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(57) ABSTRACT

An ultrasonic diagnosing device is provided, which accu-
rately grasps a state of a detected part even in a case of
analyzing the state of the detected part in a percutaneous
manner. The ultrasonic diagnosing device includes a level
assigning module configured to assign an echo intensity to
one of a plurality of levels of echo intensities, the echo inten-
sity being an intensity of each of echo signals respectively
corresponding to positions in an area-of-interest, and a char-
acteristic amount calculating module configured to calculate,
by targeting two or more of samples having the echo intensi-
ties assigned to the plurality of levels by the level assigning
module, characteristic amounts indicating a characteristic of
the area-of-interest, based on a combination of the echo inten-
sities of the two or more of the samples, the two or more ofthe
samples having a given positional relationship with each
other.
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PROGRAM, METHOD AND DEVICE FOR
ULTRASONIC DIAGNOSIS

TECHNICAL FIELD

[0001] This disclosure relates to a program, method and
device for ultrasonic diagnosis, which diagnose a state of a
detected part that is a detection target in a detected body.

BACKGROUND ART

[0002] Conventionally, an ultrasonic diagnosis in which
analytical data is generated based on reflection echoes caused
by ultrasonic waves transmitted to a detected part, so as to
analyze a state of the detected part that is a detection target in
a detected body. For example, Patent Document 1 discloses a
device which inserts, into a body joint, an endoscope having
an ultrasonic wave transmitting and receiving body at a tip
end thereof, and calculates a thickness of a cartilage that is a
detected part, based on reflection echoes caused by pulse
signals transmitted from the ultrasonic wave transmitting and
receiving body.

REFERENCE DOCUMENT OF CONVENTIONAL

ART
[0003] Patent Document
[0004] Patent Document 1: JP2002-345821A
DESCRIPTION OF THE DISCLOSURE
Problems to be Solved by the Disclosure
[0005] Meanwhile, in a case of analyzing a state of the

detected part in a percutaneous manner by using the device
described in Patent Document 1, the ultrasonic wave attenu-
ates at a soft tissue. Since the attenuation level of the ultra-
sonic wave at the soft tissue varies depending on the soft
tissue, there is a case where it is difficult to accurately evaluate
the state of the cartilage.

[0006] This disclosure is made in view of the above situa-
tions and aims to accurately grasp a state of a detected part
even in a case of analyzing the state of the detected part in a
percutaneous manner.

SUMMARY OF THE DISCLOSURE

[0007] (1) In order to solve the subject described above,
according to one aspect of the present disclosure, an ultra-
sonic diagnosing device for diagnosing a state of a detected
part that is a detection target in a detected body is provided.
The ultrasonic diagnosing device includes a level assigning
module configured to assign an echo intensity to one of a
plurality of levels of echo intensities, the echo intensity cal-
culated based on one of echo signals that are caused by
ultrasonic signals transmitted from an ultrasonic probe into
the detected body, and being an intensity of each of the echo
signals that are samples respectively corresponding to posi-
tions in an area-of-interest of the detected body, the area-of-
interest defined in a depth direction of the detected body and
a direction intersecting the depth direction, and a character-
istic amount calculating module configured to calculate, by
targeting two or more of the samples having the echo inten-
sities assigned to the plurality of levels by the level assigning
module, one or more characteristic amounts indicating a char-
acteristic of the area-of-interest, based on a combination of
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the echo intensities of the two or more of the samples, the two
or more of the samples having a given positional relationship
with each other.

[0008] (2) The ultrasonic diagnosing device may further
include an image generating module configured to generate
an echo level image configured with a plurality of pixels
having luminance levels corresponding to the echo intensities
assigned to the plurality of levels by the level assigning mod-
ule the plurality of pixels associated with the respective posi-
tions of the area-of-interest, respectively.

[0009] (3) The ultrasonic diagnosing device may further
include an upper and lower limit value setting module con-
figured to set an upper limit echo intensity and a lower limit
echo intensity, the upper limit echo intensity indicating a
highest value among the echo intensities assigned to the plu-
rality of levels, the lower limit echo intensity indicating a
lowest value among the echo intensities assigned to the plu-
rality of levels.

[0010] (4) The area-of-interest may be designed as an area
including echo signals from a front surface of the detected
part.

[0011] (5) The ultrasonic diagnosing device may further
include a co-occurrence matrix generating module config-
ured to generate a co-occurrence matrix based on the echo
intensities of the samples respectively corresponding to the
positions of the area-of-interest, the echo intensities assigned
to the plurality of levels by the level assigning module. The
characteristic amount calculating module may calculate the
one or more characteristic amounts based on the co-occur-
rence matrix generated by the co-occurrence matrix generat-
ing module.

[0012] (6) Moreover, the characteristic amount calculating
module may calculate a correlation as one of the one or more
characteristic amounts.

[0013] (7) Moreover, the co-occurrence matrix generating
module may calculate as the co-occurrence matrix, a first
co-occurrence matrix targeting pairs of samples correspond-
ing to the area-of-interest, each of the pairs of the samples
consisting of a pair of samples having a positional relation-
ship in which the samples are separated by a given distance in
the direction intersecting the depth direction. The character-
istic amount calculating module may calculate the correlation
based on the first co-occurrence matrix.

[0014] (8) The characteristic amount calculating module
may calculate a contrast as one of the one or more character-
istic amounts.

[0015] (9) Moreover, the co-occurrence matrix generating
module may calculate as the co-occurrence matrix, a second
co-occurrence matrix targeting pairs of samples correspond-
ing to the area-of-interest, each of the pairs of the samples
consisting of a pair of samples having a positional relation-
ship in which the samples are separated by a given distance in
the depth direction. The characteristic amount calculating
module may calculate the contrast based on the second co-
occurrence matrix.

[0016] (10) The ultrasonic diagnosing device may further
include a front surface position detecting module configured
to detect a position of a front surface of the detected partin the
depth direction based on the echo signals, and an area-of-
interest designing module configured to design the area-of-
interest based on the position of the front surface of the
detected part detected by the front surface position detecting
module.
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[0017] (11) Moreover, the level assigning module may
include an upper and lower limit value setting module con-
figured to set an upper limit echo intensity and a lower limit
echo intensity, the upper limit echo intensity indicating a
highest value among the echo intensities assigned to the plu-
rality of levels, the lower limit echo intensity indicating a
lowest value among the echo intensities assigned to the plu-
rality of levels. The upper and lower limit value setting mod-
ule may detect a highest signal value among the echo signals
obtained from the front surface of the detected part detected
by the front surface position detecting module, and may set
the highest signal value as the upper limit value, and the
ultrasonic diagnosing device further may include an echo
level normalizing module configured to divide the echo inten-
sities at the respective positions of the analysis area by the
highest signal value detected by the upper and lower limit
value setting module.

[0018] (12) The ultrasonic diagnosing device may further
include a front surface position correcting module configured
to correct positions of the samples corresponding to the area-
of-interest in the depth direction so that the position of the
front surface of the detected part in the area-of-interest is
located within a given range in the depth direction.

[0019] (13) The ultrasonic diagnosing device may further
include the ultrasonic probe configured to transmit the ultra-
sonic signals into the detected body, and a display unit con-
figured to display one of the one or more characteristic
amounts calculated by the characteristic amount calculating
module and an index derived based on the one or more char-
acteristic amounts and indicating the state of the detected part
of the detected body.

[0020] (14) Moreover, the ultrasonic probe may be capable
of transmitting and receiving ultrasonic waves in relation to
the area-of-interest defined in the depth direction and a scan-
ning direction of the ultrasonic probe, by scanning along the
front surface of the detected body, the scanning direction
intersecting the depth direction.

[0021] (15) In order to solve the subject described above,
according to one aspect of the present disclosure, a method of
ultrasonic diagnosis of a state of a detected part that is a
detection target in a detected body is provided. The method
includes assigning an echo intensity to one of a plurality of
levels of echo intensities, the echo intensity calculated based
on one of echo signals that are caused by ultrasonic signals
transmitted from an ultrasonic probe into the detected body,
and being an intensity of each of the echo signals that are
samples respectively corresponding to positions in an area-
of-interest of the detected body, the area-of-interest defined in
a depth direction of the detected body and a direction inter-
secting the depth direction. The method includes calculating,
by targeting two or more of the samples having the echo
intensities assigned to the plurality of levels by the assigning
the echo intensity to one of the plurality of levels of echo
intensities, one or more characteristic amounts indicating a
characteristic of the area-of-interest, based on a combination
of the echo intensities of the two or more of the samples, the
two or more of the samples having a given positional rela-
tionship with each other.

[0022] In order to solve the subject described above,
according to one aspect of the present disclosure, a program
for ultrasonic diagnosis of a state of a detected part that is a
detection target in a detected body is provided. The program
causes a computer to execute assigning an echo intensity to
one of a plurality of levels of echo intensities, the echo inten-
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sity calculated based on one of echo signals that are caused by
ultrasonic signals transmitted from an ultrasonic probe into
the detected body, and being an intensity of each of the echo
signals that are samples respectively corresponding to posi-
tions in an area-of-interest of the detected body, the area-of-
interest defined in a depth direction of the detected body and
a direction intersecting the depth direction. The program
causes a computer to execute calculating, by targeting two or
more of the samples having the echo intensities assigned to
the plurality of levels by the assigning the echo intensity to
one of the plurality of levels of echo intensities, one or more
characteristic amounts indicating a characteristic of the area-
of-interest, based on a combination of the echo intensities of
the two or more of the samples, the two or more of the samples
having a given positional relationship with each other.

Effects of the Disclosure

[0023] According to the present disclosure, even in a case
of analyzing a state of a detected part in a percutaneous
manner, the state of the detected part can accurately be

grasped.

BRIEF DESCRIPTION OF DRAWINGS

[0024] FIG. 1isablock diagram illustrating a configuration
of an ultrasonic diagnosing device according to one embodi-
ment of this disclosure.

[0025] FIG. 2 shows schematic views illustrating an
installed state of a probe of the ultrasonic diagnosing device
on a knee.

[0026] FIG. 3 shows schematic side views of an area near
the knee in the state where the probe is installed thereon, in
which Part (A) is a view illustrating a first state and Part (B) is
a view illustrating a second state.

[0027] FIG. 4isablock diagram illustrating a configuration
of a signal processor of the ultrasonic diagnosing device
illustrated in FIG. 1.

[0028] FIG. 51s a view illustrating an example of an echo
level image generated by an image generating module.
[0029] FIG. 6 is a view illustrating an example of an echo
level image after a front surface position of a cartilage is
corrected.

[0030] FIG. 7 is a view illustrating an example of an area-
of-interest image assigned with gradation.

[0031] FIG. 8 is a schematic view illustrating a positional
relationship between a pair of pixels which are generation
targets of a co-occurrence matrix.

[0032] FIG. 9 is a chart used to calculate a correlation
coefficient between a correlation COR 4540, and a front sur-
face roughness of the cartilage.

[0033] FIG. 10 is a chart used to calculate a correlation
coefficient between a contrast CNT ¢, and the front surface
roughness of the cartilage.

[0034] FIG. 11 is a flowchart illustrating operation of the
signal processor.

[0035] FIG. 12 is a view illustrating an example of wave-
forms of respective echo signals in the first state [T1] and the
second state [T2].

[0036] FIG. 13 is a block diagram illustrating a configura-
tion of a signal processor of the ultrasonic diagnosing device
according to a modification.

[0037] FIG. 14 is a chart used to calculate a correlation
coefficient between a contrast CNT ;5400 and the front surface
roughness of the cartilage.
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[0038] FIG. 15 is a block diagram illustrating a configura-
tion of an ultrasonic diagnosing device according to another
modification.

[0039] FIG. 16 is a block diagram illustrating a configura-
tion of an ultrasonic diagnosing device according to another
modification.

MODES FOR CARRYING OUT THE
DISCLOSURE

[0040] A signal processor 10 and an ultrasonic diagnosing
device 1 including the signal processor 10 according to one
embodiment of this disclosure are described with reference to
the drawings. FIG. 11is a block diagram illustrating a configu-
ration of the ultrasonic diagnosing device 1 according to the
embodiment of this disclosure. The ultrasonic diagnosing
device 1 diagnoses a state of a cartilage (detected part) of a
knee (detected body) of a patient.

[0041] FIG. 2 shows schematic views illustrating an
installed state of a probe 4 of the ultrasonic diagnosing device
1 according to the embodiment of this disclosure on the
detected body. Part (A) of FIG. 2 illustrates a case in a first
state (t=I1) and Part (B) of FIG. 2 illustrates a case in a
second state (t=T2).

[0042] With the ultrasonic diagnosing device 1, in a state
where the probe 4 is made in contact with a front surface of the
knee, the probe 4 is moved in up-and-down directions of the
knee to switch a relative position thereof to a soft tissue 903
and the cartilage 901, between a position in the first state
illustrated in Part (A) of FIG. 2 and a position in the second
state illustrated in Part (B) of FIG. 2. Further, with the ultra-
sonic diagnosing device 1, ultrasonic waves are transmitted
from the probe 4 in each state, and based on echo signals
obtained in each state, an index indicating a state of the
cartilage 901 (e.g.. roughness of the cartilage front surface) is
calculated as a numerical value. A user of the ultrasonic
diagnosing device1 (e.g., doctor) looks at the index displayed
on a display unit 5 to diagnose the state of the cartilage of a
knee joint of the patient.

[0043]

[0044] As illustrated in FIG. 1, the ultrasonic diagnosing
device 1 includes a user interface 2, a transmission controller
3, the probe 4, the signal processor 10, and the display unit 5.

[0045] The user interface 2 is, for example, comprised of
one of a keyboard and a touch panel, and receives an opera-
tional input from the user. In response to the operational input
from the user, the user interface 2 commands the transmission
controller 3 to start a detection of the cartilage front surface.
Further, the user interface 2 outputs a command to set or
switch a display mode of the display unit 5 to the display unit
Sinresponse to the operational input from the user. Note that,
the user interface 2 may be incorporated with the display unit
5

[0046] The transmission controller 3 generates pulse-
shaped ultrasonic signals. The transmission controller 3 gen-
erates the ultrasonic signals in each of the first state [T1] and
the second state [T2].

[0047] The transmission controller 3 outputs the ultrasonic
signals to the probe 4. The probe 4 includes a plurality of
oscillators 4a arrayed in a direction parallel to a wave trans-
mitting and receiving surface (see FIG. 3). This array direc-
tion of the oscillators 4a becomes a scanning direction. The
oscillators 4a transmit the ultrasonic signals into the detected

Overall Configuration
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body, respectively. Each oscillator 4a transmits the ultrasonic
signal at a given time interval and receives a reflection echo
signal caused thereby.

[0048] The probe 4 includes the plurality of oscillators 4a.
As illustrated in FIG. 2, the probe 4 is arranged such that an
end surface thereof on the wave transmitting and receiving
surface side comes in contact with a front surface of the soft
tissue 903 of the knee which is the detected body. Here, as
illustrated in FIG. 3, the soft tissue 903 is a part existing on the
front surface side of the detected body with respect to the
cartilage 901. The cartilage 901 is attached to a subchondral
bone 911. The subchondral bone 911 is a tissue coupled to a
bone (cancellous bone) 902.

[0049] Note that the probe may include only one oscillator.
In this case, a moving direction of the oscillator becomes the
scanning direction.

[0050] The probe 4 is moved along the front surface of the
soft tissue 903 as illustrated in Part (B) of FIG. 2, while being
in contact with the front surface as illustrated in Part (A) of
FIG. 2. Thus, as illustrated in FIG. 2, the soft tissue 903 moves
by following the probe 4 while sliding on the front surface of
the cartilage 901. The state of Part (A) of FIG. 2, which is
before the probe 4 is moved, is the first state (t=T1), and the
state of Part (B) of FIG. 2, which is after the probe 4 is moved,
is the second state (t=T2). Here, the probe 4 is moved in the
array direction (scanning direction) of the oscillators.

[0051] Each oscillator 4a transmits the ultrasonic signal
into the detected body in each of the first state [T1] and the
second state [T2]. Here, the oscillator 4a of the probe 4
transmits the ultrasonic signal such that a direction orthogo-
nal to the front surface of the soft tissue 903 becomes a
direction of a center axis of the transmission beam.

[0052] Each oscillator 4a receives the echo signal caused
by the ultrasonic signal reflecting on the soft tissue 903 and
the cartilage 901 inside the detected body, and outputs it to the
signal processor 10. The probe 4 outputs to the signal proces-
sor 10 a first echo group SW[T1] including the echo signals
obtained by the oscillators 4a in the first state [T1] and a
second echo group SW[T2] including the echo signals
obtained by the oscillators in the second state [T2].

[0053] The signal processor 10 analyzes the state of the
cartilage 901 based on the respective echo signals, and out-
puts the analysis result to the display unit 5. Specific configu-
ration and operation of the signal processor 10 are described
later in detail.

[0054] The display unit 5 displays the analysis result of the
cartilage 901 obtained by the analysis at the signal processor
10. Specifically, the display unit 5 displays characteristic
amounts as indexes indicating the state of the cartilage, which
is calculated by the signal processor 10. The user estimates
the state of the cartilage 901 of the knee of the patient based
on the characteristic amounts.

[0055] Configuration of Signal Processor

[0056] FIG. 4isablock diagram illustrating a configuration
of the signal processor 10 of the ultrasonic diagnosing device
1 according to this embodiment. As illustrated in FIG. 4, the
signal processor 10 includes an echo signal receiver 11, an
AD converter 12, a front surface position detecting module
13, an image generating module 14, an echo level normaliz-
ing module 15, a front surface position correcting module 16,
a dynamic range designing module 17, an area-of-interest
designing module 18, agradation module 19, a co-occurrence
matrix generating module 20, and a characteristic amount
calculating module 21. The signal processor 10 is comprised
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of hardware including a CPU, a RAM and a ROM (not illus-
trated). Further, the signal processor 10 is configured by using
software including an ultrasonic diagnosing program stored
in the ROM.

[0057] Theultrasonic diagnosing program is a program that
causes the signal processor 10 to implement an ultrasonic
diagnosing method according to one embodiment of this dis-
closure. This program can be installed externally. This pro-
gram installed is distributed in a state where it is stored in a
recording medium, for example. The hardware and the soft-
ware are configured to operate in cooperation with each other.
Thus, the signal processor 10 can function as the echo signal
receiver 11, the AD converter 12, the front surface position
detecting module 13, the image generating module 14, the
echo level normalizing module 15, etc., which are described
above,

[0058] Theecho signal receiver 11 performs a given ampli-
fication on each echo signal, and outputs it to the AD con-
verter 12. The echo signal receiver 11 amplifies the respective
echo signals individually for each of the first and second echo
groups SW[T1] and SW[T2], and outputs them to the AD
converter 12.

[0059] The AD converter 12 samples each echo signal at a
given time interval to discretize data. The echo signal
sampled to be the discretized data becomes the echo data.
Thus, echo data caused by the data sampling in a depth
direction of the detected body at the given time interval can be
obtained. The AD converter 12 outputs the echo data to the
front surface position detecting module 13 and the image
generating module 14.

[0060] The front surface position detecting module 13 has
a memory 13a and a determining submodule 134.

[0061] The memory 134 has an enough volume to store a
plurality of echo data obtained in the first state [T1] and a
plurality of echo data obtained in the second state [T2]. The
memory 134 stores the respective echo data outputted by the
AD converter 12.

[0062] Although specific processing is described later, the
determining submodule 135 compares waveforms (echo data
row in a sweep) obtained from each observed area in the first
state [T1], with waveforms (echo data row in a sweep)
obtained from each comparison target area in the second
state. Based on a result of this comparison, the determining
submodule 135 detects a position of the comparison target
area in the second state to which the selected observed area
corresponds.

[0063] The determining submodule 135 detects a compari-
son target area in the second state [T2] that is most similar to
the observed area in the first state [T1]. The determining
submodule 135 detects a positional change (whether the posi-
tion is not changed) of the area where the waveform (or a
representative position of the area) is most similar between
the first state [T1] and the second state [T2]. Based on a
difference in tendency of the positional change of the area, the
determining submodule 134 identifies an area corresponding
to the soft tissue and an area corresponding to the cartilage,
and detects a front surface position of the cartilage 901.
[0064] FIG. 5is a view illustrating an example of an echo
level image generated by the image generating module 14.
Based on the echo data from the AD converter 12, the image
generating module 14 generates the echo level image based
on echo signals from positions in an analysis area defined in
the scanning direction of the ultrasonic probe 4 (a direction
intersecting with the depth direction of the detected body) and
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a depth direction of the cartilage 901 (a direction perpendicu-
lar to the scanning direction and extending to the inner side of
the knee), for example the image illustrated in FIG. 5. The
echo level image is configured with a plurality of pixels
arrayed in a grid form. Each pixel is disposed at a position of
a display screen associated with a corresponding position of
the analysis area, and has a luminance level corresponding to
an echo intensity at the corresponding position of the analysis
area. In this embodiment, for example, the luminance level is
displayed in association with color tones which gradually
change in an order of red, orange, yellow, green, blue, and
dark blue, as the luminance level changes from high to low.

[0065] The echo level normalizing module 15 detects an
intensity of an echo signal (echo intensity) that is highest
among the echo signals from the respective positions of the
analysis area, and divides the echo intensities at the respective
positions of the analysis area by the highest echo intensity.
Specifically, the echo intensities at the respective positions of
the analysis area are normalized so that a highest value therea-
mong becomes 0 dB.

[0066] FIG. 61s a view illustrating an example of the echo
level image after the front surface position of the cartilage 901
is corrected. The front surface position correcting module 16
corrects the front surface position of the cartilage 901 in the
echo level image generated by the image generating module
14, so that the front surface position is located within a given
range in the depth direction (becomes substantially straight).
For example, the front surface position correcting module 16
corrects the front surface position of the cartilage 901 in the
echo level image to be substantially straight by suitably per-
forming delay processing on the echo signal corresponding to
each front surface position in the scanning direction.

[0067] The dynamic range designing module 17 is pro-
vided as an upper and lower limit value setting module con-
figured to set an upper limit value (upper limit echo intensity)
and a lower limit value (lower limit echo intensity) of the echo
intensities at the respective positions of the analysis area. The
dynamic range designing module 17 sets the upper limit value
to be the highest level value (0 dB) among the signal levels
normalized by the echo level normalizing module 15, and
designs the lower limit value to be 40 dB for example. The
lower limitvalue (-40 dB) is a value obtained experimentally,
and is set to be a value with which a scattering echo in an area
starting from the cartilage front surface to the inside of the
cartilage can be detected.

[0068] Based on the analytical data (the front surface posi-
tion of the cartilage) calculated by the front surface position
detecting module 13, the area-of-interest designing module
18 designs an area having a given length in the depth direction
from a given position of the front surface of the cartilage (e.g.,
about 0.24 mm) and a given length of the front surface in the
scanning direction (e.g., about 4 mm), to be an area-of-inter-
est.

[0069] FIG. 7 is a view illustrating an example of an area-
of-interest image assigned with gradation. The gradation
module 19 assigns gradation of a plurality of levels (e.g.,
sixteen tones) to luminance levels of respective pixels of the
area-of-interest image that is the echo level image of inside
the area-of-interest designed by the area-of-interest designing
module 18. Specifically, the gradation module 19 is provided
as a level assigning module configured to assign each echo
intensity to one of a plurality of levels of echo intensities.
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Note that, in the example illustrated in FIG. 7, an example of
the area-of-interest image assigned with gradation of four
tones is illustrated.

[0070] The co-occurrence matrix generating module 20
generates a co-occurrence matrix based on the echo level
image of inside the area-of-interest in which the luminance
levels of the respective pixels are assigned with the gradation
of the sixteen tones. The co-occurrence matrix is a matrix of
which element is probability P8, j) (i, j=1, 2, ..., n-1) that
apixel located at a position with a certain displacement d=(d,
0) (d is a distance and 8 is an angle, see FIG. 8) from a pixel
with a gradient of 1 has a gradient of j. Specifically, the
co-occurrence matrix is given by the following Equation 1.

P5(0,0) PO, 1)
P51, 0)

M
P§=

Po(i, j)

[0071] In this embodiment, the co-occurrence matrix gen-
erating module 20 generates two co-occurrence matrixes (a
first co-occurrence matrix P sq44(1, ) and a second co-occur-
rence matrix P, 403, j)). The first co-occurrence matrix
P 56001, ]) 1s generated targeting pairs of pixels, each pair
separated from each other by five pixels in the scanning
direction. Further, the second co-occurrence mairix P, o,(1, j)
is generated targeting pairs of pixels, each pair separated from
each other by one pixel in the depth direction. Note that, a
value d indicating a distance between the pair of pixels is a
preset value based on experiment(s) etc.; however, without
limiting to the value described above, it is suitably set accord-
ing to sizes of the pixels, a beam diameter, a scanning step, a
sampling frequency, etc.

[0072] The characteristic amount calculating module 21
calculates given characteristic amounts based on the co-oc-
currence matrixes generated by the co-occurrence matrix
generating module 20. In this embodiment, the characteristic
amount calculating module 21 calculates a correlation COR
and a contrast CNT as the characteristic amounts. Specifi-
cally, the characteristic amount calculating module 21 calcu-
lates a correlation COR g0, based on the first co-occurrence
matrix P ;-040(1, j) and a contrast CNT ;,4,(1, j) based on the
second co-occurrence matrix P ,40(1, j). The correlation COR
and the contrast CNT are given by the following Equations 2
and 3.

@
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[0073] FIG. 9 is a chart used to calculate a correlation
coefficient between the correlation COR 44, calculated
based on Equation 2 and the front surface roughness of the
cartilage, targeting a plurality of samples (N=26). As illus-
trated in FIG. 9, a comparatively negatively-high correlation
was found between the correlation COR 4, 1 the direction
parallel to the cartilage front surface and the front surface
roughness. A cause of the negative correlation can be consid-
ered to be that the echo intensity is substantially even in an
in-plane direction (a direction where 6=90°) of the cartilage
front surface when the cartilage has low degeneration degree
(cartilage with low roughness), while the echo intensity varies
in the in-plane direction of the cartilage front surface when
the cartilage has high degeneration degree (cartilage with
high roughness). Therefore, it can be estimated that the
degeneration degree of the cartilage is low when the correla-
tion COR 564, calculated by the characteristic amount calcu-
lating module 21 is high, and the degeneration degree of the
cartilage is high when the correlation COR g4, is low.

[0074] FIG. 10 is a chart used to calculate a correlation
coefficient between the contrast CNT , o, calculated based on
Equation 3 and the front surface roughness of the cartilage,
targeting the plurality of samples (N=26). As illustrated in
FIG. 10, a comparatively negatively-high correlation was
found between the contrast CNT ;o i the direction perpen-
dicular to the cartilage front surface and the front surface
roughness. A cause of the negative correlation can be consid-
ered to be that the echo intensity changes dramatically in the
depth direction from the echo intensity at the cartilage front
surface when the cartilage has low degeneration degree, while
the echo intensity is less likely to change dramatically when
the cartilage has high degeneration degree. Therefore, it can
be estimated that the degeneration degree of the cartilage is
low when the contrast CN'T, o, calculated by the character-
istic amount calculating module 21 is high, and the degenera-
tion degree of the cartilage is high when the contrast CNT ;o5
is low.

[0075]

[0076] FIG. 11 is a flowchart illustrating the operation of
the signal processor 10. The operation of the signal processor
10 is described with reference to FIG. 11.

[0077] First at S1, the echo signal receiver 11 amplifies the
respective echo signals individually for each of the first and
second echo groups SW[T1] and SW[T2], and outputs them
to the AD converter 12,

[0078] Nextat S2, the AD converter 12 samples each of the
echo signals in the first and second echo groups SW[T1] and
SW[T2] at the given time interval to discretize the data. The
AD converter 12 outputs each discretized echo data to the

Operation of Signal Processor
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front surface position detecting module 13, and outputs the
echo data of one of the two echo groups to the image genet-
ating module 14.

[0079] Next at S3, the front surface position detecting mod-
ule 13 detects the front surface position of the cartilage 901.
Here, a more specific method of detecting the cartilage front
surface, which is implemented by the front surface position
detecting module 13 at S3, is described with reference to
FIGS. 3 and 12. Note that, to simplify the description, a
moving distance Ax of the probe 4 (oscillators 4a) between
the first and second states [T1] and [T2] is described to be in
match with the arrangement interval of the oscillators.
[0080] First, as the first state [T1], the probe 4 is made in
contact with the front surface of the knee in a state where the
knee, which is the detected body, is bent at a first angle, for
example. In other words, the probe 4 is made in contact with
the front surface of the soft tissue 903, which corresponds to
the state of Part (A) of FIG. 3.

[0081] The respective oscillators disposed at the given
arrangement interval, transmit the ultrasonic signals to the
direction orthogonal to the front surface of the soft tissue 903
(the scanning direction orthogonal to the wave transmitting
and receiving surface). In the example of FIG. 3, five oscil-
lators are disposed in the probe 4 at an even interval in the
scanning direction, and as illustrated in Part (A) of F1G. 3, the
oscillators disposed at the respective arrangement positions
transmit the ultrasonic signals to the direction orthogonal to
the front surface of the soft tissue 903. The ultrasonic signals
from the respective arrangement positions reflect and scatter
at respective depth positions of the soft tissue 903, the carti-
lage 901, and the subchondral bone 911, and thus, echo sig-
nals SWT11, SWT12, SWT13, SWT14 and SWT15 from
respective positions which have a given space interval from
each other in the scanning direction (the scanning-directional
positions) are obtained. The oscillators receive the echo sig-
nals, respectively. The echo signal group of these echo signals
SWTI11, SWT12, SWT13, SWT14 and SWT15 obtained by
the respective oscillators is the first echo group SW[T1].
[0082] Next, the probe 4 is moved to the direction parallel
to the front surface of the soft tissue 903 and parallel to the
scanning direction, by the distance Ax in the state where the
probe 4 is made in contact with the soft tissue 903, which
corresponds the second state [T2] and the state of Part (B) of
FIG. 3. Here, the soft tissue 903 moves following the move-
ment of the probe 4. Therefore, a relative positional relation-
ship of the wave transmitting and receiving surface of the
probe 4 with respective positions of the soft tissue 903 in the
scanning direction does not change corresponding to the
movement ofthe probe 4. On the other hand, the cartilage 901
is fixed to the bone 902 via the subchondral bone 911 and,
thus, does not move even when the probe 4 is moved. There-
fore, a relative positional relationship of the wave transmit-
ting and receiving surface of the probe 4 with respective
positions of the cartilage 901 in the scanning direction
changes corresponding to the movement of the probe 4.
[0083] After shifting to the second state, as illustrated in
Part (B) of FIG. 3, the ultrasonic signals are transmitted from
the respective oscillators of the probe 4 to the direction
orthogonal to the front surface of the soft tissue 903 (the
scanning direction orthogonal to the wave transmitting and
receiving surface). The ultrasonic signals from the respective
scanning-directional positions reflect and scatter at respective
depth positions of the soft tissue 903, the cartilage 901, and
the subchondral bone 911, and thus, echo signals SWT21,
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SWT22, SWT23, SWT24 and SWT25 from the respective
positions which have a given space interval from each other in
the scanning direction are obtained. The oscillators receive
the echo signals, respectively. The echo signal group of these
echo signals SWT21, SWT22, SWT23, SWT24 and SWT25
obtained by the respective oscillators is the second echo
group SW[T2].

[0084] As described above, the first echo group SW[T1]
including the plurality of echo signals SWT11, SWT12,
SWT13,SWT14 and SWT15 is acquired before the probe 4 is
moved. Further, the second echo group SW[T2] including the
plurality of echo signals SWT21, SWT22, SWT23, SWT24
and SWT?2S5 is acquired after the probe 4 is moved.

[0085] FIG. 12 is a view illustrating an example of wave-
forms of the respective echo signals in the first state [T1] and
the second state [T2]. Note that in FIG. 12, for easier illus-
tration of characteristics of the present disclosure, the dis-
tance Ax by which the probe 4 is moved is the same as the
space interval between the oscillators, in other words, the
interval between the scanning-directional positions. Further
in the following description, the detection of the front surface
of the cartilage 901 under this condition is described.

[0086] (i) Soft Tissue 903

[0087] As described above, the probe 4 is made in contact
with the front surface of the soft tissue 903 and the soft tissue
903 is not fixed to the front surface of the cartilage 901.
Therefore, when the probe 4 is moved by the distance Ax, the
soft tissue 903 also moves by the distance Ax, following the
movement of the probe 4.

[0088] In this case, as indicated by the waveforms of the
respective echo signals in the first state [T1] and the wave-
forms ofthe respective echo signalsin the second state [T2] in
FIG. 12, the waveform of the echo signal SWT11 of the first
echo group SW[T1] substantially matches with that of the
echo signal SWT21 of the second echo group SW[T2] in a
portion corresponding to the area of the soft tissue 903.

[0089] Similarly, the waveform of the echo signal SWT12
of the first echo group SW[T1] substantially matches with
that of the echo signal SWT22 of the second echo group
SW[T2] in a portion corresponding to the area of the soft
tissue 903. The waveform of the echo signal SWT13 of the
first echo group SW[T1] substantially matches with that of
the echo signal SWT23 of the second echo group SW[T2] in
a portion corresponding to the area of the soft tissue 903. The
waveform of the echo signal SWT14 of the first echo group
SW[T1] substantially matches with that of the echo signal
SWT24 of the second echo group SW[T2] in a portion cor-
responding to the area of the soft tissue 903. The waveform of
the echo signal SWT15 of the first echo group SW[T1] sub-
stantially matches with that of the echo signal SWT25 of the
second echo group SW[T2] in a portion corresponding to the
area of the soft tissue 903.

[0090] Therefore, in the soft tissue 903, the echo signals at
the scanning-directional positions in the first state [T1] sub-
stantially match with the echo signals at the scanning-direc-
tional positions in the second state [ T2], respectively, in terms
of the position thereof with respect to the probe 4 in the
scanning direction.

[0091] (ii) Cartilage 901

[0092] Even when the probe 4 is moved, the cartilage 901
does not move. Therefore, when the probe 4 is moved by the
distance Ax, the relationship between the position of each
oscillator of the probe 4 (each scanning-directional position)
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and a corresponding position of the cartilage 901 shifts by the
distance Ax in the scanning direction.

[0093] In this case, as indicated by the waveforms of the
respective echo signals in the first state [T1] and the wave-
forms of the respective echo signals inthe second state [T2] in
FIG. 12, the waveform of the echo signal SWT11 of the first
echo group SW[T1] does not match with that of the echo
signal SWT21 of the second echo group SW[T2] in a portion
corresponding to the area of the cartilage 901, but substan-
tially matches with the waveform of the echo signal SWT22
of the second echo group SW[T2] in a portion corresponding
to the area of the cartilage 901.

[0094] Similarly, the waveform of the echo signal SWT12
of the first echo group SW[T1] substantially matches with
that of the echo signal SWT23 of the second echo group
SW[T2]ina portion corresponding to the area of the cartilage
901. The waveform of the echo signal SWT13 of the first echo
group SW[T1] substantially matches with that of the echo
signal SWT24 of the second echo group SW[T2] in a portion
corresponding to the area of the cartilage 901. The waveform
of the echo signal SWT14 of the first echo group SW[T1]
substantially matches with that of the echo signal SWT25 of
the second echo group SW[T?2] in a portion corresponding to
the area of the cartilage 901.

[0095] Therefore, in the cartilage 901, the echo signal from
each scanning-directional position in the first state [T1] sub-
stantially matches with the echo signal from a scanning-
directional position in the second state [T2], which is offset
from the scanning-directional position in the first state [T1]
by the arrangement interval of adjacent oscillators.

[0096] As described above, the echo data from the soft
tissue 903 and the echo data from the cartilage 901 behave
differently from each other in the first and second states [T1]
and [ T2]. Therefore, by detecting this behavior (a change of a
relative position of the observed point between the first and
second states), the area of the soft tissue 903 can be differen-
tiated from the area of the cartilage 901. Further, the cartilage
front surface, which is a boundary surface of the soft tissue
903 and the cartilage 901 can be detected.

[0097] Meanwhile at S4, the image generating module 14
generates the echo level image as illustrated in FIG. 5, based
on the echo data outputted from the AD converter 12.
[0098] Next at S5, the echo level normalizing module 15
normalizes the echo intensities at the respective positions of
the analysis area.

[0099] Next at S6, the front surface position correcting
module 16 corrects the echo level image so that the front
surface position of the cartilage 901 in the echo level image is
located within the given range in the depth direction. Note
that, if the front surface position of the cartilage 901 in the
echo level image is located within the given range in the depth
direction, the process at S6 is omitted.

[0100] Next at S7, the dynamic range designing module 17
sets the upper limit value to be the highest value (0 dB) among
the signal levels normalized by the echo level normalizing
module 15, and sets the lower limit value to be —40 dB.
[0101] Nextat S8, the area-of-interest designing module 18
designs the area having the given length in the depth direction
from the given position of the front surface of the cartilage
and the given length of the front surface in the scanning
direction, to be the area-of-interest.

[0102] Next at S9, the gradation module 19 assigns the
gradation of the plurality of levels (e.g., sixteen tones) to the
luminance levels of the respective pixels of the area-of-inter-
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est image which is the echo level image of inside of the
area-of-interest designed at S8.

[0103] Next at S10, the co-occurrence matrix generating
module 20 generates the first co-occurrence matrix P sqq0(1,
j) and the second co-occurrence matrix P ¢0(i, j) based on
Equation 1.

[0104] Next at S11, the characteristic amount calculating
module 21 calculates the correlation COR 540 and the con-
trast CNT ;, oo based on the first co-occurrence matrix P 000
(i, j) and the second co-occurrence matrix P, 40(i, J) gener-
ated at S10 based on Equations 2 and 3, respectively. The
correlation COR <4, and the contrast CNT , o, calculated as
above are displayed on the display unit 5 as the numerical
values.

[0105] Effects

[0106] As described above, with the ultrasonic diagnosing
device 1 according to this embodiment, without incision of
the soft tissue 903 near the knee, the characteristic amounts
which are highly correlative with the state of the detected part
(the front surface roughness of the cartilage 901 in this
embodiment) is calculated based on the intensities of the echo
signals which are the samples corresponding to the respective
positions of the area-of-interest, and the state of the cartilage
can be estimated.

[0107] Therefore, with the ultrasonic diagnosing device 1,
even in a case of analyzing the state of the cartilage 901 in a
percutaneous manner, the state (front surface roughness) of
the cartilage 901 can accurately be grasped.

[0108] Moreover, with the ultrasonic diagnosing device 1,
since the characteristic amounts are calculated based on the
echo level image configured with the pixels having the illu-
minance levels corresponding to the echo intensities of the
samples corresponding to the respective positions of the area-
of-interest, the characteristic amounts can suitably be calcu-
lated.

[0109] Moreover, with the ultrasonic diagnosing device 1,
the upper limit echo intensity and the lower limit echo inten-
sity are set by the dynamic range designing module 17. Thus,
the gradation can suitably be assigned to the respective pixels
configuring the echo level image.

[0110] Moreover, with the ultrasonic diagnosing device 1,
since the area including the echo signals from the cartilage
front surface of the knee is designed to be the area-of-interest,
the detected part can surely be included in the diagnostic
target.

[0111] Moreover, with the ultrasonic diagnosing device 1,
the characteristic amounts are calculated based on the co-
occurrence matrixes calculated by the co-occurrence matrix
generating module 20. Thus, the characteristic amounts can
suitably be calculated.

[0112] Moreover, with the ultrasonic diagnosing device 1,
by calculating, as one of the characteristic amounts, the cor-
relation COR highly correlative with the front surface rough-
ness of the cartilage 901, the front surface roughness of the
cartilage 901 can suitably be estimated.

[0113] Moreover, with the ultrasonic diagnosing device 1,
in the area-of-interest image, the correlation COR g9, 18
calculated based on the first co-occurrence matrix P00
generated targeting the pairs of pixels, each pair of pixels
consisting of a pair of pixels having a positional relationship
in which they are separated by a given distance in the scan-
ning direction. As illustrated in FIG. 9, the correlation
COR sg90 18 highly correlative with the front surface rough-
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ness. Therefore, by calculating the correlation COR 544, the
front surface roughness of the cartilage 901 can more suitably
be estimated.

[0114] Moreover, with the ultrasonic diagnosing device 1,
by calculating, as one of the characteristic amounts, the con-
trast CNT highly correlative with the front surface roughness
of the cartilage 901, the front surface roughness of the carti-
lage 901 can suitably be estimated.

[0115] Moreover, with the ultrasonic diagnosing device 1,
in the area-of-interest image, the contrast CNT 4, is calcu-
lated based on the second co-occurrence matrix P, o, gener-
ated targeting the pairs of pixels, each pair of pixels consisting
of a pair of pixels having a positional relationship in which
they are separated by a given distance in the depth direction.
As illustrated in FIG. 10, the contrast CNT 4, is highly
correlative with the front surface roughness. Therefore, by
calculating the contrast CNT ;, ¢, the front surface roughness
of the cartilage 901 can more suitably be estimated.

[0116] Moreover, with the ultrasonic diagnosing device 1,
the area-of-interest to be the analysis target is designed based
on the front surface position of the cartilage 901 detected by
the front surface position detecting module. Thus, the area-
of-interest can automatically be designed.

[0117] Moreover, with the ultrasonic diagnosing device 1,
the echo intensities at the respective positions in the echo
level image are normalized through dividing them by the
highest signal value among the echo signals from the cartilage
901. In this manner, an individual difference of the soft tissue
903 in every detected body can be eliminated, and thus, more
accurate characteristic amounts can be calculated for each
detected body.

[0118] Moreover, with the ultrasonic diagnosing device 1,
the echo level image is corrected so that the front surface
position of the cartilage 901 in the echo level image is located
within the given range in the depth direction. Thus, the front
surface position of the cartilage 901 becomes substantially
straight in the depth direction, and as a result, the co-occur-
rence matrix can suitably be generated.

[0119] Moreover, with the ultrasonic diagnosing device 1,
the characteristic amounts calculated by the signal processor
10 are displayed on the display unit 5. Thus, the user can
visually confirm the characteristic amounts as the indexes
indicating the degeneration degree of the cartilage 901.
[0120] Although the embodiment of this disclosure is
described above, this disclosure is not limited to the above,
and without deviating from the scope of this disclosure, vari-
ous modifications may be applied.

[0121] Modifications

[0122] (1) FIG.13is a block diagram illustrating a configu-
ration of a signal processor 10a of the ultrasonic diagnosing
device according to a modification. The signal processor 10a
of this modification has a configuration in which the front
surface position detecting module 13 and the area-of-interest
designing module 18 are omitted from the signal processor 10
of the above embodiment.

[0123] With the ultrasonic diagnosing device according to
this modification, the echo level image generated by the
image generating module 14 is displayed on the display unit
5. Further, the user looks at the echo level image and selects
part of the echo level image which includes the cartilage front
surface, to be the area-of-interest. Then the signal processor
10 assigns the gradation, generates the co-occurrence
matrixes, and calculates the characteristic amounts, sequen-
tially for the area-of-interest image which is the echo level
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image of inside the area-of-interest. Therefore, by configur-
ing the signal processor 10a as this modification, the state
(front surface roughness) of the cartilage 901 can accurately
be grasped even in the case of analyzing the state of the
cartilage 901 in a percutaneous manner, similar to the above
embodiment.

[0124] (2) In the above embodiment, the contrast CNT ;o0
is calculated based on the second co-occurrence matrix P, o4
(i, j); however, a contrast CNT .54, may be calculated based
on the first co-occurrence matrix Psg00(1, ).

[0125] FIG. 14 is a chart used to calculate a correlation
coefficient between the contrast CNT ;5o calculated based
on Equation 3 and the front surface roughness ofthe cartilage,
targeting the plurality of samples. As illustrated in FIG. 14, a
positive correlation was found between the contrast
CNT 45090 in the direction parallel to the cartilage front sur-
face and the front surface roughness. A cause of the positive
correlation can be considered to be that the echo intensity is
substantially even in the in-plane direction of the cartilage
front surface when the cartilage has low degeneration degree,
while an area where the echo intensity is locally low exists
when the cartilage has high degeneration degree. Therefore, it
can be estimated that the degeneration degree of the cartilage
is low when the contrast CNT 454, is low, and the degenera-
tion degree of the cartilage is high when the contrast
CNT 5600 18 high.

[0126] (3) In the above embodiment, as the characteristic
amounts, the correlation COR and the contrast CNT are cal-
culated; however, without limiting to this, other characteristic
amounts may be calculated. For example, a local homogene-
ity IDM, an entropy EPY, a sum average SUMA, a sum
variance SUMY, etc. are calculated as characteristic amounts,
and the degeneration degree of the cartilage may be estimated
based thereon. These characteristic amounts can be given by
the following Equations 4 to 7, respectively.

n=l n-1 1 (4)
IDM = — Pé(i, /)
LiliToi-gp
n-1n-l1 (5)
EPY = Z Z P5(i, PloglPa(i, j)}
i=0 j=0
n-1n-1 (6)
SUMA =" " {(i+ DPS(i, J)
=0 j=0
n-1 n- (7)

SUMV = Z

i=0 =

1
Ui + j) — SUMAY P8(i, j)]
0

[0127] (4) In the above embodiment, by moving the probe
4 in the up-and-down directions in the state where it is made
in contact with the knee, the position of the probe 4 relative to
the soft tissue 903 and the cartilage 901 is changed and the
front surface position of the cartilage 901 is detected; how-
ever, it is not limited to this. For example, the probe 4 may be
fixed and the knee may be bentby ajigetc., so as to change the
relative positional relationships of the probe 4 with the soft
tissue 903 and the cartilage 901.

[0128] (5) In the above embodiment, the depth position
detected by the front surface position detecting module 13 is
the front surface position of the cartilage 901; however, it is
not limited to this. For example, movement averaging pro-
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cessing may be performed along the front surface position
detected by the front surface position detecting module 13.
Thus, a noise (e.g., spike noise) in the front surface position
detection can be smoothened.

[0129] (6) In the above embodiment, the numerical values
of the characteristic amounts calculated by the characteristic
amount calculating module 21 are displayed on the display
unit 5 as they are; however, without limiting to this, indexes
indicating the degeneration degree of the cartilage derived
based on the characteristic amounts may be displayed on the
display unit 5. For example, each of the characteristic
amounts may be categorized into one of a plurality of ranks
corresponding to the numerical value of the characteristic
amount, and the ranks (e.g., alphabets, such as A to C) may be
displayed on the display unit 5.

[0130] (7)FIG. 15is a block diagram illustrating a configu-
ration of an ultrasonic diagnosing device la according to
another modification. In the above embodiment, the ultra-
sonic diagnosing device 1 including the ultrasonic probe 4
and the display unit 5 is exemplarily illustrated; however,
without limiting to this, this disclosure may be applied to an
ultrasonic diagnosing device in which the ultrasonic probe 4,
the display unit 5, etc. are omitted, such as that illustrated in
FIG. 15.

[0131] (8) Intheabove embodiment, the echo level image is
generated based on the echo signals received by the probe,
and the characteristic amounts are calculated based on the
echo level image; however, it is not limited to this. Specifi-
cally, even without generating the echo level image, the char-
acteristic amounts may be calculated based on the echo inten-
sities of the samples corresponding to the respective positions
of the area-of-interest.

[0132] FIG. 16 is a block diagram illustrating a configura-
tion of an ultrasonic diagnosing device 15 according to
another modification. The ultrasonic diagnosing device 15
according to the other modification includes a level assigning
module 19a. The level assigning module 19a assigns each
echo intensity to one of a plurality of levels of echo intensi-
ties, the echo intensity being an intensity of the echo data
outputted by the AD converter 12, and being each of the
intensities of the echo data of the samples corresponding to
the respective positions of the area-of-interest. By targeting
samples which are in a given positional relationship with each
other among the samples having the echo intensities assigned
to the plurality of levels, the characteristic amount calculating
module 21 calculates the characteristic amounts based on a
combination of the echo intensities. Note that, when gener-
ating the co-occurrence matrixes with the ultrasonic diagnos-
ing device 14 according to this modification, the co-occur-
rence matrixes are generated targeting the pairs of samples
corresponding to the area-of-interest, each pair of pixels con-
sisting of a pair of samples having a positional relationship in
which they are separated by a given distance in a given direc-
tion.

[0133] In the above embodiment, the area-of-interest is
extracted from the analysis area, and the characteristic
amounts are calculated based on the echo data of the samples
within the area-of-interest; however, it is not limited to this.
Specifically, the entire analysis area may be designed as the
area-of-interest, and the characteristic amounts may be cal-
culated based on the echo data of the samples inside the
area-of-interest (i.e., the analysis area).
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DESCRIPTION OF REFERENCE NUMERALS

[0134] 1. 1a, 15 Ultrasonic Diagnosing Device

[0135] 4 Probe, Ultrasonic Probe

[0136] 19 Gradation Module (Level Assigning Module)
[0137] 19a Level Assigning Module

[0138] 21 Characteristic Amount Calculating Module

1. An ultrasonic diagnosing device for diagnosing a state of
a detected part that is a detection target in a detected body,
comprising:

a level assigning module configured to assign an echo
intensity to one ofa plurality of levels of echo intensities,
the echo intensity calculated based on one of echo sig-
nals that are caused by ultrasonic signals transmitted
from an ultrasonic probe into the detected body, and
being an intensity of each of the echo signals that are
samples respectively corresponding to positions in an
area-of-interest of the detected body, the area-of-interest
defined in a depth direction of the detected body and a
direction intersecting the depth direction; and

a characteristic amount calculating module configured to
calculate, by targeting two or more of the samples hav-
ing the echo intensities assigned to the plurality of levels
by the level assigning module, one or more characteris-
tic amounts indicating a characteristic of the area-of-
interest, based on a combination of the echo intensities
of the two or more of the samples, the two or more of the
samples having a given positional relationship with each
other.

2. The ultrasonic diagnosing device of claim 1, further
comprising an image generating module configured to gen-
erate an echo level image configured with a plurality of pixels
having luminance levels corresponding to the intensities of
the echo signals that are the samples respectively correspond-
ing to the positions of the area-of-interest, the plurality of
pixels associated with the respective positions of the area-of-
interest, respectively.

3. The ultrasonic diagnosing device of claim 1, further
comprising an upper and lower limit value setting module
configured to set an upper limit echo intensity and a lower
limit echo intensity, the upper limit echo intensity indicating
a highest value among the echo intensities assigned to the
plurality of levels, the lower limit echo intensity indicating a
lowest value among the echo intensities assigned to the plu-
rality of levels.

4. The ultrasonic diagnosing device of claim 1, wherein the
area-of-interest is designed as an area including echo signals
from a front surface of the detected part.

5. The ultrasonic diagnosing device of claim 1, further
comprising a co-occurrence matrix generating module con-
figured to generate a co-occurrence matrix based on the echo
intensities of the samples respectively corresponding to the
positions of the area-of-interest, the echo intensities assigned
to the plurality of levels by the level assigning module,

wherein the characteristic amount calculating module cal-
culates the one or more characteristic amounts based on
the co-occurrence matrix generated by the co-occur-
rence matrix generating module.

6. The ultrasonic diagnosing device of claim 5, wherein the
characteristic amount calculating module calculates a corre-
lation as one of the one or more characteristic amounts.

7. The ultrasonic diagnosing device of claim 6, wherein the
co-occurrence matrix generating module calculates, as the
co-occurrence matrix, a first co-occurrence matrix targeting
pairs of samples corresponding to the area-of-interest, each of
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the pairs of the samples consisting of a pair of samples having
a positional relationship in which the samples are separated
by a given distance in the direction intersecting the depth
direction, and

wherein the characteristic amount calculating module cal-
culates the correlation based on the first co-occurrence
matrix.

8. The ultrasonic diagnosing device of claim 5, wherein the
characteristic amount calculating module calculates a con-
trast as one of the one or more characteristic amounts.

9. The ultrasonic diagnosing device of claim 8, wherein the
co-occurrence matrix generating module calculates, as the
co-occurrence mairix, a second co-occurrence matrix target-
ing pairs of samples corresponding to the area-of-interest,
each of the pairs of the samples consisting of a pair of samples
having a positional relationship in which the samples are
separated by a given distance in the depth direction, and

wherein the characteristic amount calculating module cal-
culates the contrast based on the second co-occurrence
matrix.

10. The ultrasonic diagnosing device of claim 1, further
comptrising:

a front surface position detecting module configured to
detect aposition of a front surface of the detected part in
the depth direction based on the echo signals; and

an area-of-interest designing module configured to design
the area-of-interest based on the position of the front
surface of the detected part detected by the front surface
position detecting module.

11. The ultrasonic diagnosing device of claim 10, further
comprising an upper and lower limit value setting module
configured to set an upper limit echo intensity and a lower
limit echo intensity, the upper limit echo intensity indicating
a highest value among the echo intensities assigned to the
plurality of levels, the lower limit echo intensity indicating a
lowest value among the echo intensities assigned to the plu-
rality of levels,

wherein the upper and lower limit value setting module
detects a highest signal value among the echo signals
obtained from the front surface of the detected part
detected by the front surface position detecting module,
and sets the highest signal value as the upper limit echo
intensity, and

the ultrasonic diagnosing device further comprising an
echo level normalizing module configured to divide the
echo intensities at the respective positions of the area-
of-interest by the highest signal value detected by the
upper and lower limit value setting module.

12. The ultrasonic diagnosing device of claim 10, further
comprising a front surface position correcting module con-
figured to correct positions of the samples corresponding to
the area-of-interest in the depth direction so that the position
of the front surface of the detected part in the area-of-interest
is located within a given range in the depth direction.

13. The ultrasonic diagnosing device of claim 1, further
comprising:
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the ultrasonic probe configured to transmit the ultrasonic

signals into the detected body; and
a display unit configured to display one of the one or more
characteristic amounts calculated by the characteristic
amount calculating module and an index derived based
on the one or more characteristic amounts and indicating
the state of the detected part of the detected body.
14. The ultrasonic diagnosing device of claim 13, wherein
the ultrasonic probe is capable of transmitting and receiving
ultrasonic waves in relation to the area-of-interest defined in
the depth direction and a scanning direction of the ultrasonic
probe, by scanning along the front surface of the detected
body, the scanning direction intersecting the depth direction.
15. A method of ultrasonic diagnosis of a state of a detected
part that is a detection target in a detected body, comprising:
assigning an echo intensity to one of a plurality of levels of
echo intensities, the echo intensity calculated based on
one of echo signals that are caused by ultrasonic signals
transmitted from an ultrasonic probe into the detected
body, and being an intensity of each of the echo signals
that are samples respectively corresponding to positions
in an area-of-interest of the detected body, the area-of-
interest defined in a depth direction of the detected body
and a direction intersecting the depth direction; and

calculating, by targeting two or more of the samples having
the echo intensities assigned to the plurality of levels by
the assigning the echo intensity to one of the plurality of
levels of echo intensities, one or more characteristic
amounts indicating a characteristic of the area-of-inter-
est, based on a combination of the echo intensities of the
two or more of the samples, the two or more of the
samples having a given positional relationship with each
other.
16. A program for ultrasonic diagnosis of a state of a
detected part that is a detection target in a detected body, the
program causing a computer to execute:
assigning an echo intensity to one of a plurality of levels of
echo intensities, the echo intensity calculated based on
one of echo signals that are caused by ultrasonic signals
transmitted from an ultrasonic probe into the detected
body, and being an intensity of each of the echo signals
that are samples respectively corresponding to positions
in an area-of-interest of the detected body, the area-of-
interest defined in a depth direction of the detected body
and a direction intersecting the depth direction; and

calculating, by targeting two or more of the samples having
the echo intensities assigned to the plurality of levels by
the assigning the echo intensity to one of the plurality of
levels of echo intensities, one or more characteristic
amounts indicating a characteristic of the area-of-inter-
est, based on a combination of the echo intensities of the
two or more of the samples, the two or more of the
samples having a given positional relationship with each
other.
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