] The control circuitry 1126 determines whether a
storage operation has been performed (step S239). If a
storage operation has been performed (YES in step S239),
the control circuitry 1126 adds position information to the
two-dimensional image data having undergone the storage
operation, and stores it in the internal storage circuitry 18
(step S2310). Note that the position information added to the
two-dimensional image data may be position information in
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the magnetic field coordinate system or position coordinates
in the biological coordinate system after coordinate convet-
sion.

[0218] If the ultrasonic probe 20 attached with a position
sensor 32 is a mechanical four-dimensional probe (a three-
dimensional probe with a mechanical swinging mechanism)
or a two-dimensional probe, the control circuitry 112 stores
the two-dimensional image data having undergone the stor-
age operation, and also stores, in the internal storage cir-
cuitry 18, a plurality of two-dimensional image data F1 to Fn
generated by an electronic scan in an slice direction or the
swing of the ultrasonic probe 20 (step S2310). F1 to Fn
represent the acquisition ordinal numbers of the two-dimen-
sional image data. The two-dimensional image data F1 to Fn
are added with position information calculated based on the
position of the ultrasonic probe 20 and three-dimensional
operation information, and then stored. Note that the posi-
tion information added to the two-dimensional image data
F1 to Fn may be position information in the magnetic field
coordinate system or position coordinates in the biological
coordinate system after coordinate conversion.

[0219] If no storage operation has been performed (NO in
step S239), the control circuitry 1125 cancels the freeze
operation, and returns the process to step S235. Note that the
two-dimensional image data may always be added with
position information and stored in real time by eliminating
the processing in step S239.

[0220] FIG. 24 is a flowchart illustrating an example of the
procedure of processing in which the ultrasonic diagnostic
apparatus 15 according to the second embodiment displays
map display image data on the display device 50. A descrip-
tion of FIG. 24 assumes that the two-dimensional image data
F1 to Fn are stored in the internal storage circuitry 18 in the
processing shown in FIG. 23.

[0221] When reviewing past ultrasonic examination or
creating a report of performed ultrasonic examination, the
operator inputs, via the input interface 110, a display instruc-
tion to display, on the display device 50, two-dimensional
ultrasonic images acquired in past examination. If the dis-
play instruction is input, the control circuitry 112/ displays
the plurality of two-dimensional image data on the display
device 50 so as to efficiently select desired two-dimensional
image data from the plurality of two-dimensional image data
acquired in past examination. For example, the plurality of
two-dimensional image data acquired in past examination
are displayed on the display screen using thumbnail images
representing the two-dimensional image data. The plurality
of two-dimensional image data acquired in past examination
may be grouped or sorted using diagnosis information,
operation information, image condition information, ultra-
sonic data, acquisition positions, and the like, and then
displayed.

[0222] Note that display according to the display instruc-
tion from the operator may be performed, as follows. If the
display instruction is input, the image calculation circuitry
164 executes the image generation function 1615 to read out
the registered position of the biological reference portion.
By executing the image generation function 1615, the image
calculation circuitry 165 generates, based on the readout
position of the biological reference portion, image data
representing only the coordinate axes of the biological
coordinate system. The image data representing only the
coordinate axes of the biological coordinate system is dis-
played on the display device 50 via the processing in the
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display processing circuitry 17. The operator is allowed to
designate, by an input from the input interface 110, a
predetermined portion along the coordinate axes of the
biological coordinate system displayed on the display device
50. If a predetermined portion along the coordinate axes of
the biological coordinate system is designated, it is recog-
nized that the two-dimensional image data acquired in or
near the designated portion has been selected.

[0223] If the operator selects the two-dimensional image
data F1 to Fn, the control circuitry 1126 reads out the
two-dimensional image data F1 to Fn from the internal
storage circuitry 18 (step S241). If the two-dimensional
image data F1 to Fn are generated, the image calculation
circuitry 164 executes the coordinate conversion function
163. The two-dimensional image data F1 to Fn are added
with position information. By executing the coordinate
conversion function 163, the image calculation circuitry 16
converts the coordinate system of the position information
added to the two-dimensional image data F1 to Fn from the
magnetic field coordinate system into the biological coor-
dinate system defined based on the position of the biological
reference portion R (step S242). Subsequently, the image
calculation circuitry 165 executes the image generation
function 1615. By executing the image generation function
1610, the image calculation circuitry 165 generates map
display image data by arraying the two-dimensional image
data F1 to Fn at corresponding positions in the three-
dimensional space of the biological coordinate system (step
S243). The generated map display image data is displayed
on the display device 50 through various processes in the
display processing circuitry 17 (step S244).

[0224] FIG. 25 is a view showing an example of the map
display image data displayed on the display device 50 shown
in FIG. 22. The map display image shown in FIG. 25 is
obtained by setting the xiphoid process as the biological
reference portion R, and displaying, on the display device
50, map display image data acquired when the ultrasonic
probe 20 is brought into contact with the biological refer-
ence portion R. The two-dimensional image data F1 to Fn
acquired by bringing the ultrasonic probe 20 into contact
with the xiphoid process include an image of an organ such
as a liver. Coordinate axes shown in FIG. 25 match, for
example, the coordinate axes of the biological coordinate
system shown in FIG. 6. Referring to FIG. 25, a two-
dimensional image F1 based on the two-dimensional image
data F1 is arranged so that the transmission position of an
ultrasonic wave in the two-dimensional image F1 matches
the origin of the biological coordinate system. Two-dimen-
sional images F2 to Fn based on the two-dimensional image
data F2 to Fn are respectively arranged at positions away
from the two-dimensional image F1 by distances corre-
sponding to swing angles in the z-axis direction.

[0225] The operator can change the display direction of
the map display image by an input via the input interface
110. FIG. 26 is a view showing a display example when the
map display image shown in FIG. 25 is displayed in the
y-axis direction.

[0226] By an input via the input interface 110, the operator
can select the two-dimensional image displayed at a fore-
most position in the map display image. FIG. 27 is a view
showing an example of the map display image when a
two-dimensional image Fm is displayed at the foremost
position by operating a slider switch. Note that the operator
may intuitionally select, using the mouse or touch command
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screen, the two-dimensional image displayed at the foremost
position from the two-dimensional image group included in
the map display image.

[0227] The operator can select the displayed two-dimen-
sional image in the map display image by an input via the
input interface 110. FIG. 28 is a view showing an example
of the map display image when only the two-dimensional
image Fm is displayed by operating the slider switch. Note
that the operator may intuitionally select, using the mouse or
touch command screen, the displayed two-dimensional
image from the two-dimensional image group included in
the map display image.

[0228] Note that the image data generated by the image
generation function 1615 of the image calculation circuitry
164 is not limited to the map display image data. By
executing the image generation function, the image calcu-
lation circuitry 165 may generate image data including the
map display image data and the two-dimensional image data
selected from the two-dimensional image data group indi-
cated by the map display image data. FIGS. 29, 30, 31, and
32 are views each showing a display example of the image
data including the map display image data and the two-
dimensional image data. Each of the images shown in FIGS.
29, 30, 31, and 32 includes a first display region G10 where
the two-dimensional image is displayed and a second dis-
play region G20 where the map display image is displayed.
[0229] The first display region G10 includes a display bar
G11 for selecting a two-dimensional image to be displayed
in the first display region G10 from the two-dimensional
image group included in the map display image data. In the
display bar G11, the operator can horizontally move a
designator G12 by an input from the input interface 110. In
accordance with the movement of the designator G12, the
displayed two-dimensional image is switched. At this time,
the order of switching the two-dimensional images may be
an order related to position information or an order of
collection times. In this embodiment, a case in which the
two-dimensional images are sorted in the order related to the
position information will be exemplified. Ultrasonic data
such as annotation information D1, ultrasonic transmission
condition information D2 including an MI value, and acqui-
sition time information D3 are read out from the internal
storage circuitry 18 and displayed in the first display region
G10.

[0230] FIGS. 29 and 30 show a case in which the two-
dimensional image F1 selected in the map display image
displayed in the second display region G20 is displayed in
the first display region G10. At this time, the designator G12
of the display bar G11 is located at the left end. For example,
the operator can select a desired two-dimensional image
from the two-dimensional image group included in the map
display image by operating the slider switch. Note that the
operator may intuitionally select a desired two-dimensional
image from the two-dimensional image group included in
the map display image by touching the map display image
using the mouse or touch command screen. Alternatively,
the operator may select a desired two-dimensional image
from the two-dimensional image group included in the map
display image by operating the designator G12 of the display
bar G11 using the mouse or touch command screen.

[0231] FIGS. 31 and 32 show a case in which the two-
dimensional image Fm selected in the map display image
displayed in the second display region G20 is displayed in
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the first display region G10. At this time, for example, the
designator G12 of the display bar G11 is located near the
center.

[0232] Image data generated by the image generation
fanction 1615 of the image calculation circuitry 165 is not
limited to the above image data. By executing the image
generation function 1615, the image calculation circuitry
165 may generate image data by superimposing the map
display image data on an image (to be referred to as an atlas
image hereinafter in this embodiment) schematically repre-
senting a structure such as an organ in the living body. FIGS.
33, 34, 35, and 36 are views each showing a display example
of the image data obtained by superimposing the map
display image data on an atlas image. Fach of the images
shown in FIGS. 33, 34, 35, and 36 includes the first display
region G10 where the two-dimensional image is displayed,
and the second display region G20 where the map display
image is superimposed and displayed on an atlas image G21.
[0233] At this time, if a position corresponding to the
acquisition position of the two-dimensional image data is set
as the display position of the map display image on the atlas
image G21, it is possible to more effectively understand the
acquisition position of the two-dimensional image data.
Referring to FIGS. 33, 34, 35, and 36, for example, the map
display image is superimposed on the atlas image G21 so
that the position of the xiphoid process at which the two-
dimensional image data has been acquired, that is, the origin
of the biological coordinate system is located at the xiphoid
process on the atlas image G21. Therefore, referring to
FIGS. 33, 34, 35, and 36, it is possible to readily understand
that the two-dimensional image data F1 and Fm have been
acquired on the xiphoid process.

[0234] As a method of associating the position where the
two-dimensional image data has been acquired with the
display position on the atlas image G21, for example, there
are various methods such as a method of adding, to gener-
ated two-dimensional image data, a tag representing a struc-
ture such as an organ for which the data is acquired, and a
method of assigning in advance, to the atlas image G21,
coordinate information with respect to the biological coor-
dinate system. Furthermore, FIGS. 33, 34, 35, and 36 show
a case in which the map display image data is superimposed
on the two-dimensional atlas image G21. However, the atlas
image is not limited to the two-dimensional image, and may
be a three-dimensional image.

[0235] Note that when displaying the atlas image, it is
possible to more effectively understand the acquisition posi-
tion of the two-dimensional image data by adjusting the size,
shape, position, and the like of a structure such as an organ
depicted in the atlas image in accordance with the body build
or the like of the subject P. Information about the body build
or the like of the subject P, that is, body build information
can be acquired by, for example, registering three-dimen-
sional position information of the subject P at multiple
points. For example, as shown in FIG. 37, when registering
the position of the biological reference portion, the positions
of the right and left body sides are registered as body build
information. By executing the image generation function
1615, the image calculation circuitry 165 corrects, based on
the registered body build information, the size, shape, posi-
tion, and the like of the structure such as the organ depicted
in the atlas image. The correction processing of the atlas
image based on the body build information is effective when
superimposing, on the atlas image, the ultrasonic image
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acquired for a structure such as a breast having a relatively
large individual difference between subjects. Such correc-
tion processing is also effective when superimposing ultra-
sonic images acquired for a leg and arm on the atlas image.

[0236] 1In step S241 of FIG. 24, a case in which a desired
one of the plurality of two-dimensional image data displayed
on the display device 50 has been exemplified. The present
invention, however, is not limited to this. Desired two-
dimensional image data may be allowed to be selected when
the operator designates a predetermined portion in the atlas
image displayed on the display device 50 by an input from
the input interface 110. For example, if the operator desig-
nates a predetermined portion in the atlas image via the input
interface 110, map display image data in which two-dimen-
sional image data acquired in or near the designated portion
is arranged is displayed on the atlas image.

[0237] Note that as a method of associating the designated
portion on the atlas image with the portion where the
two-dimensional image data is acquired, for example, there
are various methods such as a method of adding, to gener-
ated two-dimensional image data, a tag representing a struc-
ture such as an organ for which the data is acquired, and a
method of assigning in advance, to the atlas image, coordi-
nate information with respect to the biological coordinate
system. A cursor for designating the predetermined portion
in the atlas image may have a shape imitating the shape of
the ultrasonic probe 20. If the predetermined portion in the
atlas image is designated by the cursor having the ultrasonic
probe shape, the image calculation circuitry 165 displays, on
the atlas image, map display image data in which two-
dimensional image data actually acquired by the ultrasonic
probe 20 of the same orientation is arranged. This enables
the operator to more intuitionally understand the acquisition
position of the two-dimensional image data.

[0238] The image data generated by the image generation
function 1615 of the image calculation circuitry 165 is not
limited to the above image data. By executing the image
generation function 1615, the image calculation circuitry
164 generates image data by superimposing the map display
image data on CT image data or MR image data about the
same patient, which has been acquired in past diagnosis.
Note that the CT image data and MR image data may be
two- or three-dimensional image data. At this time, if a
position corresponding to the acquisition position of the
two-dimensional image data is set as the display position of
the two-dimensional image on the CT image or MR image,
it is possible to more effectively understand the acquisition
position of the two-dimensional image data. As a method of
associating the acquisition position of the two-dimensional
image data with the display position on the CT image or MR
image, for example, there are various methods such as a
method of adding, to generated two-dimensional image data,
a tag representing a structure such as an organ for which the
data is acquired, and a method of assigning in advance, onto
the CT image or the MR image, coordinate information with
respect to the biological coordinate system.

[0239] Desired two-dimensional image data may be
allowed to be selected when the operator designates a
predetermined portion in the CT image or MR image dis-
played on the display device 50 by an input from the input
interface 110. For example, if the operator designates the
predetermined portion in the CT image or MR image via the
input interface 110, map display image data in which two-
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dimensional image data acquired in or near the designated
portion is arranged is displayed on the CT image or MR
image.

[0240] Note that as a method of associating the designated
portion on the CT image or MR image with the portion
where the two-dimensional image data is acquired, for
example, there are various methods such as a method of
adding, to generated two-dimensional image data, a tag
representing a structure such as an organ for which the data
is acquired, and a method of assigning in advance, to the CT
image or MR image, coordinate information with respect to
the biological coordinate system. A cursor for designating
the predetermined portion in the CT image or MR image
may have a shape imitating the shape of the ultrasonic probe
20. If the predetermined portion in the CT image or MR
image is designated by the cursor having the ultrasonic
probe shape, the image calculation circuitry 165 displays, on
the CT image or MR image, map display image data in
which two-dimensional image data actually acquired by the
ultrasonic probe 20 of the same orientation is arranged. This
enables the operator to more intuitionally understand the
acquisition position of the two-dimensional image data.
[0241] The processing in a case in which map display
image data is displayed when reviewing past ultrasonic
examination or creating a report of performed ultrasonic
examination has been explained with reference to FIG. 24.
The present invention, however, is not limited to this. The
image generation function 1615 of the image calculation
circuitry 165 may be executed while two-dimensional image
data is acquired in ultrasonic examination. That is, the image
shown in one of FIGS. 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, and 36 is displayed on the display device 50 together
with a two-dimensional image based on two-dimensional
image data acquired in real time. At this time, in the map
display image data displayed together with the two-dimen-
sional image displayed in real time, a two-dimensional
image data group acquired in the same examination as that
of the displayed two-dimensional image may be arranged
while being updated. This allows the operator to correctly
grasp a portion to be confirmed in another direction.
[0242] Alternatively, in the map display image data dis-
played together with the two-dimensional image displayed
in real time, a two-dimensional image data group acquired
in examination performed in the past for the same subject
may be arranged. Note that if a two-dimensional image data
group acquired in past examination for the same subject is
arranged, it is necessary to match the position of the bio-
logical reference portion registered in past examination with
that registered in current examination. This enables the
operator to advance examination while recognizing the
progress of a region of interest.

[0243] As described above, in the second embodiment, the
image calculation circuitry 165 converts position informa-
tion, added to stored image data, in a predetermined three-
dimensional coordinate system into position coordinates in
the biological coordinate system based on the position
information of the biological reference portion. Based on the
converted position coordinates, the image calculation cir-
cuitry 1656 generates map display image data for displaying
image data from a bird’s eye view in the three-dimensional
space of the biological coordinate system.

[0244] Note that there is provided a technique of adding an
annotation to a displayed image to estimate an acquisition
position where an ultrasonic image is acquired. However, a
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general organ name, a rough position in an organ, or a
general vein name is described as an annotation. Thus, it is
impossible to specify the acquisition position of the ultra-
sonic image only by the annotation. The latest ultrasonic
diagnostic apparatus has a fusion mode of displaying an
ultrasonic tomographic image and an MPR image acquired
from a three-dimensional CT image or three-dimensional
MR image and corresponding to the ultrasonic tomographic
image. In the fusion mode, it is possible to notify, in addition
to the scan operator, a doctor and a technician of the position
of the ultrasonic tomographic image in the body by com-
paring the ultrasonic tomographic image with the CT image
or MR image. However, diagnosis using an ultrasonic diag-
nostic apparatus is often performed in an early stage, and a
CT image or MR image already exists for the same case.
Thus, a case in which the fusion mode can be used is limited.
Since the ultrasonic diagnostic apparatus 15 according to the
second embodiment generates map display image data, even
a person other than the scan operator can readily understand,
by seeing the map display image data, a specific position on
the living body surface with which the ultrasonic probe is
brought into contact and a specific direction in the body in
which the ultrasonic probe is moved when acquiring the
image data. That is, even if the scan area is subjectively set
by the scan operator, it is possible to readily understand the
acquisition position of the ultrasonic image.

[0245] Therefore, the ultrasonic diagnostic apparatus 15
according to the second embodiment can improve the objec-
tivity of ultrasonic diagnosis.

Other Embodiments

[0246] Note that in the above embodiment, a case in which
the position sensor system 30 includes the position sensor
32, as shown in FIG. 38, has been explained. However, the
number of position sensors provided in the position sensor
system 30 is not limited to one. The position sensor system
30 may include a second position sensor 34. As shown in
FIG. 39, the second position sensor 34 is adhered to the
xiphoid process as the biological reference portion on the
body surface of the subject P. The position detection device
33 transmits the position information of the second position
sensor 34 to the main body device 10, 10a, or 105. The
control circuitry 112, 112a, or 1125 recognizes the position
of the second position sensor 34 as the position of the
biological reference portion. Note that if the biological
reference portion exists in the body, the position of the
biological reference portion is calculated based on the
position of the second position sensor 34 and the position of
a designated portion in an ultrasonic tomographic image.
With this processing, even if the subject P moves during
examination and it is necessary to change the posture of the
subject P during examination, it is possible to continuously
recognize the biological reference portion. In follow-up
observation, a common biological coordinate system is
generated by installing the second position sensor 34 in the
biological reference portion at the same place, and it is thus
possible to readily observe the organ at the same place and
perform comparison.

[0247] The above embodiment has exemplified a case in
which the position sensor system 30 using the position
sensor is used to acquire the position of the biological
reference portion. However, the position sensor system 30 is
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not limited to that using the position sensor. For example, as
shown in FIG. 40, a position sensor system using a robot arm
140 may be adopted.

[0248] Robot arm control circuitry 141 of the robot arm
140 drives the robot arm 140. The position of the ultrasonic
probe 20 supported by a probe holder 142 of the robot arm
140 is acquired based on an output from a robot arm sensor
143 attached to the robot arm 140. A position sensor,
velocity sensor, acceleration sensor, pressure sensot, or the
like is used for the robot arm sensor 143. If the ultrasonic
probe 20 is brought into contact with the biological refer-
ence portion, the operator of the robot arm 140 inputs a
designation instruction from an input means provided in the
robot arm control circuitry 141 and formed from a button
and the like. The control circuitry 112, 112a, or 1125
registers, as the position of the biological reference portion,
the position of the robot arm 140 grasped when the desig-
nation instruction is input. Note that the number of robot
arms provided in the position sensor system is not limited to
one. The position sensor system may include the second
robot arm. For example, the second robot arm is controlled
to follow the biological reference portion on the body
surface of the subject P. The robot arm control circuitry 141
controls the movement of the second robot arm while
grasping the position of the second robot arm. The control
circuitry 112, 112a, or 1125 recognizes, as the position of the
biological reference portion, a position followed by the
second robot arm. Note that the biological reference portion
exists in the body, the position of the biological reference
portion is calculated based on the position followed by the
second robot arm and the position of a designated portion in
an ultrasonic tomographic image. Thus, even if the subject
P moves during examination and it is necessary to change
the posture of the subject P during examination, it is possible
to continuously recognize the biological reference portion.
[0249] The above embodiment has exemplified a case in
which the position sensor system 30 using the position
sensor is used to acquire the position of the biological
reference portion. However, the position sensor system 30 is
not limited to that using the position sensor. For example, as
shown in FIG. 41, a position sensor systeni using an imaging
apparatus 150 such as a camera may be adopted.

[0250] The imaging apparatus 150 is installed at, for
example, a position where the whole body of the subject P
can be imaged. An image analysis apparatus recognizes the
position of the ultrasonic probe 20 in the three-dimensional
coordinate system by analyzing an image captured by the
imaging apparatus 150. When the ultrasonic probe 20 is
brought into contact with the biological reference portion,
the operator of the ultrasonic diagnostic apparatus 1, la, or
15 inputs a designation instruction from the input means of
the ultrasonic probe 20. The control circuitry 112, 1124, or
1125 registers, as the position of the biological reference
portion, the position of the ultrasonic probe 20 recognized
when the designation instruction is input.

[0251] The first embodiment has exemplified a case in
which the atlas data processing function 1121, the position
information registration function 1122, the position infor-
mation control function 1123, the coordinate conversion
function 1124, the association function 1125 or 1125a, the
support information acquisition function 1126, and the
fusion function 1127 are provided in the ultrasonic diagnos-
tic apparatus 1 or 1a, as shown in FIG. 1 or 16. However, the
apparatus provided with these functions is not limited to the
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ultrasonic diagnostic apparatus 1 or 1a. These functions may
be provided in a medical image processing apparatus such as
a workstation.
[0252] In the first embodiment, the atlas image is not
limited to a scheme. As the atlas image, a standardized CT
image and MR image can be used.
[0253] The second embodiment has exemplified a case in
which the reference portion control function 162, the coor-
dinate conversion function 163, and the image generation
function 1615 are provided in the ultrasonic diagnostic
apparatus 15, as shown in FIG. 22. The apparatus provided
with these functions is not limited to the ultrasonic diag-
nostic apparatus 15. These functions may be provided in a
medical image processing apparatus such as a workstation.
[0254] The term “processor” used in the above description
means, for example, circuitry such as a CPU (Central
Processing Unit), a GPU (Graphics Processing Unit), an
ASIC, or a programmable logic device (for example, an
SPLD, CPLD, or FPGA). The processor implements a
function by reading out a program saved in the storage
circuitry and executing it. Note that each processor of the
embodiment is not necessarily formed as a processor. A
plurality of independent circuitry may be combined to form
one processor and implement the function. Furthermore, the
plurality of components in FIGS. 1, 16, and 22 may be
integrated into one processor, thereby implementing the
function.
[0255] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.
1. An ultrasonic diagnosis apparatus comprising:
a position detector configured to detect a position in a
three-dimensional space of one of an ultrasonic image
and an ultrasonic probe; and
control circuitry configured to:
use a vivisection view defined in a three-dimensional
space; and

associate a structure related to a subject included in the
ultrasonic image with a structure included in the
vivisection view using a position and orientation in
a first three-dimensional coordinate system of the
structure related to the subject included in the ultra-
sonic image and a position and orientation in a
second three-dimensional coordinate system of the
structure included in the vivisection view.

2. The apparatus of claim 1, wherein the control circuitry
recognizes an organ and/or biological structure included in
the ultrasonic image based on information of a vivisection
view corresponding to one of the position of the ultrasonic
probe and the position of the ultrasonic image, and acquires
support information about the recognized organ and/or bio-
logical structure,

the ultrasonic diagnosis apparatus, further comprising;

image calculation circuitry configured to generate a dis-
play image including the ultrasonic image and the
support information by arranging the ultrasonic image
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and the support information side by side or superim-
posing the support information on the ultrasonic image.

3. The apparatus of claim 2, further comprising:

an interface configured to accept designation from an

operator,

wherein the control circuitry recognizes a plurality of

organs and/or biological structures, and acquires sup-
port information about an organ and/or biological struc-
ture designated via the interface among the plurality of
recognized organs and/or biological structures.

4. The apparatus of claim 1, wherein,

the control circuitry specifies an organ and/or biological

structure included in the ultrasonic image based on
information of a vivisection view corresponding to one
of the position of the vltrasonic probe and the position
of the ultrasonic image; and

the control circuitry acquires support information about

the specified organ and/or biological structure,

the ultrasonic diagnosis apparatus, further comprising;

a storage configured to save the ultrasonic image and the

support information in association with each other.

5. The apparatus of claim 2, further comprising:

a storage configured to save the support information,

wherein the control circuitry acquires an image using the

support information saved in the storage.

6. The apparatus of claim 1, wherein,

the control circuitry converts, based on a position and

orientation of a characteristic portion represented in the
first three-dimensional coordinate system, which are
detected by the position detector by scanning the ultra-
sonic probe, the position and orientation of the char-
acteristic portion into a biological coordinate system,
and

the control circuitry associates the structure related to the

subject included in the ultrasonic image with the struc-
ture included in the vivisection view using the position
and orientation in the biological coordinate system of
the characteristic portion and a position and orientation
in the second three-dimensional coordinate system of a
characteristic portion included in the vivisection view.

7. The apparatus of claim 1, wherein the control circuitry
performs association by enlarging, reducing, or deforming
the second three-dimensional coordinate system based on
the first three-dimensional coordinate system.

8. The apparatus of claim 6, wherein the control circuitry
performs association by enlarging, reducing, or deforming
the second three-dimensional coordinate system based on
the biological coordinate system.

9. The apparatus of claim 1, further comprising:

an interface configured to accept designation from an

operator,

wherein the control circuitry associates the structure

related to the subject included in the ultrasonic image
with the structure included in the vivisection view
using a position and orientation in the first three-
dimensional coordinate system of a structure desig-
nated via the interface and a position and orientation in
the second three-dimensional coordinate system of the
structure included in the vivisection view.

10. The apparatus of claim 1, wherein,

the control circuitry aligns a stored three-dimensional

medical image with the first three-dimensional coordi-
nate system,
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the control circuitry associates a characteristic portion
included in the three-dimensional medical image with
a characteristic portion included in the vivisection view
by inter-image alignment.

11. The apparatus of claim 2, wherein the support infor-
mation is a vivisection view image.

12. The apparatus of claim 11, wherein in the vivisection
view image, an icon representing the position of the ultra-
sonic probe is superimposed at a position corresponding to
the position of the ultrasonic probe.

13. The apparatus of claim 11, wherein the vivisection
view image is one of a whole biological image, a whole
organ image, and a sectional image.

14. The apparatus of claim 11, wherein the vivisection
view image is an image representing at least one of a blood
vessel, muscle, skeletal structure, nerve, and organ.

15. The apparatus of claim 2, wherein if an organ, blood
vessel, and/or skeletal structure is recognized based on the
information of the vivisection view corresponding to one of
the position of the ultrasonic probe and the position of the
ultrasonic image, the control circuitry acquires an organ
content as the support information.

16. The apparatus of claim 15, wherein the organ content
is an examination finding example in ultrasonic examination
of the organ.

17. The apparatus of claim 15, wherein the organ content
is image data including an ultrasonic image and acquired in
the past by a medical image diagnostic apparatus.

18. The apparatus of claim 15, wherein the organ content
is an examination finding example in medical image diag-
nosis except for ultrasonic examination of the organ.

19. The apparatus of claim 15, wherein the organ content
is diagnosis information and/or treatment information of the
organ.

20. The apparatus of claim 15, wherein the organ content
is a result of non-image examination including blood exami-
nation of the subject.

21. The apparatus of claim 15, wherein the organ content
is electronic health record data of the subject.

22. The apparatus of claim 2, wherein

the control circuitry acquires a vivisection view image

and a scan method of the ultrasonic probe as the support
information, and

the image calculation circuitry generates a display image

in which the scan method is superimposed on the
vivisection view image.

23. The apparatus of claim 2, wherein

the control circuitry acquires a name of the recognized

organ and/or biological structure as the support infor-
mation, and

the image calculation circuitry generates the display

image by assigning the name to the recognized organ
and/or biological structure.

24. The apparatus of claim 11, further comprising:

a storage configured to save an ultrasonic image added

with position information,

wherein if a predetermined position in the vivisection

view image is designated, the image calculation cir-
cuitry reads out, from the storage, an ultrasonic image
acquired in a region at substantially the same position
as the designated position, and displays a display image
including the readout ultrasonic image.
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25. The apparatus of claim 2, wherein

the control circuitry acquires a vivisection view image as

the support information, and

the image calculation circuitry generates a display image

in which information based on an examination history
obtained by scanning the ultrasonic probe is superim-
posed on the acquired vivisection view image.

26. A scan support method for an ultrasonic diagnostic
apparatus, the method comprising:

detecting a position in a first three-dimensional coordinate

system of one of an ultrasonic image and an ultrasonic
probe;

associating a structure related to a subject included in the

ultrasonic image with a structure included in the vivi-
section view using a position and orientation in the first
three-dimensional coordinate system of the structure
related to the subject included in the ultrasonic image
and a position and orientation in a second three-
dimensional coordinate system of the structure
included in a vivisection view.

27. The method of claim 26, further comprising;

recognizing an organ and/or biological structure included

in the ultrasonic image based on information of a
vivisection view corresponding to one of the position of
the ultrasonic probe and the position of the ultrasonic
image;

acquiring support information about the recognized organ

and/or biological structure; and

generating a display image including the ultrasonic image

and the support information by arranging the ultrasonic
image and the support information side by side or
superimposing the support information on the ultra-
sonic image.

28. The method of claim 26, further comprising;

recognizing an organ and/or biological structure included

in the ultrasonic image based on information of a
vivisection view corresponding to one of the position of
the ultrasonic probe and the position of the ultrasonic
image;

acquiring support information about the recognized organ

and/or biological structure; and

saving the ultrasonic image and the support information in

association with each other in a storage.

29. The method of claim 26, further comprising;

searching an image using saved support information.

30. The method of claim 26, further comprising;

converting, based on a position and orientation of a

characteristic portion represented in the first three-
dimensional coordinate system, which is detected by
scanning the ultrasonic probe, the position and orien-
tation of the characteristic portion into a biological
coordinate system,

wherein the structure related to the subject included in the

ultrasonic image is associated with the structure
included in the vivisection view using the position and
orientation of the characteristic portion and a position
and orientation in the second three-dimensional coor-
dinate system of a characteristic portion included in the
vivisection view.

31. The method of claim 26, wherein the association is
performed by enlarging, reducing, or deforming the second
three-dimensional coordinate system based on the first three-
dimensional coordinate system.
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32. The method of claim 26, further comprising;

aligning a stored three-dimensional medical image with
the first three-dimensional coordinate system,

wherein a characteristic portion included in the three-
dimensional medical image is associated with a char-
acteristic portion included in the vivisection view by
inter-image alignment.

33. An ultrasonic diagnostic appatatus comprising:

image calculation circuitry configured to acquire ultra-
sonic image data, first position information about a
position of an ultrasonic probe when the ultrasonic
image data is acquired, which is added to the ultrasonic
image data, and second position information about a
position of a biological reference portion, and generate
map display image data in which information about the
ultrasonic image data is arranged at a position based on
the first position information in a three-dimensional
space of a biological coordinate system defined based
on the second position information.

34. The apparatus of claim 33, further comprising:

a storage configured to store the ultrasonic image data
added with the first position information, and the sec-
ond position information.

35. The apparatus of claim 33, further comprising:

a position sensor system configured to detect the position
of the ultrasonic probe;

a storage configured to store ultrasonic image data gen-
erated based on a reflected wave signal which is
obtained when an ultrasonic wave is reflected in a
subject and is received by the ultrasonic probe, by
adding, as the first position information, position infor-
mation detected by the position sensor system; and

control circuitry configured to register the second position
information in the storage.

36. The apparatus of claim 35, wherein

the biological reference portion exists on a body surface
of the subject, and

the control circuitry registers, as the second position
information, the position of the ultrasonic probe when
the ultrasonic probe is in contact with the biological
reference portion.

37. The apparatus of claim 35, wherein

the biological reference portion exists in a body of the
subject, and

the control circuitry registers, as the second position
information, a position calculated based on the position
of the ultrasonic probe when the ultrasonic probe is in
contact with the subject and a position of a portion
designated in an image acquired at the position.

38. The apparatus of claim 37, wherein the image
acquired at the position is an ultrasonic image acquired by
the ultrasonic probe.

39. The apparatus of claim 37, wherein the image
acquired at the position is a reference image which is
acquired from the same subject in past examination and
includes a region corresponding to the same position as that
of an ultrasonic image acquired by the ultrasonic probe.

40. The apparatus of claim 33, wherein the image calcu-
lation circuitry converts the first position information into a
position on the three-dimensional space of the biological
coordinate system.

41. The apparatus of claim 33, wherein the image calcu-
lation circuitry generates coordinate axes of the biological
coordinate system, and generates, in accordance with des-
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ignation of a predetermined portion along the generated
coordinate axes, map display image data in which informa-
tion about ultrasonic image data acquired in or near the
designated portion is arranged.

42. The apparatus of claim 33, wherein the ultrasonic
image data is one of two-dimensional image data, rendering
image data, M-mode image data, and spectrum Doppler
image data.

43. The apparatus of claim 34, wherein the storage stores
at least one of operation information, image condition infor-
mation, and ultrasonic data about ultrasonic examination in
association with the ultrasonic image data added with the
first position information.

44. The apparatus of claim 43, wherein the ultrasonic data
includes measurement information, annotation information,
biological reference information including an Electro Car-
diogram (ECG) waveform, ultrasonic transmission condi-
tion information including a Mechanical Index (MI) value,
and acquisition time information.

45. The apparatus of claim 33, wherein the image calcu-
lation circuitry generates map display image data in which
two-dimensional image data acquired in real time is
arranged at a position based on the first position information
in the three-dimensional space of the biological coordinate
system.

46. The apparatus of claim 33, further comprising:

an ultrasonic probe configured to transmit an ultrasonic

wave, and receive a reflected wave signal obtained
when the ultrasonic wave is reflected in a subject; and
a display configured to display the ultrasonic image data
generated based on the reflected wave signal,

wherein the ultrasonic probe is one of a one-dimensional
array probe, a 1.25-dimensional array probe, and a
1.5-dimensional array probe, and

the ultrasonic image data is two-dimensional image data.

47. The apparatus of claim 33, further comprising:

an ultrasonic probe configured to transmit an ultrasonic

wave, and receive a reflected wave signal obtained
when the ultrasonic wave is reflected in a subject; and
a display configured to display the ultrasonic image data
generated based on the reflected wave signal,

wherein the ultrasonic probe is one of a two-dimensional
array probe, a 1.75-dimensional array probe, and a
three-dimensional probe with a mechanical swinging
mechanism, and

the ultrasonic image data is one of two-dimensional image

data and rendering image data.

48. The apparatus of claim 35, wherein the position sensor
system includes

one of a magnetic position sensor and an infrared position

sensor, and

a position detector configured to detect the position of the

ultrasonic probe from information acquired by the
position sensor.

49. The apparatus of claim 48, wherein the position sensor
system further includes a second position sensor arranged in
the biological reference portion.

50. The apparatus of claim 49, wherein

the biological reference portion exists on a body surface

of the subject, and

the control circuitry registers a position of the second

position sensor as the second position information.

51. The apparatus of claim 35, wherein the position sensor
system includes



US 2018/0008232 A1 Jan. 11,2018
25

a robot arm configured to support the ultrasonic probe,

and

robot arm control circuitry configured to acquire the

position of the ultrasonic probe from the position of the
robot arm.

52. The apparatus of claim 51, wherein the position sensor
system further includes a second robot arm configured to
follow the biological reference portion.

53. The apparatus of claim 52, wherein the control cir-
cuitry registers a position of the second robot arm as the
second position information.

54. A medical image processing apparatus comprising:

image calculation circuitry configured to acquire ultra-

sonic image data, first position information about a
position of an ultrasonic probe when the ultrasonic
image data is acquired, which is added to the ultrasonic
image data, and second position information about a
position of a biological reference portion, and generate
map display image data in which information about the
ultrasonic image data is arranged at a position based on
the first position information in a three-dimensional
space of a biological coordinate system defined based
on the second position information.
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