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Description
Technical Field

[0001] The present invention relates to an ultrasonic diagnostic apparatusic diagnostic apparatus for obtaining a
tomogram 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 display hardness or softness of a biomedical
tissue as an elasticity image.

Background Art

[0002] A conventional general ultrasonic diagnostic apparatusic diagnostic apparatus includes ultrasonic wave trans-
mitting/receiving means for transmitting and receiving ultrasonic waves to/from an object, ultrasonic wave transmis-
sion/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 receiving means, and image display means for displaying time-series
tomogram data obtained by the cross-sectional scanning means. The structure of the biomedical tissue in the object is
displayed as a B mode image, for example.

[0003] 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 pointis 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
differentiated to measure distortion, and the data of the distortion 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.

[0004] The technique of obtaining the elasticity image described above has been expected to be applied to not only
diagnosis of tumor mass type lesion such as cancer or the like, but also diagnosis of diffuse disorder. In the case of a
structure that local indurated tissues such as knot or the like are scattered in a surrounding soft tissue in diffuse disorder,
an elasticity 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.

[0005] DocumentEP 1421905 A1 discloses to identify living tissue by classifying, for each point of an elasticity modulus
tomogram of a measured living body, the elasticity modulus into the closest kind of tissue with reference to elasticity
modulus frequency distribution data of tissues registered in an elasticity data library. Only one type of elasticity modulus
tomogram data is used as a basis for classification.

[0006] Document EP 1665 987 discloses to create elastic image data and to carry out a scoring process based on
the elastic image data. It is disclosed that different types of estimation data may serve for a classification (scoring)
process. However, the types of estimation data are always fixed, i.e. it cannot be chosen between a plurality of different
types of estimation data on demand during operation.

[0007] Inthis context, also document YASSER M KADEH ET AL: "Classification Algorithms ..." IEEE TRANSACTIONS
ON MEDICAL IMAGING, IEEE SERVICE CENTER, PISCATAWAY, NJ, US, vol 15, no.4, 1 August 1996 should be
mentioned.

[0008] Patent Document 1: JP-A-5-317313

Disclosure of the Invention

Problem to be Solved by the Invention

[0009] According to the above-described ultrasonic diagnostic 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



10

15

20

25

30

35

40

45

50

55

EP 2 263 545 B1

elasticity image.

[0010] 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 elasticity data of the elasticity image and image information and
present information which estimates the progress state of a disorder.

Means of solving the Problem
[0011] In order to solve the above problem, an ultrasonic diagnostic apparatus according to claim 1 is provided.
Effect of the Invention

[0012] 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
[0013]

[Fig. 1] Fig. 1 is a diagram showing the overall construction of an embodiment of an ultrasonic diagnostic apparatus
according to the present invention.

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

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

[Fig. 4] Fig. 4 is a diagram showing an analysis example of the elasticity image estimating unit.

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

[Fig. 6] Fig. 6 is a diagram showing an example of estimation data stored in a memory of the image classifying unit.
[Fig. 7] Fig. 7 is a diagram showing an example of the image classifying unit (multivariate analysis unit).

[Fig. 8] Fig. 8 is obtained by an embodiment. Description of Reference Numerals

[0014] 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 switching and adding unit, 15 image display unit, 16 controller, 17 inputdevice, 111 histogram calculator, 112 statistical
processor, 113 detection region estimating unit, 121 estimation data selecting unit, 122 memory, 123 multivariate analysis
unit

Mode for Carrying Out the Invention

[0015] Anembodiment according to the present invention will be described with reference to the accompanying draw-
ings. Fig. 1 is a block diagram showing an embodiment of an ultrasonic diagnostic apparatus according to the present
invention.

[0016] As shown in the figure, the ultrasonic diagnostic apparatus has, as main constituent elements, an ultrasonic
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
measuring unit 9, an elasticity data calculator 10, an elasticity image estimating unit 11, an image classifying unit 12, a
color 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.

[0017] The ultrasonic diagnostic apparatus is properly operated by an external operator through the input device 17
and the controller 16.

[0018] The signal processor 6 and the monochromatic scan converter 7 constitute a tomogram constructing unit for
generating a tomogram to generate a tomogram of B mode or the like. The RF signal frame data selecting unit 8, the
displacement 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
program installed in the ultrasonic diagnostic apparatus. Independently of the ultrasonic diagnostic apparatus, a computer
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implementing the function of the elasticity image analyzing unit may be provided.

[0019] The ultrasonic wave transmission/reception controller 1 controls the transmitter 2 and the receiver 4 to transmit
an ultrasonic wave to an examination target through the ultrasonic probe 3 and controls the timing at which an ultrasonic
wave reflected from the examination target is received.

[0020] The ultrasonic 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 ultrasonic 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 function of receiving an ultrasonic
wave emitted from the inside of the object, converting the ultrasonic wave to a reception signal of an electrical signal
and outputting the reception signal.

[0021] 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.

[0022] Thetransmitter 2 generates awave transmission pulse for driving the ultrasonic probe 3 to generate an ultrasonic
wave, and also sets the convergence point of the ultrasonic wave transmitted by a built-in wave transmitting phasing
and adding unit to some depth.

[0023] 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
phasing 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
predetermined frame rate.

[0024] 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 en-
hancement, filter processing, etc.

[0025] The ultrasonic probe 3, the ultrasonic wave transmission/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.

[0026] The monochromatic scan converter 7 has cross-section 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
converting 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.
[0027] in this embodiment, the RF signal frame data selecting 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.

[0028] 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 automatically 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.

[0029] It is described that the signal output from the phasing 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 demodulation,
for example.

[0030] 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
displacement frame data and correlation frame data. A block/matching method or a gradient method as described in the
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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 referring
to the searched block.

[0031] The elasticity data calculator 10 calculates a distortion amount, an elasticity modulus or the like of each meas-
urement point on a tomogram from the displacement frame data output from the displacement measuring unit 9 to
generate numerical value data (elasticity frame data) of the distortion 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,3j) (1)

[0032] In the mathematical expression, i,j represent the coordinate of frame data and i,j=1, 2, 3, ...

[0033] Furthermore, the pressure applied to the body surface 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 distortion of a deformed body for pressure measurement
through signal processing as in the case of a method described in JP-A-2005-66041.

[0034] The elasticity data calculator 10 may subject the calculated elasticity frame data to various image processing
such as smoothing processing, contrast optimizing processing 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.
[0035] 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.

[0036] 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.

[0037] The gradation circuit 131 gradates the elasticity frame data output from the elasticity data calculator 10. With
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 accordance 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 controller 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.

[0038] For example, when the elasticity data corresponds to the distortion amount, with respect to a region whose
distortion 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 converts the region concerned in the elasticity
image frame data to a blue-color code.

[0039] The colorscan converter 13 may be amonochromatic scan converter. With respect to the region whose distortion
is measured as being great, the brightness of the region concerned in the elasticity image data may be 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.

[0040] The switching and adding unit 14 receives monochromatic 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.
Accordingly, 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.

[0041] The image display unit 15 displays time-series tomogram data obtained by the monochromatic scan converter
7, that is, B-mode tomogram and an elasticity image obtained by the color scan converter 13, and it includes a D/A



10

15

20

25

30

35

40

45

50

55

EP 2 263 545 B1

converter for converting image data output from the monochromatic 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.

[0042] 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.

[0043] When the signal processor 6 has a function of extracting higher harmonic wave components of a reception
signaland a function of extracting Doppler components, a tissue harmonic tomogram obtained by imaging higher harmonic
wave components of the reception signal and a tissue Doppler image may be displayed in addition to a general B-mode
image.

[0044] 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-
mating unit 11 and the image classifying unit 12 will be described in detail with reference to Figs. 3 to 5.

[0045] 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
elasticity image drawn on the basis of elasticity frame data is classified into any one of plural groups in the image
classifying unit 12.

[0046] 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
histogram 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 classifying unit 12, the distortion degree (skewness),
sharpness, etc. of the histogram are calculated.

[0047] Fig. 4 shows an analysis example of the elasticity image estimating unit 11 using a phantom. Figs. 4(a) to (c)
are diagrams showing histograms of the distortion amount obtained from the elasticity frame data measured by the
ultrasonic 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 symmetrical. However, when there is some inclusion, the symmetric
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 mathematical expressions (2), (3)((arithmetical expression 1), (arithmetical
expression 2)).

[Arithmetical Expression 1]

3
1 &(x,—X
Distortion Degree Sker’leSSZ—Z[ : j (2)

[Arithmetical Expression 2]

4
I &G(x;,—X
Sharpness KurtosiSZ—Z[l j (3)
n o (@)

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

[0048] The statistical processor 112 calculates statistical processing data such as the average value, the standard
deviation, 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 (distortion
amount or elasticity modulus) at each point of the coordinate (i,j) of the frame data, and the average value is obtained
by dividing the total of the elasticity data of the respective points by the number of points.

[0049] First, the drawing region estimating unit 113 binarizes 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
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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 amount is equal to or more than a threshold value in the binarized image
to the area of the other regions is calculated.

[0050] 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 a region which is longer in circumferential length is more complicated.

[0051] Accordingly, the degree of complexity can be defined by the following mathematical expression (4).

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

[0052] Asdescribedabove, 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 estimation data which are used in the image classifying unit 12
described later are obtained.

[0053] 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.

[0054] In the elasticity 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
calculating a texture, such as homogeneity, heterogeneity, contrast, angular secondary moment, entropy, inverse dif-
ferential moment can be set as estimation data.

[0055] 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. Furthermore, 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.

[0056] 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 processing data and drawing region estimation data which are
calculated 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 Fig. 5.

[0057] 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 is shown in Fig. 6. In Fig. 6, the average value of the
distortion amount, the area ratio, the degree of complexity and the 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 rindicates a correlation coefficient between the parameter and the classification. Asr is larger, itindicates
that the parameter has a higher correlation. The calculated correlation coefficients are stored in the memory 122 every
parameter.

[0058] 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 classified. 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.

[0059] The multivariate analyzing unit 123 receives estimation 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.

[0060] For example, multiple linear regression analysis, discrimination analysis, principal component analysis, quan-
tification method, factor analysis, cluster analysis, multidimensional scale method, neural network or the like is known
as a method of multivariate analysis adopted by the multivariate analyzing unit 123. Any one of them can be selected,
however, a classification method using perceptron of a neural network will be described hereunder.

[0061] 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
parameters 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 values of the parameters calculated in the elasticity
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image estimating unit 11, that is, estimation data x1, x2, x3, x4 are input.

[0062] At the output layer, the total u of the input values xi weighted with coupling loads wi is converted by a prede-
termined function f(u) according to the following mathematical expression (5) ( (arithmetical expression 3) ), and the
value thereof is output.

[Arithmetical Expression 3]

u=w,+y. 0x, (5)

i=1

A threshold function or a linear function is used as the function f(u) used at the output layer. For example, in the case
of the threshold function, f(u) = 1 for u larger than a threshold value h, f(u) = 0 for u smaller than the threshold value h,
and an 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.

[0063] 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 concerned 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
perceptrons 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 threshold value is set in a multistage style in accordance
with the number of groups, and the output value is classified into plural groups.

[0064] 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 5,
the coupling load i is corrected so that 32 is minimum as shown in the mathematical expression (6)(( arithmetical
expression 4)).

[Arithmetical Expression 4]

0, < o; te(z*-z)x; (6)

[0065] In the 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
perceptron 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
diagnosis result) is obtained with respect to a new classification result whereby the accuracy of the result can be enhanced.
[0066] When no teacher signal is input, a classification result is output by using the latest coupling load wi and the
threshold value h.

[0067] The classification result of the multivariate analyzing unit 123 is transmitted to the switching and adding unit
14, and displayed on the image display unit 15 together with a tomogram and an elasticity image. Any method of displaying
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.

[0068] According to the ultrasonic diagnostic apparatus of this embodiment, estimation data such as a histogram,
statistical 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 objectively represents the progress state of a disorder can be supplied.

[0069] In the 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
functions 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 transmitted from the ultrasonic diagnostic apparatus to the image
analyzing tool, and image diagnosis can be remotely performed.

<Embodiment>

[0070] 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 ac-
cording to the presentinvention was performed. That is, the average value and standard deviation of a distortion amount
for a selected region, and the area ratio and complexity degree for a region which is drawn by a binarized image are
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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.

[0071] Aresultis shownin Fig. 8. Inthe 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 classification result and the stage is equal to 0.71, and it has
been confirmed that the correlation is remarkably higher as compared with the correlation of the individual parameters

(Fig. 6).

Claims
1. An ultrasonic diagnostic apparatus having

ultrasonic wave transmitting/receiving means (2, 4) 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/receiving means (2, 4);

elasticity information calculating means (10) configured to calculate elasticity data of a biomedical tissue of the
object by using the RF signal frame data;

elasticity image constructing means (11) configured to generate an elasticity image on the basis of the elasticity
data calculated by the elasticity information calculating means (10);

display means (15) configured to display the tomogram and/or the elasticity image;

estimation data generating means configured to generate estimation data for estimating the characteristic of
the biomedical tissue on the basis of the elasticity image; and

classifying means (12) configured to classify the elasticity image by using the estimation data generated by the
estimation data generating means,

characterized in that

the estimation data are estimation data of various parameters,

the classifying means (12) comprises estimation data selecting means (121) which selects at least one of the
estimation data generated by the estimation data generating means,

the ultrasonic diagnostic apparatus is further having multivariate analyzing means (123) that classifies the elasticity
image into two or more groups by using the estimation data selected by the estimation data selecting means, and
the estimation data generated by the estimation data generating means contains at least one of

a histogram representing the frequency of elasticity data in the elasticity image,

statistical data obtained by statistically processing the elasticity data, region estimation data obtained by digitalizing
the shape of a region having specific elasticity data, and

data derived therefrom.

2. The ultrasonic diagnostic apparatus according to claim 1, wherein
the classifying means has storing means (122) for storing, as a data base, estimation data of plural elasticity
images which are classified into two or more groups in advance, and
the estimation data selecting means calculates correlation (r) between the estimation data of an elasticity image
accumulated in the data base and a group, and selects the estimation data having high correlation.

3. The ultrasonic diagnostic apparatus according to claim 1, wherein
the classifying means (12) contains at least an input layer and an output layer, receives plural estimation data,
outputs a classification result, and
a coupling load and a threshold value from an input to an output are changed so that the difference between
the output and a teacher signal obtained from known data.

4. The ultrasonic diagnostic apparatus according to claim 1, wherein

the multivariate analyzing means (123) outputs a result representing which one of plural groups an elasticity
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image having the estimation data belongs to.
5. The ultrasonic diagnostic apparatus according to claim 1, wherein

the statistical data contains at least one of an average value of a distortion amount, a standard deviation of the
distortion amount, a skewness of the histogram, and a kurtosis of the histogram,

a region having specific elasticity data is a region whose distortion amount is not less than a threshold value in
a binarized image, and

the region estimation data contains at least one of an area ratio of the area of the region having specific elasticity
data to the area of the other region and a degree of complexity of the shape of the region having specific elasticity
data.

6. The ultrasonic diagnostic apparatus according to claim 1, wherein

the classifying means (12) performs classification by using any one of multiple linear regression analysis, dis-
crimination analysis, principal component analysis, quantification method, factor analysis, cluster analysis, mul-
tidimensional scale method and neural network.

7. The ultrasonic diagnostic apparatus according to claim 1, wherein the display means (15) displays the classification
result obtained by the classifying means (12).

Patentanspriiche
1. Ultraschalldiagnosevorrichtung, die Folgendes aufweist:

Ultraschallwellensende/empfangsmittel (2, 4), die konfiguriert sind, Ultraschallwellen in ein Objekt zu sen-
den/daraus zu empfangen;

Tomogrammkonstruktionsmittel, die konfiguriert sind, auf der Basis von Funkfrequenzsignalrahmendaten von
innerhalb des Objekts, die von den Ultraschallwellensende/empfangsmitteln (2, 4) empfangen werden, ein
Tomogramm zu erzeugen;

Mittel (10) zum Berechnen von Elastizitatsinformationen, die konfiguriert sind, unter Verwendung der Funkfre-
quenzsignalrahmendaten die Elastizitdtsdaten eines biomedizinischen Gewebes des Objekts zu berechnen;
Mittel (11) zum Konstruieren eines Elastizitatsbilds, die konfiguriert sind, auf der Basis der Elastizitatsdaten,
die durch die Mittel (10) zum Berechnen von Elastizitatsinformationen berechnet werden, ein Elastizitatsbild zu
erzeugen;

Anzeigemittel (15), die konfiguriert sind, das Tomogramm und/oder das Elastizitatsbild anzuzeigen;
Schatzdatenerzeugungsmittel, die konfiguriert sind, auf der Basis des Elastizitatsbilds Schatzdaten zum Schat-
zen der Eigenschaft des biomedizinischen Gewebes zu erzeugen; und

Klassifizierungsmittel (12), die konfiguriert sind, unter Verwendung der Schatzdaten, die durch das Schatzda-
tenerzeugungsmittel erzeugt werden, das Elastizitatsbild zu klassifizieren,

dadurch gekennzeichnet, dass

die Schatzdaten Schéatzdaten von diversen Parametern sind,

das Klassifizierungsmittel (12) ein Schatzdatenauswahimittel (121) umfasst, das mindestens eines der Schatz-
daten auswahlt, die durch das Schatzdatenerzeugungsmittel erzeugt werden,

die Ultraschalldiagnosevorrichtung ferner ein Mittel (123) zur mehrdimensionalen Analyse aufweist, das unter
Verwendung der Schatzdaten, die durch das SchatzdatenauswahImittel ausgewahlt werden, das Elastizitatsbild
in zwei oder mehr Gruppen klassifiziert, und

die Schéatzdaten, die von dem Schéatzdatenerzeugungsmittel erzeugt werden, enthalten

ein Histogramm, das die Frequenz der Elastizitatsdaten im Elastizitatsbild darstellt und/oder

statistische Daten, die durch statistisches Verarbeiten der Elastizitatsdaten erhalten werden und/oder
Bereichsschéatzdaten, die durch Digitalisieren der Form eines Bereichs, der spezifische Elastizitdtsdaten auf-
weist, erhalten werden und/oder

davon abgeleitete Daten.

2. Ultraschalldiagnosevorrichtung nach Anspruch 1, wobei

das Klassifizierungsmittel Speichermittel (122) zum Speichern der Schatzdaten von mehreren Elastizitatsbildern,
die in zwei oder mehr Gruppen klassifiziert sind, in Form einer Datenbank vorab aufweist, und
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das SchéatzdatenauswahImittel die Korrelation (r) zwischen den Schatzdaten eines Elastizitatsbilds, die in der Da-
tenbank akkumuliert sind, und einer Gruppe berechnet und jene Schéatzdaten auswahlt, die eine hohe Korrelation
aufweisen.

3. Ultraschalldiagnosevorrichtung nach Anspruch 1, wobei
das Klassifizierungsmittel (12) mindestens eine Eingabeschicht und eine Ausgabeschicht enthalt, die mehreren
Schatzdaten empfangt, ein Klassifizierungsergebnis ausgibt, und
eine Verbindungslast und ein Schwellenwert von einem Eingang zu einem Ausgang derart gedndert werden, dass
die Differenz zwischen dem Ausgang und einem Mustersignal, das von bekannten Daten erhalten wurde.

4. Ultraschalldiagnosevorr-ichtung nach Anspruch 1, wobei
das Mittel (123) zur mehrdimensionalen Analyse ein Ergebnis ausgibt, das darstellt, zu welcher von mehreren
Gruppen ein Elastizitatsbild gehért, das die Schatzdaten aufweist.

5. Ultraschalldiagnosevorrichtung nach Anspruch 1, wobei

die statistischen Daten einen Durchschnittswert eines Verzerrungsgrads und/oder eine Standardabweichung des
Verzerrungsgrads und/oder eine Asymmetrie des Histogramms und/oder eine Kurtosis des Histogramms enthalten,
ein Bereich, der spezifische Elastizitdtsdaten aufweist, ein Bereich ist, dessen Verzerrungsgradin einem binarisierten
Bild nicht kleiner als ein Schwellenwert ist, und

die Bereichsschatzdaten ein Flachenverhaltnis der Flache des Bereichs, der spezifische Elastizitatsdaten aufweist,
zur Flache des anderen Bereichs und/oder einen Komplexitatsgrad der Form des Bereichs, der spezifische Daten
aufweist, enthalten.

6. Ultraschalldiagnosevorrichtung nach Anspruch 1, wobei
das Klassifizierungsmittel (12) die Klassifizierung unter Verwendung eines beliebigen Verfahrens aus den Folgenden
ausfihrt: mehrfache lineare Regressionsanalyse, Auflosungsanalyse, Hauptkomponentenanalyse, Quantifizie-
rungsverfahren, Faktorenanalyse, Clusteranalyse, mehrdimensionales Skalierungsverfahren und neurales Netz.

7. Ultraschalldiagnosevorrichtung nach Anspruch 1, wobei
das Anzeigemittel (15) das Klassifizierungsergebnis anzeigt, das durch das Klassifizierungsmittel (12) erhalten wird.

Revendications

1. Appareil de diagnostic a ultrasons ayant
un moyen d’émission/réception d’ondes ultrasonores (2, 4) configuré pour émettre/recevoir des ondes ultrasonores
dans un objet ;
un moyen de construction de tomographie configuré pour générer un tomographe sur la base de données de trame
d’un signal RF depuis I'intérieur de I'objet, qui est regu par le moyen d’émission/réception d’ondes ultrasonores (2, 4) ;
un moyen de calcul d’information d’élasticité (10) configuré pour calculer des données d’élasticité d’un tissu biomé-
dical de I'objet en utilisant les données de trame du signal RF ;
un moyen de construction d’'image d’élasticité (11) configuré pour générer une image d’élasticité sur la base des
données d’élasticité calculées par le moyen de calcul d’information d’élasticité (10) ;
un moyen d’affichage (15) configuré pour afficher le tomographe et/ou I'image d’élasticité ;
un moyen de génération de données d’estimation configuré pour générer des données d’estimation afin d’estimer
la caractéristique du tissu biomédical sur la base de I'image d’élasticité ; et
un moyen de classification (12) configuré pour classifier 'image d’élasticité en utilisant les données d’estimation
générées par le moyen de génération de données d’estimation,
caractérisé en ce que
les données d’estimation sont des données d’estimation de divers paramétres,
le moyen de classification (12) comprend un moyen de sélection de données d’estimation (121) qui sélectionne au
moins une des données d’estimation générées par le moyen de génération de données d’estimation,
I'appareil de diagnostic a ultrasons ayant en outre des moyens d’analyse multi-variables (123) qui classifie I'image
d’élasticité en deux ou plusieurs groupes en utilisant les données d’estimation sélectionnées par le moyen de
sélection de données d’estimation, et
les données d’estimation générées par le moyen de génération de données d’estimation contiennent au moins un
paramétre parmi un histogramme représentant la fréquence des données d’élasticité dans I'image d’élasticite,
des données statistiques obtenues en traitant statistiquement les données d’élasticite,
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des données d’estimation de région obtenues en numérisant la forme d’une région ayant des données d’élasticité
spécifiques, et
des données dérivées de celles-ci.

Appareil de diagnostic a ultrasons selon la revendication 1, dans lequel

le moyen de classification comprend un moyen de stockage (122) pour stocker, a titre de base de données, des
données d’estimation d’une pluralité d'images d’élasticité qui sont classifiées a 'avance en deux ou plusieurs grou-
pes, et

le moyen de sélection de données d’estimation calcule une corrélation (r) entre les données d’estimation d’'une
image d’élasticité accumulée dans la base de données et un groupe, et sélectionne les données d’estimation ayant
une forte corrélation.

Appareil de diagnostic a ultrasons selon la revendication 1, dans lequel

le moyen de classification (12) contient au moins une couche d’entrée et une couche de sortie, recoit une pluralité
de données d’estimation, et délivre un résultat de classification, et

une charge de couplage et une valeur seuil depuis une entrée vers une sortie sont changées de telle fagon que la
différence entre la sortie et un signal d’apprentissage obtenu de données connues.

Appareil de diagnostic a ultrasons selon la revendication 1, dans lequel
le moyen d’analyse multi-variables (123) délivre un résultat représentant le groupe parmi une pluralité de groupes
auquel appartient une image d’élasticité ayant les données d’estimation.

Appareil de diagnostic a ultrasons selon la revendication 1, dans lequel

les données statistiques contiennent au moins un parameétre parmi une valeur moyenne d’'une quantité de distorsion,
une déviation standard de la quantité de distorsion, une asymétrie de I'histogramme, et un aplatissement de I'his-
togramme,

une région ayantdes données d’élasticité spécifiques estune région dontla quantité de distorsion n’est pas inférieure
a une valeur seuil dans une image numeérisée, et

les données d’estimation de région contiennent au moins un parameétre parmi un rapport de superficie de la zone
de larégion ayant des données d’élasticité spécifiques sur la superficie de 'autre région, et un degré de complexité
de la forme de la région ayant des données d’élasticité spécifiques.

Appareil de diagnostic a ultrasons selon la revendication 1, dans lequel

le moyen de classification (12) exécute une classification en utilisant une procédure quelconque parmi une analyse
de régression linéaire multiple, une analyse de discrimination, une analyse de composant principal, une méthode
de quantification, une analyse de facteurs, une analyse de grappes, une méthode a échelle multidimensionnelle,
et un réseau neuronal.

Appareil de diagnostic a ultrasons selon la revendication 1, dans lequel le moyen d’affichage (15) affiche le résultat
de classification obtenu par le moyen de classification (12).
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