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Ultrasonic diagnostic apparatus including: a tomogram con-
structing means; an elasticity information calculating means;
an elasticity image constructing means; a display means; an
estimation data generating means configured to generate esti-
mation data for estimating the characteristic of a biomedical
tissue on the basis of the elasticity image; an estimation data
selecting means configured to select at least one parameter
used for the estimation of the characteristic of the biomedical
tissue and to make the selected parameter displayed on the
display means, an analyzing means configured to analyze the
elasticity image using at least one parameter selected by the
estimation data selecting means and to make the result of
analysis displayed on the display means; wherein the display
means displays the parameter used for the estimation of the
characteristic and the result of analysis.
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ULTRASONIC DIAGNOSTIC
ARRANGEMENTS SELECTING
PARAMETERS FOR SELECTING RELEVANT
ESTIMATION DATA FOR CLASSIFYING AN
ELASTICITY IMAGE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a divisional of U.S. application Ser. No.
12/935,694, filed Sep. 30, 2010. This application relates to
and claims priority from Japanese Patent Application No.
2008-089328, filed on Mar. 31, 2008. The entirety of the
contents and subject matter of all of the above is incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to an ultrasonic diag-
nostic apparatusic diagnostic apparatus for obtaining a tomo-
gram for a diagnosis site in an object to be examined by using
ultrasonic waves, and particularly to an ultrasonic diagnostic
apparatusic diagnostic apparatus that can calculate distortion
and/or elasticity modulus of each point on an image from RF
signal frame data which are arranged in time series and dis-
play hardness or softness of'a biomedical tissue as an elastic-
ity image.

BACKGROUND ART

[0003] A conventional general ultrasonic diagnostic appa-
ratusic diagnostic apparatus includes ultrasonic wave trans-
mitting/receiving means for transmitting and receiving ultra-
sonic waves to/from an object, ultrasonic wave transmission/
reception control means for controlling transmission/
reception of ultrasonic waves, cross-sectional scanning
means for repetitively obtaining tomogram data in the object
containing a motional tissue at a predetermined period by
using a reflection echo signal from the ultrasonic wave receiv-
ing means, and image display means for displaying time-
series tomogram data obtained by the cross-sectional scan-
ning means. The structure of the biomedical tissue in the
object is displayed as a B mode image, for example.

[0004] Furthermore, an ultrasonic diagnostic apparatusic
diagnostic apparatus that can obtain and display elasticity
data of an object’s tissue has been recently developed (for
example, patent document 1). According to the ultrasonic
diagnostic apparatusic diagnostic apparatus as described
above, external force is applied from the body surface of an
object to an ultrasonic wave transmitting/receiving face of an
ultrasonic probe by a manual method to press a biomedical
tissue, and displacement of each point is measured by using a
correlation calculation of ultrasonic wave reception signals of
two frames which are adjacent to each other in time series
(continuous two frames). This displacement is spatially dif-
ferentiated to measure distortion, and the data of the distor-
tion is imaged. Furthermore, elasticity modulus data of the
biomedical tissue represented by Young’s modulus or the like
are imaged from the stress distribution caused by the external
force and the distortion data. The hardness or softness of the
biomedical tissue can be displayed with an elasticity image
based on the distortion data and the elasticity modulus data
(hereinafter referred to as elasticity frame data) as described
above,

[0005] The technique of obtaining the elasticity image
described above has been expected to be applied to not only
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diagnosis of tumor mass type lesion such as cancer or the like,
butalso diagnosis of diffuse disorder. In the case of a structure
that local indurated tissues such as knot or the like are scat-
tered in a surrounding soft tissue in diffuse disorder, an elas-
ticity image obtained by applying the above technique has a
dapple pattern which reflects an inhomogeneous structure.
When a disorder proceeds, for example, from hepatitis to
cirrhosis and thus fibrosis proceeds, the knot expands into the
liver parenchyma and the dapple pattern of the elasticity
image is complicated. An examiner can estimate a progress
state of a disorder on the basis of the state of the dapple
pattern.

[0006] Patent Document 1: JP-A-5-317313
DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

[0007] According to the above-described ultrasonic diag-

nostic apparatusic diagnostic apparatus that can display the
elasticity image, an examiner visually checks a displayed
elasticity image to estimate the progress state of a disorder.
However, the visual check causes dispersion of an estimation
result of the disorder among examiners, and thus there has
been desired a method of objectively estimating the progress
state of a disorder from image information of an elasticity
image.

[0008] Therefore, the present invention has an object to
provide an ultrasonic diagnostic apparatus that can present
objective estimation information on the basis of an elasticity
image, and specifically to provide an ultrasonic diagnostic
apparatus that can classify an elasticity image by using elas-
ticity data of the elasticity image and image information and
present information which estimates the progress state of a
disorder.

Means of Solving the Problem

[0009] In order to solve the above problem, an ultrasonic
diagnostic apparatus according to the present invention has
ultrasonic wave transmitting/receiving means configured to
transmit/receive ultrasonic waves into an object; tomogram
constructing means configured to generate a tomogram on the
basis of RF signal frame data from the inside of the object
which is received by the ultrasonic wave transmitting/receiv-
ing means, elasticity information calculating means config-
ured to calculate elasticity data of a biomedical tissue of the
object by using the RF signal frame data; elasticity image
constructing means configured to generate an elasticity image
on the basis of the elasticity data calculated by the elasticity
information calculating means; and display means config-
ured to display the tomogram and/or the elasticity image, and
is characterized by further including: estimation data gener-
ating means configured to generate estimation data for esti-
mating the structure of the biomedical tissue on the basis of
the elasticity image, and classifying means configured to
classify the elasticity image by using estimation data gener-
ated by the estimation data generating means and displaying
a classification result on the display means.

[0010] Furthermore, a tissue analyzing tool according to
the present invention is an analyzing tool for analyzing lesion
information of a tissue of the object by using RF signal frame
data obtained from the inside of the object, and is character-
ized by including: displacement data calculating means con-
figured to calculate displacement data by using two or more
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RF signal frame data obtained in time-series; elasticity data
calculating means configured to calculate elasticity data
including distortion and/or elasticity modulus at each point of
a cross-section of an object as an examination target by using
the displacement data; elasticity image generating means
configured to generate elasticity image data of the cross-
section of the object from the elasticity data; estimation data
generating means configured to generate the elasticity data
and an elasticity image and generating plural estimation data
containing a histogram of the elasticity data, statistical pro-
cessing data and complexity of a diseased tissue; estimation
data selecting means configured to select at least one of the
plural estimation data; and classifying means configured to
classify the elasticity image into any one of plural groups by
using the estimation data selected by the estimation data
selecting means.

Effect of the Invention

[0011] According to the ultrasonic diagnostic apparatus of
the present invention, a progress state, etc. of a disorder can be
objectively estimated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG.1isadiagram showing the overall construction
of an embodiment of an ultrasonic diagnostic apparatus
according to the present invention.

[0013] FIG. 2 is a diagram showing the construction of a
color scan converter of the ultrasonic diagnostic apparatus of
FIG. 1.

[0014] FIG. 3 is a diagram showing the construction of an
elasticity image estimating unit of the ultrasonic diagnostic
apparatus of FIG. 1.

[0015] FIG. 41is a diagram showing an analysis example of
the elasticity image estimating unit.

[0016] FIG. 5 is a diagram showing the construction of an
image classifying unit of the ultrasonic diagnostic apparatus
of FIG. 1.

[0017] FIG. 6is a diagram showing an example of estima-
tion data stored in a memory of the image classifying unit.
[0018] FIG. 7 is a diagram showing an example of the
image classifying unit (multivariate analysis unit).

[0019] FIG. 8 is obtained by an embodiment.

DESCRIPTION OF REFERENCE NUMERALS

[0020] 1 ultrasonic wave transmission/reception controller,
2 transmitter, 3 probe, 4 receiver, 5 phasing and adding unit,
6 signal processor, 7 monochromatic scan converter, 8 RF
frame data selecting unit, 9 displacement measuring unit, 10
elasticity data calculator, 11 elasticity image estimating unit,
12 image classifying unit, 13 color scan converter, 14 switch-
ing and adding unit, 15 image display unit, 16 controller, 17
input device, 111 histogram calculator, 112 statistical proces-
sor, 113 detection region estimating unit, 121 estimation data
selecting unit, 122 memory, 123 multivariate analysis unit

Mode for Carrying Out the Invention

[0021] An embodiment according to the present invention
will be described with reference to the accompanying draw-
ings. FIG. 1 is ablock diagram showing an embodiment of an
ultrasonic diagnostic apparatus according to the present
invention.

[0022] As shown in the figure, the ultrasonic diagnostic
apparatus has, as main constituent elements, an ultrasonic
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wave transmission/reception controller 1, a transmitter 2, an
ultrasonic probe 3, a receiver 4, a phasing and adding unit 5,
a signal processor 6, a monochromatic scan converter 7, an
RF signal frame data selecting unit 8, a displacement mea-
suring unit 9, an elasticity data calculator 10, an elasticity
image estimating unit 11, an image classifying unit 12, acolor
scan converter 13, a switching and adding unit 14, an image
display unit 15, a controller 16 and an input device 17 such as
a keyboard or the like.

[0023] The ultrasonic diagnostic apparatus is properly
operated by an external operator through the input device 17
and the controller 16.

[0024] The signal processor 6 and the monochromatic scan
converter 7 constitute a tomogram constructing unit for gen-
erating a tomogram to generate a tomogram of B mode or the
like. The RF signal frame data selecting unit 8, the displace-
ment measuring unit 9, the elasticity data calculator 10 and
the color scan converter 13 constitute an elasticity image
constructing unit for generating an elasticity image, and the
elasticity image estimating unit 11 and the image classifying
unit 12 construct an elasticity image analyzing unit. The
ultrasonic diagnostic apparatus is characterized by having a
function of automatically analyzing an elasticity image by the
elasticity image analyzing unit and displaying the result
thereof. In this embodiment, the function of the elasticity
image analyzing unit is implemented by an in-computer pro-
gram installed in the ultrasonic diagnostic apparatus. Inde-
pendently of the ultrasonic diagnostic apparatus, a computer
implementing the function of the elasticity image analyzing
unit may be provided.

[0025] The ultrasonic wave transmission/reception con-
troller 1 controls the transmitter 2 and the receiver 4 to trans-
mit an ultrasonic wave to an examination target through the
ultrasonic probe 3 and controls the timing at which an ultra-
sonic wave reflected from the examination target is received.

[0026] Theultrasonic probe 3 is formed by arranging many
transducers in a strip shape, and it performs mechanically or
electronically beam scanning to transmit and receive an ultra-
sonic wave to and from an object. As not shown, a transducer
which serves as an ultrasonic wave generating source and also
receives a reflection echo is contained in the ultrasonic probe
3. Each transducer has a function of converting an input wave
transmission signal of a pulse wave or continuous wave to an
ultrasonic wave and emitting the ultrasonic wave, and a func-
tion of receiving an ultrasonic wave emitted from the inside of
the object, converting the ultrasonic wave to a reception sig-
nal of an electrical signal and outputting the reception signal.

[0027] The ultrasonic probe 3 constitutes a press face for
applying a press operation to an object when an ultrasonic
wave is received/transmitted. Therefore, a press plate is
mounted on an ultrasonic wave transmitting/receiving face of
the ultrasonic probe 3. The press plate is brought into contact
with the body surface of the object, and the press face is
manually moved upwardly and downwardly to press the
object, whereby a stress distribution is effectively applied to
the inside of the body cavity of a diagnosis site of the object.
The press plate may be provided with a pressure sensor. In
place of the manual press operation, press based on heart
stroke or beat of artery may be used. In this case, the press
plate may be omitted.

[0028] The transmitter 2 generates a wave transmission
pulse for driving the ultrasonic probe 3 to generate an ultra-
sonic wave, and also sets the convergence point of the ultra-
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sonic wave transmitted by a built-in wave transmitting phas-
ing and adding unit to some depth.

[0029] The receiver 4 amplifies a reflection echo signal
received by the ultrasonic probe 3 with a predetermined gain.
Amplified wave reception signals whose number corresponds
to the number of respective transducers are input to the phas-
ing and adding unit 5 as wave reception signals which are
independent of one another. The phasing and adding unit 5
phases and then adds wave reception signals amplified by the
receiver 4, and outputs RF signal frame data at a predeter-
mined frame rate.

[0030] The signal processor 6 receives the wave reception
signal (RF signal frame data) from the phasing and adding
unit 5 to perform various kinds of signal processing such as
gain correction, log correction, wave detection, edge
enhancement, filter processing, etc.

[0031] The ultrasonic probe 3, the ultrasonic wave trans-
mission/reception controller 1, the wave transmitting unit 2,
the receiver 4, the phasing and adding unit 5 and the signal
processor 6 constitute the ultrasonic wave transmitting/re-
ceiving means, and an ultrasonic beam is scanned in a fixed
direction in the body of the object by using the ultrasonic
transducer 3 to obtain one tomogram.

[0032] The monochromatic scan converter 7 has cross-sec-
tion scanning means for reading out RF signal RF signal
frame data output from the signal processor 6 of the ultrasonic
wave transmitting/receiving means described above at a
period of a television system and means for controlling the
system. Specifically, it contains an A/D converter for convert-
ing a reflection echo signal from the signal processor 6 to a
digital signal, plural frame memories for storing tomogram
data digitalized by the A/D converter in time-series, and a
controller for controlling the above operations.

[0033] Inthisembodiment, the RF signal frame data select-
ing unit 8, the displacement measuring unit 9, the elasticity
data calculator 10 and the color scan converter 13 constituting
the elasticity image constructing unit are provided while
branched from the output side of the phasing and adding unit
5, and the switching and adding unit 14 is provided at the
output side of the monochromatic scan converter 7 and the
color scan converter 13.

[0034] The RF signal frame data selecting unit 8 has a
frame memory for successively securing RF signal frame data
which are successively output from the phasing and adding
unit 5 with time at a frame rate of the ultrasonic diagnostic
apparatus, selects one RF signal frame data from plural RF
signal frame data which were secured in the past, and outputs
to the displacement measuring unit 9 a pair of the selected RF
signal frame data and RF signal frame data which is newly
secured in the frame memory. A criterion for selecting one RF
signal frame data from the past RF signal frame data is given
on the basis of an instruction from the controller 16. For
example, an operator may specify a specific time before the
press operation is started, and select RF signal frame data
obtained at that time, or when the press operation is automati-
cally executed according to beat or the like, a no-press state
may be automatically determined on the basis of beat, and the
RF signal frame data obtained under this state may be
selected.

[0035] TItis described that the signal output from the phas-
ing and adding unit 5 is RF signal frame data, however, the
signal may be a signal based on the format of I, Q signal
obtained by subjecting an RF signal to complex demodula-
tion, for example.
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[0036] The displacement measuring unit 9 executes one-
dimensional or two-dimensional correlation processing on a
pair of RF signal frame data output from the RF signal frame
data selecting unit 8, and measures a displacement or moving
vector (the direction and magnitude of the displacement) at
each measurement point on the tomogram to generate dis-
placement frame data and correlation frame data. A block/
matching method or a gradient method as described in the
patent document 1 is known as a method of detecting the
moving vector. According to the block/matching method, an
image is divided into blocks each of which includes NxN
pixels, for example, a block which is most approximate to a
block being noted in a present frame is searched from a
previous frame, and a predictive coding is performed by refer-
ring to the searched block.

[0037] The elasticity data calculator 10 calculates a distor-
tion amount, an elasticity modulus or the like of each mea-
surement point on a tomogram from the displacement frame
data output from the displacement measuring unit 9 to gen-
erate numerical value data (elasticity frame data) of the dis-
tortion amount or the elasticity modulus, and outputs the
numerical value data to the color scan converter 13. The
distortion amount is an index representing the hardness of a
tissue, and when the thickness of a predetermined region at an
initial stage (under no-press state) is represented by D and a
compression amount based on press is represented by Ad, it is
represented by Ad/D. For example, it can be calculated by
spatially differentiating the displacement of each point in the
depth direction. The elasticity modulus is represented by
Young’s modulus, modulus of rigidity, modulus of volume
elasticity or the like. For example, the Young’s modulus Ym is
calculated by dividing stress (pressure) at each calculation
point by a distortion amount at each calculation point as
shown in the mathematical expression (1).

Ym(i,j)=pressure(i,j)/distortion amount (i) (1)

[0038] In the mathematical expression, i represent the
coordinate of frame data and i,j=1, 2, 3, . ..

[0039] Furthermore, the pressure applied to the body sur-
face may be measured according to a method of interposing a
pressure sensor at the contact face between the body surface
and the press mechanism and directly measuring the pressure
through the pressure sensor, or a method of detecting distor-
tion of a deformed body for pressure measurement through
signal processing as in the case of a method described in
JP-A-2005-66041.

[0040] The elasticity data calculator 10 may subject the
calculated elasticity frame data to various image processing
such as smoothing processing, contrast optimizing process-
ing within the coordinate plane, smoothing processing in the
time-axis direction between frames, etc., and output the post-
processing elasticity frame data as a distortion amount.
[0041] The color scan converter 13 reads out the elasticity
frame data transmitted from the elasticity data calculator 10 at
a period of a television system, applies predetermined color
or gradation in accordance with the value of the elasticity data
to obtain image data and displays the image data on the
display unit 15 through the switching and adding unit 14.
[0042] FIG. 2 shows an example of the construction of the
color scan converter 13. In the example of FIG. 2, the color
scan converter 13 includes a gradation circuit 131 and a hue
conversion circuit 132.

[0043] The gradation circuit 131 gradates the elasticity
frame data output from the elasticity data calculator 10. With
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respect to the gradation, for example, a range to be gradated in
the elasticity frame data and upper and lower limit values
thereof are input from the elasticity data calculator 10 or the
controller 16, and the element data of the selected range are
converted to plural levels (for example, 255 levels) in accor-
dance with the value of the element data of the elasticity frame
data within the selected range to generate elasticity gradated
frame data. The region to be gradated, that is, the selected
range is set within a region of interest (ROI) set by the con-
troller 16, and it may be freely changed by an operator. The
upper and lower limit values of the gradation are output from
the elasticity data calculator 10 or determined on the basis of
an instruction from the controller 16.

[0044] Forexample, when the elasticity data corresponds to
the distortion amount, with respect to a region whose distor-
tion is measured as being great in the elasticity gradation
frame data, the hue conversion circuit 132 converts the region
concerned in the elasticity image frame data to a red-color
code. Conversely, with respect to a region whose distortion is
measured as being small, the hue conversion circuit 132 con-
verts the region concerned in the elasticity image frame data
to a blue-color code.

[0045] The color scan converter 13 maybe a monochro-
matic scan converter. With respect to the region whose dis-
tortion is measured as being great, the brightness of the region
concerned in the elasticity image data maybe made higher.
Conversely, with respect to the region whose distortion may
be measured as being small, the brightness of the region
concerned in the elasticity image data may be made lower.
[0046] The switching and adding unit 14 receives mono-
chromatic tomogram data from the monochromatic scan con-
verter 7 and elasticity image data output from the color scan
converter 13, and adds or switches both the images. Accord-
ingly, only one of the monochromatic tomogram data and the
color elasticity image data can be output, or both the image
data can be additionally combined with each other and then
output. Furthermore, as described in JP-A-2004-135929, the
color tomographic image may be translucently superimposed
on the monochromatic tomogram and displayed.

[0047] The image display unit 15 displays time-series
tomogram data obtained by the monochromatic scan con-
verter 7, that is, B-mode tomogram and an elasticity image
obtained by the color scan converter 13, and it includes a D/A
converter for converting image data output from the mono-
chromatic scan converter 7 and/or the color scan converter 13
through the switching and adding unit 14 to an analog signal,
and a color television monitor which receives an analog video
signal from the D/A converter and displays it as an image.
[0048] An analysis result of the elasticity image analyzing
unit as well as the tomogram and the elasticity image
described above are displayed on the image display unit 15.
[0049] When the signal processor 6 has a function of
extracting higher harmonic wave components of a reception
signal and a function of extracting Doppler components, a
tissue harmonic tomogram obtained by imaging higher har-
monic wave components of the reception signal and a tissue
Doppler image may be displayed in addition to a general
B-mode image.

[0050] The elasticity image estimating unit (estimation
data generating means) 11 and the image classifying unit 12
constituting the elasticity image analyzing unit receive the
elasticity frame data output from the elasticity data calculator
10, and execute objective estimation/classification on the
elasticity frame data. The details of the elasticity image esti-
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mating unit 11 and the image classifying unit 12 will be
described in detail with reference to FIGS. 3 to 5.

[0051] The elasticity image estimating unit 11 includes a
histogram calculator 111, a statistical processor 112 and a
drawing region estimating unit 113 as shown in FIG. 3, and
calculates estimation data serving as an index when an elas-
ticity image drawn on the basis of elasticity frame data is
classified into any one of plural groups in the image classify-
ing unit 12.

[0052] The histogram calculator 111 counts a distortion
amount or an appearance frequency of elasticity modulus
from the elasticity frame data output from the elasticity data
calculating circuit 10 and creates histogram data. The histo-
gram corresponds to the distribution of tissues which are
different in hardness in the elasticity image, and it also serves
as an index for image classification. However, according to
this embodiment, in order to set the histogram as numeric data
which is used for automatic classification in the image clas-
sifying unit 12, the distortion degree (skewness), sharpness,
etc. of the histogram are calculated.

[0053] FIG. 4 shows an analysis example of the elasticity
image estimating unit 11 using a phantom. FIGS. 4(a) to (¢)
are diagrams showing histograms of the distortion amount
obtained from the elasticity frame data measured by the ultra-
sonic diagnostic apparatus using a phantom, wherein FIG.
4(a) shows an example in which a phantom imitating an
uniform tissue is used, FIG. 4(b) shows an example in which
a phantom containing scattered inclusions, and FIG. 4(c)
shows an example in which a phantom containing a star-
shaped inclusion. As shown in FIGS. 4(a) to 4(c), with respect
to the uniform phantom, the shape of the histogram is sym-
metrical. However, when there is some inclusion, the sym-
metric property is low. The distortion degree or the sharpness
of the histogram as described above can be digitalized to
obtain estimation data according to the following mathemati-
cal expressions (2), (3) ((arithmetical expression 1), (arith-
metical expression 2)).

[Arithmetical Expression 1]

1 - x -7 @
Distortion Degree Skewness = —Z (‘—]
n

a
i=1

[Arithmetical Expression 2]

. 1 - X=X 4
Sharpness Kurtosis = — (_]
n o

i=1

In the expressions (2) and (3), n represents the number of
samples, x (with overbar) represents an average and o repre-
sents a standard deviation.

[0054] The statistical processor 112 calculates statistical
processing data such as the average value, the standard devia-
tion, etc. of the elasticity frame data (distortion or elasticity
modulus) described above, and digitalizes the distortion
amount or the distribution of the elasticity modulus. The
elasticity frame data are data including elasticity data (distor-
tion amount or elasticity modulus) at each point of the coor-
dinate (ij) of the frame data, and the average valueis obtained
by dividing the total of the elasticity data of the respective
points by the number of points.
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[0055] First, the drawing region estimating unit 113 bina-
rizes the elasticity frame data on the basis of a binarization
threshold value Bth to create detection frame data. FIGS. 4(d)
to (f) are diagrams showing examples of images drawn out
from the detection frame data generated by the drawing
region estimating unit 113 using the elasticity frame data of
the above phantom. In the figures, a region drawn with white
is an estimation target region (for example, a region in which
a lesion occurs). Subsequently, the number of regions drawn
with white, the area of the regions, complexity of the shape
etc. are calculated in the binarized image. With respect to the
area, the ratio (area ratio) of the area of an region (drawing
region) at which the distortion amountis equal to or more than
a threshold value in the binarized image to the area of the
other regions is calculated.

[0056] With respect to the shape, the simplest shape is a
circle, and even in the case of regions having the same area,
the shape of aregion which is longer in circumferential length
is more complicated.

[0057] Accordingly, the degree of complexity can be
defined by the following mathematical expression (4).

Degree of Complexity=(Circumferential length)?/area (4)

[0058] As described above, the expansion and shape of a
region having a target distortion amount or elasticity modulus
(that is, a region having a distortion amount or elasticity
modulus which is not less than the threshold value Bth or not
more than the threshold value Bth) are digitalized, and esti-
mation data which are used in the image classifying unit 12
described later are obtained.

[0059] The threshold value Bth can be arbitrarily set
through the controller 16 by an operator, however, a threshold
value which makes the degree of complexity maximum can
be calculated so as to obtain a binarized image in which the
drawing region is emphasized, and used.

[0060] Intheelasticity image estimating unit 11, in addition
to the average value and the standard deviation of the above
elasticity frame data, feature quantities using a co-occurrence
matrix which is general as a method of statistically calculat-
ing a texture, such as homogeneity, heterogeneity, contrast,
angular secondary moment, entropy, inverse differential
moment can be set as estimation data.

[0061] The various kinds of estimation data calculated in
the elasticity image estimating unit 11 as described are set as
indexes for classification in the image classifying unit. Fur-
thermore, an operator can input an examination result, for
example, a blood examination result through the controller
16, and add it to the indexes for estimation.

[0062] The image classifying unit 12 classifies elasticity
images into at least two or more groups by using at least one
or more estimation data of histogram data, statistical process-
ing data and drawing region estimation data which are calcu-
lated in the above elasticity image estimating unit 11, and has
an estimation data selecting unit 121, a memory 122 and a
multivariate analyzing unit 123 as shown in FI1G. 5.

[0063] In the memory 122 are stored elasticity image data
of each group for which diagnosis is settled on the basis of a
pathological diagnosis or the like, and estimation data for the
elasticity image data. Diagnosis information of a new object
and estimation data generated in the ultrasonic diagnostic
apparatus are accumulated in the memory 122 as needed. An
example of the estimation data stored in the memory 1s shown
in FIG. 6. In FIG. 6, the average value of the distortion
amount, the area ratio, the degree of complexity and the
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distortion degree of the histogram of the elasticity image data
which are classified to every group are shown in the form of
a graph every parameter. In FIG. 6, a value represented by r
indicates a correlation coefficient between the parameter and
the classification. Asr is larger, itindicates that the parameter
has a higher correlation. The calculated correlation coeffi-
cients are stored in the memory 122 every parameter.

[0064] The estimation data selecting unit 121 selects a
parameter used for estimation. As a parameter selecting
method is used not only a method of selecting a parameter
through the controller 16 by an operator, but also a method of
selecting an estimation parameter whose correlation is higher
when the elasticity images of the respective groups stored in
the memory 122 in the image classifying unit 12 are classi-
fied. For example, as a default, a predetermined number of
parameters having high correlation with the classification are
selected in turn from a higher parameter, and the selected
parameter is displayed on the display unit 15. The operator
arbitrarily deletes, adds or the like the selected parameter to
determine a parameter to be used for classification.

[0065] The multivariate analyzing unit 123 receives esti-
mation data of at least one or more parameters selected in the
estimation data selecting unit 121, and outputs a classification
result, that is, a result indicating which one of plural groups
the elasticity image having the estimation data concerned
belongs to.

[0066] For example, multiple linear regression analysis,
discrimination analysis, principal component analysis, quan-
tification method, factor analysis, cluster analysis, multidi-
mensional scale method, neural network or the like is known
as a method of multivariate analysis adopted by the multivari-
ate analyzing unit 123. Any one of them can be selected,
however, a classification method using perceptron of a neural
network will be described hereunder.

[0067] FIG. 7 shows the structure of a simple perceptron as
an example of the neural network. As shown in FIG. 7, the
simple perceptron includes an input layer and an output layer
constructed by a simple unit (neuron). Estimation data of the
parameters selected in the estimation data selecting unit 121
are input to the input layer. For example, when four param-
eters such as the average value and standard deviation of the
distortion amount, the area ratio of the region (drawing
region) having the distortion amount which is not less than the
threshold value in the binarized image, and the degree of
complexity are selected as the parameters, the respective val-
ues of the parameters calculated in the elasticity image esti-
mating unit 11, that is, estimation data x1, x2, x3, x4 are input.
[0068] At the output layer, the total u of the input values xi
weighted with coupling loads wi is converted by a predeter-
mined function f(u) according to the following mathematical
expression (5) ((arithmetical expression 3)), and the value
thereof is output.

[Arithmetical Expression 3]

®)

i
U =wo+ Z WiX;
i=1

A threshold function or a linear function is used as the func-
tion f(u) used at the output layer. For example, in the case of
the threshold function, flu)=1 for u larger than a threshold
value h, f(u)=0 for u smaller than the threshold value h, and an
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output value z is set to satisfy z=f(u). In the case of the linear
function in which the output increases and decreases linearly
to the input, the input value u is directly set as the output
value.

[0069] A result of f(u)=1 means that an elasticity image for
which estimation data is created belongs to a specific group,
and a result of f{u)=0 means that the elasticity image con-
cerned does not belong to any specific group. When the
simple perceptron using the threshold function is used as the
conversion function of the output layer, plural simple percep-
trons having different threshold values of the output layer are
arranged in parallel, and classified into plural groups. When
the input value u corresponds to the output value, the thresh-
old value is set in a multistage style in accordance with the
number of groups, and the output value is classified into plural
groups.

[0070] The perceptron is characterized in that an output
signal is compared with a teacher signal (correct answer) and
when they are different from each other, the coupling load wi
and the threshold value h are changed, that is, learning is
performed. Specifically, when the difference between the
teacher signal z* and the output value z is represented by 9,
the coupling load wi is corrected so that 2 is minimum as
shown in the mathematical expression (6) ((arithmetical
expression 4)).

[Arithmetical Expression 4]
(Di<: OAE(ZF-0)x; (6)

[0071] Inthe expression, € represents a learning coefficient.
For example, a diagnosis result (any one of first to N-th
groups) obtained by pathologic diagnosis for an estimation
target is used as the teacher signal. The learning of the per-
ceptron as described above can be performed by using plural
elasticity image data with which a diagnosis has been settled
in advance and the estimation data thereof. Furthermore, it
can be performed every time a correct answer (settled diag-
nosis result) is obtained with respect to a new classification
result whereby the accuracy of the result can be enhanced.

[0072] When no teacher signal is input, a classification
result is output by using the latest coupling load wi and the
threshold value h.

[0073] The classification result of the multivariate analyz-
ing unit 123 is transmitted to the switching and adding umt
14, and displayed on the image display unit 15 together with
atomogram and an elasticity image. Any method of display-
ing a classified group name, plotting on a graph containing a
group on the abscissa axis and an output value (u) on the
ordinate axis or the like can be adopted as the display method.

[0074] According to the ultrasonic diagnostic apparatus of
this embodiment, estimation data such as a histogram, statis-
tical processing data, binarized frame data, etc. are created by
using elasticity data obtained from RF frame data, and also at
least one of these estimation data is selected and analyzed by
multivariate analysis, whereby information which objec-
tively represents the progress state of a disorder can be sup-
plied.

[0075] Inthe above embodiment, the function of the image
analyzing unit including the image estimating unit 11 and the
image classifying unit 12 is described as the internal function
of the ultrasonic diagnostic apparatus. However, these func-
tions may be constructed as an image analyzing tool on a
computer which is independent of the ultrasonic diagnostic
apparatus. In this case, the elasticity frame data are transmit-
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ted from the ultrasonic diagnostic apparatus to the image
analyzing tool, and image diagnosis can be remotely pet-
formed.

Embodiment

[0076] With respect to 61 examples of liver disorders for
which diagnosis is settled by pathologic diagnosis, a liver
region was selected from an elasticity image obtained by the
ultrasonic diagnostic apparatus, and image analysis accord-
ing to the present invention was performed. That is, the aver-
age value and standard deviation of a distortion amount for a
selected region, and the area ratio and complexity degree for
aregion which is drawn by a binarized image are calculated.
Classification into each of stages such as nonfibrosis (stage
0), enlargement of fibrosis of portal area (stage 1), formation
of fibrous cross-linkage (stage 2), formation of fibrous cross-
linkage entailing skewness of lobule (stage 3) and cirrhosis
(stage 4) is performed on the basis of the above data as the
estimation data.

[0077] A result is shown in FIG. 8. In the graph shown in
FIG. 8, the abscissa axis represents the stage, and the ordinate
axis represents the output (any unit) of the image classifying
unit. The output value of a patient whose stage is settled on the
basis of the pathologic diagnosis is plotted every stage. A
range indicated by an arrow represents a range classified by
the image classifying unit. The correlation between this clas-
sification result and the stage is equal to 0.71, and it has been
confirmed that the correlation is remarkably higher as com-
pared with the correlation of the individual parameters (FIG.
6).

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising;

an ultrasonic wave transmitting/receiving means config-
ured to transmit/receive ultrasonic waves into/from an
object;

a tomogram constructing means configured to generate a
tomogram on a basis of RF signal frame from an inside
of the object, which is received by the ultrasonic wave
transmitting/receiving means;

an elasticity information calculating means configured to
calculate elasticity data of a biomedical tissue of the
object by using the RF signal frame data;

an elasticity image constructing means configured to gen-
erate an elasticity image on a basis of the elasticity data
calculated by the elasticity information calculating
means;

adisplay means configured to display the tomogram and/or
the elasticity image;

an estimation data generating means configured to gener-
ate estimation data for estimating the characteristic of
the biomedical tissue on the basis of the elasticity image;

an estimation data selecting means configured to select at
least one parameter used for the estimation of the char-
acteristic of the biomedical tissue and to make the
selected parameter displayed on the display means,

an analyzing means configured to analyze the elasticity
image using at least one parameter selected by the esti-
mation data selecting means and to make the result of
analysis displayed on the display means;

wherein the display means displays the parameter used for
the estimation of the characteristic and the result of
analysis.
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2. The ultrasonic diagnostic apparatus according to claim
15
wherein the estimation data generating means generates, as
the estimation data, at least one of a histogram repre-
senting the frequency of elasticity data in the elasticity
image, statistical data obtained by statistically process-
ing the elasticity data, region estimation data obtained
by digitalizing the shape of a region having specific
elasticity data, and data derived therefrom.
3. The ultrasonic diagnostic apparatus according to claim
1,
wherein the estimation data selecting means calculates
correlation between the estimation data of the elasticity
image and classification of elasticity images obtained
beforehand and selects a parameter of the estimation
data having high correlation.
4. The ultrasonic diagnostic apparatus according to claim
15
wherein the estimation data selecting means receives an
operator’s selection of a parameter(s) displayed on the
display means and set the operator’s selection as the
parameter used by the analyzing means.
5. The ultrasonic diagnostic apparatus according to claim
15
wherein the parameter contains at least one of parameters
of the elasticity image, which are an average value of a
distortion amount, a standard deviation of a distortion
amount, an area ratio of a region whose distortion
amount is not less than a threshold value in a binarized
image, the degree of complexity of the histogram, and
the distortion degree of the histogram.

® % % % %
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