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ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention is related to an ultrasonic
diagnostic apparatus for displaying a tomographic image of
an object to be examined using ultrasonic waves, and an
ultrasonic diagnostic apparatus having a function for calcu-
lating and displaying elasticity data such as strain or elasticity
modulus, etc. of each point on the tomographic image.

BACKGROUND ART

[0002] A conventional ultrasonic diagnostic apparatus
comprises:

[0003] ultrasonic transmitting/receiving means for trans-
mitting/receiving ultrasonic waves to/from an object;

[0004] tomographic scanning means for repeatedly acquir-
ing diagnostic image data on the inside ofthe object including
motion tissues in predetermined cycle using ultrasonic echo
signals from the ultrasonic transmitting/receiving means; and
[0005] image display means for displaying time-series data
acquired by the tomographic scanning means,

[0006] for displaying a tomographic image of biological
tissues in the body of the object using luminance value data.
[0007] On the other hand, recently, the ultrasonic diagnos-
tic apparatus is used for calculating elasticity data such as
strain or elasticity modulus of biological tissues and display-
ing the acquired data as an elastic image. One example of such
ultrasonic diagnostic apparatuses calculates elasticity data
(hardness) using pulsation of a blood vessel (for example,
Patent Document 1).

[0008] The reason that such elasticity data is considered
useful is because, for example, since tissues get harder due to
factors such as lack of tissue flexibility caused by increasing
ofage or plaque accumulated on a blood vessel wall, elasticity
data is considered as acutely reflecting characterization of
diseased tissues. Particularly, accumulation of plaque on a
blood vessel wall has a risk of breaking down and clogging up
peripheral blood vessels, thus acquisition of elasticity data of
plaque is considered as providing valuable information to
clinical site. Also, elasticity data of plaque is allegedly asso-
ciated to luminance value of tomographic images obtained by
ultrasonic diagnostic apparatus. For example, lipid-based
plaque with a greater risk of breaking down has lower lumi-
nance value on a tomographic image, and fiber-based plaque
with a lower risk of breaking down such as calcified plaque is
displayed having higher luminance value on a tomographic
image.

[0009] Patent Document 1: JP-A-HS5-317313

DISCLOSURE OF THE INVENTION
Problems to be Solved

[0010] However, the ultrasonic diagnostic apparatus com-
prising the conventional elastic image display means has the
unsolved problem that, for example, while elasticity data of
tissues can be obtained it cannot obtain the relationship
between tomography data that is a luminance value of an
ultrasonic tomographic image and elasticity data of a target
local region.

Aug. 6, 2009

[0011] The objective of the present invention is to provide
an ultrasonic diagnostic apparatus capable of acquiring the
relationship between tomography data and elasticity dataina
target local region.

Means for Solving the Problem

[0012] In order to solve the above-described problem, the
ultrasonic diagnostic apparatus of the present invention com-
prises:

[0013] anultrasonic probe for transmitting/receiving ultra-

sonic waves to/from an object to be examined,;

[0014] elasticity data calculation means for calculating
elasticity data indicating tissue displacement based on output
signals from the ultrasonic probe;

[0015] tomography data calculation means for calculating
tomography data indicating tissue characterization based on
the output signals from the ultrasonic probe; and

[0016] display means for displaying the elasticity data and
the tomography data,

[0017] characterized in further comprising:

[0018] target region dividing/setting means for setting a
region of interest by dividing it into a plurality of regions in
the display means,

[0019] wherein the elasticity data calculation means and/or
the tomography data calculation means perform calculation
for each divided region.

[0020] An ultrasonic diagnostic apparatus is for transmit-
ting/receiving ultrasonic waves to/from an object, calculating
and displaying elasticity data or tomography data of tissues
based on output signals from the ultrasonic probe.

[0021] The ultrasonic diagnostic apparatus of the present
invention divides a region of interest including the diagnostic
target tissues into a plurality of regions, calculates elasticity
data or tomography data for each divided region, and displays
the elasticity data or tomography data for each divided region.
[0022] Inthis manner, the region of interest can be divided
and set down as a plurality of regions for analysis. Also, the
result of analysis can be displayed for each divided region.
[0023] Also, elasticity data calculation means of the
present invention calculates the representative value (for
example, average value, etc.) of elasticity data for each
divided region, and tomography data calculation means cal-
culates the representative value of tomography data (for
example, average value, etc. of tomographic image lumi-
nance value) for each divided region.

[0024] Also, display means displays distribution of the rep-
resentative value of the elasticity data and the representative
value of the tomographic data for each divided region.
[0025] Inthis manner, the representative value of elasticity
data and tomography data can be calculated for each divided
region, and a distribution chart indicating the relationship
between the representative value of the elasticity data and the
representative value of the tomography data can be devel-
oped. Also, the ultrasonic diagnostic apparatus of the present
invention calculates address information of actual tissues
based on displacement amount distribution of elasticity data,
and elasticity data calculation means and tomography data
calculation means calculate tomography data or elasticity
data by eliminating elasticity data and tomography data in the
regions other than the actual tissues based on the address
information.

[0026] Accordingly, elasticity data and tomography data of
actual tissues for each divided region can be accurately cal-
culated.
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[0027] Also, elasticity data calculation means calculates
elasticity data by adding region identification data for identi-
fying the boundary of the divided regions to elasticity data
(displacement amount data) between the frames.

[0028] The ultrasonic diagnostic apparatus is capable of
mutually identifying boundary regions of the divided regions
by the region identification data in the respective signal pro-
cesses.

EFFECT OF THE INVENTION

[0029] In this way, in accordance with the present ultra-
sonic diagnostic apparatus, since a region of interest is
divided into a plurality of regions so as to calculate tomogra-
phy data or elasticity data for each divided region, it is pos-
sible to obtain the relationship between tomography data and
elasticity data in the target local region and perform ultrasonic
diagnosis visually from multifaceted perspectives.

BRIEF DESCRIPTION OF THE DIAGRAMS

[0030] FIG. 11is a block configuration diagram of an ultra-
sonic diagnostic apparatus related to the present embodiment.
[0031] FIG. 2 is a general flow chart of calculation process
1o be performed by ultrasonic diagnostic apparatus 1.

[0032] FIG. 3 shows an example of screens displayed on a
display means 20, and a console 25.

[0033] FIG. 41is an enlarged view in the vicinity of ROI 204
displayed on an elastic image screen 205.

[0034] FIG. 5 is a block configuration diagram of a dis-
placement amount calculation means 21.

[0035] FIG. 6 is a block configuration diagram of an ana-
lyzed region information adding means 21c.

[0036] FIG. 7 is a diagram for explaining addition of a
region identification data 43.

[0037] FIG. 8 is a block configuration diagram of an elas-
ticity data analysis means 23.

[0038] FIG. 9 shows a block configuration diagram of an
elasticity data analysis means 23a.

[0039] FIG.10isanexplanatory diagram of a processing to
be performed by an elasticity data processing means 23a.
[0040] FIG. 11 shows a block configuration diagram of an
elasticity data processing means 235.

[0041] FIG. 12 is a block configuration diagram of a signal
analysis means 17.

[0042] FIG. 13 is an explanatory diagram for calculation
process of the representative value of tomography data.
[0043] FIG. 14 is a display example of a distribution chart
of the representative value of tomography data and elasticity
data.

[0044] FIG. 15 illustrates operation to be performed by a
distribution chart creating/comparing means 17/ and a dis-
play example thereof.

[0045] FIG. 16 shows a display example of tomography
data distribution.

[0046] FIG. 17 shows a display example of tomography
data distribution.

[0047] FIG. 18 shows a display example of tomography
data distribution.

[0048] FIG.19 shows akind of probe 13 and an example of
the RO setting method.

DESCRIPTION OF THE SYMBOLS

[0049]
[0050]

1. .. ultrasonic diagnostic apparatus,
3...object,

Aug. 6, 2009
[0051] 11...transmission means,
[0052] 12...transmission/reception separating means,
[0053] 13...probe,
[0054] 14 ... reception means,
[0055] 15...phasing addition means,
[0056] 16 ... ultrasonic tomographic image calculation

means,

[0057] 17...signal analysis means,
[0058] 18 ... black and white signal information con-
verting means,

[0059] 19 ...switching/adding means,

[0060] 20 ...display means,

[0061] 21...displacement amount calculation means,
[0062] 22...elasticity calculation means,

[0063] 23 ...elasticity information analysis means,
[0064] 24 ...color signal data converting means,
[0065] 25...console,

[0066] 26 .. .ROI data calculation means,

[0067] 204...ROI,

[0068] 20g ... divided region,

[0069] 43 ...region identification data,

[0070] 51...actual tissue,

[0071] 55...address information data

BEST MODE FOR CARRYING OUT THE
INVENTION

[0072] Hereinafter, preferable embodiment of the ultra-
sonic diagnostic apparatus related to the present invention
will be described in detail referring to the attached diagrams.
In the description and the attached diagrams below, descrip-
tion of components having the same function and configura-
tion will be omitted by appending the same symbols.

[0073] FIG. 1 is a block configuration diagram of an ultra-
sonic diagnostic apparatus 1 related to the present embodi-
ment of the present invention.

[0074] The ultrasonic diagnostic apparatus 1 is configured
by transmission means 11, transmission/reception separating
means 12, a probe 13, reception means 14, phasing addition
means 15, ultrasonic tomographic image calculation means
16, signal analysis means 17, black and white information
converting means 18, switching/adding means 19, display
means 20, displacement amount calculation means 21, elas-
ticity calculation means 22, elasticity data analysis means 23,
color signal data converting means 24, console 25, and ROI
data calculation means 26, etc.

[0075] The transmission means 11 generates ultrasonic
waves for transmitting to an object 3, and the transmission/
reception separating means 12 switches for transmission or
reception of ultrasonic waves. The probe 13 is to be applied to
the object 3 for transmitting/receiving ultrasonic waves
to/from the object, and the reception means 14 amplifies the
ultrasonic echo signals with respect to the ultrasonic waves
transmitted from the probe 13. The phasing addition means
15 performs predetermined delay process with respect to the
ultrasonic echo signals received by the reception means 14,
and performs phasing addition.

[0076] The ultrasonic tomographic image calculation
means 16 calculates ultrasonic tomography data of biological
tissues based on the output signals from the phasing addition
means 15. The signal analysis means 17 calculates the repre-
sentative value of an ultrasonic tomographic image (for
example, the average value of pixel value of an arbitrary
region) from the output signals of the ultrasonic tomographic
image calculation means 16. The black and white data con-



US 2009/0198130 Al

verting means 18 generates ultrasonic tomography data from
the output signals of the ultrasonic tomographic image cal-
culation means 16. The display means 20 displays an ultra-
sonic tomographic image based on the tomography data.
[0077] The ROI data calculation means 26 is for perform-
ing calculation process related to the divided regions by
extracting positional information of ROI or included beam
number etc. displayed on the display means 20, and the con-
sole 25 is for inputting numerical values for setting or com-
mands, etc. related to division of ROI.

[0078] The displacement calculation means 21 calculates
displacement amount between the frames of biological tis-
sues included in an ROI displayed on the display means 20
based on the signals outputted from the phasing addition
means 15. The elasticity calculation means 22 calculates elas-
ticity data such as strain or elasticity modulus of biological
tissues in an ROI from the displacement amount calculated by
the displacement amount calculation means 21. The elasticity
data analysis means 23 calculates the representative value of
elasticity data calculated by the elasticity calculation means
22.

[0079] The color signal information converting means 24
generates color signal information for displaying the output
signals of the elasticity data analysis means 23 as a color
image on the display means 20, and the switching/adding
means 19 switches the various display methods such as add-
ing the output signals of the black and white information
converting means 18 and the color signal information con-
verting means 24 to display on the display means 20.

[0080] Next, diagnostic process to be performed by the
ultrasonic diagnostic apparatus 1 will be described. FIG. 2 is
a general flow chart indicating processing procedure to be
performed by the ultrasonic diagnostic apparatus 1.

[0081] The transmission/reception separating means 12
transmits ultrasonic waves from the probe 13 to the object 3
(step 201), receives the ultrasonic echo signals, and the phas-
ing addition means 15 performs process such as delay process
and phasing process on the ultrasonic echo signals (step 202).
[0082] The ultrasonic tomographic image calculation
means 16 generates tomography data that is luminance value
data of a black and white tomographic image (step 203).
[0083] Also, the ROI data calculation means 26 performs
the setting related to ROI data (ROl setting or ROI division) or
calculation process (step 204), the displacement amount cal-
culation means 21, in the set ROI, calculates displacement
amount of biological tissues caused by the stress added
between the frames based on the output from the phasing
addition means 15, and the elasticity calculation means 22
calculates elasticity data such as strain or elasticity distribu-
tion of biological tissues from the calculated tissue displace-
ment amount (step 205).

[0084] Next, the elasticity data analysis means 23 elimi-
nates elasticity data of the region other than actual tissues, and
calculates the representative value of elasticity data of the
actual tissues (step 206).

[0085] Thesignal analysis means 17 receives address infor-
mation of actual tissues from the elasticity data analysis
means 23 and calculates the representative value of the
tomography data of the actual tissues (step 207).

[0086] The black and white information converting means
18 converts tomography data into digital signals (step 208),
and the color signal information converting means 24 con-
verts elasticity data into color information (step 209). The
switching/adding means 19 selects and switches display
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methods, and displays tomography data, elasticity data or an
overlapped data of the two (Step 210).

[0087] The operator diagnoses the elasticity data and
tomography data displayed on the display means 20, deter-
mines whether adjustment such as setting of ROI or recalcu-
lation (step 211), returns to the step 204 if necessary and
performs the setting or calculation process related to the ROI
data and recalculates elasticity data in the set ROI.

[0088] Next, each step will be described in detail.

(Step 201, Step 202)

[0089] The transmission/reception separating means 12
transmits the ultrasonic waves transmitted from the transmis-
sion means 11 to the object 3 via the probe 13.

[0090] The transmission means 11 has a function to gener-
ate transmission pulses for generating ultrasonic waves by
driving the probe 13 and to set the convergent point of the
transmitted ultrasonic waves at a certain depth.

[0091] The transmission/reception separating means 12 is
configured by a switching circuit, and performs switching of
communication channels by transmitting transmission pulse
generated by the transmission means 11 to the probe 13 upon
transmission of ultrasonic waves and transmitting the ultra-
sonic echo signals from the object 3 to the reception means 14
upon reception of ultrasonic waves.

[0092] The probe 13 is formed by arranging a plurality of
transducers, and has a function for performing beam scanning
electronically to transmit/receive ultrasonic waves to/from
the object 3 via the transducers.

[0093] The reception means 14 is for amplifying the ultra-
sonic echo signals received by the probe 13 at a predeter-
mined gain so as to generate ultrasonic reception signals.
[0094] The phasing addition means 15 performs phase con-
trol after inputting ultrasonic reception signals amplified in
the reception means 14.

(Step 203)

[0095] The ultrasonic tomographic image calculation
means 16 performs a variety of signal processing such as gain
compensation, compression, detection, edge enhancement
and filtering with respect to the ultrasonic reception signals
outputted from the phasing addition means 15, and generates
tomography data that is luminance value data of an ultrasonic
black and white tomographic image.

[0096] On the basis of such tomography data, a tomo-
graphic image is displayed on the display means 20 in real
time.

(Step 204)

[0097] Next, a process related to set an ROI or divide the
ROI thereof by the ROI data calculation means 26 will be
described.

[0098] Setting of ROI, etc. is carried out by displaying
tomographic images, etc on the display means 20 and input-
ting an ROI range or setting value, etc. by the console 25.
[0099] FIG. 3 shows an example of screens to be displayed
on the display means 20 and the console 25. On the display
screen 20, for example, a tomographic image screen 20a
showing the tomographic image displayed based on the
tomography data generated by the ultrasonic tomographic
imaging calculation means 16 and an elastic image screen
2056 showing elasticity data being superimposed over the
tomographic image.
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[0100] A biological tissue 20c being a diagnosis target is
displayed on the tomographic image screen 20a and the elas-
ticimage screen 205, and an ROI (Region Of Interest) 204 for
calculating elasticity data is displayed on the elastic image
screen 20b. A color bar 20e is for indicating the calculated
value of elasticity data or range of the value, etc. by colors.
[0101] Here, an embodiment will be described by exempli-
fying a plaque accumulated in an arterial vessel as a biologi-
cal tissue 20c.

[0102] FIG. 4 is an enlarged view of the vicinity of ROI 204
displayed on the elastic image screen 205.

[0103] By pushing an elasticity mode transition button 254
on the console 25, the display screen of the ultrasonic diag-
nostic apparatus 1 is switched from the screen shown in FIG.
3 to the elastic image display screen shown in FIG. 4. The
operator, as shown in FIG. 4, sets an ROI 204 with respect to
the plaque accumulated in the arterial vessel using the track-
ball 255, etc. in the console 25.

[0104] InFIG. 4, theupper vessel wall and the lower vessel
wall are indicated by 31a and 315, and the blood flows in the
vessel is indicated by 35. By the ultrasonic diagnostic appa-
ratus 1, itis diagnosed that the plaque 33 is accumulated at the
lower Bessel wall 316 from the tomographic image 20a.
Accordingly, the operator sets the ROI 204 via the console 25
for calculating and displaying elasticity data of the plaque 33.
[0105] With respect to the set ROI 204, the ROI data cal-
culation means 26 performs counting of positional informa-
tion of the ROI 204, the number of ultrasonic beams, data
points included in the depth direction, etc. included in the ROI
204, stores the counted values and displays the counted num-
ber of beam lines on a beam number display unit 20/ In this
case, as shown in FIG. 3, “120” is displayed on the beam
number display unit 20, and 120 ultrasonic beams are trans-
mitted/received to/from the ROI 204.

[0106] Also, the operator specifies the number of divided
regions of the ROI 204 using an operation input button 25c¢,
etc. Here, the divided regions means that the ROI is divided
into a plurality of regions, and elasticity data can be calculated
and displayed for the divided regions. For example, when it is
inputted from the console 25 to divide the ROI 204 into six
regions, the number of divided region is displayed as “6” in a
divided region number display unit 20g on the display screen
shown in FIG. 3.

[0107] When the number of divided regions is set as “6”,
the ROI data calculation means 26 divides the ROI 204 into 6
regions of areas 20g-1,20g-2,20g-3, 20g-4, 20g-5 and 20g-6,
and displays them on the display means 20 as shown in FIG.
4. Here, the number of ultrasonic beams included in one
divided region is 20.

[0108] In this way, the ROI data calculation means 26 per-
forms the setting related to RO setting or region dividing, and
keeps the ROI data related to the settings thereof.

(Step 205 and Step 206)

[0109] Next, calculation of elasticity data will be described.
[0110] By imaging an arterial vessel of the object 3 using
the probe 13, ultrasonic echo signals for calculating elasticity
data is inputted to the displacement amount calculation
means 21. The displacement amount calculation means 21
calculates the displacement amount of biological tissues
between the predetermined time frames.

[0111] FIG. 5 is a block configuration diagram of the dis-
placement amount calculation means 21. The displacement
amount calculation means 21 is configured by a frame
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memory/frame data selecting means 21a, the displacement
amount calculation means 215 and an analyzed region infor-
mation adding means 21¢. Ultrasonic echo signals (by frame
units) are sequentially inputted in real time from the phasing
addition means 15, and the ultrasonic echo signals for the
portion of plurality of frames are stored to the frame memory/
frame data selecting means 21a.

[0112] From the ultrasonic echo signals of the stored frame
unit, frame data for the portion of two frames to which an
adequate stress is added is selected, and outputted to the
displacement amount calculation means 21b. That is, to the
displacement amount calculation means 215, ultrasonic echo
signals of two frame units are generally inputted.

[0113] Next, the displacement amount calculation means
2156 calculates displacement amount of the tissues included in
the ROI 204 being set on the display means 20 from the
ultrasonic echo signals of two frame units that are the output
signals from the frame memory/frame data selecting means
21a using, for example, the block matching method.

[0114] FIG. 6 is a block configuration diagram of the ana-
lyzed region information adding means 21¢. The analyzed
region information adding means 21c¢ is configured by a
former step frame memory 21¢-1, an information adding unit
21c¢-2 and a latter step frame memory 21¢-3. The former step
frame memory 21¢-1 is for storing data of a frame unit out-
putted from the displacement amount calculation means 215.
The information adding means 21¢-2 is for adding a region
identification data 43 for identifying divided regions (for
example, the coordinate of the border of a divided region)
with respect to the data stored in the former step frame
memory 21¢-1 based on the ROI information stored in the
ROI information calculation means 26.

[0115] FIG. 7 illustrates the addition of the region identifi-
cation data 43. In the former step frame memory 21c¢-1, a
displacement amount data 38 of the tissue in each point is
sequentially stored in each divided region of the RO1204. The
displacement data 38 is the displacement amount calculated
in the respective pixels of the tomographic image.

[0116] To theinformation adding means 21¢-2, the number
of ultrasonic beams included in the respective areas 20g-1, . .
. 1, 20g-6 of the divided region (for example, “20” lines),
address information of the starting point of the ROI 204, the
value of the data points in the depth direction, etc. are inputted
from the ROI data calculation means 26. On the basis of the
values thereof, the information adding means 21¢-2 adds the
region identification data 43-1, . . . , 43-5 for identifying the
border of the divided regions 20g-1, . . ., 20g-6 with respect
to the displacement amount data 38 stored in the former step
frame memory 11c-1, and stores them in the latter frame
memory 21c-3.

[0117] For example, when the block of the displacement
amount data 38 corresponding to the area 20g-1 is set as 41-1,
the block of the displacement amount data 38 corresponding
to the area 20g-5 is set as 41-5 and the block of the displace-
ment amount data 38 corresponding to the area 20g-6 is set as
41-6, the information adding means 21¢-2 adds a region iden-
tification data 43-1 between the block 41-1 and the block

41-2, . . ., and region identification data 43-5 between the
block 41-5 and the block 41-6.
[0118] In this way, the displacement amount calculation

means 21 of the present ultrasonic diagnostic apparatus 1
calculates the displacement amount data to which the region
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identification data 43 for identifying for each divided region
20g is added, and outputs the calculated data to the elasticity
calculation means 22.

[0119] Inthis manner, the ultrasonic diagnostic apparatus 1
is capable of identifying the border portion of the respective
divided regions 20g in common in each signal processing by
the region identification data 43.

[0120] When the divided region 20g is not set in the ROI
20d, the displacement amount is outputted to the elasticity
calculation means 22 without adding the region identification
data 43.

[0121] The elasticity calculation means 22 calculates elas-
ticity data such as strain or the Young’s modulus based on the
displacement amount between the frames calculated in the
displacement amount calculation means 21.

[0122] Theelasticity calculation means 22 calculates strain
by performing spatial differentiation process with respect to
the displacement amount between the frames calculated by
the displacement amount calculation means 21. By perform-
ing this process for one frame, it is possible to calculate strain
distribution.

[0123] Also, the elasticity calculation means 22 sets the
stress to be added between the time phases “n” and “n+1” as
AP and the strain generated upon the addition of the stress
thereof as Ae, and calculates the Young’s modulus by Y=AP/
Ae. By performing this process for one frame, itis possible to
obtain elasticity modulus distribution.

[0124] Such calculated data is outputted to the elasticity
data analysis means 23.

[0125] The elasticity data analysis means 23 eliminates
elasticity data other than the elasticity data of actual tissues
from among the elasticity data calculated by the elasticity
calculation means 22, calculates the representative value of
elasticity data of the actual tissues, and outputs address infor-
mation of the actual tissues to the signal analysis means 17.

[0126] FIG. 8 is a block configuration diagram of the elas-
ticity data analysis means 23. The elasticity data analysis
means 23 is configured by an elasticity data analysis means
23a, an elasticity data processing means 235 and a stabiliza-
tion display processing means 23c.

[0127] FIG. 9 is a block configuration diagram of the elas-
ticity data analysis means 23a, and FIG. 10 illustrates the
process to be performed by the elasticity data analysis means
23a.

[0128] Theelasticity data analysis means 23a is configured
by a one-frame memory 23a-1 for analysis, elasticity data
determining means 23a-2 and two-frame memory 23a-3 for
analysis.

[0129]  As shown in FIG. 10, elasticity data in the ROI 204
such as strain or the Young’s modulus is stored in the one-
frame memory 23a-1 for analysis. In the ROI 204, there is a
part of the actual tissue 51 and an elasticity data 52 corre-
sponding to the pixel included in strain included therein, and
a part of the region 53 which is a region other than the actual
tissue and an elasticity data 54 corresponding to the pixel
included therein.

[0130] Here, the actual tissue 51 is a plaque 33 accumulated
in an arterial vessel, and the region 53 which is the region
other than the actual tissue is the region of blood 35 that flows
in the arterial vessel. Generally, elasticity data of the region
other than actual tissues has a tendency of fluctuating. There-
fore, in order to obtain the representative value of elasticity
data with accuracy, it is necessary to obtain the representative
value of the elasticity data 52 of the actual tissue 51.
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[0131] For that reason, the elasticity data determining
means 23a-2 of the elasticity data analysis means 23q differ-
entiates elasticity data 52 of the actual tissue 51 and elasticity
data 54 of the region 53 which a region other than the actual
tissue 51 from elasticity data of the ROI 204 stored in the
one-frame memory 23a-1 for analysis based on, for example,
the degree of temporal and spatial dispersion of the elasticity
data, abstracts the elasticity data 52 of the actual tissue 51 and
address information data 55 of the pixel included in the region
53 which is a region other than the actual tissue 51, and stores
the abstracted data to the two-frame memory 23¢-3 for analy-
sis.

[0132] The elasticity data 52 stored in the two-frame
memory 23a-3 for analysis from which the noise component
is eliminated is outputted to the elasticity data processing
means 235 of the latter step, and the address information data
55is outputted to the signal analysis means 17 to be described
later.

[0133] Inthis manner, elasticity data of the actual tissue can
be accurately calculated for each divided region.

[0134] FIG. 11 is a block configuration diagram of the
elasticity data analysis means 23b. The elasticity data analy-
sis means 234 is configured by a frame memory 2354-1, a
representative value calculation means 235-2 and a represen-
tative value storage means 235-3. The elasticity data process-
ing means 235 stores the received elasticity data 52 to the
frame memory 235-1, and the representative value calcula-
tion means 23b-2 performs statistical processing on the elas-
ticity data 52 and calculates the representative value thereof
(for example, the average value, etc.).

[0135] Therepresentative value storage means 235-3 stores
therepresentative value calculated by the representative value
calculation means 235-2. As shown in FIG. 4, in the case that
the ROI 204 is divided into six regions of the divided regions
20g-1, ..., 20g-6, the representative value calculation means
23b-2 calculates the representative value in the respective
divided regions 20g, and stores the respective representative
values to the representative value storage means 235-3.
[0136] In this way, the representative value stored in the
representative value storage means 235-3 is outputted to the
signal analysis means 17.

[0137] Also, the elasticity data 52 stored in the frame
memory 235-1 is outputted to the stabilization display pro-
cessing means 23c.

(Step 207~Step 209)

[0138] The signal analysis means 17 receives the address
information data 55 of the region other than the actual tissue
51 from the elasticity information analysis means 23, and
calculates the representative value of tomography data of the
actual tissue 51.

[0139] FIG. 12 is a block configuration diagram of the
signal analysis means 17. The signal analysis means 17 is
configured by a tomography data storage means 17a, an
address information storage means 175, a tomography data
analysis means 17¢, an elasticity data representative value
storage means 17¢ and a distribution chart creating/compar-
ing means 17f.

[0140] FIG. 13 is an explanatory diagram of the process for
calculating the representative value of tomography data.
[0141] The tomography data storage means 17a is for tem-
porarily storing tomography data of the ultrasonic tomo-
graphic image calculated by the ultrasonic tomographic
image calculation means 16 in real time, and outputting the
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imaged data in real time to the black and white signal data
converting means 18 of the latter step.

[0142] The address information storage means 175 stores
the address information data 55 outputted from the elasticity
data analysis means 23.

[0143] The tomography data analysis means 17¢ is config-
ured by a tomography data eliminating means 17¢-1 and a
tomography data representative value calculation means
17¢-2 as shown in FIG. 13. The tomography data eliminating
means 17¢-1 eliminates the data corresponding to the region
53 which is a region other than the actual tissue 51 from the
tomography data 61 stored in the tomography data storage
means based on the address information data 55 stored in the
address information storage means 17b, and extracts the
tomography data 65 corresponding to the actual tissue 51.
[0144] In this manner, it is possible to accurately calculate
tomography data of actual tissues for each divided region.
[0145] The tomography data representative value calcula-
tion means 17¢-2 performs statistical processing on the
tomography data (luminance value data) 65 corresponding to
the actual tissue 51, and calculates the representative value
(average value, etc.) with respect to the luminance value. The
calculated representative value of the tomography data 65 is
outputted to the distribution chart creating/comparing means
17f of the latter step.

[0146] Representative value of the elasticity data outputted
from the elasticity data analysis means 23 is stored in the
elasticity data representative value storage means 17, and it
is to be outputted to the distribution chart creating/comparing
means 17/

[0147] The distribution chart creating/comparing means
17fdevelops a distribution chart based on the inputted repre-
sentative value of the tomography data and the representative
value of the elasticity data, and outputs the distribution chart
indicating the relationship of the both values, etc. to the
display means 20.

[0148] The black and white information converting means
18 is what is called a scan converter, and is configured includ-
ing an A/D converter for converting tomography data for
ultrasonic black and white tomographic images stored in the
tomography data storage means 17a of the signal analysis
means 17, a frame memory for storing the plurality of con-
verted tomography data in time series, and a controller. It is
for obtaining the tomography frame data in the object 3 stored
in the frame memory of the black and white information
converting means 18 as one image and reading out the
obtained tomography frame data in TV synchronism, and the
read out data is displayed on the display means 20 via the
switching/adding means 19.

[0149] Next, display of elasticity data will be described.
[0150] The stabilization display process means 23¢ of the
elasticity data analysis means 23, in order to display the
elasticity data 52 stored in the frame memory 234-1 in the
elasticity data processing means 235 as a stabilized image to
the display means 20, for example, in the case that the calcu-
lated strain is extremely small, eliminates the frame thereof
and performs signal processing such as smoothing process by
the previous and subsequent frames in time direction.
[0151] Then the signal processed elasticity data 52 is con-
verted into color codes by the color signal data converting
means 24. The color signal data converting means 24 converts
the data into 3 primary colors of light which are red (R), green
(G) and blue (B) based on the elasticity data 52. For example,
elasticity data with large strain is converted into red code and
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elasticity data with small strain is converted into blue code.
The gradient of red(R), green(G) and blue(B) has 256 shades.

(Step 210)

[0152] Tomography data or the representative value
thereof, elasticity data or the representative value thereof, etc.
calculated as above are displayed to the display means 20 by
avariety of methods specified and switched by the switching/
adding means 19.

[0153] Hereinafter, several display examples will be
described.

[0154] FIG. 14 is a display example showing the distribu-
tion chart of the representative value of tomography data and
elasticity data. On the screen of the display means 20, a
tomographic image 81, elasticity image 83, distribution chart
85 and distribution chart 87 are displayed.

[0155] The tomographic image 81 is the image displayed
based on the tomography data stored in the tomography data
storage means 17a of the signal analysis means 17.

[0156] The elasticity image 83 is the image displayed by
superimposing over the tomographic image 81 based on the
elasticity data 52 colored by the color signal data converting
means 24.

[0157] The lateral axis of the distribution chart 85 and the
and the distribution chart 87 represents, for example, lumi-
nance value of the tomography data in the tissues included in
the ROI 20d, and the vertical axis represents strain of the
tomography data in the tissues included in the ROI 20d.
[0158] Thedistribution chart 85 shows a point 86 indicating
the relationship between the representative value of the lumi-
nance value that is tomography data in the entire region of
ROI 20d and the representative value of elasticity data.

[0159] The distribution chart 87 shows points P1, P2, P3,
P4, P5 and P6 indicating the relationship between the repre-
sentative value of the luminance value that is the tomography
data and the representative value of the elasticity data in each
divided region in the case that the ROI 204 is divided into six
regions of the divided regions 20g-1, .. . ,and 20g-6. From the
distribution chart 87, it can be recognized that the points P1,
P2 and P6 included in a group 88 have lower luminance value
and larger strain, and the points P3, P4 and P5 included in a
group 89 have higher luminance and smaller strain.

[0160] FIG. 15 shows an operation and display example by
the distribution chart creating/comparing means 17/,

[0161] As shown in FIG. 15, in the case that the ROI 204 is
divided into six regions of the divided regions 20g-1, . . ., and
20g-6, the representative values of elasticity data in the
respective regions are set as S1, . . ., and S6. These represen-
tative values S1, . . . ,and S6 are stored in the distribution chart
creating/comparing means 177, and if the comparison of the
representative values is commanded, they can be displayed as
a comparison result 20/. In this way, by comparing the rep-
resentative values, it is possible to evaluate hardness of tis-
sues, etc. for each divided region quantitatively. In this regard,
however, the object of comparison is not limited to the rep-
resentative values.

[0162] FIG. 16, FIG. 17 and FIG. 18 show the display
examples of elasticity data distribution.

[0163] The present ultrasonic diagnostic apparatus 1, as a
display method of elasticity images, is capable of translu-
cently displaying an elastic image over a tomographic image,
and specifying a hue such as color display or gray scale.
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[0164] FIG.16isadisplay example of an elastic image 111
indicating distribution of the elasticity data in the ROI 204 in
the case that the entire ROI 204 is specified.

[0165] Also, FIG. 17 is a display example of elastic images
121-1,121-2, 121-3, 121-4, 121-5 and 121-6 indicating dis-
tribution of elasticity data in the case that the ROI 204 is
divided into six regions of the divided regions 20g-1, 20g-2,
20g-3, 20g-4, 20g-5 and 20g-6.

[0166] Theultrasonic diagnostic apparatus 1, in the respec-
tive divided regions 20g-1, . . ., 20g-6, is capable of display-
ing an elastic image indicating distribution of elasticity data
for each divided region by specifying the maximum value and
the minimum value of the elasticity data, as shown in the
display example of F1G. 17.

[0167] Also, the ultrasonic diagnostic apparatus 1 can dis-
play an elastic image of the specified divided region. For
example, as shown in the display example of FIG. 18, by
specifying the divided regions 20g-2 and 20g-4, elastic
images 131-1 and 131-2 of the divided regions can be dis-
played.

[0168] As described above, the ultrasonic diagnostic appa-
ratus 1 is capable ofhandling the region of interest by dividing
it into a plurality of regions for analysis. Also, the analysis
result can be displayed for each divided region. The ultrasonic
diagnostic apparatus can also display the calculated tomog-
raphy data or the representative value thereof and elasticity
data or the representative value thereof, etc., and display them
using a variety of display methods, whereby making it pos-
sible to easily review and examine the display for diagnosis.
[0169] In this manner, on the basis of the display result on
the display means 20, the ROI can be set again if necessary,
and the calculation can be performed again by repeating the
process from the step 204 to the step 210 (step 211).

[0170] While the example of the ultrasonic probe 13 of
linear electronic scanning-type wherein the ROI 204 is a
rectangle is described in the present embodiment, it is also
applicable to the probe to which an other scanning method is
adopted.

[0171] FIG. 19 shows the setting method example of the
kind of the probe 13 and the ROL

[0172] FIG. 19(a) shows an ROI 73 of the convex-type
probe. The convex-type ROI 73 including a diagnostic target
tissue 73 is divided into four divided regions 73-1, 73-2, 73-3
and 73-4, and can perform the same analysis as the previously
described analysis.

[0173] FIG. 19() shows an ROI 75 of the sector-type
probe. The sector-type probe ROI 75 including a diagnostic
target tissue 79 is divided, for example, into four divisional
regions 77-1,77-2,77-3 and 77-4, and the same analysis can
be performed as the previously described one.

[0174] In this way, in accordance with the present ultra-
sonic diagnostic apparatus, it is possible to accurately calcu-
late elasticity information of target tissues, and to perform
ultrasonic diagnosis from multiple aspects by visualizing the
target tissues using a variety of display methods.

[0175] While preferable embodiments of the ultrasonic
diagnostic apparatus related to the present invention are
described above referring to the attached diagrams, no limi-
tations are intended to the above-described examples. It is
therefore evident for those skilled in the art that the particular
embodiments disclosed above may be altered or modified and
all such variations are considered within the scope and spirit
of the invention.
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1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe for transmitting/receiving ultrasonic

waves to/from an object to be examined:;

elasticity data calculation means for calculating elasticity

data of tissues based on the output signals from the
ultrasonic probe;

tomography data calculation means for calculating tomog-

raphy data indicating form of the tissues based on the
output signals from the ultrasonic probe; and

display means for displaying the elasticity data and the

tomography data,
characterized in further comprising:
ROI (region of interest) dividing/setting means for sefting
an ROI formed by a plurality of divided regions,

wherein calculation of elasticity data by the elasticity data
calculation means and/or calculation of tomography
data by the tomography data calculation means are per-
formed for the divided regions.

2. The ultrasonic diagnostic apparatus according to claim
1, wherein the display means displays the elasticity data and
the tomography data for the divided regions.

3. The ultrasonic diagnostic apparatus according to claim
1, wherein the elasticity calculation means comprises elastic-
ity data analysis means for calculating the representative
value of elasticity data for the divided regions.

4. The ultrasonic diagnostic apparatus according to claim
3, wherein the tomography data calculation means comprises
signal analysis means for calculating the representative value
of tomography data for the divided regions.

5. The ultrasonic diagnostic apparatus according to claim
4, wherein the signal analysis means comprises distribution
chart creating/comparing means for creating a distribution
chart of the tomography data representative value and the
elasticity data representative value, and outputting the created
distribution chart to the display means.

6. The ultrasonic diagnostic apparatus according to claim
5, wherein the distribution chart creating/comparing means
creates a distribution chart for the entire region of interest or
for the divided regions.

7. The ultrasonic diagnostic apparatus according to claim
3, wherein the display means displays the ratio of the repre-
sentative value of the elasticity data calculated for the divided
regions.

8. The ultrasonic diagnostic apparatus according to claim
3, wherein the elasticity data analysis means comprises:

elasticity data analysis means for differentiating a region of

actual tissues and a region other than the actual tissues
based on elasticity data, and outputting address informa-
tion of both regions; and

elasticity data processing means for calculating the repre-

sentative values of elasticity data of an actual tissue
region and the region other than the actual tissues.

9. The ultrasonic diagnostic apparatus according to claim
8, wherein the elasticity data analysis means comprises elas-
ticity data determining means for differentiating an actual
tissue region and a region other than the actual tissues based
on dispersion of elasticity data.

10. The ultrasonic diagnostic apparatus according to claim
8, characterized in comprising means for performing calcu-
lation by eliminating elasticity data and tomography data of
the region other than actual tissues based on the address
information.

11. The ultrasonic diagnostic apparatus according to claim
1, wherein the elasticity data calculation means comprises
analyzed region information adding means for adding region
identification data that identifies boundary of the divided
regions to the elasticity data.
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