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7) ABSTRACT

According to one embodiment, an ultrasonic diagnostic appa-
ratus includes an ultrasonic probe, position detector detecting
a probe position, ultrasonic image generation circuitry gen-
erating an ultrasonic image, storage circuitry storing volume
data and a designation position in association with each other,
slice image generation circuitry generating a slice image to
the designation position based on the data and the designation
position, a display displaying at least one of first display
displaying the slice image and the ultrasonic image and sec-
ond display displaying contents different from contents in the
first display, control circuitry controlling switching from the
first display to the second display in response to movement of
the probe position into a range to the designation position.

I\ Thumbnail
image

\ Thumbnail
image

Scanned region

|

Ultrasonic image

~ Display

Three-dimensional body mark image screen

Bookmark




US 2015/0305718 A1

Oct. 29,2015 Sheet 1 of 21

Patent Application Publication

Sl ™Tuonoeiep uonisod [<

jun

| a4 ) i ) i ) i A ) ) i i
1080vd [~ + ]
YiomiaN : < .
< (NdD) _cc
/1 - Jossa00.d josjuon !
( T oI ooooTTTTTIIoTTITIIIIITTTIIITIN
e i — T |
_ bt Anoao Ainoaio roh
un Induf - | > w tluonesuss [ Aejp | &w_mw.._“__o ” | \
wﬂw ' qun uonesouss 10| 49831 uo|ssiwsues| N l_ommmm
' uoryeuwoyur spingy [~ T 7 0 L e
5 L vz gz ol ||} | uonsed
yun uoeseues [ A | _Han doissiusueR oloseAIn - P ] 89
sz 4 efewy soyg [ ) 4 i oluosesqn
: R ittt ————— T ‘
1 Adyinodto Anynouio Ll vx_\
JUN 958401 > L JoppY | ARpep | ot [T
R —— Vo uondsosay Hl df P
62 o 7 — P, o
/4 gce vee 1
' bl un uorjdesal oluosen|n b
L ggrT T anueos|
. T ————————————— . ¢ .
i 1l 4
¢ 141 un uoijetsuss elep Jejddo |=< -2
Hun Aedsiq fe— vt " _
N < “ L] Apoquiew | .-
6l ~ 7 H Jun uorjeJsusl elep apow-—g |- “ sme.eddy Ll
— o _tl ¢ I qun uoneJousad agewl ouosen | |._
V - - - - iniasiiiispeininiubniyl T Pt < - -

1 'O14



Patent Application Publication  Oct. 29, 2015 Sheet 2 of 21

Probq axis
z i

6 ;"VL‘”‘

bmdm e D

7/

ﬁ
r.
( Position vector )

with respect to
designation position

—

US 2015/0305718 A1

Designation position

F/Probe position

g w0

(Guide direction) ——
—
B
Reference , E; :
position O Position vector with
respect to probe position
(x0, y0, 20)

FIG.2

¢0



Patent Application Publication  Oct. 29,2015 Sheet 3 of 21 US 2015/0305718 A1

r= j (x1-x0)2+(y1-y0)2+z1-20)2

/’
/
/’N\IB 1-60|
—--=~C-~Probe axis

~———

FIG.3



Patent Application Publication  Oct. 29,2015 Sheet 4 of 21 US 2015/0305718 A1

|

Correspondence slice image Ultrasonic image
Probe mark

Scanned region

-

~—Three-dimensional
body mark image

Display screen



Patent Application Publication  Oct. 29,2015 Sheet 5 of 21 US 2015/0305718 A1

Thumbnail image

Correspondence slice image Ultrasonic image

Probe mark

—Scanned region

Bookmark

Three—dimensional body mark image

Display screen

FIG.5



US 2015/0305718 A1

Oct. 29,2015 Sheet 6 of 21

Patent Application Publication

Uss.os
Aejdsiq ~

yewjoog

ageuwl yrew Apoq Jeuolsuswip—

agew) sluoseN

}

y}Jew 8qoid

uoidal psuueog

aSewl

A
ool __man:F_.H

agew! 901|s aouspuodsalion

ageuwl
__man:ﬁ/

9014



US 2015/0305718 A1

Oct. 29,2015 Sheet 7 of 21

Patent Application Publication

usa.49s
Aejdsiq~|

- d

b~-Ae|dsip 18414

W 98ewl [leuquinyy o} Suipucdsalied
uoiisod uorjeudisap je dlew aqoid

Lisdns .-~
' agew! ojuosen|n aFewi 921)s Buluueog

§ §

swe.y Aejdsip
Jo BunyBIYSiy

agew! __m:nezr_u
paieusisaq

H
i

W &
A

L9l



Patent Application Publication  Oct. 29,2015 Sheet 8 of 21 US 2015/0305718 A1

Probe guide information  Probe guide information

N - \

~ Scanning slice image ‘Ultrasonic image
9 61-60|
f ;*;{\lm w0
|$1-¢0]

( [
)

Display screen  3DBM superimposed  First display
image

FIG.8

Scanning slice image  Ultrasonic image

\ ]
|91 90| Display
|wi-wo) frame

“Mot-¢0]

{

Display screen 3DBM superimposed First display
image

FIG.9



Patent Application Publication  Oct.

29,2015 Sheet 9 of 21

( Start )

i

Sal

)

Generate correspondence slice image based on

volume data and probe position with respect to
ultrasonic image during scanning

Y

Sa2~

Display generated correspondence slice image
together with ultrasonic image

Sa3

Has bookmark switch been
pressed by input unit ?

Sad A

Store slice image corresponding to ultrasonic image
together with designation position

Sab

Has thumbnail image been
selected by input unit?

Sab ~A

Display slice image (scanning slice image)
corresponding to selected thumbnail image together
with ultrasonic image during scanning

Y

Sa7 ~

Generate probe guide information based on
designation position and probe position

Y

Sad A

Generate and display 3DBM superimposed image
by superimposing probe guide information
on three-dimensional body mark image

’ ot

Y

> 839

Sat1

Move ultrasonic probe

) Y
Generate probe guide information
(distance and direction)
based on designation position
and probe position

Sal2 Y

Update probe guide information
in 3DBM superimposed image

Sa10

Does probe position

fall within predetermined range

including designation position
f)

YES ~—Sa13

by newly generated

Display movement matching display

probe guide information
I

F

End

1G. 10

US 2015/0305718 A1



US 2015/0305718 A1

Oct. 29,2015 Sheet 10 of 21

Patent Application Publication

Ae|dsip puodeg

usaJos Aejdsig

{
7

soBew! Ydi [end

o1

3uiyorew
TUBWSAON

—

agew
Aejdsip 3s414  pasodwnadns WEAE usauos Aejdsig

(

|

§

agew suoseN

)

adewl 99I|s ulUUBDG




US 2015/0305718 A1

Oct. 29,2015 Sheet 11 of 21

Patent Application Publication

uaa4os Ae|dsig

. o8ewt

pasodwiadns
suyoley

¢l Ol4

Suiyojew
JUSWSAON

g

agewl

Rejdsip 3s41{  pesodwiiadns |Ngag uestos Aejdsiq

(

{

!

[0P-19]
om-Lm /.m.\ .
| _cm-__m/_?\ .

o

{

{

)

a8ew! ojuoseln

)

agew| 99i|s Suluueog




US 2015/0305718 A1

Oct. 29,2015 Sheet 12 of 21

Patent Application Publication

uas.9s Aejdsiq

{

uonejouuy

)

aSew) ouose.N

uorejouuy
A

&

o

)

agew! a9l|s Juluuesg

€l Ol

3uiyojew
JUALIAAOI

-

agewil

Aejdsip sy pasodwiiadns NGAE  uoauos Aejdsig

(

{

/

{

{

)

agew| aluose.nn

)

a3ewl 991|s 3uUlUUBOg



Patent Application Publication  Oct. 29,2015 Sheet 130f21  US 2015/0305718 A1

( Staft )

Y
Move probe position into

predetermined range including designation position ~ Sh1
along with movement of ultrasonic probe in first display :

Y
Generate plural slice images (MPR images) based on

volume data and designation position ~ Sb2
Y

Control switching of display contents | _Sh3

from first display to second display

Y

Display generated plural slice images (MPR images) together| Shd
with ultrasonic image during scanning (second display)

Y
End

FIG. 14



Patent Application Publication  Oct. 29,2015 Sheet 14 0f21  US 2015/0305718 A1

( Stat )

Y
Scan object in two-dimensional scanning mode |~ Sc1

Y

Display scanning slice image corresponding to | S¢2
thumbnail image together with

ultrasonic image during scanning

Y
Move ultrasonic probe Sc3

Does probe position fall within
predetermined range including
designation position?

Change ultrasonic scanning mode for object
from two-dimensional scanning modeto |~ Sch
three—dimensional scanning mode

Y
Scan object in three-dimensional scanning mode [~ ScB

Y

Generate plural slice images (MPR images) | _S¢7
based on volume data and designation position

Y
Generate plural ultrasonic images
corresponding to plural MPR images based on
three-dimensional ultrasonic data generated in |~ S¢8
three—dimensional scanning mode and
plural MPR images

Y

Display plural slice images together LS9
with plural ultrasonic images

Y
End

FIG. 15



91 914

=
% un -
= Gl ™1 uonosejep uonisoq [
= J\
5 oyl auy . - ) . \ ) . . }
<> - - -
v 10 5ovd[ . ]
M yiomiaN H T e
— I 4/1 - Jossao0.d |o4juon !
¢ T LT ITTTTTTTTTTTITITITOTTTTITTTTTIITR
b lE N pininih— i
. N0t 1}N2JI0 i
- 1 [ Anoao Anoud Ay | d
< iun ynduj > | ouondiouo8 > ABp - ign i
4 . PO Jesdu) uoissiwsued ] i Y
3 N . un uoesauas 1 | 3 J 0 Pl Josuas
m 8l uotewopul aping [ Y g1z ole ' € vomisoq
72 Gt~ m m JUn UOISSIWSUR.Y J1UOSEIYN il p—
v [ jun uoneJdsusd | . b b e *
M aSeuwl 92| T m ober- m o_comm‘_w_:
S fiiainintsiuiniininlatetisiui i ——— 11|
a £ Suissasoud s Ew_zom_o Aninolio | m | rmv
. jun sul < L. U8 =1 gje = 1
2 Aejdsip o3ew] | 7 by PPY uondeosy Jaijijdweaid m “
= : - b . 11
ge~ P ¢ ¢ { i
A4 a¢c \[44 i
g Uun 03eI0lg  fe—> P Jiun uopdesad ojuosell|n b
.m 62~ | rdlwlmdnhlilllll-----unuullm?mdmo|m|||m
= T, , a
= . — _
< -« m yun uoleJoua3 exep sojddoq f<—t | Oc
S Hun Aejdsiq mN\m\ r~-Cc !
= i 1 I o )
.m mv < \“\ }Un uofeJouss e3ep epow-gf<— | fpoq uew | Ll
S XAE t snjeseddy -
z adl ® "]y uopeieued ofw oosen | SRS
= - ;
=
A

AN



US 2015/0305718 A1

Oct. 29,2015 Sheet 16 of 21

Patent Application Publication

Ae|dsip puooag

(

usa.os Aejdsiq

/
agewi oluosen|n

{

D
%

\
yjed uorpasy]

saSew! YdW [BNid

Ll 'Ol4d

Suyyorew
JUBWBAO}

-

agew!
Ae|dsip 35414

paosodwiiadns NgQs

uea.4os Aejdsiq

{

)

adewi oluosesyn

)

a3ew) 90Is Sujuuedg




US 2015/0305718 A1

Oct. 29,2015 Sheet 17 of 21

Patent Application Publication

Ae|dsip puoosg

(

usa.os Ae|dsi(]

/
Jadijje

(@Q\‘

)
\ agew|
sojew oluose.|n !

JUBWIINSEIA

sogew! YdiN [8And

8l ©Ol4

Suryojew
JUSWSAOQ

—

agewl

Ae|dsip 1sil4  pasodwiiedns WNEQE  uesuos Ae|dsig

§

)

agew ojuosenyn

)

agewl a21js Suluueog




US 2015/0305718 A1

Oct. 29,2015 Sheet 18 of 21

Patent Application Publication

Ae|dsip puodag

(

usaJos Aejdsiq

!
agdew oluosenn

!

\

Suissao04d
uonejuswsas Aq
pajoeIxs uoifay

seSewi Y4W [e4nid

6l Ol

3uiyojew
JUsLWanop

-

asew
Aejdsip 3sai4  peasoduiiedns NGQS  uso.os Aeldsi(

!

) )

odew! oluosen|n adeuwl aol|s Suluueog




Patent Application Publication  Oct. 29,2015 Sheet 190f21  US 2015/0305718 A1

Y
Read out image processing program from storage unit 341
by using movement matching as trigger

4

Execute image display processing for ultrasonic imagein | Sd2
second display according to readout image processing program

Y
Display image having undergone image display | Sd3
processing in second display

Y
End

FI1G. 20



Patent Application Publication  Oct. 29,2015 Sheet200f21  US 2015/0305718 A1

FI1G. 21




Patent Application Publication  Oct. 29,2015 Sheet 21 0f21  US 2015/0305718 A1

FIG. 22



US 2015/0305718 Al

ULTRASONIC DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation application of
PCT Application No. PCT/JP2014/051224, filed Jan. 22,
2014 and based upon and claims the benefit of priority from
the Japanese Patent Application No. 2013-010265, filed Jan.
23, 2013 and the Japanese Patent Application No. 2014-
008832, filed Jan. 21, 2014, the entire contents of all of which
are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus.

BACKGROUND

[0003] In recent years, an ultrasonic diagnostic apparatus
has a function of performing display (to be referred to as dual
display hereinafter) of a tomographic image corresponding to
a scanning slice by ultrasonic waves together with a B-mode
image by using an output from a position sensor such as a
magnetic sensor and three-dimensional image data collected
by modalities such as an X-ray CT (Computed Tomography)
apparatus and MRI (Magnetic Resonance Imaging) appara-
tus. FIG. 21 is a view showing an example of dual display.
With dual display, differential diagnosis of a benign/malig-
nant tumor by dynamic tumor observation using ultrasoni-
cally guided puncture and a contrast medium is efficiently and
accurately performed. An ultrasonic diagnostic apparatus
having a dual display function designates a specific position
via an operation by an operator using position information of
a position sensor. The ultrasonic diagnostic apparatus has a
guide function of performing guide from a slice during scan-
ning to the specific position in accordance with the distance
between the slice during scanning and the specific position,
and a direction perpendicular to the scanning slice.

[0004] The ultrasonic diagnostic apparatus having the
guide function allows guide to a position with respect to the
scanning slice including the specific position. However, there
are an infinite number of scanning slices including the spe-
cific position. Therefore, the operator needs to confirm, in
advance, a plurality of scanning slice candidates associated
with puncture treatment among the plurality of scanning
slices including the specific position. The plurality of scan-
ning slice candidates include, for example, a slice where it is
possible to grasp the running position of a lumen such as a
blood vessel or bile duct positioned near a treatment target
region, and a slice where it is possible to grasp the position of
another tissue region adjacent to a tissue region when the
treatment target region is close to the boundary of treatment
target tissue. In addition, an advanced technique for repro-
ducing the same scanning slice among the plurality of con-
firmed scanning slices is required for the operator.

[0005] To support recognition of the position of an ultra-
sonic scanning slice in a three-dimensional space, the ultra-
sonic diagnostic apparatus having the dual display function
has an image processing function such as surface rendering
using three-dimensional image data by a number of modali-
ties, and a function of displaying a three-dimensional body
mark indicating the current scanning slice by processing posi-
tion information in real time. FIG. 22 is a view showing an
example of a conventional three-dimensional body mark.

Oct. 29, 2015

[0006] A three-dimensional body mark can indicate, to the
operator, the relative position of an ultrasonic probe with
respect to an object. However, it is impossible to efficiently
guide a position, at which the ultrasonic probe is brought into
contact with the object, to the position of the ultrasonic probe
with respect to a scanning slice desired by the operator by
only displaying the three-dimensional body mark. That is,
displaying again the slice desired by the operator depends on
the memory and skill of the operator. Thus, it takes time to
reproduce the slice desired by the operator.

[0007] The conventional ultrasonic diagnostic apparatus
can display, by ultrasonic scanning, a B-mode image which is
almost the same as that stored in the past. When, however, the
almost same B-mode image is displayed (to be referred to as
almost same image display hereinafter), it is necessary to
perform an input operation for displaying a plurality of
screens by other modalities while holding the probe position
in order to display a plurality of slice images by the other
modalities, each of which includes a specific position, with
respect to the displayed B-mode image. Consequently, in
addition to the cumbersome operation, a display slice may
deviate. In the conventional ultrasonic diagnosis apparatus,
when almost same image display is executed, if another
B-mode image such as a vertical slice including the specific
position is generated, if various software programs associated
with ultrasonic diagnosis are activated, or if a B-mode image
in which an annotation about a slice image is displayed is
displayed, it is necessary to perform an input operation such
as an addition operation or scan condition change operation
by an input device, and thus it may be impossible to display a
desired slice while holding the probe position, as described
above. That is, the operator needs to execute an input opera-
tion while maintaining a slice, resulting in cumbersomeness.

[0008] As described above, in the conventional ultrasonic
diagnostic apparatus, when almost same image display is
executed, the operator needs to execute again an input opera-
tion by the input device, thereby degrading the diagnosis
efficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1is a view showing an example of the arrange-
ment of an ultrasonic diagnostic apparatus according to the
first embodiment.

[0010] FIG. 2 is a schematic view showing an example of
an overview of generation of probe guide information accord-
ing to the first embodiment.

[0011] FIG. 3 is a view showing an example of display of
the probe guide information according to the first embodi-
ment.

[0012] FIG. 4 is a view showing an example of a display
screen on which an ultrasonic image and a correspondence
slice image are displayed together with a three-dimensional
body mark image according to the first embodiment.

[0013] FIG. 5 is a view showing an example of the display
screen when the ultrasonic image is bookmarked according to
the first embodiment.

[0014] FIG. 6 is a view showing an example of the display
screen when the third ultrasonic image is bookmarked
according to the first embodiment.

[0015] FIG. 7 is a view showing an example of the display
screen when a thumbnail image is designated according to the
first embodiment.
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[0016] FIG. 8 is a view showing an example in which the
probe guide information is superimposed on the ultrasonic
image in the first display according to the first embodiment.
[0017] FIG. 9 is a view showing an example in which the
probe guide information and the display frame of a scanning
slice image are superimposed on the ultrasonic image in the
first display according to first embodiment.

[0018] FIG. 10 is an example of a flowchart illustrating the
processing procedure of a probe guide information display
function according to the first embodiment.

[0019] FIG.11 is a view showing an example of the display
screen whose display contents are switched from the first
display to the second display by using, as a trigger, the move-
ment of a probe position into a predetermined range corre-
sponding to adesignation position according to the first modi-
fication of the first embodiment.

[0020] FIG. 12 is aview showing an example of the display
screen whose display contents are switched from the first
display to display of a matching superimposed image by
using, as a trigger, the movement of the probe position into the
predetermined range corresponding to the designation posi-
tion according to the first modification of the first embodi-
ment.

[0021] FIG. 13 is a view showing an example of the display
screen whose display contents are switched from the first
display to display of an annotation superimposed image by
using, as a trigger, the movement of the probe position into the
predetermined range corresponding to the designation posi-
tion according to the first modification of the first embodi-
ment.

[0022] FIG. 14 is an example of a flowchart illustrating a
procedure of switching the display contents of the display
screen from the first display to the second display by using, as
a trigger, the movement of the probe position into the prede-
termined range corresponding to the designation position
according to the first modification of the first embodiment.
[0023] FIG. 15 is a flowchart illustrating an example of a
procedure of changing a scanning mode by using, as a trigger,
the movement of the probe position into the predetermined
range corresponding to the designation position according to
the second modification of the first embodiment.

[0024] FIG. 16 is a view showing an example of the
arrangement of an ultrasonic diagnostic apparatus according
to the second embodiment.

[0025] FIG. 17 is a view showing an example of display of
the insertion path of a puncture needle on an ultrasonic image
by using, as a trigger, the movement of a probe position into
a predetermined range corresponding to a designation posi-
tion according to the second embodiment.

[0026] FIG. 18 is a view showing an example in which a
marker associated with predetermined measurement is dis-
played on the ultrasonic image by using, as a trigger, the
movement of the probe position into the predetermined range
corresponding to the designation position according to the
second embodiment.

[0027] FIG. 19 is a view showing an example of display by
extracting a predetermined tissue region in the ultrasonic
image in the second display by using, as a trigger, the move-
ment of the probe position into the predetermined range cor-
responding to the designation position according to the sec-
ond embodiment.

[0028] FIG. 20 is a flowchart illustrating an example of the
procedure of image display processing according to the sec-
ond embodiment.
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[0029] FIG. 21 is a view showing display of two slice
images obtained by different modalities according to the con-
ventional technique.

[0030] FIG. 22 is aview showing a three-dimensional body
mark according to the conventional technique.

DETAILED DESCRIPTION

[0031] In general, according to one embodiment, an ultra-
sonic diagnostic apparatus includes an ultrasonic probe, a
position detector, ultrasonic image generation circuitry, stor-
age circuitry, slice image generation circuitry, a display and
control circuitry.

[0032] Theultrasonic probe transmits an ultrasonic wave to
an object and receives a reflected wave from the object.
[0033] The position detector detects a probe position of the
ultrasonic probe.

[0034] The ultrasonic image generation circuitry generates
an ultrasonic image based on the received reflected wave.
[0035] The storage circuitry stores acquired volume data
about the object and a designation position designated by an
operator in association with each other.

[0036] The slice image generation circuitry generates a
scanning slice image corresponding to the designation posi-
tion based on the volume data and the designation position.
[0037] The display displays at least one of first display of
displaying the scanning slice image and the ultrasonic image
and second display of displaying display contents different
from display contents in the first display.

[0038] The control circuitry controls switching from the
first display to the second display in response to movement of
the probe position detected by the position detector into a
range corresponding to the designation position.

[0039] The ultrasonic diagnostic apparatus according to an
embodiment will be described below with reference to the
accompanying drawings. Note that in the following descrip-
tion, the same reference numerals denote components having
almost the same functions and arrangements, and a repetitive
description thereof will be made, only as needed.

First Embodiment

[0040] FIG. 1 is a view showing the block arrangement of
an ultrasonic diagnostic apparatus 1 according to the embodi-
ment. As shown in F1G. 1, the ultrasonic diagnostic apparatus
1 includes an ultrasonic probe 11, a position sensor 13, a
position detection unit 15, an apparatus main body 17, an
input unit 18 which is connected to the apparatus main body
17 and used to load various kinds of instructions, commands,
and information from an operator into the apparatus main
body 17, and a display unit 19. In addition, the ultrasonic
diagnostic apparatus 1 may be connected to a network and a
bio-signal measuring device (not shown) represented by an
electrocardiograph, phonocardiograph, sphygmograph, or
respiration sensor via an interface (to be referred to as an I/F
hereinafter) 31.

[0041] The ultrasonic probe 11 includes a plurality of
piezoelectric transducers, a matching layer, and a backing
material provided on the rear side of the plurality of piezo-
electric transducers. The plurality of piezoelectric transduc-
ers are acoustoelectric reversible conversion elements such as
piezoelectric ceramics. The plurality of piezoelectric trans-
ducers are juxtaposed and mounted on the distal end of the
ultrasonic probe 11. Note that the following description will
be provided based on the assumption that one piezoelectric
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transducer forms one channel. The piezoelectric transducer
generates an ultrasonic wave in response to a driving signal
supplied from an scan unit 20 (to be described later). When an
ultrasonic wave is transmitted to an object P via the ultrasonic
probe 11, the transmitted ultrasonic wave is reflected by a
discontinuity surface of acoustic impedance of the living
tissue of the object. The piezoelectric transducer receives the
reflected ultrasonic wave (reflected wave), and generates an
echo signal. The amplitude of the echo signal depends on an
acoustic impedance difference on the discontinuity surface as
a boundary by which the ultrasonic wave is reflected. The
frequency of the echo signal generated when the transmitted
ultrasonic wave is reflected by a moving blood flow or the
surface of a cardiac wall or the like shifts depending on the
velocity component of the moving body (the blood flow or the
surface of the cardiac wall) in the ultrasonic transmission
direction due to the Doppler effect.

[0042] The ultrasonic probe 11 will be described below as
a probe for performing two-dimensionally scanning with a
one-dimensional array. Note that the ultrasonic probe 11 may
be a mechanical four-dimensional probe which executes
three-dimensional scanning by swinging a one-dimensional
array in a direction perpendicular to the array direction of the
plurality of transducers. In addition, the ultrasonic probe 11 is
not limited to a mechanical four-dimensional probe, and may
be a two-dimensional array probe.

[0043] The matching layer is provided on the ultrasonic
emitting surface side of the plurality of piezoelectric trans-
ducers to efficiently transmit/receive ultrasonic waves
to/from the object P. The backing material prevents the ultra-
sonic waves from propagating backward from the piezoelec-
tric transducers.

[0044] The position sensor 13 acquires position informa-
tion of the ultrasonic probe 11 with reference to a predeter-
mined reference position. The position information includes
coordinate information indicating the position of the ultra-
sonic probe 11 with respect to the predetermined reference
position and angle information about the angle of the ultra-
sonic probe 11. The angle information indicates, for example,
the inclination of the ultrasonic probe 11 with reference to
predetermined reference axes. The predetermined reference
position is, for example, the position of the apparatus main
body 17 of the ultrasonic diagnostic apparatus 1. Note that the
reference position may be provided outside the apparatus
main body 17. The predetermined reference axes are defined
by, for example, two of preset three orthogonal axes and a
straight line (to be referred to as a probe axis hereinafter)
connecting the aperture center of the ultrasonic probe 11 and
the center of gravity of the ultrasonic probe 11. Assume that
the two axes are x- and y-axes of the three preset orthogonal
axes (x-, y-, and z-axes). The position sensor 13 is provided
in, for example, the ultrasonic probe 11. The position sensor
13 outputs the acquired position information to the position
detection unit 15 (to be described later).

[0045] The position sensor 13 is, for example, a magnetic
sensor, infrared sensor, angle sensor (for example, a gyro
sensor), or the like. For example, the magnetic sensor
acquires coordinate information with reference to the prede-
termined reference position by using the magnetism transmit-
ted from a magnetic transmitter (not shown) in the position
detection unit 15. The infrared sensor acquires coordinate
information with reference to the predetermined reference
position by using the infrared rays transmitted from an infra-
red transmitter (not shown) in the position detection unit 15.
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Note that more commonly used electromagnetic waves may
be used instead of the infrared rays. Note that if the position
sensor 13 is a magnetic sensor, the reference position may the
position of the magnetic transmitter. If the position sensor 13
is an infrared sensor, the reference position may be the posi-
tion of the infrared transmitter. It is possible to adjust the
reference position, as needed, in accordance with an instruc-
tion from the operator via the input unit 18 (to be described
later). Note that the predetermined reference position may be
a position at which the probe is brought into contact with the
body surface of the object for the first time.

[0046] The angle sensor acquires angle information of the
ultrasonic probe 11 around the predetermined reference axes.
Note that the detected angle may be acquired based on the
positions of two points output from two magnetic sensors,
two infrared sensors, a combination of a magnetic sensor and
infrared sensor, or the like provided on the side surface of the
ultrasonic probe 11.

[0047] The position detection 15 detects the angles around
the predetermined reference axes and three-dimensional
coordinates indicating the position of the ultrasonic probe 11
with reference to the predetermined reference position by
using the position information output from the position sen-
sor 13. The detected three-dimensional coordinates and angle
will be collectively referred to as a probe position hereinafter.
More specifically, the position detection unit 15 determines
three-dimensional coordinates indicating the position of the
ultrasonic probe 11 and the angles around the reference axes
on an absolute coordinate system with reference to the pre-
determined reference position. The position detection unit 15
outputs the probe position to CPU 33 and a guide information
generation unit 25 (both of which will be described later).
[0048] The apparatus main body 17 includes the scan unit
20, an ultrasonic image generation unit 22, the guide infor-
mation generation unit 25, a slice image generation unit 27,
storage unit 29, the I/F 31, and the control processor (a central
processing unit to be referred to as a CPU (control unit)
hereinafter) 33.

[0049] The scan unit 20 generates a driving signal to drive
each of the plurality of transducers in the ultrasonic probe 11.
The scan unit 20 supplies the driving signal to each of the
plurality of transducers. The scan unit 20 generates a recep-
tion signal based on a reception echo signal generated by each
ofthe plurality of transducers. More specifically, the scan unit
20 includes an ultrasonic transmission unit 210 and an ultra-
sonic reception unit 220. The ultrasonic transmission unit 210
includes trigger generation circuitry 21 A, transmission delay
circuitry 21B, and pulser circuitry 21C. The ultrasonic recep-
tion unit 220 includes preamplifier circuitry 22A, reception
delay circuitry 22B, and an adder 22C.

[0050] The trigger generation circuitry 21A repeatedly
generates rate pulses for the formation of transmission ultra-
sonic waves at a predetermined rate frequency fr Hz (period:
1/fr sec). The trigger generation circuitry 21A repeatedly
generates rate pulses at the predetermined rate frequency. The
rate pulses are distributed to channels and sent to the trans-
mission delay circuit 21B.

[0051] Thetransmission delay circuitry 21B gives each rate
pulse a delay time (to be referred to as a transmission delay
time hereinafter) necessary to focus transmission ultrasonic
waves into a beam and determine transmission directivity for
each of the plurality of channels. The storage unit 29 (to be
described later) stores the transmission direction or transmis-
sion delay time (to be referred to as a transmission delay
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pattern hereinafter) of transmission ultrasonic waves. The
CPU 33 refers to the transmission delay pattern stored in the
storage unit 29 at the time of transmission of ultrasonic
waves. The rate pulse given the delay time is sent to the pulser
circuitry 21C (to be described later).

[0052] The pulser circuitry 21C applies a voltage pulse
(driving signal) to each of the plurality of piezoelectric trans-
ducers of the ultrasonic probe 11 at the timing based on the
rate pulse. With this operation, an ultrasonic beam is trans-
mitted to the object.

[0053] An echo signal reflected by the living tissue of the
object is captured as a reception echo signal via the ultrasonic
probe 11 for each channel. The preamplifier circuitry 22A
amplifies the reception echo signal from the object, captured
via the ultrasonic probe 11, for each channel. An analog-to-
digital converter (not shown) converts the amplified reception
echo signal into a digital signal.

[0054] The reception delay circuitry 22B gives the recep-
tion echo signal converted into the digital signal a delay time
(to be referred to as a reception delay time hereinafter) nec-
essary to determine reception directivity. The storage unit 29
stores the reception direction or reception delay time (to be
referred to as a reception delay pattern hereinafter) of the echo
signal. The CPU 33 refers to the reception delay pattern stored
in the storage unit 29.

[0055] Theadder22C adds aplurality of echo signals given
delay times. With this addition operation, the ultrasonic
receiver 220 generates a reception signal (to be also referred
to as an RF (Radio Frequency) signal) whose reflection com-
ponent from a direction corresponding to the reception direc-
tivity is enhanced. The transmission directivity and the recep-
tion directivity determine the comprehensive directivity of
ultrasonic transmission/reception. This comprehensive direc-
tivity determines an ultrasonic beam (so-called “ultrasonic
scanning line”).

[0056] The ultrasonic reception unit 220 outputs a recep-
tion signal for each depth on each scanning line in a scanned
region to B-mode data generation unit 21 or Doppler data
generation unit 23 (to be described later). Note that the ultra-
sonic reception unit 220 may have a parallel reception func-
tion of simultaneously receiving echo signals generated on a
plurality of scanning lines by one ultrasonic transmission
operation.

[0057] Theultrasonic image generation unit 22 includes the
B-mode data generation unit 21, the Doppler data generation
unit 23, and a digital scan converter (to be referred to asa DSC
hereinafter), image memory, and image combining device
(none are shown).

[0058] The B-mode data generation unit 21 includes an
envelope detector and a logarithmic converter (neither of
which is shown). The envelope detector performs envelope
detection of the reception signal output from the scan unit 20.
The envelope detector outputs the envelope-detected signal to
the logarithmic converter (to be described later). The loga-
rithmic converter relatively enhances a weak signal by loga-
rithmically converting the envelope-detected signal. The
B-mode data generation unit 21 generates a signal value
(B-mode data) for each depth on each scanning line based on
the signal enhanced by the logarithmic converter.

[0059] If the ultrasonic probe 11 is a mechanical four-
dimensional probe or two-dimensional array probe, the
B-mode data generation unit 21 may generate three-dimen-
sional B-mode data having a plurality of signal values respec-
tively arrayed in the azimuth direction, elevation direction,

Oct. 29, 2015

and depth direction (to be referred to as the range direction
hereinafter) in a scanned region. The range direction is the
depth direction on a scanning line. The azimuth direction is,
for example, an electronic scanning direction along the array
direction of one-dimensional ultrasonic transducers. The
elevation direction is the mechanical swinging direction of
the one-dimensional ultrasonic transducers. Note that three-
dimensional B-mode data may be data obtained by arraying a
plurality of pixel values, a plurality of luminance values, or
the like in the azimuth direction, elevation direction, and
range direction, respectively, along scanning lines.

[0060] Inaddition, three-dimensional B-mode data may be
data about an ROI preset in a scanned region. The B-mode
data generation unit 21 may generate ultrasonic volume data
instead of the three-dimensional B-mode data. The date gen-
erated by the B-mode data generation unit 21 will be collec-
tively referred to as B-mode data hereinafter.

[0061] The B-mode data generation unit 21 associates the
B-mode data with the absolute coordinate system by using the
probe position detected by the position detection unit 15.
Note that the B-mode data generation unit 21 may associate
the probe position with the three-dimensional B-mode data.
[0062] The Doppler data generation unit 23 includes a
mixer, low pass filter (to be referred to as an LPF hereinafter),
and velocity/variance/power computation device (none are
shown). The mixer multiplies the reception signal output
from the scan unit 20 by a reference signal having a frequency
f, equal to the transmission frequency. With this multiplica-
tion operation, a signal having a component with a Doppler
shift frequency f, and a signal having a frequency component
of (21,+f,) is obtained. The LPF removes a signal of a high-
frequency component (2f,+£,) from a signal having two types
of frequency components from the mixer. The Doppler data
generation unit 23 generates a Doppler signal having the
component with the Doppler shift frequency f, by removing
the signal of the high-frequency component (2f,+f ).

[0063] Note that the Doppler data generation unit 23 may
use a quadrature detection scheme to generate Doppler sig-
nals. In this case, a reception signal (RF signal) is quadrature-
detected and converted into an IQ signal. The Doppler data
generation unit 23 generates a Doppler signal having the
component with the Doppler shift frequency £, by performing
complex Fourier transform for the IQ signal. Doppler signals
are, for example, Doppler components caused by a blood
flow, tissue, and contrast medium.

[0064] The velocity/variance/power computation device
includes an MTT (Moving Target Indicator) filter, LPF filter,
and autocorrelation computation device (none are shown).
Note that the device may include a cross-correlation compu-
tation device instead of the autocorrelation computation
device. The MTI filter removes a Doppler component (a clut-
ter component) caused by the respiratory movement or pul-
satory movement of an organ or the like from a generated
Doppler signal. The MTT filter is used to extract a Doppler
component (to be referred to as a blood flow Doppler com-
ponent hereinafter) concerning a blood flow from a Doppler
signal. The LPF is used to extract a Doppler component (to be
referred to as a tissue Doppler component hereinafter) con-
cerning the movement of a tissue from a Doppler signal.
[0065] The autocorrelation computation device calculates
an autocorrelation value with respect to a blood flow compo-
nent and a tissue Doppler component. The autocorrelation
computation device calculates the average velocity value, the
variance, the reflection intensity (power) of the Doppler sig-
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nal, and the like of the blood flow and tissue based on the
calculated autocorrelation value. The velocity/variance/
power computation device generates color Doppler data at
each position in a predetermined region based on the average
velocity value, the variance, the reflection intensity of the
Doppler signal, and the like of the blood flow and tissue based
on a plurality of Doppler signals. Doppler signals and color
Doppler data will be collectively referred to as Doppler data
hereinafter. Note that the Doppler data may be three-dimen-
sional data (to be referred to as three-dimensional Doppler
data hereinafter). Three-dimensional Doppler data and three-
dimensional B-mode data will be collectively referred to as
three-dimensional ultrasonic data hereinafter.

[0066] The ultrasonic image generation unit 22 generates a
B-mode image based on the B-mode data generated by the
B-mode data generation unit 21. The ultrasonic image gen-
eration unit 22 generates a Doppler image based on the Dop-
pler data generated by the Doppler data generation unit 23.
B-mode images and Doppler images will be collectively
referred to as ultrasonic images hereinafter. That is, ultrasonic
image generation unit 22 generates an ultrasonic image based
on the data output from the scan unit 20.

[0067] More specifically, the ultrasonic image generation
unit 22 executes coordinate conversion processing (resam-
pling) for the DSC. Coordinate conversion processing is, for
example, processing of converting a scanning line signal
string for ultrasonic scanning, which is formed from B-mode
data, Doppler data, and the like, into a scanning line signal
string in a general video format represented by a TV format.
The ultrasonic image generation unit 22 generates an ultra-
sonic image as a display image by coordinate conversion
processing. More specifically, the ultrasonic image genera-
tion unit 22 generates a B-mode image based on the B-mode
data. The ultrasonic image generation unit 22 generates a
Doppler image such as an average velocity image, variance
image, or power image based on the Doppler data.

[0068] The image memory stores data (to be referred to as
image data hereinafter) corresponding to the generated ultra-
sonic images (B-mode images, average velocity images, vari-
ance images, and power images). The image data stored in the
image memory is read out in accordance with an instruction
from the operator via the input unit 18. The image memory is,
for example, a memory which stores ultrasonic images cor-
responding to a plurality of frames immediately before freez-
ing. Continuously displaying (cine displaying) the images
stored in this cine memory can display a moving ultrasonic
image on the display unit 19.

[0069] The image combining devise combines the ultra-
sonic image and a scanning slice image (to be described later)
with the character information of various parameters, scale
marks, and the like. The image combining device outputs the
combined images to the display unit 19.

[0070] The guide information generation unit 25 generates
probe guide information based on the probe position and a
designation position (to be described later). The probe guide
information is, for example, information displayed on the
display unit 19 as a guide when the operator moves the ultra-
sonic probe 11 to the designation position. The guide infor-
mation generation unit 25 updates the probe guide informa-
tion along with the movement of the probe position. For
example, the guide information generation unit 25 stores a
program (to be referred to as a guide information generation
program) for generating probe guide information in a
memory (not shown). In this case, when a thumbnail image
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(to be described later) displayed on the display unit 19 is
designated via an operation by the input unit 18 (to be referred
to as a thumbnail designation operation hereinafter), the
guide information generation unit 25 loads the guide infor-
mation generation program into its own memory. Then, the
guide information generation unit 25 generates probe guide
information by operating the guide information generation
program by using the probe position and designation position
as input values.

[0071] The guide information generation unit 25 generates
probe guide information based on a position corresponding to
a slice designated with respect to the thumbnail image dis-
played on the display unit 19 and designated by the input unit
18, and the probe position detected by the position detection
unit 15. The position corresponding to the designated slice is,
for example, a position for defining a slice on the absolute
coordinate system, or a probe position for acquiring an ultra-
sonic image corresponding to the slice.

[0072] Note that the guide information generation unit 25
may store a correspondence table of probe guide information
for the probe position and designation position in the memory
(not shown). In this case, when a thumbnail designation
operation is executed, the guide information generation unit
25 may generate probe guide information based on the probe
position, designation position, and correspondence table.
[0073] More specifically, when a thumbnail image dis-
played on the display unit 19 is designated via an operation by
the input unit 18 (to be referred to as a thumbnail designation
operation hereinafter), the guide information generation
fanction 25 reads out, from the storage unit 29, a probe
position (designation position) with respect to an ultrasonic
image (upon collection) corresponding to the designated
thumbnail image. The guide information generation unit 25
reads out the probe position of the ultrasonic probe 11 during
scanning from the position detection unit 15 by using the
thumbnail designation operation as a trigger.

[0074] The guide information generation unit 25 deter-
mines the distance (to be referred to as a guide distance
hereinafter) between the designation position and the probe
position with reference to the reference position based on the
designation position read out from the storage unit 29 and the
probe position read out from the position detection unit 15.
The guide information generation unit 25 determines a direc-
tion (to be referred to as a guide direction hereinafter) from
the probe position to the designation position based on the
designation position read out from the storage unit 29 and the
probe position read out from the position detection unit 15.
More specifically, the guide information generation unit 25
calculates the guide distance and guide direction using the
three-dimensional coordinates of the designation position
and those of the probe position with reference to the reference
position.

[0075] The guide information generation unit 25 deter-
mines the rotation angle of the ultrasonic probe 11 based on
the designation position read out from the storage unit 29 and
the probe position read out from the position detection unit
15. More specifically, the guide information generation unit
25 determines the rotation angle (to be referred to as a guide
rotation angle hereinafter) of the ultrasonic probe 11 based on
the angles around the reference axes at the designation posi-
tion and the angles around the reference axes at the probe
position. More specifically, the guide information generation
unit 25 calculates, as a guide rotation angle, the absolute value
of the angle difference between the angle at the designation
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position and that at the probe position for each of a plurality
of reference axes. The probe guide information includes the
guide distance, guide direction, and guide rotation angles.
[0076] FIG. 2 is a schematic view showing an example of
an overview of generation of probe guide information. As
shown in FIG. 2, the probe position has, for example, the
coordinates (x0, y0, z0) of the aperture center with respect to
the reference position and angles (¢0, 680, w0) around the
reference axes (x-axis, y-axis, and probe axis). On the other
hand, the designation position has, for example, the coordi-
nates (x0, y0, 70) of the aperture center with respect to the
reference position and the angles (¢p0, 680, w0) around the
reference axes (x-axis, y-axis, and probe axis).

[0077] Referring to FIG. 2, for example, the guide distance
is calculated by ((x1-x0)"2+(y1-y0)"2+(z1-20)"2)"(*2). As
shown in FIG. 2, the guide direction is determined by, for
example, calculating a direction vector from the probe posi-
tion to the designation position. Referring to FIG. 2, the guide
rotation angle around the Z-axis among the guide rotation
angles is determined by calculating I¢1-¢1. Referring to FIG.
2, the guide rotation angle around the x-axis among the guide
rotation angles is determined by calculating Ip1-§0l. Refer-
ring to FIG. 2, the guide rotation angle around the probe axis
among the guide rotation angles is determined by calculating
lo1-00l.

[0078] FIG. 3 is a view showing an example of display of
the probe guide information. As shown in FIG. 3, the probe
guide information is displayed on the display unit 19 together
with a schematic view (probe mark) about the ultrasonic
probe 11. The formula of the probe guide information shown
in FIG. 3 is stored in the memory (not shown) of the guide
information generation unit 25 as, for example, the guide
information generation program or correspondence table.
[0079] When an operation (to be referred to as a dual dis-
play operation hereinafter) of parallelly displaying an ultra-
sonic image and a slice image (to be referred to as a corre-
spondence slice image hereinafter) corresponding to the
ultrasonic image is input via the input circuitry 18, the slice
image generation unit 27 generates the correspondence slice
image based on the probe position and volume data stored in
the storage unit 29. The correspondence slice image includes
a scanned region with respect to the ultrasonic image. After
the input of the dual display operation, the slice image gen-
eration unit 27 generates the slice image corresponding to the
ultrasonic image updated according to the movement of the
ultrasonic probe 11. That is, the slice position of the corre-
spondence slice image and that of the ultrasonic image almost
match each other.

[0080] The slice image generation unit 27 generates a
three-dimensional body mark image indicating the probe
mark and scanned region based on the probe position. The
scanned region is superimposed on the body mark in a semi-
transparent or opaque state. Note that the slice image genera-
tion unit 27 may generate a three-dimensional body mark
image based on the volume data and probe position by, for
example, surface rendering processing or volume rendering
processing. The slice image generation unit 27 outputs data
about the ultrasonic image, correspondence slice image, and
three-dimensional body mark image to the display unit 19.
[0081] When aninstruction ofa bookmark (to bereferred to
as a bookmark instruction hereinafter) is input via the input
unit 18, the slice image generation unit 27 generates, based on
an ultrasonic image (to be referred to as a bookmark image
hereinafter) with respect to the bookmark instruction, a
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thumbnail image of a slice image corresponding to the book-
mark image. The slice image generation unit 27 outputs the
generated thumbnail image to the display unit 19. Note that
the input unit 18 may input a slice designated by the operator
in the volume data. In this case, the slice image generation
unit 27 generates a thumbnail image corresponding to the
input slice. For example, the thumbnail image is a thumbnail
image of a correspondence slice image, and is, for example,
an image obtained by reducing the correspondence slice
image. Note that the thumbnail image may be an image
obtained by resizing the correspondence slice image to a
thumbnail size and correcting the resolution to be almost
equal to that of the correspondence slice image.

[0082] When a thumbnail designation operation is
executed, the slice image generation unit 27 generates an
image (to be referred to as a 3DBM superimposed image
hereinafter) by superimposing the probe guide information
generated by the guide information generation unit 25 on the
three-dimensional body mark image. A scanned region with
respect to the designation position on the 3DBM superim-
posed image may be superimposed on the three-dimensional
body mark in a semitransparent or opaque state. The slice
image generation unit 27 outputs the 3DBM superimposed
image to the display unit 19. Note that the slice image gen-
eration unit 27 updates the 3DBM superimposed image in
accordance with the movement of the probe position.

[0083] Note that based on the volume data or ultrasonic
image, the slice image generation unit 27 generates a thumb-
nail image with respect to the position corresponding to the
slice designated via the input unit 18. More specifically, based
on the volume data or ultrasonic image, the slice image gen-
eration unit 27 generates a thumbnail image with respect to
the position corresponding to the designated slice using the
probe position at the time of acquiring a position for defining
the designated slice or an ultrasonic image including the
designated slice. The slice image generation unit 27 outputs
the generated thumbnail image to the display unit 19.

[0084] The storage unit 29 stores a plurality of reception
delay patterns with different focus depths, a plurality of trans-
mission delay patterns, apparatus control programs for the
ultrasonic diagnostic apparatus 1, a diagnostic protocol, vari-
ous data groups such as transmission/reception conditions,
diagnosis information (patient IDs, findings by doctors, and
the like), the reception signals generated by the scan unit 20,
the B-mode data generated by the B-mode data generation
unit 21, the Doppler data generated by the Doppler data
generation unit 23, ultrasonic images (B-mode images, aver-
age velocity images, variance images, and power images),
and the like.

[0085] The storage unit 29 stores volume data of the object
acquired in the past by other modalities. For example, the
volume data are transferred from other modalities (for
example, an X-ray computed tomography apparatus, mag-
netic resonance imaging apparatus, and the like) capable of
generating volume data or a medical image storage apparatus
(not shown) to the storage unit 29 of the apparatus main body
17 via the I/F 31 and network. For the sake of simplicity,
assume that the volume data is data generated by an X-ray
computed tomography apparatus. When a dual display opera-
tion is input via the input unit 18, the storage unit 29 outputs
the volume data to the slice image generation unit 27. Note
that the volume data may be data generated by the ultrasonic
diagnostic apparatus 1.
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[0086] When a bookmark instruction is input via the input
unit 18, the storage unit 29 stores, in association with the
probe position, the correspondence slice image and ultrasonic
image (bookmark image) which are displayed on the monitor.
The probe position with respect to the ultrasonic image on
which the bookmark instruction has been input corresponds
to the above-described designation position. The stored cor-
respondence slice image includes the scanned region with
respect to the designation position. The correspondence slice
image stored by the bookmark instruction will be referred to
as a scanning slice image hereinafter. That is, a thumbnail
image is a thumbnail of the scanning slice image. Note that
the storage unit 29 may store the volume data and the position
corresponding to the slice designated via the input unit 18 in
association with each other.

[0087] The storage unit 29 stores the three-dimensional
body mark, the probe mark, the marker indicating the scanned
region, and the like. When a thumbnail designation operation
is executed, the storage unit 29 outputs the three-dimensional
body mark, the probe mark, the marker indicating the scanned
region, and the like to the slice mage generation unit 27. Note
that the storage unit 29 may store the guide information
generation program. In this case, the storage unit 29 outputs
the guide information generation program to the guide infor-
mation generation unit 25 by using the input of the thumbnail
designation operation as a trigger. The storage unit 29 also
outputs the scanning slice image to the display unit 19 by
using the thumbnail designation operation as a trigger.
[0088] The storage unit 29 stores a predetermined range.
The predetermined range is used by the CPU 33 to determine
that the designation position and the probe position almost
match each other. The predetermined range is, for example, a
range within a predetermined distance from the designation
position. More specifically, the predetermined range is a
range which includes the designation position and within
which the guide distance is almost equal to zero. Also, the
predetermined range is a range within which the guide rota-
tion angles are almost equal to zero. That is, the predeter-
mined range is a range for defining a range within which the
designation position and the probe position almost match
each other. Note that the storage unit 29 may store a prede-
termined threshold instead of the predetermined range. In this
case, the predetermined threshold is a value such that the
guide distance and guide rotation angles are almost equal to
Zero.

[0089] The I/F 31 is an interface for the network, and an
external storage device and bio-signal measuring device (nei-
ther of which is shown). Data such as an ultrasonic image
obtained by the apparatus main body 17, an analysis result,
and the like can be transferred to another apparatus via the I/F
31 and the network.

[0090] The CPU 33 reads out the transmission delay pat-
tern, reception delay pattern, and apparatus control program
stored in the storage unit 29, based on the selection between
the B mode and the Doppler mode, frame rate, scanned depth,
transmission start/end, and the like which are input by the
operator via the input unit 18, and controls the apparatus main
body 17 in accordance with these piece of information.
[0091] When a dual display operation is input via the input
unit 18, the CPU 33 controls the storage circuitry 29 and the
slice image generation unit 27 to generate a correspondence
slice image. In addition, the CPU 33 controls the display unit
19 to parallelly display the ultrasonic image and correspon-
dence slice image.
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[0092] When a bookmark instruction is input via the input
unit 18 for the parallelly displayed ultrasonic image, the CPU
33 controls the storage unit 29 to store the bookmark image
and correspondence slice image in association with the probe
position. At this time, the CPU 33 controls the slice image
generation unit 27 to generate a thumbnail image of a scan-
ning slice image corresponding to the bookmark image.

[0093] Whenathumbnail designation operation is input via
the input unit 18, the CPU 33 controls the guide information
generation unit 25 and slice image generation unit 27 to
generate a 3DBM superimposed image. The CPU 33 outputs
the scanning slice image corresponding to the designated
thumbnail image from the storage unit 29 to the display unit
19 by using the thumbnail designation operation as a trigger.
In addition, by using the thumbnail designation operation as
a trigger, the CPU 33 controls the display unit 19 to parallelly
display the scanning slice image and the ultrasonic image
generated in real time. By using the thumbnail designation
operation as a trigger, the CPU 33 controls the display unit 19
to display the 3DBM superimposed image together with the
scanning slice image and the ultrasonic image generated in
real time. Display of the scanning slice image, the ultrasonic
image generated in real time, and the 3DBM superimposed
image using the thumbnail designation operation as a trigger
will be referred to as the first display hereinafter.

[0094] TheCPU 33 reads out the predetermined range from
the storage unit 29 by using the thumbnail designation opera-
tion as a trigger. When the probe position is moved into the
predetermined range including the designation position along
with the movement of the ultrasonic probe 11 (to be referred
to as movement matching hereinafter), the CPU 33 controls
the display unit 19 1o display, on the display screen of the
monitor of the display unit 19, predetermined display (to be
referred to as movement matching display hereinafter) for
notifying the operator of movement matching, The movement
matching display indicates, for example, a character or icon
for allowing the operator to recognize movement matching.
Note that by using movement matching as a trigger, the CPU
33 may change at least one of the hue, brightness, and chroma
of the probe mark on the 3DBM superimposed image so as to
allow the operator to readily recognize movement matching.
Furthermore, by using movement matching as a trigger, the
CPU 33 may output a predetermined audio via a loudspeaker
(not shown). The predetermined audio is an audio for allow-
ing the operator to recognize movement matching. Note that
by using movement matching as a trigger, the CPU 33 may
control the display unit 19 to cancel display of the 3DBM
superimposed image in the first display.

[0095] Theinput unit 18 is connected to the apparatus main
body 17, and loads various kinds of instructions, commands,
information, selections, and settings from the operator into
the apparatus main body 17. The input unit 18 is implemented
by input devices such as a trackball, switch buttons, mouse,
and keyboard (none are shown). The input device detects the
coordinates of the cursor displayed on the display screen and
outputs the detected coordinates to the CPU 33. Note that the
input device may be a touch panel provided to cover the
display screen. In this case, the input unit 18 detects touched
and instructed coordinates by a coordinate reading principle
such as an electromagnetic induction scheme, a magneto-
striction scheme, or a pressure sensitive scheme, and outputs
the detected coordinates to the CPU 33. When the operator
operates the end button or freeze button of the input unit 18,
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ultrasonic transmission/reception is terminated, and the appa-
ratus main body 17 is set in a pause state.

[0096] Note that the input unit 18 may designate a slice of
the object by an operator instruction. More specifically, the
input unit 18 designates a slice for the volume data or ultra-
sonic image. The input unit 18 outputs a position correspond-
ing to the designated slice to the storage unit 29. The input
unit 18 designates a thumbnail image displayed on the display
unit 19 by an operator instruction.

[0097] More specifically, the input unit 18 includes a dual
display button for executing dual display, a bookmark button
for inputting a bookmark instruction, a dial for selecting a
plurality of thumbnail images displayed on the display unit
19, a trackball, and a cursor displayed on the display screen.
The input unit 18 may include a determination button for
designating a selected thumbnail image. Note that the book-
mark button may be provided as a touch panel which covers
the display screen of the display unit 19.

[0098] The input unit 18 operates the trackball or mouse to
move the cursor displayed on the monitor of the display unit
19 onto, for example, one of the plurality of thumbnail images
displayed on the display screen of the display unit 19. The
input unit 18 designates the thumbnail image positioned
behind the cursor by pressing the determination button. If a
dial having a push switch is provided in the input unit 18, one
of the plurality of thumbnail images is selected by rotation of
the dial. At this time, when the push switch provided in the
dial is pressed, the selected thumbnail image is designated.
[0099] The display unit 19 includes the monitor (not
shown). The display unit 19 displays, on the monitor, various
images generated by the ultrasonic image generation unit 22
and the slice image generation unit 27. The display unit 19
may execute adjustment such as brightness, contrast,
dynamic range, ory correction and assignment of a color map
for the various images. More specifically, when a dual display
operation is executed, the display unit 19 parallelly displays
the correspondence slice image and ultrasonic image, and
also displays the three-dimensional body mark image. Note
that the display unit 19 may display a thumbnail image with
respect to the position corresponding to the designated slice.
When a thumbnail image is designated via the input unit 18,
the display unit 19 displays probe guide information. Note
that the display unit 19 may display the probe guide informa-
tion together with at least one of the thumbnail image and the
ultrasonic image.

[0100] FIG. 4 is a view showing a display example of the
display screen on which the correspondence slice image and
ultrasonic image are parallelly displayed and the three-di-
mensional body mark image is displayed. Note that the dis-
play unit 19 may parallelly display the correspondence slice
image and ultrasonic image, and also display the three-di-
mensional body mark image and bookmark button.

[0101] When a bookmark instruction is input, the display
unit 19 further displays the thumbnail image of the scanning
slice image corresponding to the bookmark image. FIG. 5 is
a view showing a display example of the display screen on
which the ultrasonic image and correspondence slice image
are parallelly displayed and the three-dimensional body mark
image, the bookmark button, and a thumbnail image A are
displayed. When a plurality of bookmark instructions are
input via the input unit 18, the display unit 19 further displays
aplurality of thumbnail images corresponding to the plurality
of bookmark instructions. FIG. 6 is a view showing a display
example of the display screen on which the ultrasonic image
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and correspondence slice image are parallelly displayed and
the three-dimensional body mark image, the bookmark but-
ton, and the plurality of thumbnail images (A, B, and C) are
displayed.

[0102] By using a thumbnail designation operation as a
trigger, the display unit 19 replaces the correspondence slice
image by a scanning slice image corresponding to a desig-
nated thumbnail image, and displays it. In addition, the dis-
play unit 19 replaces the three-dimensional body mark image
by the 3DBM superimposed image. The display unit 19 high-
lights the display frame of the designated thumbnail image.
FIG. 7 is a view showing an example in which the plurality of
thumbnail images are displayed together with the first dis-
play. In the display shown in FIG. 7, the display unit 19
updates and displays probe guide information of the 3DBM
superimposed image in accordance with the movement of the
ultrasonic probe 11. Note that if there is no space to display
the probe guide information on the display screen, the display
unit 19 may set the probe guide information such as the
numerical values of the angles and distance in FIG. 7 in a
non-display state.

[0103] The display unit 19 displays the movement match-
ing display using movement matching as a trigger. At the
same time, the display unit 19 replaces the scanning slice
image by the original correspondence slice image and dis-
plays it by using movement matching as a trigger. Note that
the display unit 19 may cancel display of the probe guide
information of the displayed 3DBM image by using move-
ment matching as a trigger. Note that the display unit 19 may
display the thumbnail images together with the ultrasonic
image and guide information.

[0104] Note that when a thumbnail designation operation is
executed, the display unit 19 may superimpose and display
the probe guide information on the ultrasonic image. FIG. 8 is
aview showing an example of the display screen on which the
probe guide information is superimposed on the ultrasonic
image in the first display. The display unit 19 may superim-
pose and display the display frame of the scanning slice image
corresponding to the thumbnail image on the ultrasonic
imageinthe first display. F1G. 9 is a view showing an example
of the display screen on which the probe guide information
and the display frame of the scanning slice image are supet-
imposed and displayed on the ultrasonic image in the first
display. The shape of the display frame is determined by, for
example, the guide information generation unit 25 based on
the designation position and probe position.

[0105] Furthermore, the display 19 can display the three-
dimensional body mark image in accordance with the plural-
ity of angles at the probe position. The display unit 19 can fix
the probe position during scanning on the three-dimensional
body mark image, and display the three-dimensional body
mark image by rotating it by a predetermined angle.

[0106]

[0107] A probe guide information display function is a
function of displaying the 3DBM superimposed image indi-
cating the probe position and designation position together
with the scanning slice image corresponding to the desig-
nated thumbnail image and the ultrasonic image during scan-
ning. The processing (to be referred to as probe guide infor-
mation display processing) of the probe guide information
display function will be described below.

[0108] FIG. 10 is an example of a flowchart illustrating the
procedure of the probe guide information display processing.

(Probe Guide Information Display Function)
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[0109] When a dual display operation is executed, a corre-
spondence slice image is generated based on the probe posi-
tion with respect to the ultrasonic image during scanning and
the volume data stored in the storage unit 29 (step Sal). The
generated correspondence slice image and the ultrasonic
image during scanning are parallelly displayed (step Sa2). If
no bookmark instruction is input via the input unit 18 (step
Sa3), the processes in steps Sal and Sa2 are repeated. In this
case, the correspondence slice image and the ultrasonic image
corresponding to the probe position are repeatedly displayed
on the display screen of the monitor of the display unit 19 in
accordance with the movement of the ultrasonic probe 11.
[0110] Ifabookmark instruction is input via the input unit
18 (the bookmark button is pressed) (step Sa3), a bookmark
image and a slice image (scanning slice image) correspond-
ing to the bookmark image are stored in the storage unit 29
together with the probe position (designation position) (step
Sad). At this time, a thumbnail image of the scanning slice
image is generated, and displayed on the display screen of the
monitor of the display unit 19. The processes in steps Sal to
Sad are repeated until a thumbnail image is designated via the
input unit 18 (a thumbnail designation operation is input)
(step Sa5). At this time, a plurality of thumbnail images
corresponding to a plurality of times of pressing of the book-
mark button are displayed.

[0111] Ifathumbnail image is designated via the input unit
18 (a thumbnail designation operation is input), the scanning
slice image and designation position corresponding to the
thumbnail image are read out from the storage unit 29. The
readout scanning slice image is displayed together with the
ultrasonic image during scanning (step Sa6). Probe guide
information is generated based on the designation position
and the probe position corresponding to the ultrasonic image
during scanning. A 3DBM superimposed image is generated
by superimposing the probe guide information on the three-
dimensional body mark image, and displayed (step Sa8). The
ultrasonic probe 11 is moved (step Sa9).

[0112] Ifthe probe position falls outside the predetermined
range including the designation position (step Sal0), probe
guide information is newly generated based on the designa-
tion position and the probe position of the moved ultrasonic
probe 11 (step Sall). The probe guide information in the
3DBM superimposed image is updated (step Sal2).

[0113] Ifthe probe position falls within the predetermined
range including the designation position (step Sal0), the
movement matching display is displayed (step Sal3). Note
that if another thumbnail image is selected after the process-
ing in step Sal3, the processes in steps Sa6 to Sal3 are
repeated.

[0114] (First Modification)

[0115] The difference from the first embodiment is that
when the probe position is moved into the predetermined
range including the designation position, a plurality of slice
images with respect to the designation position are generated
based on the designation position and volume data, and the
plurality of generated slice images are displayed together
with the ultrasonic image during scanning. In this modifica-
tion, there are a plurality of processes subsequent to step Sal3
in the probe guide information display processing according
to the first embodiment.

[0116] By using movement matching as a trigger, the slice
image generation unit 27 generates a plurality of slice images
including slices whose positions are different from that of the
slice of the scanning slice image based on the designation
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position and volume data. More specifically, the slice image
generation unit 27 generates, as a plurality of slice images, a
plurality of MPR (Multiplanar Reconstruction) images by
executing MPR for the scanning slice image. By using move-
ment matching as a trigger, the slice image generation unit 27
may generate a matching superimposed image by superim-
posing the ultrasonic image during scanning on the scanning
slice image. The slice image generation unit 27 may read out
an annotation about the scanning slice image from the storage
unit 29, and generate an annotation superimposed image by
superimposing the readout annotation on the ultrasonic image
during scanning.

[0117] The display unit 19 displays the plurality of MPR
images together with the ultrasonic image during scanning by
using movement matching as a trigger. Display of the plural-
ity of MPR images and the ultrasonic image during scanning
will be referred to as the second display hereinafter. Note that
the second display may further include a Doppler image. Note
that the display unit 19 may display the matching superim-
posed image by using movement matching as a trigger. The
display unit 19 may display the annotation superimposed
image by using movement matching as a trigger. Note that the
display unit 19 may display at least one of the first display and
the second display.

[0118] The CPU 33 controls the display unit 19 to switch
display of the monitor of the display unit 19 from the first
display to the second display by using movement matching as
atrigger. Note that the CPU 33 may control the display unit 19
to switch display of the monitor from the first display to
display of the matching superimposed image by using move-
ment matching as a trigger.

[0119] FIG. 11 is a view showing an example of the display
screen whose display contents are switched from the first
display to the second display by using movement matching as
a trigger. As shown in FIG. 11, in this modification, the
display contents of the display screen are switched from the
first display to the second display by using movement match-
ing as a trigger.

[0120] FIG. 12 is a view showing an example of the display
screen whose display contents are switched from the first
display to display of the matching superimposed image by
using movement matching as a trigger.

[0121] FIG. 13 is a view showing an example of the display
screen whose display contents are switched from the first
display to display of the annotation superimposed image by
using movement matching as a trigger.

[0122] (Display Switching Function)

[0123] Adisplay switching function is a function of switch-
ing the display contents of the display screen from the first
display to the second display by using, as a trigger, entering of
the probe position into the predetermined range including the
designation position (movement matching). The processing
(to bereferred to as display switching processing hereinafter)
of the display switching function will be described below.

[0124] FIG. 14 is an example of a flowchart illustrating the
procedure of the display switching processing.

[0125] In the first display, the probe position is moved into
the predetermined range including the designation position
along with the movement of the ultrasonic probe 11 (step
Sb1). A plurality of slice images (MPR images) are generated
based on the volume data and designation position (step Sb2).
The CPU 33 controls switching of the display contents of the
display screen from the first display to the second display
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(step Sb3). The plurality of generated slice images (MPR
images) are displayed together with the ultrasonic image
during scanning (step Sh4).

[0126] (Second Modification)

[0127] The difference from the first embodiment is that
when the probe position is moved into the predetermined
range including the designation position or the position cor-
responding to the designated slice, an ultrasonic scanning
mode for the object is changed. In this modification, a plural-
ity of processes subsequent to step Sal3 in the probe guide
information display processing according to the first embodi-
ment are included.

[0128] Inthis modification, assume that a two-dimensional
array probe or a mechanical four-dimensional probe which
executes three-dimensional scanning by swinging a one-di-
mensional array in a direction perpendicular to the array
direction of the plurality of transducers is used as the ultra-
sonic probe 11.

[0129] The storage unit 29 stores a plurality of scanning
modes. The plurality of scanning modes include a two-di-
mensional scanning mode of two-dimensionally scanning the
object, and a three-dimensional scanning mode of three-di-
mensionally scanning the object. More specifically, the stor-
age unit 29 stores a plurality of reception delay patterns with
different focus depths, plurality of transmission delay pat-
terns, and apparatus control programs with respect to the
two-dimensional scanning mode. The storage unit 29 stores a
plurality of reception delay patterns with different focus
depths, a plurality of transmission delay patterns, and appa-
ratus control programs with respect to the three-dimensional
scanning mode.

[0130] The CPU 33 controls the scan unit 20 to change the
scanning mode from the two-dimensional scanning mode to
the three-dimensional scanning mode by using movement
matching as a trigger. More specifically, the CPU 33 controls
the scan unit 20 to execute the two-dimensional scanning
mode until the probe position is moved into the predeter-
mined range including the designation position. When the
probe position is moved into the predetermined range includ-
ing the designation position or the position corresponding to
the designated slice, the CPU 33 controls the scan unit 20 to
change the scanning mode from the two-dimensional scan-
ning mode to the three-dimensional scanning mode. That is,
the CPU 33 controls the scan unit 20 to execute the three-
dimensional scanning mode after the movement of the probe
position into the predetermined range including the designa-
tion position.

[0131] The CPU 33 controls the scan unit 20 to generate
three-dimensional ultrasonic data by performing three-di-
mensional scanning on the object. By using movement
matching as a trigger, the CPU 33 controls the slice image
generation unit 27 to generate a plurality of ultrasonic images
corresponding to the plurality of MPR images based on the
three-dimensional ultrasonic data and the plurality of MPR
images. By using movement matching as a trigger, the CPU
33 controls the display unit 19 to display the plurality of MPR
images and the plurality of ultrasonic images.

[0132] The scan unit 20 scans the object according to the
scanning mode set by the CPU 33. More specifically, if the
two-dimensional scanning mode is set, the scan unit 20
executes two-dimensional ultrasonic scanning on the object.
Ifthe three-dimensional scanning mode is set, the scan unit 20
executes three-dimensional ultrasonic scanning (a volume
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scan) on the object. The scan unit 20 generates three-dimen-
sional ultrasonic data by performing a volume scan on the
object.

[0133] The slice image generation unit 27 generates a plu-
rality of ultrasonic images corresponding to the plurality of
MPR images based on the three-dimensional volume data and
the plurality of MPR images by using movement matching as
a trigger.

[0134] The display unit 19 displays the plurality of ultra-
sonic images corresponding to the plurality of MPR images
by using movement matching as a trigger.

[0135] (Scanning Mode Change Function)

[0136] A scanning mode change function is a function of
changing the ultrasonic scanning mode for the object when
the probe position is moved into the predetermined range
including the designation position or the position correspond-
ing to the designated slice. The processing (to be referred to as
scanning mode change processing hereinafter) of the scan-
ning mode change function will be described below.

[0137] FIG. 15 is an example of a flowchart illustrating the
procedure of the scanning mode changing processing.
[0138] Inthetwo-dimensional scanning mode, the object is
scanned (step Scl). When a dual display operation is
executed, a correspondence slice image is generated based on
the probe position with respect to the ultrasonic image during
scanning and the volume data stored in the storage unit 29.
The generated correspondence slice image and the ultrasonic
image during scanning are parallelly displayed. When a
bookmark instruction is input via the input unit 18 (the book-
mark button is pressed), a bookmark image and a slice image
(scanning slice image) corresponding to the bookmark image
are stored in the storage unit 29 together with the probe
position (designation position). At this time, a thumbnail
image of the scanning slice image is generated, and displayed
on the display screen of the monitor of the display unit 19.
[0139] When a thumbnail image is designated via the input
unit 18 (a thumbnail designation operation is input), a scan-
ning slice image corresponding to the thumbnail image and
the designation position (or the position corresponding to the
designated slice) are read out from the storage unit 29. The
readout scanning slice image is displayed together with the
ultrasonic image during scanning (step Sc2). Probe guide
information is generated based on the designation position (or
the position corresponding to the designated slice) and the
probe position corresponding to the ultrasonic image during
scanning. A 3DBM superimposed image is generated by
superimposing the probe guide information on the three-
dimensional body mark image, and displayed. The ultrasonic
probe 11 is moved (step Sc3).

[0140] Ifthe probe position falls outside the predetermined
range including the designation position (or the position cor-
responding to the designated slice) (step Scd), new probe
guide information is generated based on the probe position of
the moved ultrasonic probe 11 and the designation position
(or the position corresponding to the designated slice). The
probe guide information in the 3DBM superimposed image is
updated. Subsequently, the processes in steps Sc2 and Sc3 are
executed.

[0141] Ifthe probe position falls within the predetermined
range including the designation position (or the position cor-
responding to the designated slice) (step Scd), the ultrasonic
scanning mode for the object is changed from the two-dimen-
sional scanning mode to the three-dimensional scanning
mode (step Sc5). In the three-dimensional scanning mode, the
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object is scanned (step Sc6). A plurality of slice images (MPR
images) are generated based on the volume data and the
designation position (or the position corresponding to the
designated slice) (step Sc7).

[0142] A plurality of ultrasonic images corresponding to
the plurality of MPR images are generated based on the
three-dimensional ultrasonic data and the plurality of MPR
images (step Sc8). The plurality of slice images are displayed
together with the plurality of ultrasonic images (step Sc9).
[0143] With the above-described arrangement. it is pos-
sible to obtain the following effects.

[0144] The ultrasonic diagnostic apparatus 1 according to
this embodiment has the probe guide information display
function of displaying again the ultrasonic image stored in
advance by the operator. The ultrasonic diagnostic apparatus
1 can generate probe guide information based on the differ-
ence information between the designation position (the posi-
tion (coordinates) in the three-dimensional space and the
three-axis rotation directions) of the stored ultrasonic image,
and display the probe guide information. This enables the
ultrasonic diagnostic apparatus 1 to directly guide the opera-
tor to the designation position with respect to the desired
scanning slice. That is, the ultrasonic diagnostic apparatus 1
can efficiently guide a position, at which the ultrasonic probe
11 is brought into contact with the object, to the position of the
ultrasonic probe with respect to the scanning slice desired by
the operator.

[0145] According to the first modification of the embodi-
ment, when the probe position is moved into the predeter-
mined range including the designation position, it is possible
to generate a plurality of slice images with respect to the
designation position based on the designation position and
volume data, and display the plurality of generated slice
images together with the ultrasonic image during scanning.
That 1s, according to the first modification, the display con-
tents displayed on the display screen can be changed from the
first display to the second display by using movement match-
ing as a trigger. This makes it possible to display the plurality
of slice images when the ultrasonic image almost matches the
scanning slice image.

[0146] According to the second modification of the
embodiment, it is possible to change the ultrasonic scanning
mode for the object by using movement matching as a trigger.
Thus, itis possible to generate a plurality of ultrasonic images
corresponding to the plurality of slice images (MPR images)
in the second display.

[0147] As described above, the ultrasonic diagnostic appa-
ratus 1 can efficiently guide a position, at which the ultrasonic
probe 11 is brought into contact with the object, to the des-
ignation position (or the position corresponding to the desig-
nated slice). By using movement matching as a trigger, the
ultrasonic diagnostic apparatus 1 can also change the display
contents displayed on the display screen from the first display
to the second display. In addition, the ultrasonic diagnostic
apparatus 1 can change the ultrasonic scanning mode for the
object by using movement matching as a trigger. Conse-
quently, with the ultrasonic diagnostic apparatus 1, the diag-
nosis efficiency of the operator for the object is improved.

Second Embodiment

[0148] The difference from the first embodiment is that a
program (to be referred to as an image processing program
hereinafter) for a predetermined image display processing
function is activated by using, as a trigger, the movement of a
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probe position into a predetermined range including a desig-
nation position, and predetermined image processing is
executed.

[0149] FIG. 16 is a view showing an example of the
arrangement of an ultrasonic diagnostic apparatus 1 accord-
ing to the second embodiment.

[0150] The ultrasonic diagnostic apparatus includes an
image display processing unit 35 in addition to the respective
units of the ultrasonic diagnostic apparatus 1 according to the
first embodiment.

[0151] Storage unit 29 stores a predetermined image pro-
cessing program. The storage unit 29 outputs the predeter-
mined image processing program to the image display pro-
cessing unit 35 by using movement matching as a trigger.

[0152] The image display processing unit 35 executes pre-
determined image display processing fora plurality of images
in the second display by using movement matching as a
trigger. More specifically, the image display processing unit
35 superimposes the insertion path of a puncture needle on an
ultrasonic image in the second display by using movement
matching as a trigger. For example, the insertion path of the
puncture needle may be input in advance via input unit 18.
[0153] Theimage display processing unit 35 superimposes
a predetermined measurement tool on the ultrasonic image in
the second display by using movement matching as a trigger.
More specifically, the image display processing unit 35 supet-
imposes a marker (to be referred to as a measurement marker)
associated with predetermined measurement on a predeter-
mined tissue region in the ultrasonic image in the second
display. The measurement marker is, for example, a calliper
for measuring the distance between two points on the ultra-
sonic image, a marker for measuring the area within the
measurement marker, or the like. Note that the image display
processing unit 35 can also superimpose, on the second dis-
play, a measurement result by the measurement marker dis-
played on the ultrasonic image.

[0154] The image display processing unit 35 stores a pre-
determined extraction threshold associated with region
extraction processing in a memory (not shown). By using
movement matching as a trigger, the image display process-
ing unit 35 executes region extraction processing (segmenta-
tion processing) for the ultrasonic image in the second display
using the predetermined extraction threshold. The image dis-
play processing unit 35 superimposes and displays the pro-
cessing result of the segmentation processing on the ultra-
sonic image in the second display.

[0155] By using movement matching as a trigger, a display
unit 19 displays an image obtained by executing the prede-
termined image display processing for the plurality of images
in the second display. More specifically, by using movement
matching as a trigger, the display unit 19 displays an image
obtained by superimposing the insertion path of the puncture
needle on the ultrasonic image in the second display.

[0156] FIG. 17 is a view showing an example in which the
insertion path of the puncture needle is displayed on the
ultrasonic image by using, as a trigger, entering of the probe
position into the predetermined range including the designa-
tion position. As shown in FIG. 17, the insertion path of the
puncture needle is displayed on the ultrasonic image in the
second display by using a movement matching as a trigger.
Note that the display unit 19 may superimpose and display the
insertion path of the puncture needle on an MPR image cor-
responding to the ultrasonic image in the second display.
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[0157] The display unit 19 superimposes and displays the
measurement marker on the ultrasonic image in the second
display by using movement matching as a trigger. FIG. 18 is
aview showing an example in which the measurement tool is
displayed on the ultrasonic image by using, as a trigger,
entering of the probe position into the predetermined range
including the designation position. As shown in FIG. 18, the
display unit 19 superimposes and displays the calliper and
measurement marker on the tissue region displayed in the
ultrasonic image in the second display.

[0158] By using movement matching as a trigger, the dis-
play unit 19 displays the ultrasonic image for which the
segmentation processing has been executed using the prede-
termined extraction threshold. FIG. 19 is a view showing an
example of the second display by extracting the predeter-
mined tissue region from the ultrasonic image in the second
display by using, as a trigger, entering of the probe position
into the predetermined range including the designation posi-
tion.

[0159] (Image Display Processing Function)

[0160] By using movement matching as a trigger, the image
display processing function reads out the predetermined
image processing program, activates the readout program,
and executes the predetermined image display processing for
the ultrasonic image in the second display. The predetermined
image display processing is, for example, the processing of
superimposing the insertion path of the puncture needle, the
measurement tool display processing, the processing of dis-
playing the measurement result by the measurement tool, the
segmentation processing, or the like. The processing of the
image display processing function will be referred to as
image display processing hereinafter.

[0161] FIG. 20 is a flowchart illustrating an example of the
procedure of the image display processing.

[0162] The image processing program is read out from the
storage unit 29 by using a movement matching as a trigger
(step Sd1). The image display processing is executed for the
ultrasonic image in the second display according to the read-
outimage processing program (step Sd2). Note that the target
of the image display processing may be the plurality of slice
images (MPR images) in the second display. In the second
display, the image having undergone the image display pro-
cessing is displayed (step Sd3).

[0163] With the above-described arrangement, it is pos-
sible to obtain the following effects.

[0164] The ultrasonic diagnostic apparatus 1 according to
this embodiment can automatically execute the predeter-
mined image display processing by using, as a trigger, enter-
ing of the probe position into the predetermined range includ-
ing the designation position (movement matching). That is, in
the ultrasonic diagnostic apparatus 1, the image display pro-
cessing program is activated to execute the predetermined
image display processing without activating the image dis-
play processing program by the operator. Consequently, the
ultrasonic diagnostic apparatus can improve the diagnosis
and treatment efficiency, resulting in improvement of detailed
examination throughput and the like.

[0165] Therefore, the ultrasonic diagnostic apparatus 1 can
improve the reproducibility and efficiency of optimum treat-
ment slice display as a preparation to, for example, ultrasoni-
cally guided treatment, thereby reducing the loads on the
operator and object.

[0166] In addition, each function according to the embodi-
ments can be implemented by installing a program for execut-
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ing the processing in a computer such as a work station, and
loading it onto amemory. In this case, it is possibleto store the
program capable of causing the computer to execute the
method in a storage medium such as a magnetic disk (a hard
disk or the like), an optical disk (a CD-ROM, a DVD, or the
like), or a semiconductor memory, and distribute it.

[0167] 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 inventions.
Indeed, the novel methods and systems described herein may
be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the meth-
ods and systems described herein may be made without
departing from the spirit of the inventions. The accompanying
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 diagnostic apparatus comprising:

an ultrasonic probe configured to transmit an ultrasonic
wave to an object and receive a reflected wave from the
object;

a position detector configured to detect a probe position of
the ultrasonic probe;

ultrasonic image generation circuitry configured to gener-
ate an ultrasonic image based on the received reflected
wave,

storage circuitry configured to store acquired volume data
about the object and a designation position designated
by an operator in association with each other;

slice image generation circuitry configured to generate a
scanning slice image corresponding to the designation
position based on the volume data and the designation
position;

a display configured to display at least one of first display
of displaying the scanning slice image and the ultrasonic
image and second display of displaying display contents
different from display contents in the first display; and

control circuitry configured to control switching from the
first display to the second display in response to move-
ment of the probe position detected by the position
detector into a range corresponding to the designation
position.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein the designation position corresponds to the probe
position with respect to the scanning slice image.

3. The ultrasonic diagnostic apparatus according to claim

1, further comprising:

scanning circuitry configured to scan the object in a plu-
rality of scanning modes,

wherein the control circuitry is configured to control the
scanning circuitry to change a scanning mode to be
executed for the object from a two-dimensional scan-
ning mode to a three-dimensional scanning mode in
response to movement of the probe position into the
range.

4. The ultrasonic diagnostic apparatus according to claim

1, further comprising:

guide information generation circuitry configured to gen-
erate, based on the designation position and the probe
position, probe guide information including a distance
between the probe position and the designation position,
a direction from the probe position to the designation
position, and an angle of the ultrasonic probe at the
designation position,
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wherein the display is configured to display the generated
probe guide information together with the ultrasonic
image.
5. The ultrasonic diagnostic apparatus according to claim
1, wherein the control circuitry is configured to control the
display to execute the first display if the probe position falls
outside the range, and control the display to execute the
second display if the probe position falls within the range.
6. The ultrasonic diagnostic apparatus according to claim
1, further comprising:
image display processing circuitry is configured to execute
a predetermined image display processing function for
the ultrasonic image in the second display in response to
movement of the probe position into the range.
7. The ultrasonic diagnostic apparatus according to claim
6, wherein the image display processing functionis a function
of displaying an insertion path of a puncture needle on the
ultrasonic image in the second display.
8. The ultrasonic diagnostic apparatus according to claim
6, wherein the image display processing functionis a function
of displaying a marker associated with predetermined mea-
surement on the ultrasonic image in the second display.
9. The ultrasonic diagnostic apparatus according to claim
6, wherein the image display processing functionis a function
of extracting and displaying a predetermined tissue region in
the ultrasonic image in the second display based on the pre-
determined tissue region in the scanning slice image and a
predetermined threshold.
10. The ultrasonic diagnostic apparatus according to claim
1, wherein
the slice image generation circuitry is further configured to
generate a superimposed image by superimposing the
ultrasonic image on the scanning slice image in the
second display, and
the display is configured to display the superimposed
image.
11. The ultrasonic diagnostic apparatus according to claim
1, wherein
the slice image generation circuitry is configured to gener-
ate a superimposed image by superimposing an annota-
tion about the scanning slice image on at least one of the
scanning slice image and the ultrasonic image in the
second display, and
the display is configured to display the superimposed
image together with the ultrasonic image.
12. The ultrasonic diagnostic apparatus according to claim
1, wherein
the slice image generation circuitry is further configured to
generate a superimposed image by superimposing a dis-
play frame of the scanning slice image on the ultrasonic
image, and
the display is configured to display the superimposed
image together with the scanning slice image in the first
display.
13. An ultrasonic diagnostic apparatus comprising:
an ultrasonic probe configured to transmit an ultrasonic
wave to an object and receive a reflected wave from the
object;
a position detector configured to detect a probe position of
the ultrasonic probe;
ultrasonic image generation circuitry configured to gener-
ate an ultrasonic image based on the received reflected
wave;,
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input circuitry configured to designate a slice of the object;

storage circuitry configured to store a position correspond-
ing to the designated slice and volume data in associa-
tion with each other;

slice image generation circuitry configured to generate a
thumbnail image corresponding to the designated slice
based on one of the volume data and the ultrasonic
image; and

a display configured to display the thumbnail image,

wherein the input circuitry designates the thumbnail
image,

the apparatus further comprising;

guide information generation circuitry configured to gen-
erate probe guide information for guiding the ultrasonic
probe from the probe position to a position correspond-
ing to the designated slice based on a position corre-
sponding to the designated slice with respect to the
thumbnail image displayed on the display and desig-
nated by the input circuitry, and the probe position
detected by the position detector,

wherein the display is configured to display the probe
guide information.

14. The ultrasonic diagnostic apparatus according to claim
13, wherein the position corresponding to the designated slice
corresponds to the probe position with respect to the thumb-
nail image.

15. The ultrasonic diagnostic apparatus according to claim
13, further comprising:

scanning circuitry configured to scan the object in a plu-
rality of scanning modes, and

control circuitry configured to control the scanning cir-
cuitry to change a scanning mode to be executed for the
object from a two-dimensional scanning mode to a
three-dimensional scanning mode in response to move-
ment of the probe position into a range corresponding to
the position corresponding to the designated slice.

16. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe configured to transmit an ultrasonic
wave to an object and receive a reflected wave from the
object;

a position detector configured to detect a probe position of
the ultrasonic probe;

storage circuitry configured to store acquired volume data
about the object and a designation position designated
by an operator in association with each other;

slice image generation circuitry configured to generate a
scanning slice image corresponding to the designation
position and a plurality of slice images including a slice
whose position is different from a position of a slice of
the scanning slice image based on the volume data and
the designation position;

a display configured to display at least one of first display
of displaying the scanning slice image and second dis-
play of displaying the slice images; and

control circuitry configured to control switching from the
first display to the second display in response to move-
ment of the probe position detected by the position
detector into a range corresponding to the designation
position.
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