US 20150297187A1

United States

(19)
12) Patent Application Publication (o) Pub. No.: US 2015/0297187 Al
INOUE 43) Pub. Date: Oct, 22, 2015
(54) ULTRASOUND DIAGNOSTIC APPARATUS (52) US.CL
AND METHOD OF DISPLAYING CPC ...ccccene. A61B 8/485 (2013.01); GO6T 7/0012
ULTRASOUND IMAGE (2013.01); GO6T 7/0081 (2013.01); GO6T
15/80 (2013.01); A61B 8/483 (2013.01); A61B
(71)  Applicant: HITACHI ALOKA MEDICAL, LTD., 8/5238 (2013.01); A61B 8/469 (2013.01);
Mitaka-shi, Tokyo (JP) AG6IB 8/466 (2013.01); GO6T 2200/04
(2013.01); GO6T 2207/10136 (2013.01); GO6T
(72) Inventor: Shinsuke INOUE, Kodaira-shi, Tokyo 2207/30004 (2013.01); GO6T 2207/30196
(IP) (2013.01); GO6T 2210/41 (2013.01)
(21) Appl. No.: 14/650,397 (57) ABSTRACT
(22) PCT Filed: Nov. 28,2013 Shading of a site other than a site of interest is disabled to
allow construction of a visually good three-dimensional
(86) PCT No.: PCT/JP2013/082060 image even when the site other than the site of interest is
displayed in a translucent manner. An ultrasound diagnostic
§ 371 (c)(1), . . . .
g apparatus includes a sending section that sends an ultrasonic
(2) Date: Jun. 8, 2015 . . . . .
wave to a diagnosing object via an ultrasound probe, a receiv-
(30) Foreign Application Priority Data ing section that receives a reflected echo signal from the
diagnosing object, a three-dimensional elasticity image con-
Dec. 6,2012  (IP) oo 2012-267036  structing section that performs volume rendering with shad-
ing on elasticity volume data with an elasticity value based on
Publication Classification the reflected echo signal to construct a three-dimensional
elasticity image, and an image display section that displays
(51) Imt.ClL the three-dimensional elasticity image. The three-dimen-
A61B 8/08 (2006.01) sional elasticity image constructing section performs the vol-
GO6T 15/80 (2006.01) ume rendering using an elasticity opacity according to the
A61B 8/00 (2006.01) elasticity value and disables the shading of a portion with the
GO6T 7/00 (2006.01) elasticity opacity with a predetermined value.
A 99
\
‘
L0 R R — SO
}
f
|
|
1
i
|
{
I
[
OPACITY i
1
|
t
{
I
I
|
|
i
i
1
’ h
0.0 >

SMALL ~— LUMINANCE — LARGE



US 2015/0297187 A1

Oct. 22,2015 Sheet1 of 15

Patent Application Publication

: 7 zoﬁ.hm_m OYINOD .Tlmi-- .zm.momw NOLLYd3do 07 F 0arg0
i — T T NOLLOAS DNILYIUD g1 ONISONDVIC
! | T1avL ALIOYdO ALIOILSY 1A
“ Y ! 7~ 904d
" NOILLO3S < NOILLOAS DNILYIANGD aNNOSYH11N
| | oNLonuisNoo | i ININOdINOD -
| OV ALIDLISYTE  [3|  HOI0D AYVARIA  [©
i TYNOISNAWIO-I2HL [ FWNTOA ALIDILSVIS [~61
! el ;
H NorLoas " NOILO3S NOILO3S
v H 'anaay 'l ONILY3YO Fiavl ONILYZHO | .
o any | ALOYJO NOIO3 V.LVa INNTOA
HONIHOLIMS | ¢ 1 NOLLO3S-SSOHO ALIDLLSV13
) I ~ —~
: ? : P2l b1
NopLo3s| ! i
AvdsIa < NOLLO3S || NOLLO3S ONLLMIANGD NOLLD3S
SJOVAL | | DNILOMMiSNOD Fr]  nf et L] BNLRMOvIva |
A “ FOVII OHAVIOOWOL [T S NSy ANNTOA NODIY L
1 -
| TYNOISNIWIA J3HHL 7| NotLo3s-ssouo NOLLOIS-SSOUD
6L~ I NOLLD3S DNLLONYISNOD | [~ e
AT JOYINE TYNOISNAWIQ-33H] |
NOLLOSS ONLLOMULSNOO | [ NOILO3s Zovdols |49
JDVAL ALIOIISY 1 V1V JWYYS TYNDIS M f_ w w
7
6 .| NOLLO3S ONILONJLISNOD JOVII | NOLLOIS DNIGQY ONY | [ NOILO3S
NOIDIY NOILO3S-SSOMD DNIHOLVYI ISYHd DNIAIFOY
L~ LIL
NOILDIS TOHLNOO DNIAIFOTY NOILD3S
. A ANV DNIONIS ANNOSYHIIN ]  DNIGNIS
I 914 00z G~ g~



US 2015/0297187 A1

Oct. 22,2015 Sheet 2 of 15

Patent Application Publication

4D4dVY] —<— JONVYNIANT — TIVIAS

00

ALIOVdO

ot g e 1 A e e kot ke .
r

lllllllllllllllllllllllllllllllll O.P

¢ Old



US 2015/0297187 A1

A

NOLLDAS BONIMIANIY
~—  JWNT0A ININCJWOD QHIHL
NOID3E NOLLOIS-8S0H0

ze~

A

NOILLOIS DNRHEANIY NOLLO3S DONILLYIANOCD
FNNTOA ININOJINOD ANODAS ININCHNOD HO10D AYVINIMA

A

Oct. 22,2015 Sheet 3 of 15

Patent Application Publication

NOIDFY NOILOIS-SS0HO JWNTOA NOID3IH NOLLOIS-SS0HO

Lg~ et

NOLiOAS DNMAANIY
—  JWNTOA ININOJWODO 1S4l
NOIDIY NOLLO3IS-SSOHO

0g~

" NOILO3S BNLLONYLISNOD IDVIIL
OIHAVHDOWOL TYNOISNIWIG F34HL

A

€ 9ld



Patent Application Publication  Oct. 22,2015 Sheet 4 of 15 US 2015/0297187 A1

o)
<
e
D . » l.
lﬁl:_}.< » . a . [} .
.l x !  § g
o M7
d:I:U:l:!
l.l‘l.l.l
arnats]
¢« w N
< L | B B
. m b l'l-l. C;::) :)
(D W, é
~. & | [l 25
.I'I l'l’ _l
- ] W
b 0 ¥ N o
l'u-l.l‘
!:l.l-l:'l
.n‘u'l.n' Q
&
%)J Sulecties T
I ¢ll "~
m n'l'l "
o




Patent Application Publication  Oct. 22,2015 Sheet 5 of 15 US 2015/0297187 A1

50

FIG. 5
)
et
ELASTICITY
VALUE

— SOFT

HARD ——

A

0.0

OPACITY



US 2015/0297187 A1

Oct. 22,2015 Sheet 6 of 15

NOLLD3S DNIMIANTY FWNTT0A
ININOdWOO GHIHL ALIDLLSY 13

29~

NOLLD3S DNMIANTT JNNTOA
ININOCWNOD ANODIS ALIOLLSVZ

NOLLOIS DNLEYIANCO
INANOdWOD 40103
AGVIWTEd JWNMTTIOA ALIDIESYD

1o~

NOLLDES DONIIIAN3Y JAWNTOA
ININOdWOO 1SHId ALIOLLSYTIT

05~

NOILO3S DNLIONHISNOD FOVIAL
ALIDIEISVIE TVYNOISNINIA-33HHL

gL~

Patent Application Publication

L~

9 9Old



Patent Application Publication  Oct. 22,2015 Sheet 7 of 15 US 2015/0297187 A1

FIG. 7




Patent Application Publication  Oct. 22,2015 Sheet 8 of 15 US 2015/0297187 A1

A
7

FIG. 8

A

10 by

Ath
0.0

OPACITY



Patent Application Publication

FIG. 9

Oct. 22,2015 Sheet 9 of 15

o
»

',.'.'0 Y3

",
Wl

n'«':v

US 2015/0297187 A1



US 2015/0297187 A1

Oct. 22,2015 Sheet 10 of 15

Patent Application Publication

NOILD3S HDNIHUIANTS NOLLD3S
— JANTOA LININOLIWNOD DNIZISFHINAS
QHIHL JILAHLNAS ANINOdWOD QHIHL
901~ 01~

A

P o e et e . T o o o G D L8 8 i B e e e S o i P P B P A o B B e e e it ke Y Y Y T T Y

A

A

NOILLO3S ONHEANIA NQOILO3S
JWNTOA LNINOdINDD DONIZISHHLNAS
GNOD3S DI1IHINAS ININOJWOD ANOD3S
GoL~ 1oL~

NOLLOSS ONIHAANTY
— FNMNTCA LININOdJWOO

NQILO3S
ONIZISTFHINAS

1S¥1d JLLFHLNAS

ININOdWODT LSdld

A

y0L -~

NOLLOSS ONLLONYISNOD

001~

2

SOVINI DI JHINAS NOILD3S BNIZISIHINAS
TVNOISNINWIQ-33HHL Viva JNNTOA
N 1 051~

o e o s . - o s St o o T P S b e e o e e T e o s o o o St T e Yt e i o vy

i NOILD3S

“ DNILY3YD 318Vl

| ALIOVdO ALIOILSY 13

] oL~

1

1| NOLLO3S ONLIMIANOD

“ LNINOJWOD

; 40700 AdVIWING < *

L JWNIOA ALIDLLSYT

i — NOLLO3S

| Gl DNLLYIHD 5

! v.Lvd INNI0A

W ALIOLLSY1E

m v~

I

; NOLLOAS DNLLYIANOD

W LNINOJWOO wzww%mmwmwza

; HO100 AMVNIEd |~ < [,

“ AMTIOA NOBI IWNTCA NOIDIY

, NOLLD3S-SSOYD
I NOLLOIS-SSOUD

| T oL~

i

1

|

|

w -

! 102



Patent Application Publication  Oct. 22,2015 Sheet 11 0f15  US 2015/0297187 A1

FIG. 11




Patent Application Publication  Oct. 22,2015 Sheet 12 0f15  US 2015/0297187 A1

ELASTICITY
VALUE

FIG. 12

1.0




Patent Application Publication  Oct. 22,2015 Sheet 130f15  US 2015/0297187 A1

. ot o . b A i e —_ |

\
7
$ ey

20

FIG. 13

ELASTICITY VALUE

A
10 o e e

Q.0

OPACITY
Aoffset
s (T



Patent Application Publication  Oct. 22,2015 Sheet 14 0f15  US 2015/0297187 A1

o —
D~ o
— —
o |E
E& |O
pd
0=
Ox
Dw
7z
g.c.’.
o
o
Fo =
0. {{o
N
<t 0
S
~—
LL.
o T~
(4 TN (o]
™ Yo
o |l
L& |19
ik,
ox
3(/)
o =
i
o =
o O

(@)



l_.wmmm._.JH 40 31IS

] m
b 3NTIVA é Y

ALIOILSY1E

US 2015/0297187 A1

LA Tla = m ®W R & b 6 @ a B v u o 68 % 8
o > = PRI UV UL R
“ ¢ w o o» sl m e w e s ARy P AN KN
L. » o » a % = m M W e PR ERE RS SN S
S IO T R L L g
lllll AR RN KW E LW ™ ER YK N oy
. I RN ® SRS EENNE AR RN
PR w W R YW MW AYERS NS e w »
. O.O
-
llllllllll
J

ﬁ
1STHFLINI 40 3LIS IHL
NVHL ¥3HLO AlIS

ALIOVdO

Oct. 22,2015 Sheet 15 of 15

OO UC S § o

Gl Old

Patent Application Publication



US 2015/0297187 Al

ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD OF DISPLAYING
ULTRASOUND IMAGE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound diag-
nostic apparatus and a method of displaying an ultrasound
image, and in particular, to an ultrasound diagnostic appara-
tus and a method of displaying an ultrasound image in which
shading of a predetermined portion is disabled.

BACKGROUND ART

[0002] An ultrasound diagnostic apparatus sends an ultra-
sonic wave to an inside of a diagnosing object via an ultra-
sound probe, and based on a received signal received from a
biological tissue inside the diagnosing object, constructs a
three-dimensional cross-section region image and a three-
dimensional elasticity image to display an ultrasound image.
[0003] In order to appropriately display a site of interest
even when a site other than the site of interest is present on a
point-of-view side with respect to the site of interest in a
line-of-sight direction, conventional ultrasound diagnostic
apparatuses set a larger opacity for the site of interest and a
smaller opacity for the site other than the site of interest when
constructing a three-dimensional elasticity image (for
example, see Patent Literature 1).

CITATION LIST

Patent Literature

[0004] Patent Literature 1: WO2011/086774

SUMMARY OF INVENTION

Technical Problem

[0005] Patent Literature 1 discloses the setting of the opac-
ity of the three-dimensional elasticity image, but does not
disclose that shading in volume rendering is disabled based
on the opacity or an elasticity value. Thus, even when the
opacity is set to a smaller value to display the site other than
the site of interest in a translucent manner, the shading is also
executed on the translucent site (site other than the site of
interest), possibly making the three-dimensional elasticity
image visually bad.

[0006] An object of the present invention 1s to disable the
shading of the site other than the site of interest to construct a
visually good three-dimensional elasticity image even when
the site other than the site of interest is displayed in a trans-
lucent manner.

Solution to Problem

[0007] An ultrasound diagnostic apparatus in the present
invention includes a sending section that sends an ultrasonic
wave to a diagnosing object via an ultrasound probe, a receiv-
ing section that receives a reflected echo signal from the
diagnosing object, a three-dimensional elasticity image con-
structing section that performs volume rendering with shad-
ing on elasticity volume data with an elasticity value based on
the reflected echo signal to construct a three-dimensional
elasticity image, and an image display section that displays
the three-dimensional elasticity image. The three-dimen-
sional elasticity image constructing section performs the vol-
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ume rendering using an elasticity opacity according to the
elasticity value and disables the shading of a portion with the
elasticity opacity with a predetermined value.

[0008] This configuration disables the shading of the site
other than the site of interest to allow a visually good three-
dimensional elasticity image to be constructed even when a
site other than a site of interest is displayed in a translucent
mannet.

Advantageous Effects of Invention

[0009] The ultrasound diagnostic apparatus according to
the present invention disables the shading in the volume ren-
dering based on the elasticity opacity or the elasticity value,
allowing a visually good three-dimensional elasticity image
to be constructed.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a diagram depicting an example of an
ultrasound diagnostic apparatus according to a first embodi-
ment.

[0011] FIG. 2 is a diagram depicting a cross-section region
elasticity according to a luminance value.

[0012] FIG. 3 is a diagram depicting an example of a three-
dimensional cross-section region image constructing section.
[0013] FIG. 4 is a diagram depicting an example of a hue
bar according to an elasticity value.

[0014] FIG. 5 is a diagram depicting an elasticity opacity
according to the elasticity value.

[0015] FIG. 6is a diagram depicting an example of a three-
dimensional elasticity image constructing section.

[0016] FIG. 7is a diagram depicting an example of a three-
dimensional elasticity image on which volume rendering
with shading has been performed.

[0017] FIG. 8 is a diagram depicting any threshold (refer-
ence value) for the elasticity opacity.

[0018] FIG. 9is a diagram depicting an example of a three-
dimensional elasticity image for which the shading is dis-
abled by a three-dimensional elasticity image constructing
section.

[0019] FIG. 10 is a diagram depicting an example of an
ultrasound diagnostic apparatus according to a second
embodiment.

[0020] FIG. 11 is a diagram depicting an example of three-
dimensional synthetic image for which the shading is dis-
abled by a three-dimensional synthetic image constructing
section.

[0021] FIG. 12 is a diagram depicting a display example of
an image display section.

[0022] FIG. 13 is a diagram depicting a threshold (refer-
ence value) set based on a minimum value of the elasticity
opacity in an elasticity opacity table.

[0023] FIG. 14 is a diagram depicting an example where a
three-dimensional elasticity image for which the shading is
disabled and a three-dimensional elasticity image for which
the shading is enabled are displayed in a switching manner.
[0024] FIG. 15 is a diagram depicting the elasticity opacity
of a site of interest and a site other than the site of interest.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0025] An ultrasound diagnostic apparatus according to an
embodiment of the present invention will be described with



US 2015/0297187 Al

reference to the drawings. FIG. 1 is a diagram depicting an
example of the ultrasound diagnostic apparatus according to
the presentembodiment. As depicted in FIG. 1, a feature of an
ultrasound diagnostic apparatus 200 in the present embodi-
ment is such that the ultrasound diagnostic apparatus 200
includes a sending section 3 that sends an ultrasonic wave to
a diagnosing object 1 via an ultrasound probe 2, a receiving
section 4 that receives a reflected echo signal from the diag-
nosing object 1, a three-dimensional elasticity image con-
structing section that performs volume rendering with shad-
ing on elasticity volume data with an elasticity value based on
the reflected echo signal to construct a three-dimensional
elasticity image, and animage display section 19 that displays
the three-dimensional elasticity image and such that the
three-dimensional elasticity image constructing section 17
performs the volume rendering using an elasticity opacity
according to the elasticity value and disables the shading of a
portion with the elasticity opacity with a predetermined
value.

[0026] Furthermore, another feature ofthe ultrasound diag-
nostic apparatus 200 according to the present embodiment is
such that the ultrasound diagnostic apparatus 200 includes the
sending section 3 that sends an ultrasonic wave to the diag-
nosing object 1 via the ultrasound probe 2, the receiving
section 4 that receives a reflected echo signal from the diag-
nosing object 1, the three-dimensional elasticity image con-
structing section 17 that performs volume rendering with
shading on elasticity volume data with an elasticity value
based on the reflected echo signal to construct a three-dimen-
sional elasticity image, and the image display section 19 that
displays the three-dimensional elasticity image and such that
the three-dimensional elasticity image constructing section
17 disables the shading of'a portion with the elasticity value of
a predetermined value.

[0027] The ultrasound diagnostic apparatus 200 in the
present embodiment will be described in detail. The ultra-
sound diagnostic apparatus 200 includes the ultrasound probe
2 that is brought into abutting contact with the diagnosing
object 1 for use, the sending section 3 that repeatedly sends an
ultrasonic wave to the diagnosing object 1 at given time
intervals via the ultrasound probe 2, the receiving section 4
that receives the reflected echo signal reflected from the diag-
nosing object 1, an ultrasound sending and receiving control
section 5 that controls the sending section 3 and the receiving
section 4, and a phase matching and adding section 6 that
subjects reflected echoes received by the receiving section 4
to phase matching and adds the resultant reflected echoes
together.

[0028] The ultrasound probe 2 is formed to include a plu-
rality of transducers disposed therein and has a function to
send and receive an ultrasonic wave to and from the diagnos-
ing object 1 via the transducers. The ultrasound probe 2
includes a plurality of rectangular or fan-shaped transducers
and can mechanically vibrate the transducers in a direction
orthogonal to an arrangement direction of the plurality of
transducers to three-dimensionally send and receive an ultra-
sonic wave. The ultrasound probe 2 may include a plurality of
two-dimensionally arranged transducers to enable sending
and receiving of an ultrasonic wave to be electronically con-
trolled.

[0029] The sending section 3 generates a send pulse that
drives the transducers to generate an ultrasonic wave. The
sending section 3 has a function to set a convergent point of
the sent ultrasonic wave to a predetermined depth. The receiv-
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ing section 4 amplifies a reflected echo signal received by the
ultrasound probe 2 at a predetermined gain to generate an RF
signal (that is, a received signal). The ultrasound sending and
receiving control section 5 controls the sending section 3 and
the receiving section 4.

[0030] The phase matching and adding section 6 controls
the phase of an RF signal amplified by the receiving section 4
to form an ultrasound beam with respect to one or more
convergent points, generating RF signal frame data (corre-
sponding to RAW data).

[0031] The ultrasound diagnostic apparatus 200 includes a
cross-section region image constructing section 7 that con-
structs a two-dimensional cross-section region image based
on the RF signal frame data generated by the phase matching
and adding section 6, a cross-section region volume data
creating section 10 that performs a three-dimensional coor-
dinate conversion on the two-dimensional cross-section
region image constructed by the cross-section region image
constructing section 7 based on an acquisition position of the
two-dimensional cross-section region image to generate
cross-section region volume data, a cross-section region vol-
ume primary color component converting section 11 that
separates (converts) the cross-section region volume data into
three primary color components for color image display cor-
responding to luminance, a cross-section region opacity table
creating section (cross-section region opacity setting section)
12 that creates a table of cross-section region opacity corre-
sponding to the luminance of the cross-section region volume
data, a three-dimensional cross-section region image con-
structing section 13 that perform, using cross-section region
opacity, volume rendering on the volume data on the primary
color components in the cross-section region volume data
resulting from the separation (conversion) by the cross-sec-
tion region volume primary color component converting sec-
tion 11, to construct a three-dimensional cross-section region
image, an RF signal frame data storage section 8 that stores
the RF signal frame data generated by the phase matching and
adding section 6, an elasticity image constructing section 9
that constructs a two-dimensional elasticity image based ona
plurality of RF signal frame data stored in the RF signal frame
data storage section 8, an elasticity volume data creating
section 14 that performs a three-dimensional coordinate con-
version on the two-dimensional elasticity image constructed
by the elasticity image constructing section 9 based on an
acquisition position of the two-dimensional elasticity image
to generate elasticity volume data, an elasticity volume pri-
mary color component converting section 15 that separates
(converts) the elasticity volume data into three primary color
components for color image display corresponding to the
elasticity value, an elasticity opacity table creating section
(elasticity opacity setting section) 16 that creates a table of
elasticity opacity corresponding to the elasticity value for the
elasticity volume data, the three-dimensional elasticity image
constructing section 17 that performs volume rendering,
using the elasticity opacity, on the volume data on the respec-
tive primary color components in the elasticity volume data
resulting from the separation (conversion) by the elasticity
volume primary color component converting section 15 to
construct a three-dimensional elasticity image, a switching
and adding section 18 that synthesizes a two-dimensional
cross-section region image and a two-dimensional elasticity
image or synthesizes a three-dimensional cross-section
region image and a three-dimensional elasticity image, and
the image display section 19 that displays synthetic images



US 2015/0297187 Al

resulting from the synthesis by the switching and adding
section 18, two-dimensional images (two-dimensional cross-
section region images and two-dimensional elasticity
images), three-dimensional images (three-dimensional
cross-section region images and three-dimensional elasticity
images), and the like.

[0032] The three-dimensional cross-section region image
constructing section 13, the three-dimensional elasticity
image constructing section 17, and the switching and adding
section 18 are included in a three-dimensional image con-
structing section 170. In performing the volume rendering
with shading on the volume data, the three-dimensional
image constructing section 170 disables the shading of a
portion with at least one of a predetermined elasticity opacity
according to the elasticity value and a predetermined elastic-
ity value to construct a three-dimensional image.

[0033] Furthermore, the ultrasound diagnostic apparatus
200 includes a control section 21 that controls the respective
components and an operation section 20 that provides various
inputs to the control section 21. The operation section 20
includes a keyboard, a trackball and the like.

[0034] Based on set conditions ofthe control section 21, the
cross-section region image constructing section 7 receives the
RF signal frame data output by the phase matching and add-
ing section 6 and executes signal processing such as gain
correction, log compression, detection, contour emphasis,
filter processing and the like to construct a two-dimensional
cross-section region image.

[0035] The ultrasound probe 2 can send and receive an
ultrasonic wave and measure a declination angle (2, @) ina
sending and receiving direction. Based on the declination
angle (B, B) in the sending and receiving direction corre-
sponding to the acquisition position of the two-dimensional
cross-section region image, the cross-section region volume
data creating section 10 performs a three-dimensional con-
version on a plurality of two-dimensional cross-section
region images to generate (create) cross-section region vol-
ume data.

[0036] The cross-section region volume primary color
component converting section 11 converts the cross-section
region volume data into a plurality of primary color compo-
nents. The cross-section region volume primary color com-
ponent converting section 11 separates (converts) the cross-
section region volume data into three primary color
components for color image display corresponding to the
luminance value to output the volume data on each primary
color component. The three primary color components for
color image display are preferably the three primary colors R
(red), G (green), and B (blue) that determine a hue. However,
instead of these components, the cross-section region volume
primary color component converting section 11 may separate
(convert) the cross-section region volume data into other pri-
mary color components.

[0037] In the present embodiment, an example will be
described in which the cross-section region volume data is
separated (converted) into the RGB three primary colors. The
cross-section region image is generally displayed in black
and white. Hues are assigned in accordance with the lumi-
nance such that a portion with the highest luminance is dis-
played in white, whereas a portion with the lowest luminance
is displayed in black. For example, in terms of the RGB three
primary colors, white is represented by R=255, G=255, and
B=255. Thus, a voxel with the highest luminance can be
separated (converted) into three components, R=255, G=255,
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and B=2535. Thus, for each voxel in the cross-section region
volume data, the cross-section region volume primary color
component converting section 11 separates (converts) the hue
according to the luminance into three RGB components to
create an R component as cross-section region first compo-
nent volume data, a G component as cross-section region
second component volume data, and a B component as cross-
section region third component volume data.

[0038] FIG. 2 is a diagram depicting the cross-section
region opacity according to the luminance value. The three-
dimensional cross-section region image constructing section
13 performs the volume rendering using the cross-section
region opacity according to the luminance value. The cross-
section region opacity table creating section (cross-section
region opacity setting section) 12 associates the luminance
value with the cross-section region opacity to set the cross-
section region opacity according to the luminance value.
[0039] As depictedin FIG. 2, the cross-section region opac-
ity table creating section (cross-section region opacity setting
section) 12 creates a cross-section region opacity table 22 in
which the axis of abscissas represents the luminance value for
the cross-section region volume data and in which the axis of
ordinate represents the opacity. The three-dimensional cross-
section region image constructing section 13 uses the opacity
set in the cross-section region opacity table 22 as the cross-
section region opacity.

[0040] FIG. 3 is a diagram depicting an example of the
three-dimensional cross-section region image constructing
section 13. As depicted in FIG. 3, the three-dimensional
cross-section region image constructing section 13 includes a
cross-section region first component volume rendering sec-
tion 30, a cross-section region second component volume
rendering section 31, and a cross-section region third com-
ponent volume rendering section 32. The cross-section region
first component volume rendering section 30 performs the
volume rendering with shading on cross-section region first
component volume data. The cross-section region second
component volume rendering section 31 performs the volume
rendering with shading on cross-section region second com-
ponent volume data. The cross-section region third compo-
nent volume rendering section 32 performs the volume ren-
dering with shading on cross-section region third component
volume data.

[0041] The volume rendering with shading is performed
using Expressions (1) to (3). The three-dimensional cross-
section region image constructing section 13 creates a three-
dimensional cross-section region image by combining (syn-
thesizing) the results of the volume rendering with shading
performed on the volume data on the respective components
(for example, RGB components).

Cout(i)=Cout(i-1)+(1-Aout(i-1)) B 4() B oy B s1) o))
Aout(iy=Aout(i-1)+(1-dout(i-1)) B 4(h) @
A()=Opacity[1()] )
[0042] C(i) designates a component value of an “i”’th voxel

on the line of sight when a three-dimensional cross-section
region image is viewed at a predetermined point on a two-
dimensional plane of projection (three-dimensional cross-
section region image) to be created. In the present embodi-
ment, C(i) is the value of each primary color component (for
example, each of RGB primary color component values) in a
voxel. Cout(i) designates an output pixel value. For example,
when N voxels are arranged on the line of sight, Cout(N-1)
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designates a primary color component value resulting from
integration of the primary color component values “C(i=0)"
to “C(i=N-1)". Cout(N-1) is a finally output pixel value.
Cout(i-1) designates a component value (primary color com-
ponent value) resulting from integration of the values up to
the “i-1"th value.

[0043] I(i) designates the luminance value of the “i”th
voxel on the line of sight when the three-dimensional cross-
section region image is viewed at the predetermined point on
the two-dimensional plane of projection (three-dimensional
cross-section region image) to be created. A(i) designates the
opacity (cross-section region opacity) according to the “i”th
luminance value 1(i) on the line of sight, and is set in the
cross-section region opacity table 22 with a value ranging
from “0” to “1.0” as depicted in FIG. 2. The cross-section
region opacity determines the rate of contribution to the out-
put two-dimensional plane of projection (three-dimensional
cross-section region image). Aout(i-1) designates the opacity
(cross-section region opacity) integrated each time the voxel
is passed through, and is an integral value of the opacities
(cross-section region opacities) up to the “i-1"th opacity.
[0044] S(i) designates a shading weight component for the
shading determined by a gradient calculated from the lumi-
nance value I(i) and peripheral luminance values. For
example, when the direction of a light beam from a light
source aligns with a normal direction in a plane around a
voxel “1”, the light beam is most significantly reflected, and
thus, a shading weight component “S(1)=1.0" is provided.
When the direction of the light source is orthogonal to the
normal direction, the light beam is most insignificantly
reflected, and thus, a shading weight component “S(i)=0.0" is
provided. Thus, the shading weight component S(i) exhibits a
shading effect.

[0045] Both Cout(i) and Aout(i) have an initial value of “0”.
As illustrated in Expression (2), Aout(i) is integrated each
time the voxel is passed through, and converges to “1.0”.
Hence, as illustrated in Expression (1), when the integral
value of the opacities up to the “i-1"th opacity is “1.0” (Aout
(i-1)E 1.0), the “i”th and subsequent component values C(i)
are not reflected in the output image.

[0046] As described above, the three-dimensional cross-
section region image constructing section 13 performs the
volume rendering with shading on at least one of the plurality
of primary color components to construct a three-dimen-
sional cross-section region image.

[0047] The elasticity image constructing section 9 mea-
sures displacement based on a plurality of RF signal frame
data stored in the RF signal frame data storage section 8. The
elasticity image constructing section 9 calculates the elastic-
ity value based on the measured displacement to construct a
two-dimensional elasticity image. The elasticity value is at
least one of pieces of elasticity information such as strain, a
modulus of elasticity, displacement, viscosity, and a strain
ratio.

[0048] The elasticity volume data creating section 14 per-
forms a three-dimensional conversion on a plurality of two-
dimensional elasticity images based on the declination angle
(@, B)in the sending and receiving direction corresponding
to the acquisition position of the two-dimensional elasticity
image to generate (create) elasticity volume data.

[0049] The elasticity volume primary color component
converting section 15 converts the elasticity volume data into
a plurality of primary color components. The elasticity vol-
ume primary color component converting section 15 sepa-
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rates (converts) the elasticity volume data into the three pri-
mary color components for color image display
corresponding to the elasticity value to output the volume
data on each primary color component. FIG. 4 depicts an
example of a hue bar according to the elasticity value. As
depicted in FIG. 4, a blue hue, a green hue, and a red hue
according to the elasticity value are assigned based on a hue
bar 40 to allow the image display section 19 to display an
elasticity image. For example, the blue hue is assigned to a
hard site (site with a small elasticity value), and the red hue is
assigned to a soft site (site with a large elasticity value). In the
example in F1G. 4, the hues are discretely assigned. However,
the hues may be assigned from a hard side (side with small
elasticity values) to a soft side (side with large elasticity
values) based on gradation ranging from blue to red. For
example, the hues may be assigned so as to continuously vary
from the hard side (side with small elasticity values) to the
soft side (side with large elasticity values) by gradation, that
is, from blue through aqua, green, and yellow to red.

[0050] For each voxel in the elasticity volume data, the
elasticity volume primary color component converting sec-
tion 15 separates (converts) the hue assigned according to the
elasticity value into three RGB components to create an R
component as elasticity first component volume data, a G
component as elasticity second component volume data, and
a B component as elasticity third component volume data.
[0051] FIG. 5is a diagram depicting the elasticity opacity
according to the elasticity value. The three-dimensional elas-
ticity image constructing section 17 performs the volume
rendering using the elasticity opacity according to the elas-
ticity value. The elasticity opacity table creating section (elas-
ticity opacity setting section) 16 associates the elasticity value
with the elasticity opacity to set the elasticity opacity accord-
ing to the elasticity value.

[0052] As depicted in FIG. 5, the elasticity opacity table
creating section (elasticity opacity setting section) 16 creates
an elasticity opacity table 50 in which the axis of abscissas
represents the elasticity value for the elasticity volume data
and in which the axis of ordinate represents the opacity. The
three-dimensional elasticity image constructing section 17
uses the opacity set in the elasticity opacity table 50 as the
elasticity opacity. As depicted in FIG. 5, the elasticity opacity
table creating section (elasticity opacity setting section) 16
sets high elasticity opacities for ahard site (for example, a site
with an elasticity value smaller than a predetermined refer-
ence value) and a soft site (for example, a site with an elas-
ticity value larger than the predetermined reference value)
that are likely to be sites of interest, and sets a low elasticity
opacity for a site with an intermediate hardness which is
unlikely tobea site of interest. However, the elasticity opacity
table creating section (elasticity opacity setting section) 16
may set a low elasticity opacity for a hard site or a soft site
depending on intended use (for example, the hardness of the
site of interest). In other words, the elasticity opacity table
creating section (elasticity opacity setting section) 16 may
associate an elasticity opacity smaller than the elasticity
opacity associated with the elasticity value of the site of
interest, with a site other than the site of interest (for example,
the site with the intermediate hardness).

[0053] The small value of the elasticity opacity depends on
the number of voxels in a line-of-sight direction in the volume
rendering. However, in general, setting a value of smaller than
“0.1” results in construction of a three-dimensional elasticity
image in which the site other than the site of interest is
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translucent. However, given that the site other than the site of
interest is constructed using a translucent three-dimensional
elasticity image, the value of the elasticity opacity may be
equal to or larger than “0.1”. The large value of the elasticity
opacity depends on the number of voxels in a line-of-sight
direction in the volume rendering. However, in general, set-
ting a value of at least “0.5” results in construction of a
three-dimensional elasticity image in which the site of inter-
est is opaque. However, given that the site of interest is con-
structed using an opaque three-dimensional elasticity image,
the value of the elasticity opacity may be smaller than “0.5”.

[0054] FIG. 6 is a diagram depicting an example of the
three-dimensional elasticity image constructing section 17.
As depicted in F1G. 6, the three-dimensional elasticity image
constructing section 17 includes an elasticity first component
volume rendering section 60, an elasticity second component
volume rendering section 61, and an elasticity third compo-
nent volume rendering section 62. The elasticity first compo-
nent volume rendering section 60 performs the volume ren-
dering with shading on the elasticity first component volume
data. The elasticity second component volume rendering sec-
tion 61 performs the volume rendering with shading on the
elasticity second component volume data. The elasticity third
component volume rendering section 62 performs the volume
rendering with shading on the elasticity third component
volume data.

[0055] The volume rendering with shading is performed
using Expressions (4) to (6). The three-dimensional elasticity
image constructing section 17 creates a three-dimensional
elasticity image by combining (synthesizing) the results of
the volume rendering with shading performed on the volume
data on each of the components (for example, RGB compo-
nents).

Cout(i)=Cout(i-1)+(1-dout(i-1)) B & c(n Bl 5) (4
Aout(i)=Aout(i-1)+(1-dout(i-1)) & 4() ()
A@)=Opacity[E()] (6)
[0056] C(i) designates a component value of the “1”th voxel

on the line of sight when a three-dimensional elasticity image
is viewed at a predetermined point on a two-dimensional
plane of projection (three-dimensional elasticity image) to be
created. In the present embodiment, C(i) is the value of each
primary color component (for example, each of RGB primary
color component values) in a voxel. Cout(i) designates an
output pixel value. For example, when N voxels are arranged
on the line of sight, Cout(N-1) designates a primary color
component value resulting from integration of the primary
color component values “C(i=0)"to “C(i=N-1)". Cout(N-1)
is a finally output pixel value. Cout(i-1) designates a compo-
nent value (primary color component value) resulting from
integration of the values up to the “i-17th value.

[0057] E(i) designates the “i"th elasticity value on the line
of sight when the three-dimensional elasticity image is
viewed at the predetermined point on the two-dimensional
plane of projection (three-dimensional elasticity image) to be
created. A(i) designates the opacity (elasticity opacity)
according to the “i”th elasticity value E(i) on the line of the
sight, and is set in the elasticity opacity table 50 with a value
ranging from “0” to “1.0” as depicted in FIG. 5. The elasticity
opacity determines the rate of contribution to the output two-
dimensional plane of projection (three-dimensional elasticity
image). Aout(i-1) designates the opacity (elasticity opacity)
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integrated each time the voxel is passed through, and is an
integral value of the opacities (elasticity opacities) up to the
“i=1"th opacity.

[0058] S(i) designates a shading weight component for the
shading determined by the gradient calculated from the elas-
ticity value E(i) and peripheral elasticity values. For example,
when the direction ofa light beam from the light source aligns
with the normal direction in the plane around the voxel “i”,
the light beam is most significantly reflected, and thus, the
shading weight component “S(i)=1.0" is provided. When the
direction of the light source is orthogonal to the normal direc-
tion, the light beam is most insignificantly reflected, and thus,
the shading weight component “S(i)=0.0" is provided. Thus,
the shading weight component S(i) exhibits a shading effect.
[0059] Both Cout(i) and Aout(i) have an initial value of “0”.
As illustrated in Expression (5), Aout(i) is integrated each
time the voxel is passed through, and converges to “1.0”.
Hence, as illustrated in Expression (4), when the integral
value of the opacities up to the “i-1"th opacity is “1.0” (Aout
(i-1)E 1.0), the “i”’th and subsequent component values C(i)
are not reflected in the output image.

[0060] As described above, the three-dimensional elastic-
ity image constructing section 17 performs the volume ren-
dering with shading on at least one of the plurality of primary
color components to construct a three-dimensional elasticity
image. In the present embodiment, the elasticity volume pri-
mary color component converting section 15 separates (con-
verts) the elasticity volume data into the three primary color
components for color image display, performs the volume
rendering with shading on each of the primary color compo-
nents, and combines (synthesizes) each of the primary color
components together. The elasticity volume primary color
component converting section 15 can thus obtain a three-
dimensional elasticity image with hue information held.
[0061] For example, when the primary color component
value “C(i)” for the voxel corresponding to blue is R=50,
G=50, and B=255 and the value of “(1-Aout(i-1))B A()
S(i)” of Expression (4) is “0.5”, the value “(1-Aout(i-1))
AG) B C3{)E S(i)”to beadded to “Cout(i-1)” in Expression
(4) for each primary color component value is R=25, G=25,
and B=127. In this case, the color expressed by R=25, G=25,
and B=127 is a livid color which has a hue remaining on the
blue side but which has a reduced luminosity. As described
above, the three-dimensional elasticity image subjected to the
volume rendering with shading is a stereoscopic image which
maintains the hue and in which sites to which the elasticity
opacity “A(i)” and the shading weight component “S(i)” for
shading make a major contribution have a reduced luminos-
ity.

[0062] FIG. 7is a diagram depicting an example of a three-
dimensional elasticity image subjected to the volume render-
ing with shading. As depicted in FIG. 7, a three-dimensional
elasticity image 70 has a hard volume (site of interest) in a
volume with the intermediate hardness (site other than the site
of interest). The volume with the intermediate hardness is
displayed by a three-dimensional elasticity image 71, and the
hard volume is displayed by a three-dimensional elasticity
image 72. For the elasticity opacity table 50 in FIG. 5, the
elasticity opacity table creating section (elasticity opacity
setting section) 16 sets, for the site other than the site of
interest (volume with the intermediate hardness), an elasticity
opacity smaller than an elasticity opacity set for the elasticity
value for the site of interest (hard volume). Thus, the three-
dimensional elasticity image 70 is constructed in which the
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three-dimensional elasticity image 71 corresponding to the
volume with the intermediate hardness is translucent and
which allows the three-dimensional elasticity image 72 cor-
responding to the hard volume to be determined to be present
inside the translucent three-dimensional elasticity image 71.
[0063] However, even when the site other than the site of
interest (three-dimensional elasticity image 71) is displayed
in a translucent manner by setting a low opacity, the shading
is performed on the translucent site (site other than the site of
interest), possibly making the three-dimensional elasticity
image 70 visually bad. For example, the shading weight com-
ponent for shading also contributes to the three-dimensional
elasticity image 71 corresponding to the volume with the
intermediate hardness, leading to display of a visually bad
three-dimensional elasticity image 71 with dark green
extracted in a patchy fashion. Furthermore, the shading is
performed also on the translucent site (site other than the site
of interest) and thus darkens site other than the site of interest,
preventing the site of interest from being clearly displayed.
[0064] Thus, the ultrasound diagnostic apparatus 200 in the
present embodiment includes the three-dimensional elastic-
ity image constructing section 17 that performs the volume
rendering with shading on the elasticity volume data with the
elasticity value to construct a three-dimensional elasticity
image. The three-dimensional elasticity image constructing
section 17 disables the shading for a portion with at least one
of a predetermined elasticity opacity according to the elastic-
ity value and a predetermined elasticity value.

[0065] In the present embodiment, the elasticity first com-
ponent volume rendering section 60, elasticity second com-
ponent volume rendering section 61, and elasticity third com-
ponent volume rendering section 62 in FIG. 6 use the shading
weight component S(1) set to “1.0” to perform the volume
rendering with shading on a voxel for which an elasticity
opacity smaller than a predetermined threshold (reference
value) is set, thus disabling the shading. Setting the shading
weight component S(i) to “1.0” allows production of effects
similar to the effects of a case where the light beam is most
significantly reflected, enabling the shading to be disabled.
[0066] Any threshold (reference value) Ath for the elastic-
ity opacity is preset, and in Expression (4), the three-dimen-
sional elasticity image constructing section 17 performs the
volume rendering based on the threshold (reference value)
Ath and disables the shading. For example, for “A(i1) @ Ath”,
the shading weight component S(i) is changed to “S(i)=1.0”
to disable the shading. On the other hand, for “A(i)>Ath”,
“S(1)=S@)” is set and the shading weight component S(i) is
unchanged to enable the shading.

[0067] FIG. 8 is a diagram depicting any threshold (refer-
ence value) for the elasticity opacity. As depicted in FIG. 8,
the threshold (reference value) Ath is preset and indicated as
a line 80 in the elasticity opacity table 50 in FIG. 5. The
threshold (reference value) Ath is set larger than the elasticity
opacity associated with the site other than the site of interest
(for example, a range 81 of the elasticity value for the inter-
mediate hardness). For the voxel included in the site other
than the site of interest (elasticity value range 81) to which an
elasticity opacity equal to or smaller than the threshold (ref-
erence value) Ath is assigned, “A(i)@ Ath”, and thus, setting
the threshold (reference value) Ath changes the shading
weight component S(i) to “S(i)=1.0". Then, the volume ren-
dering is performed with the shading disabled. Hence, the
effect of the shading is disabled for the translucent site. As
described above, the three-dimensional elasticity image con-
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structing section 17 disables the shading when the elasticity
opacity is smaller than the preset reference value. The three-
dimensional elasticity image constructing section 17 disables
the shading of the portion with at least one of a predetermined
elasticity opacity according to the elasticity value and a pre-
determined elasticity value.

[0068] FIG.9is adiagram depicting an example of a three-
dimensional elasticity image for which the shading is dis-
abled by the three-dimensional elasticity image constructing
section 17. As depicted in FIG. 9, a three-dimensional elas-
ticity image 90 has a hard volume (site of interest) in a volume
with the intermediate hardness (site other than the site of
interest). In the three-dimensional elasticity image 90, the
volume with the intermediate hardness is displayed by a
three-dimensional elasticity image 91, and the hard volume is
displayed by a three-dimensional elasticity image 92.

[0069] Forthe elasticity opacity table 50 in FIG. 5 and FIG.
8, the elasticity opacity table creating section (elasticity opac-
ity setting section) 16 sets, for the site other than the site of
interest (intermediate hardness volume), an elasticity opacity
smaller than the elasticity opacity set for the elasticity value
for the site of interest (hard volume). Thus, the three-dimen-
sional elasticity image 90 is constructed in which the three-
dimensional elasticity image 91 corresponding to the volume
with the intermediate hardness is translucent and which
allows the three-dimensional elasticity image 92 correspond-
ing to the hard volume to be determined to be present inside
the translucent three-dimensional elasticity image 91.
[0070] Unlike in the three-dimensional elasticity image 70
in FIG. 7, in the three-dimensional elasticity image 90, the
shading is disabled for the three-dimensional elasticity image
91 corresponding to the volume with the intermediate hard-
ness. In FIG. 9, an elasticity opacity equal to or smaller than
the threshold (reference value) Athin FIG. 8 is assigned to the
three-dimensional elasticity image 91 corresponding to the
volume with the intermediate hardness, and is smaller than
the preset reference value. Thus, the three-dimensional elas-
ticity image constructing section 17 disables the shading for
the site other than the site of interest (three-dimensional elas-
ticity image 91).

[0071] An elasticity opacity smaller than the elasticity
opacity associated with the elasticity value for the site of
interest is associated with the site other than the site of inter-
est, and the elasticity opacity of the site other than the site of
interest is set smaller than the elasticity opacity of the site of
interest. Thus, the site other than the site of interest (three-
dimensional elasticity image 91) is displayed in a translucent
manner, and the effect of the shading is disabled for the site
other than the site of interest (three-dimensional elasticity
image 91). Then, a site other than the site of interest (three-
dimensional elasticity image 91) is extracted which is uni-
form and visually good and which has the intermediate hard-
ness.

[0072] On the other hand, an elasticity opacity exceeding
the threshold (reference value) Athin FIG. 8 is assigned to the
three-dimensional elasticity image 92 corresponding to the
hard site (site of interest), and is larger than the preset refer-
ence value. Thus, the three-dimensional elasticity image con-
structing section 17 enables the shading for the site of interest
(three-dimensional elasticity image 92).

[0073] An elasticity opacity smaller than the elasticity
opacity associated with the elasticity value for the site of
interest is associated with the site other than the site of inter-
est, and the opacity of the site of interest is set larger than the
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opacity of the site other than the site of interest. Thus, the
effect of the shading is enabled for the site of interest (three-
dimensional elasticity image 92), allowing a stereoscopic and
hard three-dimensional elasticity image 92 to be shaded and
extracted.

[0074] As described above, the ultrasound diagnostic appa-
ratus 200 in the present embodiment includes the elasticity
volume primary color component converting section 15 that
converts the elasticity volume data into a plurality of primary
color components. The three-dimensional elasticity image
constructing section 17 performs the volume rendering with
shading on at least one of the plurality of primary color
components to construct a three-dimensional elasticity
image. The three-dimensional elasticity image constructing
section 17 disables the shading of at least one of the plurality
of primary color components for the portion with at least one
of a predetermined elasticity opacity according to the elastic-
ity value and the elasticity value of a predetermined value.
[0075] As described above, the present embodiment allows
construction of a stereoscopic three-dimensional elasticity
image for which the shading is enabled, for the site of interest
with a high elasticity opacity, and construction of a visually
good, translucent three-dimensional elasticity image for
which the shading is disabled, for the site other than the site of
interest with a low elasticity opacity. As a result, the site of
interest can be constructed as a noticeable three-dimensional
elasticity image.

[0076] In the present embodiment. the elasticity volume
primary color component converting section 15 separates
(converts) the elasticity volume data into the three primary
color components for color image display. However, any
other method may be used. For example, in separating (con-
verting), based on the elasticity value, the elasticity volume
data into volume data with a hard elasticity value (elasticity
value component corresponding to the site of interest), vol-
ume data with an elasticity value for the intermediate hard-
ness (elasticity value component corresponding to the site
other than the site of interest), and volume data with a soft
elasticity value (elasticity value component corresponding to
the site of interest) and performing the volume rendering on
each of the volume data, the three-dimensional elasticity
image constructing section 17 sets an opacity smaller than the
opacity of the volume data with the hard elasticity value and
the volume data with the soft elasticity value (elasticity value
components corresponding to the sites of interest), for the
volume data with the elasticity value for the intermediate
hardness (elasticity value component corresponding to the
site other than the site of interest) and applying the present
embodiment to allow production of effects similar to the
above-described effects.

[0077] In other words, the ultrasound diagnostic apparatus
200 includes the sending section 3 that sends an ultrasonic
wave to the diagnosing object 1 via the ultrasound probe 2, the
receiving section 4 that receives the reflected echo signal from
the diagnosing object 1, the three-dimensional elasticity
image constructing section 17 that performs the volume ren-
dering with shading on the elasticity volume data with the
elasticity value based on the reflected echo signal to construct
a three-dimensional elasticity image, and the image display
section that displays the three-dimensional elasticity image.
The three-dimensional elasticity image constructing section
17 separates (converts) the elasticity volume data into a plu-
rality of elasticity value components based on the elasticity
value and performs the volume rendering with shading on the
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plurality of elasticity value components to construct a three-
dimensional synthetic image. The three-dimensional elastic-
ity image constructing section 17 disables the shading of at
least one of the plurality of elasticity value components.
[0078] Furthermore, in the present embodiment, “S(i)=1.0"
is set in Expression (4) to disable the shading. However, S(i)
may be set to a relatively large value smaller than “1.0” as
long as the effect that disables the shading can be achieved to
allow a visually good three-dimensional image to be con-
structed.

Second Embodiment

[0079] An ultrasound diagnostic apparatus according to an
embodiment of the present invention will be described using
the drawings. Mainly differences from the first embodiment
will be described, and other elements are similar to the cor-
responding elements in the first embodiment. FIG. 10 is a
diagram depicting an example of the ultrasound diagnostic
apparatus in the present embodiment. As depicted in FIG. 10,
a three-dimensional image constructing section 170 includes
a volume data synthesizing section 150, and a three-dimen-
sional synthetic image constructing section 103. In perform
volume rendering with shading on volume data, the three-
dimensional image constructing section 170 disables the
shading of a portion with at least one of a predetermined
elasticity opacity according to an elasticity value and a pre-
determined elasticity value to construct a three-dimensional
image.

[0080] A feature of an ultrasound diagnostic apparatus 201
in the present embodiment is such that the ultrasound diag-
nostic apparatus 201 includes a sending section 3 that sends
an ultrasonic wave to a diagnosing object 1 via an ultrasound
probe 2, a receiving section 4 that receives a reflected echo
signal from the diagnosing object 1, a cross-section region
volume data creating section 10 that creates cross-section
region volume data with a cross-section region image of the
diagnosing object 1 based on the reflected echo signal, a
elasticity volume data creating section 14 that creates elastic-
ity volume data with an elasticity value based on the reflected
echo signal, a volume data synthesizing section 150 that
synthesizes the cross-section region volume data and the elas-
ticity volume data to create synthetic volume data, a three-
dimensional synthetic image constructing section 103 that
perform the volume rendering with shading on the synthetic
volume data to construct a three-dimensional synthetic
image, and an image display section 19 that displays the
three-dimensional synthetic image, and such that the three-
dimensional synthetic image constructing section 103 dis-
ables the shading of a portion with at least one of a predeter-
mined cross-section region opacity according to a luminance
of the cross-section region volume data, a predetermined
elasticity opacity according to the elasticity value, and the
elasticity value of a predetermined value.

[0081] Furthermore, another feature ofthe ultrasound diag-
nostic apparatus 201 in the present embodiment is that the
ultrasound diagnostic apparatus 201 includes a cross-section
region volume primary color component converting section
11 that converts the cross-section region volume data into a
plurality of primary color components, and a elasticity vol-
ume primary color component converting section 15 that
converts the elasticity volume data into a plurality of primary
color components, and such that the volume data synthesizing
section 150 synthesizes the cross-section region volume data
and the elasticity volume data according to the plurality of
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primary color components to create a plurality of the syn-
thetic volume data according to the plurality of primary color
components, and the three-dimensional synthetic image con-
structing section 103 performs the volume rendering with
shading on at least one of the plurality of synthetic volume
data to construct a three-dimensional synthetic image and
disables the shading of at least one of the plurality of synthetic
volume data for a portion with at least one of a predetermined
elasticity opacity according to the elasticity value and the
elasticity value of a predetermined value.

[0082] The cross-section region volume primary color
component converting section 11 separates (converts) the
cross-section region volume data into three primary color
components for color image display corresponding to a lumi-
nance value, and the elasticity volume primary color compo-
nent converting section 15 separates (converts) the elasticity
volume data into three primary color components for color
image display corresponding to the elasticity value. After the
cross-section region volume primary color component con-
verting section 11 and the elasticity volume primary color
component converting section 15 separate (convert) the
cross-section region volume data and the elasticity volume
data into the three primary color components for color image
display, the three-dimensional image constructing section
170 synthesizes the cross-section region volume data and the
elasticity volume data for each component (for example,
RGB components) and performs the volume rendering on the
synthetic volume data on each component using the elasticity
opacity.

[0083] In FIG. 10, the components preceding the cross-
section region volume data creating section 10 and the elas-
ticity volume data creating section 14 (three-dimensional
image constructing section 170) are similar to the corre-
sponding components in the first embodiment and are thus
omitted. Furthermore, the components succeeding the three-
dimensional synthetic image constructing section 103 (three-
dimensional image constructing section 170) are also similar
to the corresponding components in the first embodiment and
are thus omitted.

[0084] Inthe present embodiment, a case will be described
where the cross-section region volume primary color compo-
nent converting section 11 and the elasticity volume primary
color component converting section 15 separates (converts)
the volume data into the three primary colors, R (Red), G
(Green), and B (Blue), as in the first embodiment. Of course,
instead of these components, the cross-section region volume
primary color component converting section 11 and the elas-
ticity volume primary color component converting section 15
may separate (convert) the volume data into other primary
color components.

[0085] The volume data synthesizing section 150 includes
a first component synthesizing section 100, a second compo-
nent synthesizing section 101, and a third component synthe-
sizing section 102. The first component synthesizing section
100, the second component synthesizing section 101, and the
third component synthesizing section 102 synthesize the
cross-section region volume data and the elasticity volume
data for each of the three primary color components for color
image display (for example, the RGB components).

[0086] Forexample, the three-dimensional synthetic image
constructing section 103 uses the first component synthesiz-
ing section 100 to synthesize R component volume data
resulting from separation (conversion) from the cross-section
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region volume data and R component volume data resulting
from separation (conversion) from the elasticity volume data.
[0087] The R component volume data resulting from sepa-
ration from the cross-section region volume data is hereinaf-
ter referred to as cross-section region volume data R1, R
component volume data resulting from separation from the
elasticity volume data is hereinafter referred to as elasticity
volume data R2, and R component volume data resulting
from synthesis of the cross-section region volume data R1
and the elasticity volume data R2 is hereinafter referred to as
synthetic volume data R3, the first component synthesizing
section 100 performs synthesis using following Expression
.

R3=01-0YB R B B o

[0088] designates a synthesis weight coefficient of “0 to
1.0” that is set via the operation section 20.

[0089] As is the case with the R component, the second
component synthesizing section 101 synthesizes cross-sec-
tion region volume data G1 and elasticity volume data G2 to
create synthetic volume data G3, and the third component
synthesizing section 102 synthesizes cross-section region
volume data B1 and elasticity volume data B2 to create syn-
thetic volume data B3.

[0090] The three-dimensional synthetic image construct-
ing section 103 includes a synthetic first component volume
rendering section 104, a synthetic second component volume
rendering section 105, and a synthetic third component vol-
ume rendering section 106.

[0091] The synthetic first component volume rendering
section 104 performs the volume rendering on the synthetic
volume data R3. The synthetic second component volume
rendering section 105 performs the volume rendering on the
synthetic volume data G3. The synthetic third component
volume rendering section 106 performs the volume rendering
on the synthetic volume data B3.

[0092] In the present embodiment, the three-dimensional
synthetic image constructing section 103 performs the vol-
ume rendering in accordance with Expressions (4) to (6)
illustrated above and uses the elasticity opacity as the opacity.
Furthermore, the three-dimensional synthetic image con-
structing section 103 may use, as S(i) in Expression (4), a
predetermined shading weight component according to the
luminance of the cross-section region volume data or a shad-
ing weight component according to the elasticity value for the
elasticity volume data.

[0093] In the present embodiment, an elasticity opacity
table creating section (elasticity opacity setting section) 16
creates an elasticity opacity table 50 and sets a threshold
(reference value) Ath as a line 80 as depicted in FIG. 5 and
FIG. 8. Furthermore, as is the case with the first embodiment,
the threshold (reference value) Ath is set to be larger than the
elasticity opacity associated with a site other than a site of
interest (for example, a range 81 of the elasticity value for an
intermediate hardness). For a voxel included in the site other
than the site of interest (elasticity value range 81) to which an
elasticity opacity equal to or smaller than the threshold (ref-
erence value) Ath is assigned, “A(i)? Ath”. Thus, the shading
weight component S(i) is changed to “S(i)=1.0”, and the
volume rendering is performed with the shading disabled.
[0094] FIG. 11 is a diagram depicting an example of a
three-dimensional synthetic image for which the shading is
disabled by the three-dimensional synthetic image construct-
ing section 103. As depicted in FIG. 11, a three-dimensional
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synthetic image 110 has a hard volume (site of interest) in a
volume with an intermediate hardness (site other than the site
of interest). In the three-dimensional synthetic image 110, the
volume with the intermediate hardness is displayed by a
three-dimensional synthetic image 111, and the hard volume
is displayed by a three-dimensional synthetic image 112.
[0095] Unlike in the first embodiment, the cross-section
region volume data and the elasticity volume data are synthe-
sized. Thus, in the three-dimensional synthetic image 110,
information on a cross-section region image is added to infor-
mation on an elasticity image. The cross-sectionregion image
mainly reflects biological tissue information, and thus, the
three-dimensional synthetic image 110 reflects the tissue
information and the elasticity information. Consequently, a
tissue state and an elasticity state can be simultaneously
checked.

[0096] For example, a tumor mainly exhibits low echo
intensity and is often extracted in black in a cross-section
region image. Furthermore, the tumor is often harder than
peripheral tissues and is thus often extracted in blue in an
elasticity image. Therefore, when the tumor site (site of inter-
est) is constructed as a three-dimensional synthetic image, a
dark blue, stereoscopic synthetic image is constructed in
which the black color of the cross-section region image and
the blue color of the elasticity image are synthesized. A nor-
mal tissue such as fat is often extracted mainly in gray or
white in a cross-section region image. Furthermore, the nor-
mal tissue such as the fat often has the intermediate hardness,
and is often extracted mainly in green in an elasticity image.
Therefore, when the normal tissue such as the fat (site other
than the site of interest) is constructed as a three-dimensional
synthetic image, a bright green, stereoscopic synthetic image
is constructed in which the gray or white color of the cross-
section region image and the green color of the elasticity
image are synthesized. As described above, the tissue state
and the elasticity state can be simultaneously checked based
on the hue.

[0097] According to the present embodiment, the normal
tissue with the intermediate hardness (site other than the site
of interest) is extracted as the three-dimensional synthetic
image 111 with the intermediate hardness. As depicted in
FIG. 5 and FIG. 8, alow elasticity opacity is set for the normal
tissue with the intermediate hardness (site other than the site
of interest). Thus, the three-dimensional synthetic image 111
with the intermediate hardness is translucent, allowing iden-
tification of the hard three-dimensional synthetic image 112
(site of interest) present inside the three-dimensional syn-
thetic image 111 with the intermediate hardness. Further-
more, for the site with the intermediate hardness, the elastic-
ity opacity is set smaller than the threshold (reference value)
Ath to disable the effect of the shading, allowing a uniform
and visually good three-dimensional synthetic image 111
with the intermediate hardness to be constructed, as depicted
in FIG. 8. Moreover, the hard site (site of interest) suspected
to be an abnormal tissue such as a tumor can be constructed as
the hard three-dimensional synthetic image 112. For the hard
three-dimensional synthetic image 112, the elasticity opacity
is set larger than the threshold (reference value) Ath to enable
the effect of the shading, allowing construction of a stereo-
scopic, hard three-dimensional synthetic image 112 reflect-
ing the tissue state and the elasticity state.

[0098] As described above, according to the present
embodiment, the cross-section region volume data and the
elasticity volume data are synthesized such that, for the site of
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interest with a high elasticity opacity, the shading is enabled
to construct a stereoscopic three-dimensional synthetic image
that allows the tissue information and the elasticity informa-
tion to be checked at a first glance and such that, for the site
other than the site of interest with a low elasticity opacity, the
shading is disabled to allow construction of a visually good
and translucent three-dimensional synthetic image. As a
result, the tissue state and elasticity state of the site of interest
enable the site of interest to be constructed as a noticeable
three-dimensional synthetic image.

[0099] The embodiments according to the present inven-
tion have been described. However, the present invention is
not limited to these embodiments. The embodiments may be
changed or varied within the scope recited in the claims.

[0100] For example, the operation section 20 may adjust
the threshold (reference value) Ath. FIG. 12 is a diagram
depicting a display example of the image display section 19.
In a screen 120 of the image display section 19, the elasticity
opacity table 50 in FIG. 8 and a three-dimensional elasticity
image 90 in FIG. 9 are displayed. Furthermore, an elasticity
opacity threshold setting section 121 is displayed. The elas-
ticity opacity threshold setting section 121 allows the thresh-
old (reference value) Ath to be adjusted (set) using a numeri-
cal value setting section or a slide bar corresponding to the
operation section 20. In FIG. 12, “threshold (reference value)
Ath=0.2" is set. In this manner, the operation section 20 may
adjust the threshold (reference value) Ath to adjust the site for
which the shading is disabled (site other than the site of
interest).

[0101] Furthermore, the threshold (reference value) Ath
may be set based on the minimum value of the elasticity
opacity according to the elasticity value. FIG. 13 is a diagram
depicting the elasticity opacity table 50 indicating the thresh-
old (reference value) Ath set based on the minimum value of
the elasticity opacity. As depicted in FIG. 13, the elasticity
opacity table 50 created by the elasticity opacity table creat-
ing section (elasticity opacity setting section) 16 indicates a
line 80 corresponding to the threshold (reference value) Ath.
In the elasticity opacity table 50, the minimum value of the
elasticity opacity is “Amin”.

[0102] When the threshold (reference value) Ath is set
based on the minimum value of the elasticity opacity accord-
ing to the elasticity value, the threshold (reference value) Ath
may be a value adding any value Aoffset to the minimum
value Amin of the elasticity opacity. In this case, the threshold
(reference value) Ath is expressed by Expression (8) illus-
trated below. Aoffset is any constant.

Ath=Amin+4offset (8)

[0103] Furthermore, when the threshold (reference value)
Ath is set based on the minimum value of the elasticity opac-
ity according to the elasticity value, the threshold (reference
value) Ath may be a value multiplying the minimum value of
the elasticity opacity by any weight component. In this case,
the threshold (reference value) Ath is expressed by Expres-
sion (9) illustrated below. The weight component Acoeff is
any constant larger than

Ath=Amin¥' 4 coeff 9

[0104] As a result, the threshold (reference value) Ath for
the elasticity opacity is automatically set, eliminating the
need for a user to manually set the threshold (reference value)
Ath to facilitate setting of the threshold (reference value) Ath.
An opacity of “0” represents a complete transparent area and
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may be used for a special purpose such as removal of noise,
and thus, “Amin” may be the minimum value other than an
elasticity opacity of “0”.

[0105] Furthermore, the image display section 19 may
switchably display both or one of the three-dimensional elas-
ticity image for which the shading is disabled and the three-
dimensional elasticity image for which the shading is
enabled. In this case, the operation section 20 sets whether or
not to disable the shading of a site (site other than the site of
interest) for which an elasticity opacity smaller than the
threshold (reference value) Ath for the elasticity opacity is
set. Then, the control section 21 switches to both or one of the
three-dimensional elasticity image for which the shading is
disabled and the three-dimensional elasticity image for which
the shading is enabled. FIG. 14 is a diagram illustrating an
example where the three-dimensional elasticity image for
which the shading is disabled and the three-dimensional elas-
ticity image for which the shading is enabled are switchably
displayed. A screen 130 of the image display section 19
displays the three-dimensional elasticity image 90 for which
the shading is disabled. A screen 132 of the image display
section 19 displays a three-dimensional elasticity image 70
for which the shading is enabled.

[0106] Furthermore, the images 130 and 132 display a
shading control section 131. The shading control section 131
allows whether to enable or disable the shading of a site with
a low elasticity opacity (site other than the site of interest) to
be set using a button corresponding to the operation section
20. FIG. 14(a) depicts a state where the shading control
section 131 turns off (in other words, disables) the shading of
the site with a low elasticity opacity (site other than the site of
interest). FIG. 14(b) depicts a state where the shading control
section 131 turns on (in other words, enables) the shading of
the site with a low elasticity opacity (site other than the site of
interest). The user switches on and off the shading using the
shading control section 131 via the operation section 20. As
described above, enabling or disabling the shading can be
freely selected.

[0107] Furthermore, the elasticity opacity table creating
section (elasticity opacity setting section) 16 associates an
elasticity opacity smaller than the elasticity opacity associ-
ated with the elasticity value for the site of interest, with the
site other than the site of interest. The three-dimensional
elasticity image constructing section 17 may disable the shad-
ing of the site other than the site of interest based on the
elasticity value or the elasticity opacity. The elasticity opacity
table creating section (elasticity opacity setting section) 16
sets the elasticity opacity used for the volume rendering to be
smaller than the elasticity opacity of the site of interest for the
site other than the site of interest determined based on the
elasticity value. The three-dimensional elasticity image con-
structing section 17 disable the shading in the volume render-
ing for the site other than the site of interest.

[0108] FIG. 15 is a diagram depicting the elasticity opaci-
ties of the site of interest and of the site other than the site of
interest. As depicted in FIG. 15, the site of interest is set in an
elasticity opacity table 140 created by the elasticity opacity
table creating section (elasticity opacity setting section) 16. A
site with the intermediate hardness is only infrequently a
diagnosis target and is thus set to be the site other than the site
of interest. Therefore, the site with the intermediate hardness
belonging to an elasticity value range from an elasticity value
“a” to an elasticity value “b” is associated with the elasticity
opacity as the site other than the site of interest. A hard site
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and a soft site belonging to the other elasticity value range are
associated with the elasticity opacity as the site of interest.
Then, the elasticity opacity table creating section (elasticity
opacity setting section) 16 sets the elasticity opacity associ-
ated with the elasticity value range from the elasticity value
“a” to the elasticity value “b” which is the site other than the
site of interest to a value smaller than the elasticity opacity
associated with the other elasticity value range. The site of
interest and the site other than the site of interest are associ-
ated with the elasticity opacity in accordance with the pur-
pose.

[0109] For example, the elasticity first component volume
rendering section 60, the elasticity second component volume
rendering section 61, and the elasticity third component vol-
ume rendering section 62 in FIG. 6 perform the volume ren-
dering in accordance with Expressions (4) to (6) and use the
elasticity opacity as the opacity. In this case, for voxels with
elasticity values belonging to the elasticity value range from
the elasticity value “a” to the elasticity value “b”, the elastic-
ity first component volume rendering section 60, the elasticity
second component volume rendering section 61, and the elas-
ticity third component volume rendering section 62 set a
shading weight component of “1.0” to disable the effect of the
shading.

[0110] Specifically, for “aB E(1)B b in Expression (4) for
the volume rendering, the shading weight component S(3) is
changed to “S(i)=1.0" to disable the shading. On the other
hand, for “E(i)<a” or “b<E(i)”, the shading weight compo-
nent S(i) is unchanged at “S(1)=S(i)” to enable the shading. In
this manner, increasing the elasticity opacity of an optionally
set site of interest enables construction of a stereoscopic
three-dimensional elasticity image for which the shading is
enabled. Reducing the elasticity opacity of the site other than
the site of interest enables construction of a visually good,
translucent three-dimensional elasticity image for which the
shading is disabled. As a result, the site of interest can be
constructed as a noticeable three-dimensional elasticity
image. Since the shading of the site of interest is enabled, the
elasticity opacity of the site of interest can be freely set. For
example, as depicted in FIG. 15, in the elasticity opacity table
140, the elasticity opacity of a soft site that is a site of interest
(an elasticity value range equal to or larger than the elasticity
value “b”) increases slowly, and the site of interest has a
relatively low elasticity opacity with a value closer to the
value of the elasticity opacity of the site other than the site of
interest. However, setting the elasticity value “b” enables the
site of interest and the site other than the site of interest to be
reliably distinguished from each other.

[0111] As described above, the three-dimensional image
constructing section 170 may disable the shading of a portion
having a smaller or larger elasticity value than the elasticity
value of the site of interest based on the elasticity value
(elasticity value range) of the optionally set site of interest.
For example, the three-dimensional elasticity image con-
structing section 17 disables the shading of the site other than
the site of interest based on at least one of the elasticity value
of the site of interest and the elasticity value of the site other
than the site of interest. In this case, as depicted in FIG. 15, the
elasticity opacity table creating section (elasticity opacity
setting section) 16 may associate an elasticity opacity smaller
than the elasticity opacity associated with the elasticity value
of the site of interest, with the site other than the site of
interest. Since the site of interest and the site other than the
site of interest are optionally set based on the elasticity value,
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a stereoscopic three-dimensional elasticity image for which
the shading is enabled can be constructed for the site of
interest, and a visually good, translucent three-dimensional
elasticity image for which the shading is disabled can be
constructed for the site other than the site of interest, regard-
less of the elasticity opacity. Also in this case, enabling/
disabling of the shading of the site other than the site of
interest may be controlled.

[0112] Furthermore, the three-dimensional cross-section
region image constructing section 13 may disable the shading
of at least one of a plurality of primary color components (for
example, RGB components) for a portion with at least one of
apredetermined cross-section region opacity according to the
luminance value and a predetermined luminance value.
[0113] Furthermore, a method of displaying an ultrasound
image for the ultrasound diagnostic apparatus in the above-
described embodiment is a method of displaying an ultra-
sound image involving sending an ultrasonic wave to a diag-
nosing object 1 via an ultrasound probe 2, receiving a
reflected echo signal from the diagnosing object 1, perform-
ing the volume rendering with shading on elasticity volume
data with an elasticity value based on the reflected echo signal
to construct a three-dimensional elasticity image, and dis-
playing the three-dimensional elasticity image, in which the
volume rendering is performed using the elasticity opacity
according to the elasticity value, and the shading of a portion
with the elasticity opacity with a predetermined value is dis-
abled.

[0114] Additionally, the method of displaying an ultrasonic
wave image for the ultrasound diagnostic apparatus in the
above-described embodiment is a method of displaying an
ultrasound image involving sending an ultrasonic wave to the
diagnosing object 1 via the ultrasound probe 2, receiving a
reflected echo signal from the diagnosing object 1, perform-
ing the volume rendering with shading on elasticity volume
data with an elasticity value based on the reflected echo signal
to construct a three-dimensional elasticity image, and dis-
playing the three-dimensional elasticity image, in which the
shading of a portion with the elasticity value of a predeter-
mined value is disabled.

[0115] Additionally, the method of displaying an ultra-
sound image for the ultrasound diagnostic apparatus in the
above-described embodiment is a method of displaying an
ultrasound image involving sending an ultrasonic wave to the
diagnosing object 1 via the ultrasound probe 2, receiving a
reflected echo signal from the diagnosing object 1, creating
cross-section region volume data on the diagnosing object 1
based on the reflected echo signal, creating elasticity volume
data with an elasticity value based on the reflected echo
signal, synthesizing the cross-section region volume data and
the elasticity volume data to create synthetic volume data,
performing the volume rendering with shading on the syn-
thetic volume data to construct a three-dimensional synthetic
image, and displaying the three-dimensional synthetic image,
in which the shading is disabled for a portion with at least one
of a predetermined cross-section region opacity according to
the luminance of the cross-section region volume data, a
predetermined elasticity opacity according to the elasticity
value, and the elasticity value of a predetermined value.

INDUSTRIAL APPLICABILITY

[0116] The ultrasound diagnostic apparatus according to
the present invention can disable the shading in the volume
rendering based on the elasticity opacity or the elasticity
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value to construct a visually good three-dimensional image,
and is useful as an ultrasound diagnostic apparatus, a method
of displaying an ultrasound image, and the like which disable
the shading of a predetermined portion.

REFERENCE SIGNS LIST

[0117] 1 Diagnosing object

[0118] 2 Ultrasound probe

[0119] 3 Sending section

[0120] 4 Receiving section

[0121] 5 Ultrasound sending and receiving control section

[0122] 6 Phase matching and adding section

[0123] 7 Cross-section region image constructing section

[0124] 8 RF signal frame data storage section

[0125] 9 Flasticity image constructing section

[0126] 10 Cross-section region volume data creating sec-
tion

[0127] 11 Cross-section region volume primary color com-

ponent converting section

[0128] 12 Cross-section region opacity table creating sec-
tion (cross-section region opacity setting section)

[0129] 13 Three-dimensional cross-section region image
constructing section

[0130] 14 Elasticity volume data creating section

[0131] 15 Elasticity volume primary color component con-
verting section

[0132] 16 Elasticity opacity table creating section (elastic-
ity opacity setting section)

[0133] 17 Three-dimensional elasticity image constructing
section

[0134] 18 Switching and adding section

[0135] 19 Image display section

[0136] 20 Operation section

[0137] 21 Control section

[0138] 30 Cross-section region first component volume

rendering section

[0139] 31 Cross-section region second component volume
rendering section

[0140] 31 Cross-section region third component volume
rendering section

[0141] 32 Elasticity first component volume rendering sec-
tion

[0142] 61 Elasticity second component volume rendering
section

[0143] 62 Elasticity third component volume rendering
section

[0144] 100 First component synthesizing section

[0145] 101 Second component synthesizing section

[0146] 102 Third component synthesizing section

[0147] 103 Three-dimensional synthetic image construct-

ing section

[0148] 104 Synthetic first component volume rendering
section

[0149] 105 Synthetic second component volume rendering
section

[0150] 106 Synthetic third component volume rendering
section

[0151] 150 Volume data synthesizing section

[0152] 170 Three-dimensional image constructing section

1. An ultrasound diagnostic apparatus comprising:

a sending section that sends an ultrasonic wave to a diag-
nosing object via an ultrasound probe;

a receiving section that receives a reflected echo signal
from the diagnosing object;
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a three-dimensional elasticity image constructing section
that performs volume rendering with shading on elastic-
ity volume data with an elasticity value based on the
reflected echo signal to construct a three-dimensional
elasticity image; and

an image display section that displays the three-dimen-
sional elasticity image, wherein

the three-dimensional elasticity image constructing sec-
tion performs the volume rendering using an elasticity
opacity according to the elasticity value and disables the
shading of a portion with the elasticity opacity with a
predetermined value.

2. An ultrasound diagnostic apparatus comprising:

a sending section that sends an ultrasonic wave to a diag-
nosing object via an ultrasound probe;

a receiving section that receives a reflected echo signal
from the diagnosing object;

a three-dimensional elasticity image constructing section
that performs volume rendering with shading on elastic-
ity volume data with an elasticity value based on the
reflected echo signal to construct a three-dimensional
elasticity image; and

an image display section that displays the three-dimen-
sional elasticity image, wherein

the three-dimensional elasticity image constructing sec-
tion disables the shading of a portion with the elasticity
value of a predetermined value.

3. An ultrasound diagnostic apparatus comprising:

a sending section that sends an ultrasonic wave to a diag-
nosing object via an ultrasound probe;

a receiving section that receives a reflected echo signal
from the diagnosing object;

a cross-section region volume data creating section that
creates cross-section region volume data on the diagnos-
ing object based on the reflected echo signal,

an elasticity volume data creating section that creates elas-
ticity volume data with an elasticity value based on the
reflected echo signal;

a volume data synthesizing section that synthesizes the
cross-section region volume data and the elasticity vol-
ume data to create synthetic volume data;

a three-dimensional synthetic image constructing section
that performs volume rendering with shading on the
synthetic volume data to construct a three-dimensional
synthetic image; and

an image display section that displays the three-dimen-
sional synthetic image, wherein

the three-dimensional synthetic image constructing sec-
tion disables the shading of a portion with at least one of
a predetermined cross-section region opacity according
to a luminance of the cross-section region volume data,
a predetermined elasticity opacity according to the elas-
ticity value, and the elasticity value of a predetermined
value.

4. The ultrasound diagnostic apparatus according to claim
1, comprising an elasticity volume primary color component
converting section that converts the elasticity volume data
into a plurality of primary color components, wherein

the three-dimensional elasticity image constructing sec-
tion

performs volume rendering with shading on at least one of
the plurality of primary color components to construct a
three-dimensional elasticity image, and
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disables the shading of at least one of the plurality of
primary color components for a portion with at least one
of a predetermined elasticity opacity according to the
elasticity value and the elasticity value of a predeter-
mined value.

5. The ultrasound diagnostic apparatus according to claim

3, comprising:

a cross-section region volume primary color component
converting section that converts the cross-section region
volume data into a plurality of primary color compo-
nents; and

an elasticity volume primary color component converting
section that converts the elasticity volume data into a
plurality of primary color components, wherein

the volume data synthesizing section synthesizes the cross-
section region volume data and the elasticity volume
data according to the plurality of primary color compo-
nents to create a plurality of the synthetic volume data
according to the plurality of primary color components,
and

the three-dimensional synthetic image constructing sec-
tion

performs volume rendering with shading on at least one of
the plurality of synthetic volume data to construct a
three-dimensional synthetic image, and

disables the shading of at least one of the plurality of
synthetic volume data for a portion with at least one ofa
predetermined elasticity opacity according to the elas-
ticity value and the elasticity value of a predetermined
value.

6. The ultrasound diagnostic apparatus according to claim

1, wherein the three-dimensional elasticity image construct-
ing section disables the shading when the elasticity opacity is
smaller than a preset reference value.

7. The ultrasound diagnostic apparatus according to claim

6, comprising an operation section that adjusts the reference
value.

8. The ultrasound diagnostic apparatus according to claim

6, wherein the reference value is set based on a minimum
value of the elasticity opacity according to the elasticity
value.

9. The ultrasound diagnostic apparatus according to claim

1, comprising an elasticity opacity setting section that asso-
ciates the elasticity value with the elasticity opacity to set the
elasticity opacity according to the elasticity value.

10. The ultrasound diagnostic apparatus according to claim

9, wherein

the elasticity opacity setting section associates an elasticity
opacity smaller than the elasticity opacity associated
with the elasticity value of a site of interest, with a site
other than the site of interest, and

the three-dimensional elasticity image constructing sec-
tion disables the shading of the site other than the site of
interest based on the elasticity value or the elasticity
opacity.

11. The ultrasound diagnostic apparatus according to claim

2, wherein the three-dimensional elasticity image construct-
ing section disables the shading of a site other than a site of
interest based on at least one of the elasticity value of the site
of interest and the elasticity value of the site other than the site
of interest.

12. The ultrasound diagnostic apparatus according to claim

1, wherein the image display section switchably displays both
or one of the three-dimensional elasticity image for which the
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shading is disabled and the three-dimensional elasticity
image for which the shading is enabled.
13. The ultrasound diagnostic apparatus according to claim
1, comprising a control section that switches to both or one of
the three-dimensional elasticity image for which the shading
is disabled and the three-dimensional elasticity image for
which the shading is enabled.
14. A method of displaying an ultrasound image, the
method comprising:
sending an ultrasonic wave to a diagnosing object via an
ultrasound probe;
receiving a reflected echo signal from the diagnosing
object;
performing volume rendering with shading on elasticity
volume data with an elasticity value based on the
reflected echo signal to construct a three-dimensional
elasticity image; and
displaying the three-dimensional elasticity image, wherein
the volume rendering is performed using elasticity opacity
according to the elasticity value, and the shading of a
portion with the elasticity opacity with a predetermined
value is disabled.
15. A method of displaying an ultrasound image, the
method comprising:
sending an ultrasonic wave to a diagnosing object via an
ultrasound probe;
receiving a reflected echo signal from the diagnosing
object;
performing volume rendering with shading on elasticity
volume data with an elasticity value based on the
reflected echo signal to construct a three-dimensional
elasticity image; and
displaying the three-dimensional elasticity image, wherein
the shading of a portion with the elasticity value of a
predetermined value is disabled.
16. A method of displaying an ultrasound image, the
method comprising:
sending an ultrasonic wave to a diagnosing object via an
ultrasound probe;
receiving a reflected echo signal from the diagnosing
object;
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creating cross-section region volume data on the diagnos-
ing object based on the reflected echo signal,
creating elasticity volume data with an elasticity value
based on the reflected echo signal;
synthesizing the cross-section region volume data and the
elasticity volume data to create synthetic volume data;
performing volume rendering with shading on the syn-
thetic volume data to construct a three-dimensional syn-
thetic image; and
displaying the three-dimensional synthetic image, wherein
the shading is disabled for a portion with at least one of a
predetermined cross-section region opacity according to
a luminance of the cross-section region volume data, a
predetermined elasticity opacity according to the elas-
ticity value, and the elasticity value of a predetermined
value.
17. The ultrasound diagnostic apparatus according to claim
2, comprising an elasticity volume primary color component
converting section that converts the elasticity volume data
into a plurality of primary color components, wherein
the three-dimensional elasticity image constructing sec-
tion
performs volume rendering with shading on at least one of
the plurality of primary color components to construct a
three-dimensional elasticity image, and
disables the shading of at least one of the plurality of
primary color components for a portion with at least one
of a predetermined elasticity opacity according to the
elasticity value and the elasticity value of a predeter-
mined value.
18. The ultrasound diagnostic apparatus according to claim
2, wherein the image display section switchably displays both
or one of the three-dimensional elasticity image for which the
shading is disabled and the three-dimensional elasticity
image for which the shading is enabled.
19. The ultrasound diagnostic apparatus according to claim
2, comprising a control section that switches to both or one of
the three-dimensional elasticity image for which the shading
is disabled and the three-dimensional elasticity image for
which the shading is enabled.
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