US 20060173306A1
ao) United States

12) Patent Application Publication (o) Pub. No.: US 2006/0173306 A1

Matsumura et al. 43) Pub. Date: Aug, 3, 2006
(54) ULTRASONOGRAPHIC DEVICE (30) Foreign Application Priority Data
(76) Inventors: Takeshi Matsumura, Kashiwa (JP); Jan. 15,2003 (IP) oo 2003-006932
Satoshi Tamano, Kashiwa (JP);
Tsuyoshi Mitake, Chiba (JP); Tsuyoshi Publication Classification
Siina, Ibaraki (JP)
(1) Imt.Cl
A6IB  8/00 (2006.01)
Correspondence Address: (52) US. CLioceeeeeeeeee et e 600/437
ANTONELLI, TERRY, STOUT & KRAUS,
LLP (57) ABSTRACT
1300 NORTH SEVENTEENTH STREET
SUITE 1800 An ultrasonographic device includes an ultrasonic wave
ARLINGTON, VA 22209-3873 (US) transmitter/receiver section which transmits and receives

ultrasonic waves to and from a test subject through a probe,
a phasing addition circuit which controls the phase of the
(21) Appl. No.: 10/542,206 received ultrasomc wave and generates RF signal frame
data, an RF signal frame data selection section which makes
variable the frame interval of the RF signal frame data to be
(22) PCT Filed: Jan. 14, 2004 outputted, and an elastic image generating section which
sets the optimum imaging range for each elastic frame data
generated based on the RF signal frame data and generates

(86) PCT No.: PCT/JP04/00202 elastic image.
102
RADIO
TRANSMITTER 104 . 114 107
CRCUIT | 103 j 105 10 8
RECEIVER - PHASING g g
CIRCUT ADDITION SIGNAL | ,] MONOCHROME L © )§>
CIRCUIT "1 PROCESSING SCAN < 2
SECTION CONVERTER 5 o
@ =)
. | w
108 5109 M 1z o % o 2
115 RFSIGNAL 1 pjsp ACEMENT 6 2 S
FRAME DATA Ly |JEASUREMENT [ s TORTION 5 o
SELECTION SECTION 2 ELASTIC =) =
SECTION ELASTI DATA | | COLOR SCAN P "
MODUL‘TJ%N 1 PROCESSING|”| CONVERTER
CALCULA SECTION
PRESSURE »  SECTION
MEASUREMENT

SECTION

9

100 _ 110

¥IZ-HNSSI™d




M 001
&
m oLl
= )
S
2 103rgans 1S3l
o~ NOILD3S
- INIFNIFANSYIN 38044
RTRER NOILO3S |« UNSSTUd bk
NOILYIND YD .
e ¥ILYIANOD | 19ONISSFO0Md L | erraom ’
= Ly o NYOS ¥0109 viva NOILD3S
O L O_._.w<|_m ZO_._.Omw
> = a J11SVY13 NOILD313S
7 < L gLl
2 52 et so1 5 goL >
S a
“a N.u._ nAM_nu H31LHIANQD NOILD3S
o = T NYOS ONISSIO0Hd | 1oy |, noun e
2 = S INWOUHOONON [€] LINO¥I9
z TYNDIS NOLLIQaY JAAEOTH
N m w ONISYHd ~
=
(=]
g N 901 GOl W g0l LINJY¥ID =
= [0l vLL ¥01 HILLINSNYYL |
£ 01avy
s s
.m ro]!
=
o .
=« L "'©ld
g
=
=™

PRESSURIZER

A

~—




US 2006/0173306 A1

Patent Application Publication Aug. 3,2006 Sheet 2 of 12

NOILO3S
INFAFHNSYIN
LIN3W3OV1dSId

A

d vivd
JNYH4 TYNODIS 4o

A

D V.1vd
ANYHH TVNOIS 4

NOILD3S
NOLLO3S AHOWIN IV TOMINGD
NOILD3713S V.Lvd - 30IA3Q
JNVEH TYNOIS 3y - SINOSYHLIN
¢-D YLva 002
INYHS TYNDIS Y
Z-0 V1va
JNYE4 TYNDIS 4
Y V1VQ 1-0 Y1vd
NV TYNDIS 4 VI TYNDIS 34 Tnoan
/ O vivd || NotLIaaw
IV TYNOIS 2N ONISYHd
NOLLOIS NOILOF T3S V1vd FWW4 TYNOIS &v w
2801 1gor V0!
2 OId




US 2006/0173306 A1

Patent Application Publication Aug. 3,2006 Sheet 3 of 12

NOILD3S
IN3WIHNSVIN
ININ3IIV14SIa

d V1ivd
JNYHS TYNOIS 44

i

O vivd
ANV T¥NOIS 4o

NOILD3S
NOILO3S AHOWIWN FAVEY < 041INOD
NOILD313S V.Lva . 301A30
JNVHA TYNDIS 2 IINOSYHLIN
007
d vivad d v1vQ
JNVHA TYNDIS 4y [€ 1 vy TYNDIS 3 T
0 V.ivd H NolLiaay
INVES TYNDIS 4 ONISYHA
NOLLO3S NOILOTTIS V.LVA JAVHA TYNDIS 4 V w
/
2801 w \ $01

e Old

801

1801




US 2006/0173306 A1

Patent Application Publication Aug. 3,2006 Sheet 4 of 12

NOILO3S
T041NOJ 301A3d
JIHAVAOONOSYH LN

1Ot

The

LLOL ™

)

00¢

NOILJ3S NOLLVINIIVO
SNTNAON J1LSV13/NOILHOLSIC

)

L1l

v Ol

¢lot




US 2006/0173306 A1

Patent Application Publication Aug. 3,2006 Sheet 5 of 12

d3LHIANOD
NvOS J0100

NOILD3S
v T0H.LNOD
1InJdId AHOWI IV 30IA30
ONIOVHIAY/NOILIAAY SINOSYHLIN
(1+W) w
= [ 'I(N-N YLvd
[ 1NN YL1va JNVYH4 DILSY13) 002
INVHA DILSYT)
+
["1(A vLva 4 [“1(z-N VLva
JNVY4 DILSY13) 1N YIYa TNV SLLSYTT)
INVES DILSY13)
+ [ 11N V1va
[“1(1-N YLV IV O1LSVT3) NOILO3S
JWVEL DILSY13) NOILYINOTVD
+ fuN viva [ ]] SMINGOW
[I(N YL1VQ NV DILSYT) OILSY13
NOILD3S ONISSI00Nd S DSV INOILMOLSIa
v1va OlLSY13 , A w
v 1211 LLL
rAAN!
S Ol




US 2006/0173306 A1

Patent Application Publication Aug. 3,2006 Sheet 6 of 12

d31H3IANOD
NY3S d0100

NOILO3S
TOYLNOD
30I1A3d

JQINOSVHLIN

)

00¢

NOILD3S
NOILVINDIIVO
SNTNAOW
QILSY1d
/INOILHO1S1d

v
1INDHID AHOWIN INYHA
NOISSTHANOD
[“1(A VY1Va
JNYH4 DILSYTT)
[L+{o+l(N v1va
INVYL D1LSYI3) ['1(X YLVO L
x g}lol 6o x v
NOILD3S ONISSID0OHd Aved o:wﬁm:.
v1va JILSY13 (
V rAR) 1 oA N
AN
9O HId

w

(4N




Patent Application Publication Aug. 33,2006 Sheet 7 of 12 US 2006/0173306 Al

FIG. 7
(ELASTIC FRAME /
DATA Y)i, j /
A !
!
|
{
/
[}
[}
[}
[}
)
[
|
[/
—» (ELASTIC FRAME
1 - DATA X)i, |
HARD SOFT
PORTION PORTION
FIG. 8
(ELASTIC FRAME
DATA Y)i, j
A
G A
» (ELASTIC FRAME
DATA X)i, j
HARD SOFT
PORTION PORTION



US 2006/0173306 A1

Patent Application Publication Aug. 3,2006 Sheet 8 of 12

NOILO3S
TOYLNOD
301A3d
OINOSVYHLIN

)

00¢

NOIL33S
NOILVINOTVO
SNINAOW
OILSY13
INOILHOLSId

9211 ——[NOILYWHOANI Y3V
ONISSIDOHd
) IVOILSILVLS
1IN2Y1D ONISSID0Nd AMOWIN INVY4
IVOILSILVLS .
(Vilva vayv
ONISSIO0Ud  J—
40 43gWNN 3HL)
ANTVA -
LIAM S3MOT LIENIvYA m_o<mm>$ .
(3NTVA fi(X v1va :
LINN ¥3ddN) INVYL 2ILSY13)) 2]
= e
3NTVA IONVIHVA)
‘ (viva
d3LY3ANOD L vayv DNISSA00Yd ||
NvOS ¥0100 | [I(A V1va 40 ¥38WNN 3HL)
- JAVYL D1LSY13) T
[{x vL1va (-
v IAVHLADILSY13) ] [ P IXVIVO e
il NOILO3S ONISSIOONd =(3NTVA IDOVHIAY) JNVHLS DILSYI1T)
V1V O1LSV13 | {
] w /
GzZllL £zl
. rAN!
6 Ol

)

LEl




Patent Application Publication Aug. 33,2006 Sheet 9 of 12 US 2006/0173306 Al
FIG. 10
PRESSURIZATION/
DECOMPRESSION
SPEED V] E3
A
E2
E4
El
» TIME T
RF SIGNAL| |RF SIGNAL| |RF SIGNAL| |RF SIGNAL| [RF SIGNAL
FRAME FRAME [ | FRAME FRAME | | FRAME
DATA Sl DATA S2 DATA S3 DATA S4 DATA S5




=
&
K NOILYAVHO 562 0 elerd 0
g JONVYNINNT &, FONVNIWM JONYNINNT NOILYOLSIQ 3IonvNant  FONVNIANT L INLL
p— < t -+ - .
S ERLARlIEAED ! " | 0 4
S _
g z |vd3vivad g |¥3vlvd
= =
2 S | awwd B | InNwd
m 5 JILSVi4 2 |OILSV13
562 = 0
= JOVI OILSYT3 j ) 0
= £d3 vivd €3 vivad
n z | 3wwvd \. g | I
m m JILSY1d Am OILSY1d
20
§52 0 i =
S um__@_ﬂﬂﬂm ¢ JONYNINM SonvNIAnT NOLLHOLSIA | Y
o JOVINI OILSYTA | 0
&b z 12d3vLvd , Z
= = : INIVA S |43Vvilvd
= & BN 1IN 2 | 3ved
5 = | olsvi3 ¥3ddn ¥3IMo1 |2 |OILSVI3
b= 552 0 M
S _m,__w__,_@q_m_%ﬂm - JONVNINNT 3ONVNIANT NOILHOLSI] - v
E JOVII DILSYT n ‘ ] 0
g —~ |l<3viva z |13viva
= = ELASE! i JONVY = | ANV
2 B | OlsSv13 v1vad 39V | 915v13
= | |  0ILSV13 / =
: g1l Ol oy .
< vilL ©Ild
&



—
=
= NOLLYQYH9 e 0 |
4 _ 3ONVNIANT | JONVNIANT NOILYOLSId ﬂ m 1 JNIL
= JONVYNINNT < < 5 N
m JOVINI DILSY13 z v1d3 v1va -
- o
S ww_ﬁ_% R EEACE m S ¥3 vivd
72 ¥3addn awn o [ OILSYI3 | , m JANVHS
= m ¥3ddn Z 7 INTVA panva |z | OISV
g5z 0 1IN 1IN
NOILVAVYHO _  3ONVNINMI JONVYNINT NOILYOLSIQ  ¥3ddN HIMOT
o JONYNINNT ¢ : = =
S 20w OllSvi " z |E+d3 VIvd | °
= i c :
= €3NTA tanwn g | ANved | z [T
z 1IN W & [ olsy13 S | Invd
.m d3ddn 43IM01 = mW:Q,_J_MS ¢ INVA m OlISVY13
~ écz 0 43ddn NETn z
2 NOILYAYHO _  3ONYNIWNT JONYNIWNT NOILYO1SIa _ Y
= JONVYNINNT € z « ; i 0
T 39VWIOILSYT S [c1d3vivd | >
&b 3NVAN | £ 3nwn m | v S | a3viva
E LIAIT NWAZ | osv13 w m & | FNved
¥3ddn _ : 2 | J1Sv13
" ¥IMOT Z3ANTWA zanwa |=
g 562 0 1IN 1IAn
= NOLLYAVYD 30NVNINA JONYNINNT - NOWLYQLSIQ ¥3ddN | H3MOT ¢
2 JONYNIANT ; < , ——15
i H = h i
S 39V OULSY13 m Z |Md3IVIVA] grmvn aonvievA) \ | /
= : =
= L 3NVA 5 | JAVEd | x(@ INVLSNOD) + | [i |&|13vLiva
S 1A S| onsv1a | @nvadowyaav= — LS | 3w
= ¥3ddn HaNA = LanwALan ¥3ddn -\ E 1B | 5 evT3
= s a @nvn BN | \ﬂ |
: . INVLSNOD) -(INTVA FOVHIAV)= :
« gcl 9Old L 3NTVA LI 43MOT vZlL Old
>
&
=5



US 2006/0173306 A1

Patent Application Publication Aug. 33,2006 Sheet 12 of 12

Nm—// L

NOILYIWHOAN! 438NN

TVAY3INI JAVES INFNDISENS

—

NOILYWHOANI ¥3aNNN
gzL1 TVAYILNI SNV INFHAND | zgol 1801
\ W V J
[ 11 NI s
LNoYID NOLLOAS NOILO3S
£Z11—S [|NOLVZINLAOL |0y jzo_ ool [ noioas | |[Nowoaas
TYAY3LNI AoWaNL ] spinaon LliNawadnsvanll  YYa | ionan
ONISS300dd 1 al JAVNS 9
NV YL vy N E T oisy1a | [INawovasial (| ES Il v
d3L43ANOD INOILYOLSId
NYDS 5
¥0102 D
LLL 601 NOILO3S
w NOILLD3S ONISSIO0Nd ¥1v¥a OILSY 13 m, NOLLOTTIS YIVG
elL w ./ INVYA WNOIS 3Y
. €ziL m
801

eL 9Ol4

1INJy¥ID
NOLLIaY

ONISYHd

)

ol




US 2006/0173306 A1l

ULTRASONOGRAPHIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasono-
graphic device by which a tomographic image of an exam-
ined part inside a test subject is obtained and displayed using
ultrasonic waves, and particularly relates to an ultrasono-
graphic device by which a distortion or an elastic modulus
is calculated for each point on an image based on a group of
RF signal frame data arranged in time sequence, and is
displayed as an elastic image indicating the hardness or
softness of living tissue in a quantitative manner.

BACKGROUND ART

[0002] Atypical ultrasonographic device is conventionally
constituted of an ultrasonic wave transmitter/receiver sec-
tion for transmitting and receiving ultrasonic waves to and
from a test subject, a tomographic scanning section for
repeatedly obtaining tomographic image data in the test
subject including motor tissue in a predetermined cycle by
using a reflecting echo signal from the ultrasonic wave
transmitter/receiver section, and an image display section
for displaying time-sequence tomographic image data
obtained by the tomographic scanning section. Further, the
structure of living tissue in the test subject is displayed as,
e.g., a B-mode image.

[0003] Inrelation to this device, in recent years, an exter-
nal force is artificially applied from the body surface of the
test subject through a pressurizer or an ultrasound probe to
measure a distortion and/or elastic modulus of living tissue
of an examined part, and the hardness of the tissue is
displayed as an elastic image based on numeric data (elastic
frame data) of a distortion or elastic modulus by using the
ultrasonographic device. Such an ultrasonographic device is
disclosed in JP-A-5-317313 or JP-A-2000-60853.

[0004] However, in the imaging of elastic frame data in the
ultrasonographic device of the citations, a correlation opera-
tion is used between two RF signal frame data which are
obtained in a series of pressuring or decompressing opera-
tions and are adjacent to each other in time sequence. Thus,
when an amount of pressurization or decompression applied
in a time interval between RF signal frame data constituting
a group of two or more RF signal frame data does not
sufficiently reach an amount of pressurization or decompres-
sion (generally about 1%) suitable for visualizing elastic
image data, it is difficult to properly visualize an elastic
image of elastic frame data.

[0005] During a series of pressuring or decompressing
operations, when an object is diagonally and/or unevenly
pressurized or decompressed, a time phase may occur in
which a stress distribution in the object has a temporally
irregular change. In such a time phase, a coordinate area
where a stress distribution has a temporally irregular change
appears in a series of elastic frame data (distortion data) in
the time-base direction. Thus, an elastic image includes a
temporally irregular area as noise, so that image diagnosis
becomes difficult.

DISCLOSURE OF THE INVENTION

[0006] In consideration of the above-described point, it is
an object of the present invention to provide an ultrasono-
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graphic device by which a difference in elasticity can be
effectively visualized as an image with a high S/N ratio and
a predetermined display gradation stably even in a given
time phase.

[0007] An ultrasonographic device of the present inven-
tion comprises:

[0008] an ultrasound probe including an oscillator for
generating ultrasonic waves, an ultrasonic wave transmitter/
receiver circuit which is connected to the probe and trans-
mits and receives the ultrasonic waves to and from a test
subject, a phasing addition circuit which controls the phase
of received ultrasonic waves and generates RF signal frame
data, an RF signal frame data selection section which is
connected to the phasing addition circuit and makes variable
a frame interval of outputted RF signal frame data according
to a change in pressure applied to the test subject, an elastic
frame data calculation section which is connected to the RF
signal frame data selection section and generates elastic
frame data in time sequence based on a pair of the inputted
RF signal frame data, the elastic frame data indicating a
distortion or an elastic modulus of each point on a tomo-
graphic image, and an elastic image generating section
which is connected to the elastic frame data calculation
section and generates an elastic image based on the elastic
frame data inputted from the calculation section.

[0009] Further, in the ultrasonographic device of the
present invention, the elastic image generating section
includes a statistical processing circuit for performing sta-
tistical processing on two or more elastic frame data corre-
sponding to a target processing area and determines a
statistical characteristic amount, a circuit for setting the
upper limit value and the lower limit value of an imaging
range of the elastic frame data based on the statistical
characteristic amount, and a circuit for generating elastic
image data from the elastic frame data while matching the
upper limit value and the lower limit value with the range of
a predetermined display gradation.

[0010] Other objects, features, and advantages of the
present invention will become apparent from the following
description of examples with reference to the accompanying
drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG.1 is a block diagram showing an embodiment
of an ultrasonographic device according to the present
invention;

[0012] FIG. 2 is a diagram showing an example of an RF
signal frame data selection section shown in FIG. 1;

[0013] FIG. 3 is a diagram showing another example of
the RF signal frame data selection section shown in FIG. 1;

[0014] FIG. 4 is a diagram showing an example of a
method of measuring a pressure between the head of an
ultrasound probe and a test subject by means of a pressure
measurement section (pressure sensor) attached to the probe;

[0015] FIG. 5 is a diagram showing an example of the
operations of an elastic data processing section shown in
FIG. 1;

[0016] FIG. 6 is a diagram showing another example of
the operations of the elastic data processing section shown
in FIG. 1;
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[0017] FIG. 7 is a diagram showing a relationship before
and after logarithmic transformation on elastic frame data in
the elastic data processing section;

[0018] FIG. 8 is a diagram showing an example in which
two or more functions are combined to transform elastic
frame data in the elastic data processing section;

[0019] FIG. 9 is a diagram showing another example of
the operations of the elastic data processing section shown
in FIG. 1;

[0020] FIG. 10 is a diagram showing an example of the
relationship between a temporal change in pressurization/
decompression speed and the timing for obtaining an RF
signal,

[0021] FIGS. 11A and 11B are diagrams showing a tem-
poral change of an elastic image luminance distribution
when the upper limit value and the lower limit value of
elastic frame data are set in a fixed manner;

[0022] FIGS. 12A and 12B are diagrams showing a
temporal change of the elastic image luminance distribution
when the upper limit value and the lower limit value of the
elastic frame data are properly set under statistically shared
conditions in the elastic data processing section of FIG. 9;
and

[0023] FIG. 13 is a diagram showing an example of the
cooperative operations of the RF signal frame data selection
section and the elastic data processing section.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0024] The following will specifically describe an
embodiment of the present invention in accordance with the
accompanying drawings. FIG. 1 is a block diagram showing
an embodiment of an ultrasonographic device of the present
invention. With the ultrasonographic device, a tomographic
image of an examined part of a test subject 100 is obtained
using ultrasonic waves, and an elastic image indicating the
hardness or softness of living tissue can be displayed. As
shown in FIG. 1, the ultrasonographic device comprises an
ultrasound probe 101, a radio transmitter circuit 102, a
receiver circuit 103, a phasing addition circuit 104, a signal
processing section 105, a monochrome scan converter 106,
an image display device 107, an RF signal frame data
selection section 108, a displacement measurement section
109, a pressure measuremert section 110, a distortion/elastic
modulus calculation section 111, an elastic data processing
section 112, a color scan converter 113, and a change-over
adder 114.

[0025] The ultrasound probe 101, the radio transmitter
circuit 102, the receiver circuit 103, the phasing addition
circuit 104, and the signal processing section 105 constitute
an ultrasonic wave transmitter/receiver section. The ultra-
sonic wave transmitter/receiver section causes an ultrasonic
beam to scan the inside of the body of a test subject by using
the ultrasound probe 101 along a fixed direction, so that a
tomographic image is obtained. The ultrasound probe 101 is
formed of a number of oscillators arranged like strips. The
ultrasound probe 101 performs beam scanning mechanically
or electronically to transmit and receive ultrasonic waves to
and from a test subject. The ultrasound probe 101 includes
oscillators (not shown) where ultrasonic waves are genet-
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ated and reflecting echo is received. The oscillators are
generally formed with the function of converting an inputted
pulse wave or a transmission signal of a continuous wave
into an ultrasonic wave and emitting the ultrasonic wave,
and the function of receiving an ultrasonic wave reflected
from the inside of the test subject, converting the ultrasonic
wave into a reception signal of an electric signal, and
outputting the signal.

[0026] The radio transmitter circuit 102 generates a trans-
mission pulse for driving the ultrasound probe 101 and
generating ultrasonic waves, and sets the convergent point of
a transmitted ultrasonic wave at a certain depth by means of
a transmission phasing addition circuit included in the radio
transmitter circuit 102. The receiver circuit 103 amplifies a
reflecting echo signal, which has been received by the
ultrasound probe 101, with a predetermined gain. Amplified
reception signals as many as the oscillators are inputted as
independent reception signals to the phasing addition circuit
104. The phasing addition circuit 104 is fed with the
reception signals having been amplified by the receiver
circuit 103, controls the phases of the signals, and forms
ultrasonic beams for one or more convergent points. The
signal processing section 105 is fed with the reception
signals from the phasing addition circuit 104 and performs
various kinds of signal processing such as gain correction,
log compression, detection, edge enhancement, and filter
processing.

[0027] The monochrome scan converter 106 obtains RF
signal frame data in the test subject 100 including motor
tissue in an ultrasonic cycle by using a reflecting echo signal
outputted from the signal processing section 105 of the
ultrasonic wave transmitter/receiver section, and the mono-
chrome scan converter 106 displays the RF signal frame data
on the image display device 107 via the change-over adder
114. One RF signal frame data constitutes an image. There-
fore, the monochrome scan converter 106 includes a tomo-
graphic scanning section for sequentially reading RF signal
frame data in a cycle of television system and various
control circuits for controlling a system. For example, the
monochrome scan converter 106 includes an A/D converter
for converting the reflecting echo signal from the signal
processing section 105 into a digital signal, a plurality of
frame memories for storing tomographic image data, which
has been digitized by the A/D converter, in time sequence,
and a controller for controlling these operations.

[0028] The image display device 107 displays the time-
sequence tomographic image data having been obtained by
the monochrome scan converter 106. The image display
device 107 is constituted of a ID/A converter for converting
image data, which is outputted from the monochrome scan
converter 106 via the change-over adder 114, into an analog
signal, and a color television monitor which is fed with an
analog video signal from the D/A converter and displays the
signal as an image.

[0029] In this embodiment, the RF signal frame data
selection section 108 and the displacement measurement
section 109 are disposed so as to branch off from the output
side of the phasing addition circuit 104, and the pressure
measurement section 110 is provided in parallel with the RF
signal frame data selection section 108 and the displacement
measurement section 109. The distortion/elastic modulus
calculation section 111, the elastic data processing section
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112, and the color scan converter 113 are provided in the
subsequent stages of the displacement measurement section
109 and the pressure measurement section 110. The change-
over adder 114 is provided on the output side of the color
scan converter 113 and the monochrome scan converter 106.

[0030] Referring to FIG. 2, the operations of the RF signal
frame data selection section 108 will be discussed below
according to the present embodiment. FIG. 2 is a diagram
showing an example of the RF signal frame data selection
section of FIG. 1. The RF signal frame data selection section
108 arbitrarily selects the number of past frames (the num-
ber of frame intervals from the current frame data) as one RF
signal frame data serving as the reference of displacement
measurement. In other words, the RF signal frame data
selection section 108 sequentially obtains RF signal frame
data, which is successively outputted from the phasing
addition circuit 104 in time sequence at the frame rate of the
ultrasonographic device, in a frame memory 1081. The RF
signal frame data selection section 108 sets the latest data,
which is currently obtained in the frame memory 1081, as
RF signal frame data Q. The RF signal frame data selection
section 108 selects one of the past RF signal frame data Q-1,
Q-2,Q-3, ..., and Q-M in response to a control command
from a control section 200 of the ultrasonographic device,
and temporarily stores the data as RF signal frame data R in
an RF signal frame data selection circuit 1082. The RF
signal frame data selection section 108 outputs in parallel
the latest RF signal frame data Q stored in the frame memory
1081 and the RF signal frame data R stored in the RF signal
frame data selection circuit 1082 to the displacement mea-
surement section 109.

[0031] In other words, first, the RF signal frame data
selection section 108 can arbitrarily select not only the RF
signal frame data Q-1, which temporally adjoins to the
current RF signal frame data Q, but also the RF signal frame
data Q-M, which is obtained by thinning out M frames
M=1, 2, 3, ... ), as the past RF signal frame data R
constituting a group of RF signal frame data to be sent to the
displacement measurement section 109. Besides, M frame
intervals (M=1, 2,3, . .. ) can be arbitrarily set and changed
by the user interface of the ultrasonographic device when a
change in pressure applied to an examinee through the
ultrasonic wave transmitter/receiver section cannot be suf-
ficiently large.

[0032] FIG. 3 is a diagram showing another example of
the RF signal frame data selection section of FIG. 1. The RF
signal frame data selection section 108 of FIG. 3 obtains RF
signal frame data P, which has been obtained in a certain
time phase P of the past, in the frame memory 1081 in
response to a control command from the control section 200
of the ultrasonographic device. The RF signal frame data
selection circuit 1082 always refers to the RF signal frame
data P, which is obtained in the frame memory 1081, as past
RF signal frame data in a given time phase without updating.
Therefore, the displacement measurement section 109
obtains a group of RF signal frame data constituted of the
currently obtained RF signal frame data Q and the RF signal
frame data P. Regarding whether to use the function of FIG.
3 or the setting of the timing for obtaining the RF signal
frame data P when the function is used, it is possible to freely
make a switching, setting, and change by the user interface
of the ultrasonographic device when a change in pressure
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applied to the examinee through the ultrasonic transmit/
receive section cannot be increased sufficiently.

[0033] When an interval between past and current RF
signal frame data constituting a group of RF signal frame
data is limited to adjacent frames, an amount of pressuriza-
tion or decompression applied in a time interval between the
RF signal frame data may not sufficiently reach an amount
of pressurization or decompression (generally about 1%)
suitable for visualizing elastic image data. The RF signal
frame data constitutes a group of two or more RF signal
frame data having been obtained during a series of pressur-
izing or decompressing operations. In contrast, with the RF
signal frame data selection section shown in FIGS. 2 and 3,
it is possible to sufficiently increase a frame interval between
past and current RF signal frame data, thereby properly
visualizing an elastic image of elastic frame data. The RF
signal frame data selection section is particularly useful in a
state in which a pressuring or decompressing speed cannot
be sufficiently increased in a series of pressurizing or decom-
pressing operations in ultrasonography due to a physical
restriction of the build of the examinee. The frame interval
can be arbitrarily set and changed after the user confirms a
change of an elastic image.

[0034] The displacement measurement section 109 per-
forms a one-dimensional or two-dimensional correlation
operation based on the group of RF signal frame data having
been selected by the RF signal frame data selection section
108, and measures a displacement or a mobile vector (the
direction and amount of a displacement) of each point on a
tomographic image. A method of detecting the mobile vector
includes, e.g., a block matching method and a gradient
method which are described in JP-A-5-317313. In the block
matching method, an image is divided into, e.g., blocks of
NxN pixels, the previous frame is searched for a block the
most analogous to a noticed block in the current frame, and
predictive coding is performed with reference to the block.

[0035] Also, a displacement or a mobile vector of each
point on a tomographic image can be determined based on
an amount of movement of the probe from a surface of the
test subject.

[0036] The amount of movement of the probe can be
determined using a transmitter and a receiver, each of which
has a unique coordinate space of a three-axis orthogonal
system as disclosed in JP-A-10-151131. When the receiver
is disposed in the probe and the transmitter is disposed near
the test subject so as not to move, it is possible to locate the
receiver in the coordinate space set by the transmitter. With
this configuration, it is possible to obtain the amount of
movement of the probe which moves with a pressure applied
to the test subject. For example, the transmitter can be
composed of a magnetic field generating coil for generating
a magnetic field of the three-axis orthogonal system, and the
receiver can be composed of a detection coil capable of
detecting a magnetic field of the three-axis orthogonal
system. The transmitter and the receiver are disposed such
that the coil surfaces of the magnetic field generating coil
and the magpetic field detection coil of the three-axis
orthogonal system are orthogonal to each other. Alternating
current is applied to each coil of the transmitter to generate
an alternating magnetic field. The generated alternating
magnetic field is detected by the detection coil of the
receiver. Each directional component of the detected mag-
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netic field and the intensity of the magnetic field are calcu-
lated by an arithmetic unit (not shown), so that the positional
relationship between the transmitter and the receiver can be
recognized. The amount of movement of the probe is
calculated based on the calculated positional relationship
and is reflected on RF frame data to obtain elastic frame
data. Alternatively, elastic frame data is obtained from the
calculated amount of movement.

[0037] The pressure measurement section 110 measures or
estimates the in vivo pressure of an examined part of the test
subject 100. In the ultrasonographic device, the following
method is used: while ultrasonic waves are transmitted and
received under the control of the control section 200 by
using the ultrasound probe 101 disposed on the probe head
1011, a pressure is increased or reduced by using a pressur-
izer 115 disposed on a probe head 1011, so that a stress
distribution is provided in the body cavity of the examined
part of the test subject 100. In this method, in order to
measure a pressure applied between the probe head 1011 and
the test subject 100, a pressure sensor 1012 for detecting a
pressure applied to a rod-like member is attached to, e.g., the
side of the probe head 1011 as shown in FIG. 4, a pressure
between the probe head 1011 and the test subject 100 is
measured in a given time phase, and a measured pressure
value is transmitted to the distortion/elastic modulus calcu-
lation section 111. In FIG. 4, the pressurizer 115 may be
provided which is attached to the probe head 1011 and
automatically pressurizes or decompresses a living body.

[0038] The distortion/elastic modulus calculation section
111 calculates a distortion and an elastic modulus of each
point on a tomographic image based on an amount of
movement (displacement AL) and a change in pressure (AP)
which are outputted from the displacement measurement
section 109 and the pressure measurement section 110,
respectively, to generate numeric data of a distortion and an
elastic modulus (elastic frame data), and outputs the data to
the elastic data processing section 112. When a distortion is
calculated by the distortion/elastic modulus calculation sec-
tion 111, the distortion may be calculated by, e.g., a space
differentiation (AL/AX) performed on the displacement AL
without using pressure data. AX represents a displacement
of a coordinate. A Young’s modulus Ym, which is one of
elastic moduli, may be calculated by the following equation
in which a change in pressure is divided by a change in the
amount of movement:

Ym=(AP)/(AL/L)
where L represents the original length.

[0039] FIG. 5 is a diagram showing an example of the
operations of the elastic data processing section shown in
FIG. 1. The elastic data processing section 112 sequentially
obtains elastic frame data X, which is successively inputted
from the distortion/elastic modulus calculation section 111
in time sequence, in a frame memory 1121. The elastic data
processing section 112 sets, as elastic frame data N, elastic
frame data currently obtained in the frame memory 1121.
Therefore, elastic frame data N, N-1, N-2, . . ., N-M are
stored in this order in the frame memory 1121 in time
sequence. In response to a control command from the
control section 200 of the ultrasonographic device, an addi-
tion/averaging circuit 1122 selects elastic frame data of M
frames in turn, starting from the most analogous data at the
present time, out of the elastic frame data having been
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obtained in the frame memory 1121. The addition/averaging
circuit 1122 performs addition and averaging on the same
coordinate data point based on the current elastic frame data
N, which has been selected from the frame memory 1121,
and the past elastic frame data N-1, N-2, . . . N-M of M
frames. The elastic frame data obtained by the addition and
averaging is transmitted as current elastic frame data Y to the
color scan converter 113. Regarding the number M of past
elastic frame data selected by the addition and averaging on
elastic frame data and a decision on whether to use the
function of addition and averaging on elastic frame data, it
is possible to freely make a setting and change in the user
interface of the ultrasonographic device.

[0040] The above operations are expressed by the follow-
ing equation:

{elastic frame data Y) i,j={(elastic frame data N) ij+

{elastic frame data N-1) i j+(elastic frame data N-2) i j+

.. . +(elastic frame data N-M) i,j}+(M+1)
where indexes 1and j represent the coordinates of each frame
data.

[0041] The addition/averaging circuit 1122 in the elastic
data processing section of the present embodiment performs
addition and averaging on elastic frame data in the time-base
direction. Thus, it is possible to smooth a temporally irregu-
lar area of a stress distribution in an object into a continuous
area, thereby reducing noise. The irregular area occurs when
the object is unevenly pressurized or decompressed in a
diagonal direction.

[0042] FIG. 6 is a diagram showing another example of
the operations of the elastic data processing section shown
in FIG. 1. The elastic data processing section 112 of this
example performs logarithmic transformation on inputted
elastic frame data. The elastic data processing section 112
obtains elastic frame data X, which is successively outputted
from the distortion/elastic modulus calculation section 111
in time sequence, in a frame memory 1123, causes a com-
pression circuit 1124 to perform logarithmic transformation
on the data according to a correspondence between elastic
image data and elastic frame data reflecting an instruction of
a control command from the control section 200 of the
ultrasonographic device, and transmits the transformed elas-
tic frame data as elastic frame data Y to the color scan
converter 113. When inputted elastic frame data is expressed
by [(elastic frame data X) i,j] and outputted elastic frame
data is expressed by [(elastic frame data Y) i,j], a logarithm
operation performed by the elastic data processing section
112 of FIG. 6 is expressed by the following equation:
{elastic frame data ¥) i,j=AxLog 10 [Bx{(elastic frame
data X) ij+C}+1]

where indexes 1 and j represent the coordinates of each frame
data, and A, B, and C represent certain constants. Particu-
larly regarding the combination of the constants A, B, and C
in the above equation and a decision whether to use the
compressing function, it is possible to freely make a setting
and change in the user interface of the ultrasonographic
device.

[0043] Particularly in image diagnosis using elastic
images, it is highly significant to clearly detect a hard
portion suspected of being a cancer tissue. Thus, it is
important to clearly visualize a hard area. There is a report
describing a property of a living tissue (T. A. Krouskop et al,
Ultrasonic Imaging, 1998). According to this report, an
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adipose tissue and a cancer tissue are different in hardness by
several tens times in, e.g., a mammy gland area. However,
regarding the elastic imaging of elastic frame data in hue
information converting means for color display or mono-
chrome luminance information converting means for mono-
chrome display in the existing ultrasonographic device, the
values of elastic frame data and the values of elastic image
data have a linear relationship as indicated by a broken line
of FIG. 7. Thus, in the case where a difference in the
hardness of tissue is visualized in the same elastic image, in
any area selected as an imaging range in elastic frame data,
the process of a spatial change in hardness between two
areas of a soft area and a hard area can be expressed only by
a linear relationship, so that it is difficult to clarify the hard
area and recognize the edge of a hardened portion. In other
words, only two areas of an extremely soft area and an
extremely hard area are clearly visualized like a binarized
image, and thus it has been difficult to properly express a
large change in hardness from the soft area to the hard area
as hue information or monochrome luminance information.
Therefore, in some cases, it is difficult to determine the size
of a hardened cancer tissue in elastic image diagnosis. In
contrast, according to the above-described embodiment in
which the compression circuit 1124 is used in the elastic data
processing section 112, as indicated by a solid line of FIG.
7, an area having small values (hard area) becomes elastic
frame data of values sharply changing in a coordinate space
and an area having large values (soft area) becomes elastic
frame data of values gradually changing in the coordinate
space in inputted elastic frame data. When elastic image data
is generated based on elastic frame data outputted from the
elastic data processing section 112, it is possible to clearly
display a hard area, thereby recognizing the edge of a
hardened portion.

[0044] Logarithmic transformation was described as an
example of data conversion performed by the compression
circuit 1124 of the elastic data processing section 112 shown
in FIG. 6. Compression may be performed using another
transfer function having a property enabling the above-
described object. For example, Y=A x(1-Exp(-BxX)) or the
like may be used where A and B represent constants. Further,
several kinds of transfer functions may be prepared and
freely set and changed by the user interface of the ultra-
sonographic device. Moreover, one transfer function may be
composed of, e.g., two or more curves as shown in FIG. 8.
In the function of FIG. 8, an intersection point G may be
freely set and changed vertically and horizontally. Hence, it
is possible to freely set the sensitivity of a hard portion and
a soft portion.

[0045] FIG. 9 is a diagram showing still another example
of the operations of the elastic data processing section 112
shown in FIG. 1. The elastic data processing section 112 of
FIG. 9 performs statistical processing on inputted elastic
frame data. Specifically, the elastic data processing section
112 of FIG. 9 obtains elastic frame data X, which is
successively outputted from the distortion/elastic modulus
calculation section 111 in time sequence, in the frame
memory 1123 of the elastic data processing section 112. In
a coordinate area of elastic frame data reflecting an instruc-
tion of a control command (statistic processing area infor-
mation 1126) from the control section 200 of the ultrasono-
graphic device, a statistical processing circuit 1125 of the
elastic data processing section 112 performs statistical pro-
cessing on the elastic frame data. The statistical processing
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circuit 1125 determines, based on a statistical characteristic
amount obtained as a result, the upper limit value and the
lower limit value of the elastic frame data selected as the
range of image data when elastic image data is generated,
and transmits elastic frame data Y and the upper and lower
limit values to the color scan converter 113. The elastic
frame data Y may be given elastic frame data X or an
average value of a processing area.

[0046] As a statistical characteristic amount in the statis-
tical processing circuit 1125 of FIG. 9, for example, an
average value and a variance value may be obtained. The
average value and the variance value are expressed by the
following equation:

(average value)=[Z(elastic frame data X) 7]+ (the num-

ber of processing area data) (variance value)'=

[2{(elastic frame data X) i,j-(average value)}*]+(the

number of processing area data)
where [(elastic frame data X) 1,j] represents inputted elastic
frame data. In this equation, X represents a sum of data
elements in the coordinate area of elastic frame data reflect-
ing the statistical processing area information 1126, which is
a control command from the control section 200 of the
ultrasonographic device.

[0047] As the upper limit value and the lower limit value
of elastic frame data selected as a range of image data during
the generation of elastic image data, the following may be
obtained:

{upper limit  value)=(average
D)x(variance value)

value)+(constant

{or (upper limit value)=(constant D')x(average value)}

(lower limit value)=(average
E)x(variance value)

value)-(constant

{or (lower limit value)=(constant E')x(average value)}

[0048] The obtained upper limit value and lower limit
value may be transmitted to the color scan converter 113.
The constant D or D' and the constant E or E' may be freely
set and changed in the user interface of the ultrasonographic
device. Further, one of the upper limit value and the lower
limit value may be set by the above equations and the other
may be set at a fixed value not reflecting the statistical
characteristic of elastic frame data. For example, the lower
limit value may be fixed at a distortion amount of 0% and the
upper limit value may be set to average value+2xvariance
value.

[0049] FIG. 10 is a diagram showing an example of the
relationship between a temporal change in pressurization/
decompression speed and the timing for obtaining an RF
signal. As is evident from FIG. 10, when a pressurization or
decompression speed V varies during a series of pressurizing
or decompressing operations, the same coordinate region of
elastic frame data E1 to E4 has a statistical distribution
(histogram) schematically shown based on the same scale in
FIGS. 11A and 11B. Flastic frame data calculated by a pair
of RF signal frame data S1 and RF signal frame data S2 is
represented as E1, elastic frame data calculated by a pair of
RF signal frame data S2 and RF signal frame data S3 is
represented as E2, elastic frame data calculated by a pair of
RF signal frame data S3 and RF signal frame data S4 is
represented as E3, and elastic frame data calculated by a pair
of RF signal frame data S4 and RF signal frame data S5 is
represented as E4. The vertical axis represents the number of
data elements and the horizontal axis represents a distortion
amount.
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[0050] As shown in FIG. 11A, in a series of elastic frame
data having been obtained in time series, the elastic frame
data E1 to E4 of the same area changes over time. In other
words, when a pressurization or decompression speed varies
during a series of pressurizing or decompressing operations,
elastic frame data of the same area varies according to a
change in pressurization or decompression speed, in the
series of elastic frame data having been obtained in time
sequence. In the elastic imaging of elastic frame data in the
hue information converting means and the monochrome
luminance information converting means of the conven-
tional ultrasonographic device, the values of elastic frame
data and the values of elastic image data are fixed in a
one-to-one correspondence. For example, elastic image data
EP1 to EP4 are generated while the upper limit value and the
lower limit value obtained by optimization using the elastic
frame data E2 of FIGS. 11A and 11B are used as the upper
limit value and the lower limit value of the elastic frame data
E1 to F4 in a given time phase. In this case, in the time phase
of the elastic frame data E3, the elastic image data EP3 is
obtained by which an area calculated with a relatively large
distortion is not imaged. Conversely, in the time phase of the
elastic frame data E1, the elastic image data EP1 is obtained
by which an area calculated with a relatively small distortion
is not imaged. Unlike a time phase when the elastic frame
data E2 is obtained, elastic image data like the elastic image
data EP2 of optimized gradation cannot be always generated
in a given time phase.

[0051] In this way, in the elastic imaging of elastic frame
data in the color scan converter of the conventional ultra-
sonographic device, when a pressurization or decompression
speed varies, an image (FIG. 11B) is obtained which varies
in monochrome luminance or hue in the same area of a series
of elastic image data having been obtained in time sequence,
so that image diagnosis becomes difficult. In other words, in
all time phases, the fixed correspondence does not always
optimize the contrast of an elastic image. In contrast, when
the pressurization or decompression speed V varies during a
series of pressurizing or decompressing operations as shown
in FIG. 10, the statistical processing circuit of the elastic
data processing section of FIG. 9 performs statistical pro-
cessing on elastic frame data in a given time phase, and sets
the upper limit value and the lower limit value of an imaging
range according to the statistical characteristic amount. For
example, (average value)xz(constant D)x(variance value)
shown in FIG. 12A is calculated as an imaging range for the
elastic frame data of a given time phase. In this case, the
constant D is a shared value in the given time phase. Thus,
the optimum imaging range is set for each of the elastic
frame data.

[0052] The statistically shared upper and lower limit val-
ues having been obtained thus for elastic frame data in a
given time phase are transmitted to the color scan converter,
and elastic image data is generated within the range from the
upper limit value to the lower limit value, so that elastic
image data EP11 to EP14 can be generated with the efficient
gradation of elastic frame data elements in a given time
phase as shown in FIG. 12B. With the statistical processing
circuit in the elastic data processing section of the present
embodiment, even when a pressurization or decompression
speed varies, it is possible to reduce a change in the
monochrome luminance or hue of the same area in a series
of elastic image data having been obtained in time sequence,
and provide an image with predetermined display gradation
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which is temporally stable, thereby facilitating image diag-
nosis. In other words, a ratio of the number of pixels
exceeding the upper limit value of display gradation in
elastic image data and a ratio of the number of pixels falling
below the lower limit value can be standardized to a fixed
distribution curve in a given time phase, and an image can
be obtained with a smaller change in monochrome lumi-
nance or hue.

[0053] In FIGS. 12A and 12B, elastic image data is
generated such that an average value of the distortions of
elastic frame data matches with the center of a predeter-
mined display gradation range.

[0054] The foregoing embodiment described, as one of the
operations of the RF signal frame data selection section, the
case where a pair of RF signal frame data is selected and the
number of frame intervals between the pair of RF signal
frame data is made variable. Further, the foregoing embodi-
ment described, as an example of an operation in the elastic
data processing section, the case where statistical processing
is performed on elastic frame data in the statistical process-
ing circuit provided in the elastic data processing section.
The following will describe the case where the RF signal
frame data selection section and the elastic data processing
section operate in cooperation with each other.

[0055] FIG. 13 is a diagram showing an example of the
cooperative operation of the RF signal frame data selection
section and the elastic data processing section. First in the
RF signal frame data selection section 108, information
(current frame interval number information 131) on the
number of frame intervals between a pair of RF signal frame
data used for generating current elastic frame data is trans-
mitted to a frame interval optimization circuit 1127 of the
elastic data processing section 112. Further, the statistical
processing circuit 1125 of the elastic data processing section
112 performs statistical processing on current elastic frame
data and transmits information on a statistical characteristic
amount as a processing result to the frame interval optimi-
zation circuit 1127. Based on the current frame interval
number information 131 outputted from the RF signal frame
data selection circuit 1082 and the information on the
statistical characteristic amount of the current elastic frame
data from the statistical processing circuit 1125, the frame
interval optimization circuit 1127 calculates the optimum
number of frame intervals between a pair of RF signal frame
data used for generating the subsequent elastic frame data,
and feeds back information on the optimum number of
frame intervals as subsequent frame interval number infor-
mation 132 to the RF signal frame data selection circuit
1082. The RF signal frame data selection circuit 1082 sets
the number of frame intervals between the pair of RF signal
frame data used for generating the subsequent elastic frame
data, based on the optimum number of frame intervals
(subsequent frame interval number information 132), the
optimum number being outputted from the frame interval
optimization circuit 1127.

[0056] The following will describe an example of the
operations of the frame interval optimization circuit 1127.
The number of frame intervals (the current number of frame
intervals) of a pair of RF signal frame data for generating
current elastic frame data and an average value of distortion
amounts as a statistical processing result of the current
elastic frame data are inputted to the frame interval optimi-
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zation circuit 1127. When a constant H is set to 0.5 to 2.5,
the optimum number of frame intervals is determined by the
equation below:

{the optimum number of frame intervals)=(constant

H)x(the current number of frame inrervals)+(average

value of distortion amounts)
The closest natural number to the optimum number of frame
intervals obtained thus is transmitted to the RF signal frame
data selection circuit 1082 as information (subsequent frame
interval number information 132) on the number of frame
intervals of a pair of RF signal frame data for generating the
subsequent elastic frame data. For example, when the con-
stant H is set to “1”, the number of frame intervals expected
to have a distortion amount of about 1% in the subsequent
elastic frame data is transmitted to the RF signal frame
selection section.

[0057] In image diagnosis using an elastic image, the
contrast resolution of a hard area and a soft area consider-
ably depends on a pressurization or decompression amount
which is physically applied in a time interval during which
a pair of RF signal frame data is obtained. Generally, it is
said that an elastic image having the highest contrast reso-
lution is consequently obtained in the range of pressurization
or decompression amounts enabling a distortion amount of
about 0.5 to 2.5%. As described in the embodiment shown
in FIG. 13, when the RF signal frame data selection section
108 and the frame interval optimization circuit 1127 of the
elastic data processing section 112 are configured in a
cooperative manner, even in a process where a large or small
pressure is added or reduced so instantly as to considerably
deviate from the optimum range of distortion amounts as an
elastic image, such a state is instantly handled by optimizing
the number of frame intervals between a pair of RF signal
frame data, thereby visualizing a temporally stable elastic
image with high contrast resolution.

[0058] The color scan converter 113 comprises a hue
information conversion section which is fed with elastic
frame data outputted from the elastic data processing section
112 and a command outputted from the control section 200
of the ultrasonographic device or the upper and lower limit
values for determining a gradation selection range in elastic
frame data outputted from the elastic data processing section
112, and which adds hue information of red, green, blue and
the like when elastic image data is generated from the elastic
frame data. For example, in elastic frame data outputted
from the elastic data processing section 112, the hue infor-
mation conversion section operates so as to convert an area
having a large measured distortion into a red code in the
elastic image data and conversely converts an area having a
small measured distortion into a blue code in the elastic
image data. The color scan converter 113 may be constituted
of the monochrome scan converter 106. In this case, the area
having a large measured distortion is increased in luminance
in the elastic image data and conversely the area having the
small measured distortion is reduced in luminance in the
elastic image data. The elastic image data may be generated
using the RF signal frame data selection section 108 of
FIGS. 2 and 3, the color scan converter 113, and the elastic
data processing section constituted of a combination of two
or more elastic data processing sections operating in differ-
ent manners as shown in FIG. 5, 6, 9, or 13.

[0059] Further, the change-over adder 114 is means which
is fed with monochrome tomographic image data from the

Aug. 3, 2006

monochrome scan converter 106 and color elastic image
data from the color scan converter 113 and adds or switches
images. Switching is made such that only monochrome
tomographic image data or color elastic image data is
outputted or both image data is outputted after addition. For
example, as described in JP-A-2000-60853, a monochrome
tomographic image and a color elastic image or a mono-
chrome elastic image obtained by the monochrome scan
converter may be simultaneously displayed on dual display.
Image data outputted from the change-over adder 114 is
outputted to the image display device 107.

[0060] As another display example of an image, a mono-
chrome tomographic image and a monochrome elastic
image may be transmitted to the image display device 107
without addition to display a monochrome tomographic
image and a color elastic image on one display screen in an
overlapping manner. Alternatively, two screens of a mono-
chrome tomographic image and a monochrome elastic
image may be simultaneously displayed on the same screen.
The monochrome tomographic image is not particularly
limited to an ordinary B image. A tissue harmonic tomo-
graphic image may be used which is an image generated by
selecting the harmonic content of a reception signal. Simi-
larly a tissue Doppler image may be displayed instead of the
monochrome tomographic image. Additionally, images to be
displayed on dual screens may be selected from various
combinations.

[0061] Regarding the formation of the elastic image, the
above explanation described the case where elastic image
data is generated after a distortion or a Young’s modulus Ym
of living tissue is obtained. The present invention is not
limited to this case. For example, an elastic modulus may be
calculated using other parameters such as a stiffness param-
eter §, a pressure elastic modulus Ep, and an incremental
elastic modulus Einc (see JP-A-5-317313).

[0062] The embodiment shown in FIG. 1 described the
case where an ultrasound probe is brought into contact with
the body surface of a test subject. The present invention is
not limited to this case. A transoesophageal probe or an
intravascular probe may be similarly used. According to this
embodiment, it is possible to achieve high reliability and
stability in the ultrasonographic device.

[0063] According to this invention, it is possible to stably
visualize an elastic image with a high resolution at a given
time and simultaneously achieve means for visualizing, as
an image sequence, the response of palpation conventionally
conducted by the doctor, thereby providing an ultrasono-
graphic device which is clinically useful while keeping the
real-time performance and convenience of ultrasonography.

[0064] Having described examples of the present inven-
tion. It will be obvious to those skilled in the art that the
present invention is not limited to these examples and
various modifications and variations are possible within the
spirit of the present invention and the scope of the appended
claims.

1. An ultrasonographic device, comprising:

an ultrasound probe including an oscillator for generating
an ultrasonic wave;
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ultrasonic wave transmitter/receiver means which is con-
nected to the probe and transmits and receives the
ultrasonic wave to and from a test subject;

phasing addition means which controls a phase of the
received ultrasonic wave and generates RF signal frame
data;

an RF signal frame data selection section for making
variable a frame interval of the RF signal frame data;

an elastic frame data calculation section for generating
elastic frame data in time sequence based on a pair of
the RF signal frame data, the elastic frame data indi-
cating a distortion or an elastic modulus of each point
on a tomographic image; and

an elastic image generating section for generating an
elastic image based on the elastic frame data.
2. The ultrasonographic device according to claim 1,
wherein the elastic image generating section includes:

an elastic frame data processing section which performs
data conversion on first elastic frame data inputted from
the calculation section and generates second elastic
frame data in time sequence so as to successively
display elastic images with a predetermined display
gradation; and

an elastic image data generating section for generating

elastic image data with the predetermined display gra-
dation based on the second elastic frame data.

3. The ultrasonographic device according to claim 1,

wherein the RF signal frame data selection section includes:

selecting means which selects and outputs latest inputted

RF signal frame data and RF signal frame data M

frames (M is an integer) earlier than the latest RF signal
frame data.

4. The ultrasonographic device according to claim 1,

wherein the RF signal frame data selection section includes:

selecting means which selects and outputs latest inputted

RF signal frame data and predetermined RF signal
frame data having been inputted in past.

5. The ultrasonographic device according to claim 2,

wherein the elastic frame data processing section includes:

addition/averaging means which performs addition and

averaging on the two or more first elastic frame data

corresponding to the same coordinate and generates the
second elastic frame data.

6. The ultrasonographic device according to claim 2,

wherein the elastic frame data processing section includes:

compression means for compressing the first elastic frame

data and generating the second elastic frame data such

that a change in an amount of elastic frame data

corresponding to a hard portion of tissue in the test

subject is larger than a change in an amount of elastic
frame data corresponding to a soft portion of tissue.

7. The ultrasonographic device according to claim 6,

wherein the elastic frame data processing section includes:

compression means for performing logarithmic transfor-

mation on the first elastic frame data and generating the
second elastic frame data.

8. The ultrasonographic device according to claim 6,

wherein the elastic frame data processing section includes:
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processing means which represents the second elastic
frame data corresponding to the hard portion of tissue
as a first straight line, represents the second elastic
frame data corresponding to the soft portion of tissue as
a second straight line, sets a point of intersection of the
first and second straight lines to a given position, and
generates the second elastic frame data.

9. The ultrasonographic device according to claim 1,

wherein the elastic image generating section includes:

statistical processing means for performing statistical
processing on the two or more elastic frame data
corresponding to a target processing area and obtaining
a statistical characteristic amount;

means for setting an upper limit value and a lower limit
value for imaging the elastic frame data, for each of the
elastic frame data based on the statistical characteristic
amount; and

means for generating elastic image data from the elastic
frame data while matching the upper limit value and the
lower limit value with a range of the predetermined
display gradation.
10. The ultrasonographic device according to claim 9,
wherein the elastic image generating section includes:

means for obtaining an average value and a variance value
of the two or more elastic frame data and determining
at least one of the upper limit value and the lower limit
value based on the average value and the variance
value.
11. The ultrasonographic device according to claim 9,
wherein the elastic image generating section includes:

frame interval optimization means which receives, from
the RF signal frame data selection section, the number
of frame intervals between a pair of RF signal frame
data used for generating elastic frame data for a current
image configuration, and calculates an optimum num-
ber of frame intervals of a pair of RF signal frame data
to be used for generating elastic frame data for a
subsequent image configuration, based on the inputted
number of frame intervals and the statistical character-
istic amount, and

the RF signal frame data selection section includes:

means which is connected to the frame interval optimi-
zation means and determines the number of frame
intervals of the pair of RF signal frame data to be used
for generating elastic frame data for a subsequent
image configuration, based on the optimum number of
frame intervals inputted from the frame interval opti-
mization means.

12. The ultrasonographic device according to claim 11,

wherein the frame interval optimization means includes:

means for calculating the optimum number of frame
intervals based on the inputted number of frame inter-
vals and an average value of distortion amounts.

13. The ultrasonographic device according to claim 1,
further comprising a transmitter and a receiver each of
which has a unique coordinate space of a three-axis orthogo-
nal system,

wherein the probe includes one of the transmitter and the
receiver, the other of the transmitter and the receiver is
set near the probe in a fixed manner, and
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the elastic frame data calculation section includes means
for generating the elastic frame data based on detection
data of the receiver.

14. A method of generating elastic image data in an
ultrasonographic device comprising a transmitter/receiver
section of an ultrasonic wave, phasing addition means for
aligning a phase of a received ultrasonic signal and gener-
ating RF signal frame data, and an elastic image data
generating section for generating elastic image data from the
RF signal frame data,

the method comprising the steps of:

selecting two RF signal frame data of frame intervals M
(M is an integer) in time sequence;

generating elastic frame data in time sequence based on
the selected two RF signal frame data, the elastic frame
data indicating a distortion or an elastic modulus on a
tomographic image; and

setting an imaging range for each of the elastic frame data
and generating elastic image data from the elastic frame
data.
15. The method of generating elastic image data accord-
ing to claim 14, wherein the step of generating the elastic
image data includes the steps of:

Aug. 3, 2006

obtaining a statistical characteristic amount based on the
two or more elastic frame data in a processing area;

obtaining an upper limit value and a lower limit value of
the imaging range based on the statistical characteristic
amount; and

generating the elastic image data from the elastic frame
data while matching the upper limit value and the lower
limit value with a predetermined display gradation.
16. The method of generating elastic image data accord-
ing to claim 15, wherein the step of obtaining the upper limit
value and the lower limit value includes:

a step of setting at least one of the upper and lower limit
values base on an average value and a variance value
which are obtained by statistical processing.

17. The method of generating elastic image data accord-

ing to claim 14, wherein the step of generating the elastic
image data includes:

a step of generating the elastic image data such that an
average value of distortions of each elastic frame data
matches with a center of a predetermined display
gradation range.
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