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(57) ABSTRACT

An ultrasonic diagnostic apparatus that can display various
information obtained by acquiring an elasticity image in asso-
ciation with the elasticity image or a biometric simulation
image is implemented. The ultrasonic diagnostic apparatus 1
of this invention generates an elasticity image representing
hardness or softness ofa tissue at a cross-sectional site on the
basis of a pair of RF signal frame data which are obtained by
transmitting/receiving ultrasonic wave to/from an object 10
and different in acquisition time, and also generates a biomet-
ric simulation image 85 simulating the object. Display control
means displays on a display unit an elasticity mark 101 gra-
dated in accordance with hardness or softness of a tissue of
interest (tumor) in a set area of an acquired elasticity image on
areal-timebasis or after the elasticity mark 101 is temporarily
recorded in a memory while superimposing the elasticity
mark 101 at a position on the biometric simulation image 85
at which the elasticity image is acquired.




US 2010/0331694 A1

Dec. 30,2010 Sheet1 of 18

Patent Application Publication

L1INN TOYLNOD LINN
. N3LSAS mmo<s__ J0VIHILNI
~/ ~7
— v (44
0l
)
AHOWIN \
od / 193r0
« INIWIOVIdSIC | ONLLYINTTVI)| NOILYNHOANI
IITET: R anssiL ¥ 3LYNIGH000 [* NOILIS0d J80ud
\/\ \/\ ~ A ~7 ~ ~
1S 0s [1)
14 A 1514
TINN
LINN LINA < v ONIINSVIN |
v YILHIANOD g IONILONHLSNOO Lg—! ONIIYINDTYD gy L EENSSIud
NYOS HOT0D JOVINI NOILYWHOSNI K
— . , ALIDILSYTE ABUsYE [ ONHNSYAN |« L0 ONLOTTaS
= Z ~/ , LNINIOVIISIA) A TYNDIS I
o) W T 9¢ A ~ ad 82
=37 28 Ve 4> 0g
T > «_|H3LIIANOD NYOS |, [ LINN ONILONYLSNOD LINNONIWWNS | 1INN
\D ) JILYINOJHOONON JOVINI JIHIVEOOWOL [ ANV ONISYHd | [9NIAIZD3Y AI_
N ' ~7 ~
o¢ vt 2z 02 g1 TL ol
NOLLATDUNOISSINENYEL i e
SAYM DINOSYHLIN ONILLINSNV2L T
\./\ \/\
Ll 14}

1 ©OId




Patent Application Publication  Dec. 30,2010 Sheet 2 of 18 US 2010/0331694 A1

N
© © z 3
A A A ™
= = L =
) (1))
4 % 2
© © X
X > N
- - -
£ £ E

FIG.2



eold



US 2010/0331694 A1

Dec. 30,2010 Sheet4 of 18

Patent Application Publication

NOILYINDTVO
NOILY13Hd00-SS0HO

Oh\dl\&w

Pl
«

INTVA
dT10HS3IHHL

llllllllllllllllllllllllllllllllll

AR 4
N - BT R R l kS S M

OILISOd ! ¥
NOLLISINOOY FOVIAI oL
INZIDIH4300
NOLLY 136400

' Old



Patent Application Publication = Dec. 30,2010 Sheet 5 of 18 US 2010/0331694 A1

t

73

A

PRESSURE
MEASURED
VALUE
[Pa]

FIG.5



Patent Application Publication = Dec. 30,2010 Sheet 6 of 18 US 2010/0331694 A1

10

)

OBJECT

74

FIG.6



US 2010/0331694 A1

Dec. 30,2010 Sheet 7 of 18

Patent Application Publication

A
JOVINI NOILYININIS
O113NOIE LONYLSNOD > FOVAL Av1dSId
~ 4 ~/
L8S LLS
. SN ONIHINOOY
™ 39VII ALIDILSYTE LVHINTD
~ ¥
08S
INIWIOVdSId 3NSSIL 1O313a J1YNIQHO0D ILVINOTVD ONISSIOOUd FOVINI JINOSYHLTN
~ ~ ~J 4
6.8 8/ ors
390%d ILYHIdO
\/\ A
/S

L Ol



US 2010/0331694 A1

Dec. 30,2010 Sheet 8 of 18

Patent Application Publication

ljinsey

I 4
' Jeuweld Jawel] g sweij "
1 @W 1
] 1
1 ]
| o8 !
i 1
1 1
“ g8 "
1 |
| 1
1 1
8 c8
! o8 "
| 5 owel] g owelq Vv sweiq !
1 98 1
| |
| 1
| 1
| 1
! I
I 1
| |
1 1
1 1
! o8 a8 “
, 8 g8 98 !
8DId



Patent Application Publication  Dec. 30,2010 Sheet 9 of 18 US 2010/0331694 A1

N
o
2

A

A

7
AVERAGE AMPLITUDE :1mm ﬁg
D

SURFACE PRESSURE : 10kpa

Result

FIG.9



US 2010/0331694 A1

Dec. 30,2010 Sheet 10 of 18

Patent Application Publication

LIN3IW3DV1dSIa 3NSSIL 103133

~
6S

\4

JOVINI NOILYINIIS
OMLINOIE LONYLSNOD > FOVAI AV1dSId
~ ~
96S ¢6S8
MHVIN ALIDILSYTS LVHINTD |«
~ A
s6S JOVINI ALIDILSY T3
JOVII DIHAYHOONOL
3LYNIQH009 3LYINDTYD ONISSIOOHd FOVINI DINOSYHLN
~ ; ~ 7'y
£6S L6S
J80%d 3LVH3dO
~ ¥
06S

OL'Old



US 2010/0331694 A1

Dec. 30,2010 Sheet 11 of 18

Patent Application Publication

aQuvH

TVARRON

1408
0ol

Jnsay

Jowei] Jowel]

LOL

OL gg

D sweld g sweld Vv swel4
Lol

S8




US 2010/0331694 A1

Dec. 30,2010 Sheet 12 of 18

Patent Application Publication

NOILHOd YONNL LNO 1N3
ONDHVYIN ALVHINIO
—
LO
AdvH
ONISS3O0Hd
NOILVZIdVNIg
TYINHON
1408
cO0l

oLl

JFOVIAI ALIDILSYT3

\ LLL

HOWNL

JOVAI JIHdYHS0NWOL
OILYWOHHOONOW

HOWN1



Patent Application Publication  Dec. 30,2010 Sheet 130f 18  US 2010/0331694 A1

Result

120

FIG.13




Patent Application Publication  Dec. 30,2010 Sheet 14 of 18  US 2010/0331694 A1

Gradation

FIG.14
101



Patent Application Publication  Dec. 30,2010 Sheet 150f18  US 2010/0331694 A1

NORMAL
HARD

1 SOFT

1
102

threshold

ON/OFF DETERMINATION BY THRESHOLD

- ™
o o
- -

FIG.15



Patent Application Publication  Dec. 30,2010 Sheet 16 of 18  US 2010/0331694 A1

150

101

FIG.16



Patent Application Publication  Dec. 30,2010 Sheet 17 of 18  US 2010/0331694 A1

HARD
ELASTICITY
SCALE

FAST
SLOW

(SCANTY)
BLOOD STREAM
SCALE

Result

-
@
-

160

FIG.17



Patent Application Publication  Dec. 30,2010 Sheet 18 of 18  US 2010/0331694 A1l

170

85
UNDER-EXAMINATION DISPLAY

101

CALIBRATION
POSITION

PAST RECORD DATA

FIG.18

-
o
-



US 2010/0331694 A1

ULTRASONIC DIAGNOSTIC APPARATUS.

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus, and specifically to an ultrasonic diagnostic
apparatus for displaying on a display unit various information
which are obtained by picking up an elasticity image repre-
senting hardness or softness of a tissue of an object.

BACKGROUND ART

[0002] An ultrasonic diagnostic apparatus is used to trans-
mit an ultrasonic wave into an object through an ultrasonic
probe, receive a reflection echo signal of the ultrasonic wave
corresponding to the structure of a biomedical tissue from the
inside of the object and generate an image such as an ultra-
sonic tomographic image or the like for diagnosis, for
example.

[0003] It has been recently executed to acquire RF signal
frame data while an object is pressed through an ultrasonic
probe by a manual or mechanical method, a displacement of
each part of a living body occurring due to the press is deter-
mined on the basis of a pair of RF signal frame data which are
different in acquisition time and an elasticity image represent-
ing hardness or softness of a biomedical tissue is generated or
acquired on the basis of the displacement data as described in
Patent Document 1.

[0004] It is described in a cited document 2 that a tomo-
graphic image of an object is displayed and a probe mark
representing a scan position of a probe is displayed and super-
imposed at a position on an illustration (body mark) image
simulating a living body at which the tomographic image is
acquired. If the tomographic image and the biometric simu-
lation image on which the probe mark is superimposed are
recorded in association with each other, the tomographic
image and the examination site at which the tomographic
image is acquired can be easily associated with each other
after ultrasonic diagnosis.

[0005] Patent Document 1: JP-A-2000-060853

[0006] Patent document 2: JP-A-2007-202829
DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

[0007] However, the technique described in the patent

document 2 takes it into no consideration that various infor-
mation obtained by acquiring an elasticity image is displayed
in association with an image such as the elasticity image, a
biometric simulation image or the like.

[0008] Thatis, inaprocess of acquiring an elasticity image,
information useful to diagnosis such as information repre-
senting a condition under which the elasticity image con-
cerned is acquired, etc. can be obtained in addition to elastic-
ity information representing hardness or softness of a tissue.
Therefore, such information is displayed while properly asso-
ciated with an image such as the elasticity image, or a bio-
metric simulation image, whereby these information may be
effectively and practically used for diagnosis.

[0009] Therefore, the present invention has an object to
implement an ultrasonic diagnostic apparatus that can display
various information obtained by acquiring an elasticity image
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while the information concerned is associated with the elas-
ticity image or a biometric simulation image.

Means of solving the Problem

[0010] In order to attain the above object, an ultrasonic
diagnostic apparatus according to the present invention is
characterized by comprising: an ultrasonic probe that trans-
mits/receives an ultrasonic wave from/to an object; phasing
and summing means that generates RF signal frame data of a
cross-sectional site of the object on the basis of a reflection
echo signal measured by the ultrasonic probe; elasticity
image constructing means that generates an elasticity image
representing hardness or softness of a tissue of the cross-
sectional site on the basis of a pair of RF signal frame data
acquired at different times; cross-sectional site information
generating means that generates cross-sectional site informa-
tion containing position information of the cross-sectional
site at which the elasticity image is measured; and display
control means that controls to display on a display unit the
elasticity image generated by the elasticity image construct-
ing means and the cross-sectional site information generated
by the cross-sectional site information generating means
while the elasticity image and the cross-sectional site infor-
mation are associated with each other.

[0011] As described above, by displaying the elasticity
image and the cross-sectional site information in association
with each other, an examiner or the like who picks up an
ultrasonic wave image can grasp a cross-sectional site of an
object at which the elasticity image concerned is generated.
[0012] Furthermore, the cross-sectional site information
contains gradation information based on hardness or softness
of atissue, and thus the gradation information on hardness or
softness in a set area of the elasticity image can be grasped.
Accordingly, it may be effectively and practically used for
diagnosis.

[0013] Furthermore, it is preferable that biometric simula-
tion image generating means for generating a biometric simu-
lation image which simulates the object is provided and the
display control means is configured to display the biometric
simulation image while superimposing the cross-sectional
site information on the biometric simulation image.

[0014] Still furthermore, it is preferable that the cross-sec-
tional site information is set to a simulation mark as at least
one of an elasticity image acquiring mark representing a
cross-sectional site at which an elasticity image is acquired,
and an elasticity mark which is gradated in accordance with
hardness or sofiness of a tissue in a set area of the acquired
elasticity image, and the simulation mark is superimposed on
the biometric simulation image and displayed on the display
unit on a real-time basis or after temporarily recorded in a
memory.

[0015] That is, an examiner who picks up an ultrasonic
image, a diagnosing person who checks a temporarily-re-
corded image to make a diagnosis, etc. can visually check
through the biometric simulation image by the superimposed
display of the elasticity image acquiring mark where an elas-
ticity image is acquired in the object. Furthermore, by the
superimposed display of the elasticity mark, elasticity infor-
mation of a set area in the cross-sectional site at which the
elasticity image is acquired, that is, a tissue of interest can be
simply grasped through the biometric simulation image.
[0016] Furthermore, for example, if an examiner picks up
all elasticity images of an object and a biometric simulation
image having elasticity marks superimposed thereon is
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recorded, it can be easily determined which site of the object
should be examined minutely when a diagnosing person
checks the biometric simulation image. That is, the elasticity
marks are gradated with hue, numerical values or the like, and
thus a site at which a diseased tissue may exist because it is
relatively hard can be grasped on the biometric simulation
image at a glance. Then, ultrasonic images are picked up
again to make a minute examination as occasion demands,
thereby making a diagnosis and determining a treatment
policy.

[0017] Thedisplay control means ofthe ultrasonic diagnos-
tic apparatus according to the present invention may be con-
figured so that a simulation mark is successively displayed so
as to be superimposed on a biometric simulation image every
time an elasticity image is acquired while simulation marks
superimposed in the past are left on the biometric simulation
image. For example, a simulation mark is superimposedly
displayed with all simulation marks being left every time an
elasticity image is acquired during a process of picking up
ultrasonic images by the examiner, whereby a site at which
the image is acquired can be grasped at a glance. Therefore, a
desired image can be prevented from being omitted.

[0018] Furthermore, it is desired that an elasticity image
corresponding to a simulation mark superimposed on a bio-
metric simulation image is recorded in a memory in associa-
tion with the simulation mark, and also when a simulation
mark is selected through an interface, the display control
means displays the elasticity image associated with the
selected simulation mark.

[0019] Likewise, when an elasticity image corresponding
to a simulation mark is acquired, an output transition detected
by a pressure sensor provided to a contact face of the ultra-
sonic probe to the object may be recorded in a memory in
association with the simulation mark concerned, and when a
simulation mark is selected through an interface, at least one
of the output transition of the pressure sensor associated with
the selected simulation mark, an average amplitude of pres-
sure determined from the output transition of the pressure
sensor and an average value of pressure determined from the
output transition of the pressure sensor may be displayed.
[0020] Accordingly, the diagnosing person selects a simu-
lation mark on a biometric simulation image of interest while
checking the biometric simulation image temporarily
recorded in the memory, whereby an elasticity image at the
cross-sectional site can be displayed or a pressure condition
under which the elasticity image is acquired can be displayed.
As described above, by supplying the diagnosing person with
multiple information, the diagnosing person can check elas-
ticity images to obtain more detailed information or acquire
an elasticity image with excellent reproducibility again in
consideration of the displayed pressure condition, so that this
invention can be effectively and practically used for diagno-
sis.

Effect of the Invention

[0021] According to the present invention, there can be
implemented an ultrasonic diagnostic apparatus that can dis-
play various information obtained by acquiring an elasticity
image while associating the information concerned with the
elasticity image or a biometric simulation image.

BRIEF DESCRIPTION OF THE INVENTION

[0022] FIG. 1 is a block diagram showing the overall con-
struction of an ultrasonic diagnostic apparatus according to
an embodiment.
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[0023] FIG. 2 is a diagram showing a first embodiment of
tissue displacement detection.

[0024] FIG. 3 is a diagram showing a second embodiment
of tissue displacement detection.

[0025] FIG. 4 is a diagram showing a third embodiment of
tissue displacement detection.

[0026] FIG. 5isadiagram showing a fourth embodiment of
tissue displacement detection.

[0027] FIG. 6 is a diagram showing a fifth embodiment of
tissue displacement detection.

[0028] FIG. 71s a flowchart showing the whole operation of
the ultrasonic diagnostic apparatus and an operation of gen-
erating and displaying an elasticity image acquiring mark
while superimposing the elasticity image acquiring mark on a
biometric simulation image.

[0029] FIG. 8 is a diagram showing a first embodiment of
display.

[0030] FIG. 9 is a diagram showing a second embodiment
of display.

[0031] FIG. 10 is a flowchart showing the whole operation
of the ultrasonic diagnostic apparatus and an operation of
generating and displaying an elasticity mark while superim-
posing the elasticity mark on a biometric simulation image.

[0032] FIG. 11 is adiagram showing a third embodiment of
display.
[0033] FIG. 12 is a diagram showing a detailed elasticity

mark generating method.

[0034] FIG. 13 is a diagram showing a fourth embodiment
of display.

[0035] FIG. 14 is a diagram showing a fifth embodiment of
display.

[0036] FIG. 15is adiagram showing a sixth embodiment of
display.

[0037] FIG. 16 is adiagram showing a seventh embodiment
of display.

[0038] FIG. 17 is a diagram showing an eighth embodiment
of display.

[0039] FIG. 18 is a diagram showing a ninth embodiment of
display.

DESCRIPTION OF REFERENCE NUMERALS

[0040] 1 ultrasonic diagnostic apparatus, 10 object, 12
ultrasonic probe, 18 phasing and summing unit, 20 tomo-
graphic image constructing unit, 28 RF frame data selecting
unit, 30 displacement measuring unit, 32 elasticity informa-
tion calculating unit, 34 elasticity image constructing unit, 42
interface unit, 48 position information sensor, 50 coordinate
calculating unit, 51 tissue displacement detecting unit, 52
mark generating unit, 54 biometric simulation image con-
structing unit, 56 memory, 65, 66 chasing point, 67 measured
value of displacement, 70, 71 RF signal frame data, 73 mea-
sured value of pressure, 74 tissue displacement detecting
switch, 85 biometric simulation image, 86 elasticity image
acquiring mark, 87 pressure state display, 101 elasticity mark,
102 elasticity scale bar, 150 press mark, 160 blood flow mark,
161 blood flow scale bar

BEST MODE FOR CARRYING OUT THE
INVENTION

[0041] An embodiment of an ultrasonic diagnostic appara-
tus to which the present invention is applied will be described.
In the following description, parts having the same functions
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are represented by the same reference numerals, and dupli-
cative description thereof is omitted.

[0042] FIG.1is a block diagram showing the overall con-
struction of an ultrasonic diagnostic apparatus according to
the embodiment. As shown in FIG. 1, an ultrasonic diagnostic
apparatus 1 is equipped with an ultrasonic probe 12 which is
used in contact with an object 10, a transmitting unit 14 for
repetitively transmitting ultrasonic waves to the object 10
through the ultrasonic probe 12 at a time interval, a receiving
unit 16 for receiving time-series reflection echo signals occur-
ring from the object 10, a transmission/reception control unit
17 for controlling the transmitting unit 14 and the receiving
unit 16, and a phasing and summing unit 18 for phasing and
summing reflection echoes received by the receiving unit 16.
[0043] Furthermore, there are provided a tomographic
image constructing unit 20 for constructing a grayscale tomo-
graphic image such as a monochromatic tomographic image
of the object on the basis of RF signal frame data from the
phasing and summing unit 18, and a monochromatic scan
converter 22 for converting an output signal of the tomo-
graphic image constructing unit 20 so that the converted
output signal is matched with a display of an image display
unit 26.

[0044] There are further provided an RF frame data select-
ing unit 28 for storing the RF signal frame data output from
the phasing and summing unit 18 and selecting at least two
frame data, a displacement measuring unit 30 for measuring
a displacement of a biometric tissue of the object 10, an
elasticity information calculating unit 32 for determining dis-
tortion or elasticity modulus from displacement information
measured by the displacement measuring unit 30, an elastic-
ity image constructing unit 34 for constructing a color elas-
ticity image from the distortion or the elasticity modulus
calculated by the elasticity information calculating unit 32,
and a color scan converter 36 for converting an output signal
of the elasticity image constructing unit 34 so that the con-
verted output signal is matched with display of the image
display unit 26.

[0045] There are further provided an image control unit 44
for outputting various kinds of control signals to the respec-
tive parts constituting the ultrasonic diagnostic apparatus, and
an interface unit 42 for receiving an instruction from an
examiner and outputs the instruction to the image control unt
44.

[0046] Here, the ultrasonic diagnostic apparatus 1 will be
described in detail. The ultrasonic probe 12 is formed by
arranging plural transducers, and it has a function of trans-
mitting/receiving ultrasonic waves through the transducers
to/from the object 10. The transmitting unit 14 has a function
of driving the ultrasonic probe 12 to generate a wave-trans-
mission pulse for generating an ultrasonic wave and also
setting a convergence point of the ultrasonic wave to be trans-
mitted to some depth. The receiving unit 16 amplifies the
reflection echo signal received by the ultrasonic probe 12 with
a predetermined gain to generate an RF signal, that is, a
wave-reception signal. The phasing and summing unit 18
receives the RF signal amplified by the receiving unit 16 to
perform phase control and forms an ultrasonic beam for one
or plural convergence point(s), thereby generating the RF
signal frame data.

[0047] The tomographic image constructing unit 20
receives the RF signal frame data from the phasing and sum-
ming unit 18 and executes signal processing such as gain
correction, log compression, wave detection, edge enhance-
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ment, and filter processing to obtain tomographic image data.
Furthermore, the monochromatic scan converter 22 has an
A/D converter for converting tomographic image data from
the tomographic image constructing unit 20 to a digital signal,
a frame memory for storing plural converted tomographic
image data in time-series, and a control control unit. The
monochromatic scan converter 22 obtains in-object cross-
sectional frame data stored in the frame memory as one
image, and reads out the obtained cross-sectional frame data
synchronously with TV.

[0048] TheRF frame data selecting unit 28 stores plural RF
signal frame data from the phasing and summing unit 18 and
selects a pair of; that is, two RF signal frame data from the
stored RF signal frame data group. Forexample, the RF signal
frame data generated in time-series, that is, on the basis of an
image frame rate from the phasing and summing unit 18 are
successively stored into the RF frame data selecting unit 28,
the stored RF signal frame data (N) is selected as first data and
at the same time one RF signal frame data (X) is selected from
RF signal frame data group (N-1, N-2, N-3, ..., N-M) which
were stored in the past. Here, N, M and X represent index
numbers affixed to the RF signal frame data, and set to natural
numbers.

[0049] The displacement measuring unit 30 executes one-
dimensional or two-dimensional correlation processing on
the selected one pair of data, that is, the RF signal frame data
(N) and the RF signal frame data (X) to determine a one-
dimensional or two-dimensional displacement distribution
concerning the displacement and moving vector, that is, the
direction and magnitude of the displacement of a biometric
tissue which corresponds to each point of a tomographic
image. Here, a block matching method is used to detect the
moving vector. The block matching method is defined as the
processing of dividing an image into blocks each of which
comprises NxN pixels, noting a block in an area of interest,
searching from a previous frame a block which is most
approximate to the block being noted, and refers to the
searched block to determine a sample value through predic-
tive coding, that is, differential calculation.

[0050] The elasticity information calculating unit 32 calcu-
lates the distortion and the elasticity modulus of a biometric
tissue corresponding to each point on a tomographic image
from a measured value output from the displacement measur-
ing unit 30, for example, amoving vector and a pressure value
output from a pressure measuring unit 46, and generates an
elasticity image signal, that is, elasticity frame data on the
basis of the distortion and the elasticity modulus.

[0051] At this time, the data of the distortion are calculated
by spatially differentiating a moving amount, for example, a
displacement of the biometric tissue. The data ofthe elasticity
modulus is calculated by dividing the variation of pressure by
the variation of distortion. For example, when the displace-
ment measured by the displacement measuring unit 30 is
represented by L(X) and the pressure measured by the pres-
sure measuring unit 46 is represented by P(X), the distortion
AS(X) can be calculated by spatially differentiating [.(X), and
thus it can be determined by using the mathematical expres-
sion of AS(X)=AL(X)/AX. Furthermore, Young’s modulus
Ym(X) of the elasticity modulus data is calculated according
to the mathematical expression of Ym=(AP(X))/AS(X). The
elasticity modulus ofa biometric tissue corresponding to each
point of a tomographic image is determined from the Young’s
modulus Ym, and thus two-dimensional elasticity image data
can be continuously obtained. The Young’s modulus repre-
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sents the ratio of simple tension stress applied to an object to
strain occurring in parallel to the tension.

[0052] The elasticity image constructing unit 34 is config-
ured to contain a frame memory and an image processor, and
it secures elasticity frame data output in time-series from the
elasticity information calculating unit 32 into the frame
memory and executes image processing on the thus-secured
frame data.

[0053] Thecolor scan converter 36 has a function of adding
hueinformation to the elasticity frame data from the elasticity
image constructing unit 34. That is, it performs conversion to
three primary colors of light, that is, red(R), green(G) and
blue(B) on the basis of the elasticity frame data. For example,
elasticity data having large distortion is converted to a red
color code and elasticity data having small distortion is con-
verted to a blue color code.

[0054] A switching adder 24 is configured to have a frame
memory, an image processor and an image selecting unit. The
frame memory stores tomographic image data from the
monochromatic scan converter 22, elasticity image data from
the color scan converter 36, and image data output from a
biometric simulation image control unit 44 described later.
Furthermore, the image processor has a function of combin-
ing the tomographic image data and the elasticity image data
secured in the frame memory with changing the composite
rate. Brightness information and hue information of each
pixel of a composite image are obtained by adding respective
information of a monochromatic tomographic image and a
color elasticity image in the composite rate. Furthermore, the
image selecting unit selects an image to be displayed on the
image display unit 26 from the tomographic image data and
the elasticity image data in the frame memory, composite
image data of the image processor and biometric simulation
image data.

[0055] Next, a feature portion of the ultrasonic diagnostic
apparatus according to this embodiment will be described.
The probe 12 is provided with a position information sensor
48 such as a magnetic sensor, an angular velocity sensor, or an
infrared sensor, for example. Furthermore, there are also pro-
vided a coordinate calculating unit 50 for calculating a three-
dimensional coordinate position of the probe on the basis of
outputs of the position information sensor 48, a tissue dis-
placement detecting unit 51 for detecting that the tissue of the
cross-sectional site of the object is displaced and a mark
generating unit 52 for generating an elasticity image acquit-
ing mark, an elasticity mark or the like on the basis of an
output of the coordinate calculating unit 50 and an output of
the tissue displacement detecting unit 51.

[0056] Furthermore, there are also provided a biometric
simulation image constructing unit 54 for generating a bio-
metric simulation image such as an illustration, or a photo-
graph which illustrates the object and superimposing a simu-
lation mark generated in the mark generating unit 52 such as
the elasticity image acquiring mark or the elasticity mark
gradated in accordance with hardness or softness of a tissue in
a set area of the elasticity image at a position on the biometric
simulation image at which the elasticity image is acquired,
and a memory 56 for storing information such as position
information, and elasticity information of the cross-sectional
site of the object at which the elasticity image is acquired.
[0057] Next, each embodiment of the tissue displacement
detecting unit 51 for detecting that the tissue of the cross-
sectional site of the object is displaced will be described.

First Embodiment of Tissue Displacement Detection

[0058] This embodiment is applied to a case where a press-
ing/releasing operation is executed on an object by using a
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probe to generate an elasticity image. For example, when an
elasticity image is generated while the press/release operation
is repetitively executed so as to induce a minute distortion
variation from a state that the probe is pressed against the
object to apply a fixed stress to the object, a signal detected by
the position information sensor 48 mounted on the probe is
input to the coordinate calculating unit 50, and divisionally
processed on three-dimensional coordinate axes of X-axis,
Y-axis and Z-axis as shown in FIG. 2 in the coordinate cal-
culating unit 50. FIG. 2 is a diagram showing an example of
variation of the coordinate position of the probe on each
coordinate axis of the X-axis, the Y-axis and the Z-axis of the
three-dimensional coordinate of the probe, which is output
from the coordinate calculating unit 50.

[0059] In this embodiment, a coordinate 61 of the X-axis
and a coordinate 62 of the Y-axis are substantially fixed and
thus they are not displaced. A coordinate 63 of the Z-axis is
periodically displaced vertically. The tissue displacement
detecting unit 51 monitors the output from the coordinate
calculating unit 50, and detects periodical variation of the
coordinate position of the probe on the Z-axis as in the case of
this embodiment, whereby it is determined that the probe
periodically moves, that is, it executes the periodical press/
release on the object. Accordingly, it can be automatically
detected that the tissue of the cross-sectional site is displaced,
so that it can be detected that a proper elasticity image can be
acquired.

[0060] This embodiment is based on the assumption that
the probe is substantially vertically pressed/released against/
from the object lying down on his/her bed, and thus the
coordinate of the probe periodically varies in only the Z-axis
direction. Accordingly, the coordinate varied axis is variously
varied in accordance with how to set the three coordinate
axes. For example, there may be considered a case where
periodical variation appears on any only one of the three
coordinate axes, a case where periodical variation appears on
any two axes and a case where periodical variation appears on
all the three axes. In short, when periodical coordinate varia-
tion is detected with respect to any coordinate axis corre-
sponding to at least the displacement direction of the tissue
out of the three coordinate axes, it can be detected that a
proper elasticity image can be acquired.

Second Embodiment of Tissue Displacement
Detection

[0061] This embodiment is applicable to both a case where
an elasticity image is generated by executing the press/release
operation on an object with a probe and a case where an
elasticity image is generated by utilizing application of peri-
odical pressure variation to a tissue due to beat or the like of
an object.

[0062] In this embodiment, chasing points 65 and 66 are
first set on the generated tomographic image as shown at the
left side of FIG. 3. With respect to the setting of the chasing
points, an examiner may display a tomographic image on the
image display unit 26 and set the chasing points through the
interface unit 42, or any plural chasing points on the tomo-
graphic image may be automatically set.

[0063] Subsequently. the chasing points 65 and 66 are
tracked according to various methods such as the block
matching method by using the displacement measuring unit
30 or the like to determine a destination. The tissue displace-
ment detecting unit 51 measures the displacement of the
distance in the direction corresponding to the displacement
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direction of the tissue between the chasing points 65 and 66.
For embodiment, in this embodiment, the tissue is displaced
in the vertical direction. In this case, a measured value 67 of
the displacement varies periodically as shown at the right side
of FIG. 3. The tissue displacement detecting unit 51 detects
this periodical variation, whereby it can detect the displace-
ment of the tissue of the cross-sectional site.

[0064] Furthermore, in this embodiment, the two chasing
points are set. However, the number of chasing points is not
limited to this value, and three or more chasing points may be
set. In addition, the displacement of the distance between any
two points is measured, and periodical variation of the mea-
sured value of the displacement may be detected. Further-
more, for example, the chasing point of one point may be set
without using the distance between chasing points, and peri-
odical variation in the direction corresponding to the dis-
placement direction of the tissue at the position of the chasing
point maybe detected, whereby the displacement of the tissue
of the cross-sectional site can be detected.

[0065] This embodiment is particularly effective to a tissue
in which internal pressure varies such as a heart, or a blood
vessel and a case where a stable elasticity image is more
easily acquired by using motion of a body. That is, in this case,
since no press is applied from the body surface by the probe,
the probe position is fixed and thus the probe position does not
move. However, if the displacement in the direction corre-
sponding to the displacement direction of the tissue at the
chasing point on the tomographicimage is periodical, it could
be detected that the tissue of the cross-sectional site is dis-
placed, and thus this embodiment is effective.

Third Embodiment of Tissue Displacement
Detection

[0066] This embodiment is applied to both of a case where
anelasticity image is generated by executing the press/release
operation on an object with a probe and a case where an
elasticity image is generated by utilizing application of peri-
odical pressure variation to a tissue due to beat or the like of
an object.

[0067] Inthisembodiment, as shown at the left side of FIG.
4, cross-correlation calculation of a pair of RF signal frame
data 70 and 71 selected by the RF frame data selecting unit 28
is executed in the displacement measuring unit 30 functioning
as correlation calculating means and then input to the tissue
displacement detecting unit. The tissue displacement detect-
ing unit 51 detects the displacement of the tissue of the cross-
sectional site on the basis of a calculated correlation coeffi-
cient (correlation value). That is, the tissue displacement
detecting unit 51 monitors the correlation coefficient input
from the correlation calculating means, and detects the dis-
placement of the tissue of the cross-sectional site when the
correlation coefficient is larger than a preset threshold value
as shown at the right side of FI1G. 4.

[0068] This embodiment utilizes that when the probe is
properly moved to obtain a tomographic image, the correla-
tion coefficient of the pair of RF signal frame data is relatively
low, however, when an elasticity image is generated while the
press/release operation is executed on the object by using the
probe or when an elasticity image is generated by using
pressure variation due to beat or the like of the object, the
correlation value is relatively high. That is, when a proper
press is obtained or a proper displacement can be detected, the
correlation degree between the RF signal frame data is
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enhanced. Therefore, by detecting this, it can be detected that
the tissue of the cross-sectional site is displaced and also an
elasticity image is acquired.

[0069] However, for example when an image of a cross-
sectional site at which no variation occurs in the internal
pressure of the tissue is picked up and also the probe position
is fixed, the pair of RF signal frame data are substantially
coincident with each other and the correlation coefficient
therebetween indicates a substantially upper limit (for
example, 1.0). Accordingly, such a case can be properly
excluded from the detection of the tissue displacement.

Fourth Embodiment of Tissue Displacement
Detection

[0070] This embodiment is applied to both of a case where
an elasticity image is generated by executing the press/release
operation on an object with a probe and a case where an
elasticity image is generated by utilizing application of peri-
odical pressure variation to a tissue due to beat or the like of
an object.

[0071] When the pressure measuring unit 46 is provided as
in the case of the ultrasonic diagnostic apparatus of this
embodiment, the tissue displacement detecting unit 51 takes
in the measured value of the pressure measuring unit 46, and
detects the displacement of the tissue of the cross-sectional
site on the basis of the periodical variation of a measured
value 73 of pressure as shown in FIG. 5.

[0072] Ineach of the case where the press/release operation
is executed by the probe and the case where the variation of
the internal pressure of the object is used, the internal pressure
varies when the displacement of the tissue of the cross-sec-
tional site occurs. Therefore, this embodiment utilizes that
this internal pressure variation is measured by the pressure
measuring unit 46.

Fifth Embodiment of Tissue Displacement Detection

[0073] In the above embodiments, the displacement of the
tissue is automatically detected by the ultrasonic diagnostic
apparatus to detect the acquisition of the elasticity image,
however, the present embodiment is not limited to these
embodiments. For example, according to a fifth embodiment,
an examiner checks the image display unit 26 on a real-time
basis while picking up an elasticity image, and manually
instructs to acquire an elasticity image through the ultrasonic
probe 12, the interface unit 42 or the like. The tissue displace-
ment detecting unit 51 detects the acquisition of an elasticity
image on the basis of a signal input through the ultrasonic
probe 12 or the interface unit 42.

[0074] When it is detected on the basis of an instruction of
acquiring an elasticity image by the ultrasonic probe 12 that
the elasticity image has been detected, a grip portion or the
like of the ultrasonic probe 12 is provided with a button-like
tissue displacement detecting switch 74 which an examiner
can push down as shown in FIG. 6. When the examiner checks
the image display unit 26 and determines that a proper elas-
ticity image based on a proper press is generated, the exam-
iner pushes down the tissue displacement detecting switch 74.
The tissue displacement detecting unit 51 receives a signal
caused by the push-down, and detects that the tissue of the
cross-sectional site is displaced and an elasticity image is
acquired. The tissue displacement detecting switch is not
limited to the button switch, but it may be any member which
can be freely operated by the Examiner.
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[0075] Furthermore, a voice receiving unit such as a micro-
phone may be provided as the interface unit 42, and acquisi-
tion of an elasticity image is instructed by using the voice
receiving unit, whereby it can be detected that an elasticity
image is acquired. That is, a voice signal having a predeter-
mined specific phrase is recorded in the memory in advance,
and the tissue displacement detecting unit 51 uses pattern
recognition between a voice signal received by the micro-
phone and the recorded voice signal to detect coincidence
with or similarity to the recorded voice signal, whereby the
displacement of the tissue of the cross-sectional site and the
acquisition of a detected elasticity image are detected on the
basis of the reception of the corresponding voice signal by the
microphone.

[0076] Inthis case, in order to prevent an unnecessary elas-
ticity image from being acquired due to erroneous voice
recognition, it is displayed on the image display unit 26 that
an elasticity image is acquired through voice recognition,
thereby promoting the examiner to determine by voice or a
manual operation whether the acquisition is executed or not.
[0077] Thedisplacement of the tissue of the cross-sectional
site is detected by the tissue displacement detecting unit 51 by
any one of the embodiments or properly combining these
embodiments. After the displacement of the tissue of the
cross-sectional site is detected, the biometric simulation
image and the simulation mark, etc. to be superimposed on
the biometric simulation image are displayed on the image
display unit 26 by the mark generating unit 52 functioning as
the display control means, the biometric simulation image
constructing unit 54, etc.

[0078] An embodiment of a display style of the biometric
simulation image and the simulation mark, etc. to be super-
imposed on the biometric simulation image which are dis-
played on the image display unit 26 by the mark generating
unit 52, the biometric simulation image constructing unit 54,
etc. will be described hereunder. In the following description,
only the display of the biometric simulation image and the
simulation mark, etc. to be superimposed on the biometric
simulation image will be described, however, they may be
displayed on the image display unit 26 in combination with
the tomographic image, the elasticity image, etc.

First Embodiment of Display

[0079] In this embodiment, an elasticity image acquiring
mark representing a cross-sectional site at which an elasticity
image is acquired is superimposedly displayed on a biometric
simulation image. In this embodiment and the following
embodiments, an image which illustratively simulates a
breast of an object is applied as a biometric simulation image.
[0080] First, the overall operation of the ultrasonic diagnos-
tic apparatus and the operation of the feature portion thereof
will be described with reference to FIG. 7. As shown in FIG.
7, in a normal examination routine, ultrasonic waves are
transmitted/received while the probe is operated (S75), ultra-
sonic images such as a tomographic image, and an elasticity
image are processed as described above (S76), and these
images are displayed (S77).

[0081] Furthermore, the coordinate calculation is executed
by the coordinate calculating unit 50 (S78), and the position
information of a cross-sectional site of the object is obtained.
[0082] In addition, the variation of a tissue of the cross-
sectional site is detected by the tissue displacement detecting
unit 51 (879), and input to the mark generating unit 52. The
mark generating unit 52 generates an elasticity image acquir-
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ing mark on the basis of an output from the coordinate cal-
culating unit 50 when the displacement of the tissue is
detected in the tissue displacement detecting unit 51, that is,
on the basis of the position information of the cross-sectional
site of the object (S80).

[0083] The biometric simulation constructing unit 54 suit-
ably uses the elasticity image acquiring mark generated in the
mark generating unit 52, the cross-sectional position infor-
mation of the object at which the elasticity image stored in the
memory 56 is acquired, and information on the output tran-
sition of the pressure measuring unit 46 obtained in the pro-
cess of acquiring the elasticity image, etc. to superimpose the
elasticity image acquiring mark at the corresponding position
on a biometric simulation image, thereby constructing the
biometric simulation image (S81). Accordingly, the ultra-
sonic image and the biometric simulation image on which the
simulation mark is superimposed are properly combined and
displayed on the image display unit.

[0084] In this embodiment, when the ultrasonic image
pickup operation is executed to acquire an elasticity image, an
elasticity image acquiring mark 86 representing a cross-sec-
tional site at which the elasticity image is acquired is super-
imposedly displayed at the corresponding position on a bio-
metric simulation image 85 as shown in F1G. 8. As shown in
FIG. 8, the elasticity image acquiring mark 86 contains infor-
mation on the scan position and direction of the ultrasonic
probe.

[0085] By displaying the elasticity image acquiring mark
86 on a real-time basis during the ultrasonic image pickup
operation, the examiner who executes the ultrasonic image
pickup operation checks the biometric simulation image to
visually specify a position of the object at which the elasticity
image is acquired. Furthermore, when the biometric simula-
tion image 85 on which the elasticity image acquiring mark
86 is superimposed is stored in the memory, a diagnosing
person or the like who refers to stored images to make a
diagnosis can check the biometric simulation image to visu-
ally specify a position of the object at which the elasticity
image is acquired.

[0086] Furthermore, when the examiner acquires an elas-
ticity image as indicated by Frames A to F of FIG. 8, the
elasticity image acquiring marks 86 may be displayed one by
one on a real-time basis, or the mark may be successively
superimposedly displayed on the biometric simulation image
every time an elasticity image is acquired while the elasticity
image acquiring marks 86 which were superimposed on the
biometric simulation image in the past are left. According to
this manner, sites at which elasticity images of the object have
been acquired can be grasped at a glance, so that omission of
a desired image can be prevented and needless duplicative
image pickup of the same site can be omitted.

[0087] The coordinate calculating unit 50 can specify the
ultrasonic image pickup position on the biometric simulation
image by positioning the coordinate system of the three-
dimensional coordinate detected by the position information
sensor and the coordinate system of the object while execut-
ing the ultrasonic image pickup operation on a specific site
such as a breast of the object.

Second Embodiment of Display

[0088] In this embodiment, information of pressure or the
like measured by the pressure measuring unit 46 in the pro-
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cess of acquiring an elasticity image is displayed through an
elasticity image acquiring mark superimposed on a biometric
simulation image.

[0089] This embodiment is based on the assumption that
the elasticity image acquiring mark 86 is superimposed on the
biometric simulation image 85, and also the output transition
of pressure detected by the pressure measuring unit 46 when
an elasticity image corresponding to each elasticity image
acquiring mark is acquired is recorded in the memory in
association with each elasticity image acquiting mark 86.
[0090] FIG.9 assumes a state that the examiner checks the
biometric simulation image generated in the First Embodi-
ment of Display during the ultrasonic image pickup operation
and a state that the diagnosing person or the like checks the
biometric simulation image after it is examined and stored in
the memory. For example, when the diagnosing person or the
like selects any elasticity image acquiring mark through an
interface such as a mouse, a keyboard, a track ball, or a screen
touch sensor, there is provided a pressure state display 87
containing a graph of the output transition of the pressure
sensor associated with the selected mark, the average ampli-
tude of pressure determined from the output transition of the
pressure sensor, the average value of pressure determined
from the output transition of the pressure sensor, etc.

[0091] With respect to the acquisition of the elasticity
image, when press is applied by the probe, it is very important
whether the press is moderately applied. When the degree of
the press is abnormal, it is difficult to acquire a desired elas-
ticity image. According to this embodiment, when the diag-
nosing person selects an elasticity image acquiring mark of
interest while checking a biometric simulation image which
is temporarily recorded in the memory, a pressure condition
or the like when an elasticity image is acquired at the corre-
sponding cross-sectional site can be displayed. Accordingly,
it is possible to operate the ultrasonic probe so that the same
pressure condition is obtained while checking the displayed
pressure condition or the like. As described above, by multi-
laterally supplying information to the diagnosing person, the
diagnosing person can acquire an elasticity image with excel-
lent reproducibility again in consideration of the displayed
pressure condition or the like for a reference. Therefore, this
embodiment may be effectively and practically used for diag-
nosis.

[0092] An elasticity image acquiring mark may be selected
not only by inputting it from the interface, but also by auto-
matically setting it so that the elasticity image acquiring mark
is switched every set time. Furthermore, in addition to the
information described in this embodiment, information
obtained in the process of acquiring the elasticity image may
be properly stored in the memory, and displayed in accor-
dance with selection of the mark. Furthermore, plural elas-
ticity image acquiring marks may be selected, and plural
detailed information may be displayed, or a graph, etc. may
be superimposedly displayed.

Third Embodiment of Display

[0093] Inthis embodiment, an elasticity mark representing
hardness or softness of an area set at a cross-sectional site at
which an elasticity image is acquired, that is, a tissue of
interest (tumor) is displayed so as to be superimposed on a
biometric simulation image.

[0094] First, the overall operation of the ultrasonic diagnos-
tic apparatus and the operation of the feature portion will be
described with reference to FIG. 10. As shown in FIG. 10, in
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anormal examination routine, ultrasonic waves are transmit-
ted/received while the ultrasonic probe is operated (S90),
ultrasonic images such as a tomographic image, and an elas-
ticity image are processed as described above (S91) and these
images are displayed (892).

[0095] Furthermore, the coordinate calculation is executed
by the coordinate calculating unit 50 (S93), and the position
information of a cross-sectional site of the object is obtained.
In addition, the variation of a tissue of the cross-sectional site
is detected by the tissue displacement detecting unit 51 (S94),
and input to the mark generating unit 52. Furthermore, the
information of the tomographic image and the elasticity
image obtained by the ultrasonic image pickup operation are
input to the mark generating unit 52. The mark generating umt
52 generates a simulation mark such as an elasticity mark on
the basis of an output from the coordinate calculating unit 50
when the displacement of the tissue is detected in the tissue
displacement detecting unit 51, that is, the position informa-
tion of the cross-sectional site of the object, and the elasticity
information representing hardness or softness of a tissue of
interest of an area set in the elasticity image (S95).

[0096] The biometric simulation image constructing unit
54 arbitrarily uses the elasticity mark generated in the mark
generating unit 52 and the information such as the cross-
sectional position information of the object at which the elas-
ticity image stored in the memory 56 is acquired, the elasticity
information of the tissue in the set area of the elasticity image,
and the output transition of the pressure measuring unit 46
obtained in the process of acquiring the elasticity image to
superimpose the simulation mark at the corresponding posi-
tion on a biometric simulation image, thereby constructing
the biometric simulation image (S96). Accordingly, the ultra-
sonic image and the biometric simulation image on which the
simulation mark is superimposed are arbitrarily combined
and displayed on the image display unit.

[0097] Accordingly, a display shown in FIG. 11 is pro-
vided. That is, when an elasticity image is acquired, a circular
elasticity mark 101 which is gradated in accordance with
hardness or softness of the tissue (tumor) in the set area of the
elasticity image is superimposedly displayed at the corre-
sponding position on the biometric simulation image 85.
Furthermore, in addition to the circular elasticity mark 101,
an elasticity scale bar 102 representing gradated hue and the
degree of hardness or softness of the tissue in association with
each other is also displayed.

[0098] As in the case of the First Embodiment of Display,
when an elasticity image is acquired, the elasticity mark 101
may be displayed one by one on a real-time basis, or the mark
may be successively displayed so as to be superimposed on a
biometric simulation image every time an elasticity image is
acquired while elasticity marks superimposed in the past are
left on the biometric simulation image. Furthermore, this
embodiment adopts the hue gradation, however, the hardness
or softness of the tissue may be gradated and displayed with
numerical values or brightness.

[0099] Furthermore, in this embodiment, the simulation
mark is superimposedly displayed on the biometric simula-
tion image. However, the simulation mark may be displayed
in association with a tomographic image or an elasticity
image by superimposing the simulation mark on a part of the
tomographic image or the elasticity image.

[0100] Next, the generation of the elasticity mark 101 will
be described in more detail with reference to FIG. 12. The
elasticity mark 101 is not the elasticity information of the
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whole acquired elasticity image, but represents elasticity
information of an area set in the elasticity image, that is, a
tissue of interest such as a tumor. Therefore, it is necessary to
set an area of a tissue of interest from an elasticity image.
[0101] Inthispoint,itisutilized thata tissue of interest such
as a tumor provides a low echo (low reflection level) on a
monochromatic tomographic image 110 as shown in FIG. 12.
That is, first, the monochromatic tomographic image is first
subjected to binarization processing, and a low-echo area is
set as a mask area, thereby detecting the position or distribu-
tion of a tumor.

[0102] A tissue 112 in the mask area of an elasticity image
111 is cut out, and elasticity information of the cut-out tissue
is averaged to generate the elasticity mark 101. The elasticity
mark is not required to be circular, and it may be displayed
while the shape thereofis also expressed by using distribution
information of the tumor.

[0103] By making a display as described above, the elas-
ticity information of the tissue of interest in the area set at the
cross-sectional site at which the elasticity image is acquired
can be simply grasped through the biometric simulation
image.

[0104] Furthermore, when the examiner executes a series
of elasticity-image pickup operation on the object and a bio-
metric simulation image on which an elasticity mark is super-
imposed is recorded, the diagnosing person can easily deter-
mine which site of the object should be examined minutely
when the diagnosing person checks the biometric simulation
image. That is, the elasticity mark is represented as a simple
mark which is gradated, for example, with hue or numerical
values, and thus a place where a diseased tissue may exist
because it is relatively hard can be grasped at a glance on the
biometric simulation image. As occasion demands, the site
concerned can be minutely examined by executing the ultra-
sonic image pickup operation again or the like, thereby mak-
ing a diagnosis and determining a treatment policy.

Fourth Embodiment of Display

[0105] In this embodiment, through an elasticity mark
superimposed on a biometric simulation image, an elasticity
image which contributes to generation of the elasticity mark
is displayed. This embodiment is based on the assumption
that elasticity marks 101 are superimposed on the biometric
simulation image 85, and also the elasticity images corre-
sponding to the respective elasticity marks are recorded in
association with the respective elasticity marks 101 in the
memory.

[0106] FIG.13 assumes a state that the examiner checks the
biometric simulation image generated in the Third Embodi-
ment of Display during the ultrasonic image pickup operation
and a state that the diagnosing person or the like checks the
biometric simulation image after it is examined and recorded
in the memory. For example, when the diagnosing person or
the like selects any elasticity image acquiring mark through
an interface such as a mouse, a keyboard, a track ball, or a
screen touch sensor, the elasticity image associated with the
selected mark is called up from the memory to provide an
elasticity image display 120.

[0107] According to this embodiment, for example, when
the diagnosing person selects an elasticity image acquiring
mark of interest while checking a biometric simulation image
which is temporarily recorded in the memory and then dis-
played, the diagnosing person can check an elasticity image at
the corresponding cross-sectional place. As described above,
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by multilaterally supplying information to the diagnosing
person, the diagnosing person can make a diagnosis and
determine a treatment policy while checking the displayed
biometric simulation image and the elasticity marks, deter-
mining the whole condition of a tumor of the object and also
calling up the elasticity images to check a place of interest
minutely.

[0108] The call-up of the elasticity image in this embodi-
ment and the call-up of the pressure state described in the
second Embodiment of Display may be properly combined
and displayed.

Fifth Embodiment of Display

[0109] Inthis embodiment, the elasticity mark is displayed
in a gradation style on the biometric simulation image. That
is, when an elasticity mark is displayed, there is a case where
atarget is detected at two or more places. In this case, internal
targets may be continuous with each other with high prob-
ability. Therefore, the targets can be represented with grada-
tion by using information of the elasticity degree between two
points and the distance therebetween.

[0110] For example, when the examiner makes an exami-
nation and determines that the target is a continuous target
(tumor), the area between two points is represented by gra-
dation, whereby continuity can be displayed. Accordingly,
the continuity of the target can be reflected to a medical record
without repeating press, and thus this embodiment is effective
to shorten the examination time.

Sixth Embodiment of Display

[0111] In this embodiment, out of the generated elasticity
marks, only gradated elasticity marks whose elasticity infor-
mation are not less than a preset threshold value, are less than
the threshold value or are within a threshold value range are
displayed. That is, for example, as shown in FIG. 15, the
threshold value is preset by using the elasticity scale bar 102
or the like, or the examiner/the diagnosing person can freely
set/adjust the threshold value, whereby only information
required by the examiner or the diagnosing person can be
displayed on the biometric simulation image. Furthermore,
this threshold value may be automatically set every examina-
tion site.

[0112] Accordingly, out of elasticity marks, only an elas-
ticity mark which is harder than a predetermined threshold
value, that is, which possibly represents a lesion and thus
requires minute examination can be displayed. Therefore, the
examiner/diagnosing person can check only actually neces-
sary information to make a diagnosis, determine a treatment
policy, etc. The display of the biometric simulation image and
the elasticity marks is performed to simply supply informa-
tion such as tissue elasticity of an object to an examiner/
diagnosing person. Therefore, if the amount of information is
excessive, it would not be practical. Accordingly, this
embodiment is effective.

Seventh Embodiment of Display

[0113] In this embodiment, an elasticity mark is displayed
on a three-dimensionally generated biometric insulation
image. That is, as shown in FIG. 16(a), the elasticity mark 101
is superimposedly displayed on the three-dimensionally gen-
erated biometric insulation image 85 in consideration of posi-
tion information of a cross-sectional site of an object when an
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elasticity image is acquired, and depth information from the
surface at the cross-sectional site of the object.

[0114] Furthermore, as shown in FIG. 16(5), a press mark
150 representing the contact surface position of the ultrasonic
probe to the object when the elasticity image is acquired can
be superimposedly displayed in addition to the elasticity
mark 101.

[0115] According to this embodiment, the depth informa-
tion from an ultrasonic wave transceiver can be left on the
medical record as illustration information. For example, in a
case where infiltration of cancer is observed in a depth direc-
tion which is difficult to be found by using two-dimensional
information, it can be three-dimensionally represented as an
elasticity mark of a tumor, and thus this embodiment is effec-
tive from the viewpoint that it can be easily grasped after
examination.

[0116] Furthermore, with respect to diagnosis of internal
organs, there is a case where it is important for a diagnosis to
know which press position brings an image corresponding to
an elasticity-mark affixed position. At this time, the press
mark 150 is affixed onto the body surface, the elasticity mark
101 is affixed to the inside and both the marks are simulta-
neously displayed, whereby the press place and the image can
be simply associated with each other.

[0117] Even in the case of a three-dimensional biometric
simulation illustration, when there are many examination
positions, it becomes promiscuous, and thus it is concerned
that the illustration is difficult to view as a display. Therefore,
only the pair of the press position and the tumor position
which are selected on the two-dimensional biometric simu-
lation image may be displayed on the three-dimensional bio-
metric simulation image, or coloring, hatching, etc. may be
used to represent the combination thereof.

Eighth Embodiment of Display

[0118] In this embodiment, in addition to the simulation
mark, a blood stream mark is superimposedly displayed on
the biometric simulation image. This embodiment is based on
the assumption that it is provided with blood stream mark
generating means for obtaining blood stream information on
the basis of a reflection echo signal measured by the ultra-
sonic probe and generating a blood stream mark gradated in
accordance with the blood stream velocity of the cross-sec-
tional site of the object.

[0119] That is, the velocity or abundance of blood stream
can be detected by a method using a well-known Doppler
effect, and a blood stream mark which is gradated in accor-
dance with the detection result can be generated. As shown in
FIG. 17, a blood stream mark 160 may be designed as a
smaller circle than the elasticity mark 101, and superimpos-
edly displayed on the elasticity mark 101. In addition, a blood
stream scale bar 161 representing the degree of the velocity or
abundance of the blood stream may be displayed.

[0120] For example, a malignant tumor trends to absorb
blood from surrounding tissues and grow. Accordingly, it is
expected to contribute to enhancement of diagnosis preci-
sion/diagnosis efficiency that blood stream information and
elasticity information are simultaneously displayed on a bio-
metric simulation image and used as medical record informa-
tion.

[0121] The blood stream mark 160 and the elasticity mark
101 can be discriminated from each other and easily recog-
nized like the blood stream mark 160 is represented by an
asterisk and the elasticity mark 101 is represented by a circle.
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Furthermore, both the marks can be discriminated from each
other and visually enhanced like the blood stream is repre-
sented by monochromatic gradation and the elasticity mark is
represented by color gradation. Furthermore, only the overlap
portion between the blood stream mark and the elasticity
mark may be displayed on a biometric illustration.

Ninth Embodiment of Display

[0122] In this embodiment, when a re-examination is
executed on an object whose elasticity images were acquired
by the ultrasonic image pickup operation in the past, an exam-
iner is informed of places at which the elasticity images were
acquired in the past (the positions whose elasticity informa-
tion was recorded).

[0123] That is, calibration is performed with reference to a
specific position such as a mammary papilla of the object to
perform position adjustment, and then ultrasonic examina-
tion is executed. Then, as shown in FIG. 18, when the ultra-
sonic probe is moved to a place at which an elasticity image
was acquired in the past (when the position of the elasticity
mark 101 and a probe mark 170 representing the probe posi-
tion are overlapped with each other), an indication “PUSH”
or the like is displayed on the image display unit 26, whereby
the examiner can be promoted to perform the operation of
acquiring an elasticity image. At this time, the elasticity
images which were acquired in the past may be additionally
displayed.

[0124] As described above, the place at which an elasticity
image should be acquired is presented to the examiner,
whereby the labor of the examiner can be reduced and the
examination efficiency can be enhanced. At this time, a pres-
sure condition or the like when the elasticity image is
acquired is additionally displayed, whereby reproducibility
can be enhanced.

[0125] The embodiment of the ultrasonic diagnostic appa-
ratus according to the present invention has been described.
However, the present invention is not limited to the breast, but
may be applied to places which can be subjected to ultrasonic
image diagnosis such as thyroid gland, liver, or prostate
gland.

1. An ultrasonic diagnostic apparatus comprising: an ultra-
sonic probe that transmits/receives an ultrasonic wave from/
to an object; phasing and summing means that generates RF
signal frame data of a cross-sectional site of the object on the
basis of a reflection echo signal measured by the ultrasonic
probe; elasticity image constructing means that generates an
elasticity image representing hardness or softness of a tissue
of the cross-sectional site on the basis of a pair of RF signal
frame data acquired at different times; cross-sectional site
information generating means that generates cross-sectional
site information containing position information of the cross-
sectional site at which the elasticity image is measured; and
display control means that controls to display on a display
unit the elasticity image generated by the elasticity image
constructing means and the cross-sectional site information
generated by the cross-sectional site information generating
means while the elasticity image and the cross-sectional site
information are associated with each other.

2. The ultrasonic diagnostic apparatus according to claim
1, characterized in that the cross-sectional site information
contains gradation information based on hardness or softness
of a tissue.

3. The ultrasonic diagnostic apparatus according to claim
1, further comprising biometric simulation image generating
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means for generating a biometric simulation image which
simulates the object, wherein the display control means dis-
plays the biometric simulation image while superimposing
the cross-sectional site information on the biometric simula-
tion image.
4. The ultrasonic diagnostic apparatus according to claim
1, wherein
the cross-sectional site information is at least one simula-
tion mark of an elasticity image acquiring mark repre-
senting a cross-sectional site at which the elasticity
image is acquired, and an elasticity mark which is gra-
dated in accordance with hardness or softness of a tissue
in a set area of the acquired elasticity image.
5. The ultrasonic diagnostic apparatus according to claim
3, wherein
the cross-sectional site information is at least one simula-
tion mark of an elasticity image acquiring mark repre-
senting a cross-sectional site at which the elasticity
image is acquired, and an elasticity mark which is gra-
dated in accordance with hardness or softness of a tissue
in a set area of the acquired elasticity image, and the
display control means displays on a display unit the
simulation mark while superimposing the simulation
mark on a cross-sectional site on the biometric simula-
tion image at which the elasticity image is acquired.
6. The ultrasonic diagnostic apparatus according to claim
5, wherein the display control means successively displays a
simulation mark while superimposing the simulation mark on
the biometric simulation image every time the elasticity
image is acquired while simulation marks superimposed in
the past are left on the biometric simulation image.
7. The ultrasonic diagnostic apparatus according to claim
5, wherein an elasticity image corresponding to a simulation
mark superimposed on the biometric simulation image is
recorded in a memory in association with the simulation
mark, and when the simulation mark is selected through an
interface, the display control means displays the elasticity
image associated with the selected simulation mark.
8. The ultrasonic diagnostic apparatus according to claim
5, wherein when an elasticity image corresponding to a simu-
lation mark superimposed on the biometric simulation image
is acquired, an output transition detected by a pressure sensor
provided to a contact face ofthe ultrasonic probe to the object
is recorded in a memory in association with the simulation
mark concerned, and when the simulation mark is selected
through an interface, the display control means displays at
least one of the output transition of the pressure sensor asso-
ciated with the selected simulation mark, an average ampli-
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tude of pressure determined from the output transition of the
pressure sensor and an average value of pressure determined
from the output transition of the pressure sensor.

9. The ultrasonic diagnostic apparatus according to claim
5, wherein the display control means displays only elasticity
marks gradated under a condition that the elasticity marks are
not less than a preset threshold value, less than the threshold
value or within a threshold value range. out of the elasticity
marks which are gradated in accordance with hardness or
softness of the tissue in the set area of the acquired elasticity
image.

10. The ultrasonic diagnostic apparatus according to claim
5, wherein the biometric simulation image generating means
generates a three-dimensional biometric simulation image,
and the display control means superimposedly displays the
elasticity mark on the three-dimensional biometric simula-
tion image on the basis of position information of a cross-
sectional site of the object when the elasticity image is
acquired and depth information from the surface at the cross-
sectional site of the object.

11. The ultrasonic diagnostic apparatus according to claim
5, further comprising blood stream mark generating means
for obtaining blood stream information on the basis of the
reflection echo signal measured by the ultrasonic probe and
generating a blood stream mark which is gradated in accor-
dance with a blood stream velocity of the cross-sectional site
of the object, wherein the display control means superimpos-
edly displays the blood stream mark on the biometric simu-
lation image in addition to the simulation mark.

12. The ultrasonic diagnostic apparatus according to claim
5, further comprising a position sensor that is mounted on the
ultrasonic probe and detects a three-dimensional coordinate
position and an attitude of the probe, and cross-sectional site
detecting means for detecting position information of a cross-
sectional site of the object on the basis of an output from the
position sensor, wherein the elasticity image acquiring mark
is generated on the basis of the position information of the
cross-sectional site of the object detected by the cross-sec-
tional site detecting means when the elasticity image is
acquired, and the elasticity mark is generated in accordance
with the position information of the cross-sectional site of the
object detected by the cross-sectional site detecting means
when the elasticity image is acquired, and hardness or soft-
ness of a tissue in a mask area set in an area in which the
intensity of the RF signal of the elasticity image is smaller
than a preset threshold value.
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