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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to an ultrasonic body tissue detecting device which transmits an ultrasonic wave
into a body and detects target body tissue based on an echo signal of the ultrasonic wave.

BACKGROUND ART

[0002] Conventionally, various ultrasonic diagnosing devices are devised, as disclosed in Patent Document 1. Such
ultrasonic diagnosing devices transmit ultrasonic signals into a body from outside and generate image data to determine
a state inside the body based on echo signals of the ultrasonic signals.

[0003] Specifically, the ultrasonic diagnosing device transmits the ultrasonic signal in a direction perpendicular to the
surface of skin using a probe for transmitting and receiving the ultrasonic wave. The ultrasonic diagnosing device then
receives the echo signal which is acquired by the ultrasonic signal reflecting on body tissue. The ultrasonic diagnosing
device moves the position of the ultrasonic probe along the skin surface and receives the echo signal at a plurality of
positions. Thus, the ultrasonic diagnosing device forms two-dimensional echo image in a depth direction parallel to the
transmitting direction of the ultrasonic signals and in a scanning direction parallel to the skin surface. For example, the
ultrasonic diagnosing device sets a higher luminosity at a position where amplitude of the echo signal is larger and sets
a lower luminosity at a position where the amplitude of the echo signal is smaller to form the two-dimensional echo image
which expresses the amplitudes of the echo signals by the luminosities.

[0004] Such a two-dimensional echo image is utilizable for processing which detects given body tissue. For example,
it is utilizable for processing to detect muscular tissue at a part of the surface of a femur where muscular tissue, subcu-
taneous tissue, and skin exist in layers.

[0005] Conventionally, in order to distinguish the muscular tissue from the subcutaneous tissue, an operator observes
the pattern of a luminosity distribution of the two-dimensional echo image displayed on a display unit, etc. The operator
grasps beforehand the differences between a luminosity distribution pattern of the subcutaneous tissue and a luminosity
distribution pattern of the muscular tissue. The operator then distinguishes the muscular tissue from the subcutaneous
tissue based on the luminosity distribution patterns. Further, the operator determines that a position where the luminosity
distribution pattern changes is a boundary (fascia) between the subcutaneous tissue and the muscular tissue.

[Reference Document of Conventional Art]
[Patent Document]

[0006]

[Patent Document 1]  JP2011-092686A
DESCRIPTION OF THE DISCLOSURE
[Problems to be Solved by the Disclosure]

[0007] However, according to the method of observing the two-dimensional echo image by the operator and distin-
guishing the muscular tissue from the subcutaneous tissue described above, the detection accuracy of the muscular
tissue is dependent on the experiences of the operator.

[0008] Moreover, the amplitude of the echo signal (the luminosity of the echo image) for the muscular tissue varies
with aging and, thus, the difference between the luminosity distribution patterns of the subcutaneous tissue and the
muscular tissue varies according to the age of person of interest for the detection.

[0009] Thus, the conventional method of observing the two-dimensional echo image and detecting the muscular tissue
by the operator is to manually detect the muscular tissue, and it is not easy to detect the muscular tissue securely with
high precision. Similarly, when detecting the subcutaneous tissue, the distinction from the muscular tissue is not easy.
[0010] Therefore, the purpose of the present disclosure is to provide an ultrasonic body tissue detecting device, a
method of ultrasonically detecting body tissue, and an ultrasonic body tissue detecting program, which automatically
detect body tissue to be detected certainly with high precision.
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[Summary of the Disclosure]

[0011] An ultrasonic body tissue detecting device according to one aspect of the present disclosure, may include a
transmission/reception unit, a two-dimensional data acquisition unit, a spatial frequency distribution calculation unit, and
a determination unit. The transmission/reception unit may transmit an ultrasonic signal into a body of a sample and
receive an echo signal of the ultrasonic signal. The two-dimensional data acquisition unit may acquire two-dimensional
data in a transmitting direction of the ultrasonic signal and in a scanning direction substantially perpendicular to the
transmitting direction of the ultrasonic signal, based on the echo signals acquired at a plurality of positions along the
surface of the sample. The spatial frequency distribution calculation unit may perform a spatial frequency conversion of
the two-dimensional data, two-dimensionally into a depth direction defined by the transmitting direction of the ultrasonic
signal and into a horizontal direction perpendicular to the depth direction, and calculate a spatial frequency distribution
for a determining position. The determination unit may determine whether the determining position is given body tissue
based on a distribution of a frequency component in the depth direction and a distribution of a frequency component in
the horizontal direction of the spatial frequency distribution.

[0012] With this configuration, a difference between the spatial frequency distribution of given body tissue and the
spatial frequency distribution of the other body tissue which is adjacent to the given body tissue may be obtained in
numeric values. Therefore, by evaluating the numeric values, whether the determining position is the given body tissue
may be determined so as to detect the given body tissue.

[0013] In addition, in the ultrasonic body tissue detecting device of this aspect of this disclosure, the determination
unit may determine based on a difference between the frequency components at two points of which a spatial frequency
in the depth direction is identical to a spatial frequency in the horizontal direction in the spatial frequency distribution.
[0014] In addition, in the ultrasonic body tissue detecting device of this aspect of this disclosure, the determination
unit may determine based on an integrated value obtained by integrating the difference between the frequency compo-
nents at the two points in the depth direction and the horizontal direction.

[0015] In addition, in the ultrasonic body tissue detecting device of thia aspect of this disclosure, the determination
unit may determine based on a result of comparison of the integrated value with a given threshold.

[0016] In these configurations, a concrete model to determine the given body tissue is described, and by using these
configuration, the given body tissue may be automatically detectable certainly with high precision.

[0017] In addition, in the ultrasonic body tissue detecting device of this aspect of this disclosure, the given body tissue
may be muscular tissue. The determination unit may determine that the determining position is the muscular tissue if
the integrated value is above the threshold.

[0018] With this configuration, the muscular tissue may be automatically detectable as the given body tissue certainly
with high precision.

[0019] In addition, in the ultrasonic body tissue detecting device of this aspect of this disclosure, the determination
unit may detect an angle difference between the transmitting direction of the ultrasonic signal and the depth direction
using the spatial frequency distribution. The determination unit may calculate a distribution of frequency component in
the depth direction and a distribution of frequency component in the horizontal direction based on the angle difference.
[0020] With this configuration, even if the transmitting direction of the ultrasonic signal is not parallel to the depth
direction, the given body tissue may be automatically detectable certainly with high precision.

[Effect of the Disclosure]

[0021] According to the present disclosure, the body tissue to be detected, such as the muscular tissue and the
subcutaneous tissue, may automatically be detected certainly with high precision.

BRIEF DESCRIPTION OF DRAWINGS
[0022]

Fig. 1 is a configuration view of an ultrasonic body tissue detecting device according to a first embodiment of the
present disclosure.

Fig. 2 is a view illustrating one example of a two-dimensional echo image which is formed by the ultrasonic body
tissue detecting device according to the first embodiment of the present disclosure.

Figs. 3(A) and 3(B) are views illustrating examples of a spatial frequency distribution which are calculated by the
ultrasonic body tissue detecting device according to the first embodiment of the present disclosure.

Figs. 4(A) and 4(B) are views illustrating examples of a frequency component characteristic which are calculated
by the ultrasonic body tissue detecting device according to the first embodiment of the present disclosure.

Fig. 5 is a flowchart illustrating a processing flow of a method of ultrasonically detecting body tissue according to
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the first embodiment of the present disclosure.

Figs. 6(A) and 6(B) illustrate a view of a two-dimensional echo image and a view of a spatial frequency distribution
of subcutaneous tissue, when a depth direction is not parallel to a transmitting direction of an ultrasonic signal.
Fig. 7 is a flowchart illustrating a processing flow of a method of ultrasonically detecting body tissue according to a
second embodiment of the present disclosure.

MODES FOR CARRYING OUT THE DISCLOSURE

[0023] An ultrasonic body tissue detecting device, a method of ultrasonically detecting body tissue, and an ultrasonic
body tissue detecting program according to a first embodiment of the present disclosure are described with reference
to the accompanying drawings. Fig. 1 is a configuration view of the ultrasonic body tissue detecting device according to
the first embodiment of the present disclosure.

[0024] An ultrasonic body tissue detecting device 10 may include a transmission/reception unit 11, a two-dimensional
data acquisition unit 14, a spatial frequency distribution calculation unit 15, and a determination unit 16. The transmis-
sion/reception unit 11 may include a transmission controller 12, an echo signal receiver 13, and a probe 100.

[0025] The transmission controller 12 may generate a transmission control signal which is obtained by shaping a
carrier wave at a frequency within an ultrasonic range into a pulse shape. The transmission controller 12 may output
the transmission control signal to the probe 100.

[0026] The probe 100 may include, for example, a linearly-arrayed ultrasonic transducer comprised of a plurality of
elements. The ultrasonic transducer may be excited by the transmission control signal and transmit an ultrasonic signal
to the outside (into a body of a sample). Here, the ultrasonic transducer may have its axis in a direction (a transmitting
direction of the ultrasonic signal) perpendicular to a transmission/reception surface of the probe 100, and transmit the
ultrasonic signal comprised of a given transmission beam angle.

[0027] The transmission/reception surface of the probe 100 may contact a skin surface in parallel to the skin surface
of the sample. Thus, the ultrasonic signal transmitted from the ultrasonic transducer may be propagated inside the
sample in a direction (a depth direction) substantially perpendicular to the skin surface. That is, the transmitting direction
of the ultrasonic signal may be identical to the depth direction.

[0028] The ultrasonic signal may be reflected on each body tissue inside the sample. Specifically, at a position where
muscular tissue, subcutaneous tissue, and skin cover the surface of a femur in this order, the ultrasonic signal reflects
on the skin, the subcutaneous tissue, the muscular tissue, and the surface of the femur. The echo signal caused by this
reflection may be propagated inside the sample in a direction parallel to the transmitting direction of the ultrasonic signal,
and then received by the ultrasonic transducer.

[0029] The probe 100 may be disposed so as to be able to scan in a direction parallel to the skin surface of the sample.
The probe 100 may transmit the ultrasonic signal from the ultrasonic transducer and receive the echo signal at a plurality
of positions in the scanning direction. The probe 100 may output the echo signal received by the ultrasonic transducer
to the two-dimensional data acquisition unit 14.

[0030] The two-dimensional data acquisition unit 14 may acquire two-dimensional data based on the echo signals
acquired from the plurality of positions on the skin by the probe 100. The two-dimensional data acquisition unit 14 may
form a two-dimensional echo image using the two-dimensional data. Specifically, the two-dimensional data acquisition
unit 14 may detect an amplitude value of each echo signal at every sampling timing set with a given time interval. Thus,
the two-dimensional data acquisition unit 14 may calculate the amplitude value of each echo signal at every sampling
point of a plurality of sampling points which are located in the transmitting direction of the ultrasonic signal.

[0031] The two-dimensional data acquisition unit 14 may arrange the plurality of echo signals having the plurality of
amplitude values in the scanning direction to obtain a distribution of the amplitude value comprised of a two-dimensional
areain the transmitting direction and the scanning direction of the ultrasonic signal. Here, asillustrated in this embodiment,
if the transmitting direction of the ultrasonic signal is perpendicular to the skin surface, the transmitting direction of the
ultrasonic signal may be the depth direction and the scanning direction may be a horizontal direction which is a direction
parallel to the skin. The two-dimensional data acquisition unit 14 may set luminosity according to the amplitude value
to form the two-dimensional echo image.

[0032] Fig. 2 is a view illustrating one example of the two-dimensional echo image which is formed by the ultrasonic
body tissue detecting device according to the first embodiment of the present disclosure. Note that Fig. 2 is illustrated
so that the luminosity is higher (whiter) as the amplitude increases, and the luminosity is lower (blacker) as the amplitude
decreases.

[0033] As illustrated by the two-dimensional echo image data of Fig. 2, at the skin surface and at the femur surface,
the luminosity may be higher (the amplitude of the echo signal increases). In addition, at the skin surface and at the
femur surface, a high-luminosity line part extending in the scanning direction (i.e., a direction parallel to the skin surface)
may appear, respectively. Each of the line parts caused by the skin surface and the femur surface may appear thickly
(the length in the transmitting direction of the ultrasonic signal is long), without any break of the line part in the scanning
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direction.

[0034] As illustrated by the two-dimensional echo image data of Fig. 2, a plurality of high-luminosity line parts extending
in the scanning direction may appear in subcutaneous tissue. These line parts may appear comparatively long in the
scanning direction, but they may be shorter than the line parts caused by the skin surface and the femur surface.
Moreover, these line parts may appear continuously at a certain interval in the transmitting direction (depth direction) of
the ultrasonic signal.

[0035] As illustrated by the two-dimensional echo image data of Fig. 2, short line parts may appear in the muscular
tissue, and they may tend to be lower in the luminosity for a youth but higher in the luminosity for an aged person. For
this reason, if each body part is observed only by the overall luminosity, a relation between an average luminosity of the
subcutaneous tissue and an average luminosity of the muscular tissue may be reversed between the youth and the
aged person and, thus, the muscular tissue may not be distinguished from the subcutaneous tissue based on the
averages of luminosities. Note that these line parts may be shorter than the line parts caused by the subcutaneous
tissue. Moreover, these line parts may not always appear substantially at the same interval in the transmitting direction
(depth direction) of the ultrasonic signal, but appear at a variable interval in general.

[0036] As illustrated by the two-dimensional echo image data of Fig. 2, the line parts having features similar to the
skin surface and the femur surface may appear at a fascia, (i.e., the surface of the muscular tissue). However, the line
part caused by the fascia may appear with a thickness substantially equal to the thickness of the line parts which appear
in the subcutaneous tissue and the muscular tissue.

[0037] As described above, in the two-dimensional echo image (two-dimensional data), the subcutaneous tissue and
the muscular tissue may have different features from the skin surface and the femur surface. Moreover, in the two-
dimensional echo image, the subcutaneous tissue may have a different feature from the muscular tissue.

[0038] The spatial frequency distribution calculation unit 15 may calculate a spatial frequency distribution based on
the two-dimensional data centering on a determining position. Specifically, the spatial frequency distribution calculation
unit 15 may execute a two-dimensional spatial frequency conversion processing, which is defined by a frequency com-
ponent "u" in the scanning direction (horizontal direction) and a frequency component "v" in the transmitting direction
(depth direction) of the ultrasonic signal, based on the two-dimensional data (i.e., the two-dimensional distribution of the
amplitude value of the plurality of echo signals).

[0039] Figs. 3A and 3B are views illustrating examples of the spatial frequency distribution calculated by the ultrasonic
body tissue detecting device according to the first embodiment of the present disclosure. Fig. 3(A) illustrates a spatial
frequency distribution of the subcutaneous tissue, and Fig. 3(B) illustrates a spatial frequency distribution of the muscular
tissue.

[0040] As illustrated by the spatial frequency distribution of Fig. 3(A), in the subcutaneous tissue, an intensity value
(value) of each frequency component (hereinafter, referred to as "the frequency component") may be higher in the
transmitting direction (depth direction) of the ultrasonic signal, over a broad band of frequency from a DC component to
a high-frequency component. This is due to that, as described above, in the subcutaneous tissue, the line part (a portion
where the amplitude value of the echo signal is high) may appear continuously at a certain interval in the transmitting
direction of the ultrasonic signal.

[0041] Moreover, as illustrated by the spatial frequency distribution of Fig. 3(A), in the subcutaneous tissue, the DC
component may be higher in the scanning direction (horizontal direction), but other frequency components, especially
high-frequency components may be lower. This is due to that, as described above, in the subcutaneous tissue, the line
parts may extend in the scanning direction, and the line parts may not be repeated in the scanning direction. On the
other hand, since the line parts may be clearly repeated in the depth direction, the high-frequency component in the
transmitting direction (depth direction) of the ultrasonic signal may be larger.

[0042] As illustrated by the spatial frequency distribution of Fig. 3(B), in the muscular tissue, the DC component may
be higher in both the transmitting direction (depth direction) and the scanning direction (horizontal direction) of the
ultrasonic signal, but other frequency components, especially the high-frequency components may be lower.

[0043] Thisis due tothat, as described above, in the muscular tissue, extending lengths of the line parts in the scanning
direction may be shorter, and the plurality of line parts may not continuously appear repeatedly in the transmitting direction
of the ultrasonic signal.

[0044] As described above, in the spatial frequency distribution, the subcutaneous tissue may have different features
from the muscular tissue.

[0045] The spatial frequency distribution calculation unit 15 may calculate the spatial frequency distribution for every
determining position, and then output them to the determination unit 16.

[0046] The determination unit 16 may acquire a frequency component characteristic (a v-direction frequency compo-
nent characteristic) in the ultrasonic wave transmitting direction (depth direction) of the spatial frequency distribution,
and a frequency component characteristic (a u-direction frequency component characteristic) in the scanning direction
(horizontal direction) of the spatial frequency distribution. The v-direction frequency component characteristic may be
expressed by a matrix of each frequency componentin the ultrasonic wave transmitting direction centering on a reference
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point which is a point representing the DC component. The u-direction frequency component characteristic may be
expressed by a matrix of each frequency component in the scanning direction centering on the reference point.

[0047] Figs. 4(A) and 4(B) are views illustrating examples of the frequency component characteristic calculated by
the ultrasonic body tissue detecting device according to the firstembodiment of the present disclosure. Fig. 4(A) illustrates
the frequency component characteristic of the subcutaneous tissue, and Fig. 4(B) illustrates the frequency component
characteristic of the muscular tissue.

[0048] As illustrated by the frequency component characteristic of Fig. 4(A), each frequency component in the v-
direction may be regularly higher in the subcutaneous tissue. Moreover, in the subcutaneous tissue, the DC component
in the u-direction may be higher, but the frequency component may fall as the frequency becomes higher. For this reason,
as for the frequency components away from the reference point in the v-direction and the u-direction by the same
frequency distance Df (see Figs. 3 and 4), the frequency component of the v-direction frequency component characteristic
may be larger than the frequency component of the u-direction frequency component characteristic. The same can be
said for almost all frequency components, except for those near the reference point. Therefore, a difference between
the v-direction frequency component characteristic and the u-direction frequency component characteristic may be
higher over a substantially entire band of frequency, except for the frequency components near the DC component.
[0049] As illustrated by the frequency component characteristic of Fig. 4(B), in the muscular tissue, the DC component
may be high without depending on the v-direction and the u-direction, but the frequency component may fall as the
frequency becomes higher. For this reason, as for the frequency components away from the reference point in the v-
direction and the u-direction by the frequency distance Df (see Figs. 3 and 4), the frequency component of the v-direction
frequency component characteristic may substantially be identical to the frequency component of the u-direction fre-
quency component characteristic. The same can be said for almost all frequency components including those near the
reference point. Therefore, the difference between the v-direction frequency component characteristic and the u-direction
frequency component characteristic may be smaller over the substantially entire band of frequency.

[0050] The determination unit 16 may determine whether the determining position is the subcutaneous tissue or the
muscular tissue based on such a difference between the frequency component characteristic of the subcutaneous tissue
and the frequency component characteristic of the muscular tissue. Alternatively, the determination unit 16 may determine
whether the determining position is body tissue to be detected (e.g., the muscular tissue).

[0051] Specifically, the determination unit 16 may calculate a difference value between the frequency components at
two points of which the spatial frequencies in the depth direction and the horizontal direction in the spatial frequency
distribution are identical as described above (i.e., a difference value between the frequency components of the v-direction
frequency component characteristic and the u-direction frequency component characteristic at the positions away from
the reference point by the same frequency distance). The determination unit 16 may calculate this difference value for
each frequency component obtained from the spatial frequency distribution. The determination unit 16 may integrate
the difference values of the frequency components in the depth direction and the horizontal direction to calculate the
integrated value as an index S.

[0052] The determination unit 16 may prestore a threshold Th of the index S. The threshold Th may be suitably set
from arithmetic values which are acquired as an average value and a minimum value of the index S of the subcutaneous
tissue, and an average value and a maximum value of the index S of the muscular tissue by experiments etc. conducted
beforehand. For example, a mean value between the average value of the index S of the subcutaneous tissue and the
average value of the index S of the muscular tissue may be set as the threshold Th.

[0053] The determination unit 16 may compare the index S with the threshold Th, and if the index S is above the
threshold Th, it may determine that the determining position is the subcutaneous tissue. On the other hand, if the index
S is below the threshold Th, the determination unit 16 may determine that the determining position is the muscular tissue.
[0054] The determination unit 16 may move the determining position in the transmitting direction (depth direction) of
the ultrasonic signal, and determine whether it is the subcutaneous tissue or the muscular tissue for every determining
position. Thus, a boundary (fascia) between the subcutaneous tissue and the muscular tissue may also be detectable
for every transmission (every sweep) of the ultrasonic signal, and a range of the subcutaneous tissue (thickness) and
a range of the muscular tissue (thickness) may also be detectable.

[0055] Asdescribed above, the musculartissue and the subcutaneous tissue may be automatically detectable certainly
with high precision by using the configuration of this embodiment. Note that in the embodiment described above, although
the detection of the muscular tissue and the subcutaneous tissue may be described as the example, the body tissue to
be detected may be automatically detectable certainly with high precision by using the configuration of this embodiment,
if body tissue of which the spatial frequency distribution differs exists.

[0056] Note that although in the above description, a mode in which each processing may be implemented by an
individual functional block, the detection processing of the body tissue by the ultrasonic signal may be programmed and
stored, and an arithmetic processing device, such as a computer, may read out and execute the program. In this case,
the following flow may be used. Fig. 5 is a flowchart illustrating a processing flow of a method of ultrasonically detecting
the body tissue according to the first embodiment of the present disclosure.
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[0057] The arithmetic processing device may transmit the ultrasonic signal at different positions, and acquire the echo
signals. That is, the arithmetic processing device may acquire the echo signals of a plurality of sweeps (S101).

[0058] The arithmetic processing device may acquire the two-dimensional data including the determining position
using the echo signals of the plurality of sweeps (S102).

[0059] The arithmetic processing device may calculate the spatial frequency distribution at the determining position
based on the two-dimensional data (S103).

[0060] The arithmetic processing device may calculate the index S based on the difference between the frequency
component in the ultrasonic wave transmitting direction (v-direction) and the frequency component in the scanning
direction (u-direction) of the spatial frequency distribution (S104).

[0061] If the index S is above the threshold Th (S105: YES), the arithmetic processing device may determine that the
determining position is the subcutaneous tissue (S106). If the index S is below the threshold Th (S105: NO), the arithmetic
processing device may determine that the determining position is the muscular tissue (S107).

[0062] Next, an ultrasonic body tissue detecting device according to a second embodiment of the present disclosure
is described with reference to the accompanying drawings. The ultrasonic body tissue detecting device according to this
embodiment may be the same as the ultrasonic body tissue detecting device according to the first embodiment in the
fundamental configurations and processings, and may be a device in which a function to correct an inclination (angle
difference) of the ultrasonic wave transmitting direction with respect to the depth direction is added to the ultrasonic body
tissue detecting device of the first embodiment.

[0063] When the probe 100 contacts the skin surface, the transmission/reception surface of the probe 100 may incline
so that the depth direction inside the body may not be parallel to the transmitting direction of the ultrasonic signal (the
angle difference is produced between the depth direction and the transmitting direction).

[0064] Fig. 6(A) is a view illustrating a two-dimensional echo image when the depth direction is not parallel to the
ultrasonic wave transmitting direction, and Fig. 6(B) is a view illustrating a spatial frequency distribution of the subcuta-
neous tissue when the depth direction is not parallel to the ultrasonic wave transmitting direction.

[0065] Insucha case, asillustrated in Fig. 6(A), the extending direction of the plurality of line parts in the subcutaneous
tissue may not be parallel to the scanning direction, and the direction of the plurality of line parts arrayed at intervals
may not be parallel to the transmitting direction of the ultrasonic signal.

[0066] Thus, as illustrated in Fig. 6(B), the arrayed direction of the high-frequency components in the spatial frequency
distribution of the subcutaneous tissue may not be parallel to the ultrasonic wave transmitting direction.

[0067] As illustrated in Fig. 6(B), the ultrasonic body tissue detecting device of this embodiment may set the arrayed
direction of the frequency components with high values (intensity) as a v’-direction, and the direction perpendicular to
the v’-direction as a u’-direction. Thus, the v'-direction may be the depth direction and the u’-direction may be the
horizontal direction. The ultrasonic body tissue detecting device may determine whether the determining position is the
subcutaneous tissue or the muscular tissue based on a difference between a frequency component characteristic in the
v’-direction and the frequency component characteristic in the u’-direction.

[0068] Forexample,determination processing may be performed using the following flow. Fig. 7 is a flowchartillustrating
the processing flow of a method of ultrasonically detecting the body tissue according to the second embodiment of the
present disclosure.

[0069] The arithmetic processing device may acquire the echo signals of the plurality of sweeps (S201).

[0070] The arithmetic processing device may acquire the two-dimensional data (defined two-dimensionally into the
ultrasonic wave transmitting direction and the scanning direction) including the determining position using the echo
signals of the plurality of sweeps (S202). Note that the arithmetic processing device may further form two-dimensional
echo image data based on the two-dimensional data.

[0071] The arithmetic processing device may calculate the spatial frequency distribution at the determining position
using the two-dimensional data (S203).

[0072] The arithmetic processing device may detect a direction in which the frequency component is continuously
high over a broad band of frequency using the spatial frequency distribution, and set the direction as the depth direction
(v'-direction). As the spatial frequency distribution used for this processing, a distribution at a position near the skin
surface may be used. For example, echo signals with short periods of time passed from the transmitting timing of the
ultrasonic signal may be selected. The arithmetic processing device may set the direction perpendicular to the depth
direction (v’-direction) as the horizontal direction (u’-direction) (S204).

[0073] The arithmetic processing device may calculate the index S based on a difference between the frequency
component in the depth direction (v'-direction) and the frequency component in the horizontal direction (u’-direction) in
the spatial frequency distribution (S205).

[0074] If the index S is above the threshold Th (S206: YES), the arithmetic processing device may determine that the
determining position is the subcutaneous tissue (S207). If the index S is below the threshold Th (S206: NO), the arithmetic
processing device may determine that the determining position is the muscular tissue (S208).

[0075] By using such a configuration, the determining position may be automatically detectable whether it is the



10

15

20

25

30

35

40

45

50

55

EP 3 238 635 A1

subcutaneous tissue or the muscular tissue, certainly and with high precision, even if the transmitting direction of the
ultrasonic signal is not parallel to the depth direction. Moreover, this embodiment may be also automatically detectable
of the body tissue to be detected certainly and with high precision, similar to the first embodiment.

[0076] Note that, although not illustrated in each embodiment described above, a concrete method of distinguishing
the skin surface and the femur surface separately from the subcutaneous tissue and the muscular tissue may be, for
example, set as follows.

[0077] The skin surface and the femur surface may have features in a luminosity distribution (a characteristic of a
frequency component distribution) which are completely different from the subcutaneous tissue and the muscular tissue,
and have features at positions in the transmitting direction of the ultrasonic signal. Therefore, the skin surface and the
femur surface may be separable from the subcutaneous tissue and the muscular tissue based on these features.
[0078] For example, a continuity of the line part in the scanning direction may be quantized, and the numeral may be
then compared with a threshold. Moreover, for example, a line part nearest to the probe 100 in the ultrasonic wave
transmitting direction may be detected as the skin surface, and the furthest line part may be detected as the femur surface.
[0079] Moreover, in the embodiment described above, the mode is illustrated in which the determination may be
performed using the integrated value of the difference values between the v-direction frequency component characteristic
and the u-direction frequency component characteristic, or the difference value between the v’-direction frequency
component characteristic and the u’-direction frequency component characteristic. However, the determination may be
performed only based on a difference value between the v-direction frequency component characteristic and the u-
direction frequency component characteristic at a position away from the reference point by a given frequency distance,
or a difference value between the v’-direction frequency component characteristic and the u’-direction frequency com-
ponent characteristic. In this case, a position of the frequency which is as high as possible may be set.

DESCRIPTION OF REFERENCE NUMERALS
[0080]

10: Ultrasonic Body Tissue Detecting Device

11: Transmission/Reception Unit

12: Transmission Controller

13: Echo Signal Receiver

14: Two-Dimensional Data Acquisition Unit

15: Spatial Frequency Distribution Calculation Unit
16: Determination Unit

100: Probe

Claims
1. An ultrasonic body tissue detecting device, comprising:

a transmission/reception unit configured to transmit an ultrasonic signal into a body of a sample and receive an
echo signal of the ultrasonic signal;

a two-dimensional data acquisition unit configured to acquire two-dimensional data in a transmitting direction
of the ultrasonic signal and in a scanning direction substantially perpendicular to the transmitting direction of
the ultrasonic signal, based on the echo signals acquired at a plurality of positions along the surface of the sample;
a spatial frequency distribution calculation unit configured to perform a spatial frequency conversion of the two-
dimensional data, two-dimensionally into a depth direction defined by the transmitting direction of the ultrasonic
signal and into a horizontal direction perpendicular to the depth direction, and calculate a spatial frequency
distribution for a determining position; and

a determination unit configured to determine whether the determining position is given body tissue based on a
distribution of a frequency component in the depth direction and a distribution of a frequency component in the
horizontal direction of the spatial frequency distribution.

2. The ultrasonic body tissue detecting device of claim 1, wherein the determination unit determines based on a
difference between the frequency components at two points of which a spatial frequency in the depth direction is

identical to a spatial frequency in the horizontal direction in the spatial frequency distribution.

3. The ultrasonic body tissue detecting device of claim 2, wherein the determination unit determines based on an



10

15

20

25

30

35

40

45

50

55

EP 3 238 635 A1

integrated value obtained by integrating the difference between the frequency components at the two points in the
depth direction and the horizontal direction.

The ultrasonic body tissue detecting device of claim 3, wherein the determination unit determines based on a result
of comparison of the integrated value with a given threshold.

The ultrasonic body tissue detecting device of claim 4, wherein,

the given body tissue is muscular tissue, and

the determination unit determines that the determining position is the muscular tissue if the integrated value is above
the threshold.

The ultrasonic body tissue detecting device of any one of claims 1 to 5, wherein,

the determination unit detects an angle difference between the transmitting direction of the ultrasonic signal and the
depth direction using the spatial frequency distribution, and

the determination unit calculates a distribution of amplitude in the depth direction and a distribution of the amplitude
in the horizontal direction based on the angle difference.

A method of ultrasonically detecting body tissue, comprising:

transmitting an ultrasonic signal into a body of a sample and receiving an echo signal of the ultrasonic signal;
acquiring two-dimensional data in a transmitting direction of the ultrasonic signal and in a scanning direction
substantially perpendicular to the transmitting direction of the ultrasonic signal, based on the echo signals
acquired at a plurality of positions along the surface of the sample;

performing a spatial frequency conversion of the two-dimensional data, two-dimensionally into a depth direction
defined by the transmitting direction of the ultrasonic signal and into a horizontal direction perpendicular to the
depth direction, and calculating a spatial frequency distribution for a determining position; and

determining whether the determining position is given body tissue based on a distribution of a frequency com-
ponent in the depth direction and a distribution of a frequency component in the horizontal direction of the spatial
frequency distribution.

The method of claim 7, wherein the determining whether the determining position is given body tissue includes:

detecting an angle difference between the transmitting direction of the ultrasonic signal and the depth direction
using the spatial frequency distribution; and

calculating the distribution of the frequency componentin the depth direction and the distribution of the frequency
component in the horizontal direction based on the angle difference.

An ultrasonic body tissue detecting program configured to cause a computer to execute processing to determine
body tissue to be detected based on an echo signal acquired by transmitting an ultrasonic signal into a body of a
sample, the computer being caused to:

acquire two-dimensional data in a transmitting direction of the ultrasonic signal and in a scanning direction
substantially perpendicular to the transmitting direction of the ultrasonic signal, based on the echo signals
acquired at a plurality of positions along the surface of the sample;

perform a spatial frequency conversion of the two-dimensional data, two-dimensionally into a depth direction
defined by the transmitting direction of the ultrasonic signal and into a horizontal direction perpendicular to the
depth direction, and calculate a spatial frequency distribution for a determining position; and

determine whether the determining position is given body tissue based on a distribution of a frequency component
in the depth direction and a distribution of a frequency component in the horizontal direction of the spatial
frequency distribution.

10. The ultrasonic body tissue detecting program of claim 9, wherein the computer is caused to, as the determining

whether the determining position is given body tissue:

detect an angle difference between the transmitting direction of the ultrasonic signal and the depth direction
using the spatial frequency distribution; and

calculate the distribution of the frequency component in the depth direction and the distribution of the frequency
component in the horizontal direction based on the angle difference.
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