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ULTRASONIC MEASURING DEVICE,
ULTRASONIC DIAGNOSIS DEVICE,
ULTRASONIC MEASUREMENT SHEET, AND

MEASURING METHOD
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to an ultrasonic mea-

suring device, an ultrasonic diagnosis device, an ultrasonic
measurement sheet, a measuring method, and the like.

[0003] 2. Related Art

[0004] With ultrasonic diagnosis devices, emission and
reception control parameters, image generation parameters,
and the like need to be set appropriately in order to obtain
ultrasonic images that are appropriate for various diagnosis
sites. However, many parameters need to be set, and it is
difficult to know how to adjust the parameters in order to
obtain images appropriate for diagnosis, thus making it dif-
ficult for a user without expertise to appropriately set such
parameters.

[0005] Inlightofthisissue, JP-A-2001-161695 discloses a
technique in which the user selects a body mark that corre-
sponds to the diagnosis site, and the diagnosis apparatus sets
image parameters that correspond to the selected body mark.

[0006] JP-A-2001-161695 is an example of related art.
SUMMARY
[0007] However, the technique disclosed in JPA-2001-

161695 has a problem in that since the user needs to select a
body mark himself/herself, there is the risk of inappropriate
parameters being set due to a selection error. According to
several aspects of the invention, it is possible to provide an
ultrasonic measuring device, an ultrasonic diagnosis device,
an ultrasonic measurement sheet, a measuring method, and
the like that enable appropriate parameters to be automati-
cally set according to the subject.

[0008] A firstaspect of the invention relates to an ultrasonic
measuring device including: an emission unit that performs
ultrasound emission processing; a reception unit that pet-
forms ultrasonic echo reception processing; and a processing
unit that performs ultrasonic measurement control process-
ing, wherein the emission unit performs processing for emit-
ting ultrasound toward a subject via an ultrasonic measure-
ment sheet, the reception unit performs processing for
receiving an ultrasonic echo from the ultrasonic measurement
sheet, and outputs a reception signal to the processing unit,
and the processing unit performs processing for analyzing
ultrasonic measurement code information recorded in the
ultrasonic measurement sheet based on the reception signal
from the reception unit.

[0009] According to the first aspect of the invention, the
processing unit can perform processing for analyzing ultra-
sonic measurement code information recorded by the ultra-
sonic measurement sheet, and therefore it is possible to auto-
matically set parameters for ultrasonic measurement based on
the code information. As a result, there is no need for the user
to perform a parameter setting operation, and it is possible to
set parameters that are appropriate for the subject.

[0010] Also, in the first aspect of the invention, the process-
ing unit may set a control parameter that is used in control of
at least one of the emission unit and the reception unit based
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on the code information, and control at least one of the emis-
sion unit and the reception unit based on the control param-
eter.

[0011] According to this configuration, the processing unit
can control at least one of the emission unit and the reception
unit using a control parameter that was set based on the code
information, and therefore it is possible to perform emission
and reception processing using a control parameter that is
appropriate for the subject, for example.

[0012] Also, in the first aspect of the invention, the process-
ing unit may set an image generation parameter for genera-
tion of ultrasonic image data based on the code information,
and generate the ultrasonic image data based on the image
generation parameter.

[0013] According to this configuration, the processing unit
can generate ultrasonic image data using an image generation
parameter that was set based on the code information, and
therefore itis possible to generate ultrasonic image data using
an image generation parameter that is appropriate for the
subject, for example.

[0014] Also, in the first aspect of the invention, the image
generation parameter may be a parameter for setting at least
one of gain and dynamic range.

[0015] According to this configuration, the processing unit
can generate ultrasonic image data that is appropriate for the
subject using at least one of a gain and a dynamic range set
based on the code information.

[0016] Also, in the first aspect of the invention, in a first
period, the processing unit may perform the code information
analysis processing and, based on the code information, set a
control parameter that is used in control of at least one of the
emission unit and the reception unit and an image generation
parameter for generation of ultrasonic image data, and in a
second period that is after the first period, the processing unit
may control at least one of the emission unit and the reception
unit based on the control parameter, and generate the ultra-
sonic image data based on the image generation parameter.
[0017] According to this configuration, in the first period,
the processing unit can set a control parameter and an image
generation parameter based on the code information, and in
the second period, the processing unit can perform ultrasonic
measurement processing that is appropriate for the subject
using the control parameter and the image generation param-
eter that were set.

[0018] Also, in the first aspect of the invention, the first
period may be a period in which the processing unit sets a
parameter to be used in ultrasonic measurement, and the
second period may be a period in which the processing unit
performs ultrasonic measurement control processing based
on the parameter that was set.

[0019] According to this configuration, in the first period,
the processing unit can set a parameter that is used in ultra-
sonic measurement, and in the subsequent second period, the
processing unit can perform ultrasonic measurement control
processing using the parameter that was set.

[0020] Also, in the first aspect of the invention, the code
information may be site specification information for speci-
fying a measurement site.

[0021] According to this configuration, the processing unit
can specify the measurement site based on the code informa-
tion.

[0022] Also, inthe first aspect of the invention, based on the
site specification information, the processing unit may set a
control parameter that is used in control of at least one of the
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emission unit and the reception unit and an image generation
parameter for generation of ultrasonic image data, the control
parameter and the image generation parameter being param-
eters that are used in measurement of the measurement site.
[0023] According to this configuration, the processing unit
can set a control parameter, an image generation parameter,
and the like that are appropriate for the measurement site.
[0024] Also, in the first aspect of the invention, the process-
ing unit may acquire at least one of characteristic information
and manufacturing information of the ultrasonic measure-
ment sheet based on the code information.

[0025] According to this configuration, the processing unit
can acquire information indicating the thickness, the acoustic
impedance, the manufacturing date, the manufacturing num-
ber, and the like of the ultrasonic measurement sheet, for
example, and therefore it is possible to prevent the user from
mistakenly using an inappropriate sheet or a sheet that has
deteriorated due to aging.

[0026] Also, in the first aspect of the invention, the ultra-
sonic measurement sheet may have an ultrasound transmis-
sive medium and a plurality of reflectors embedded in the
ultrasound transmissive medium, the code information may
be recorded using at least one of the reflectance, the number,
the shape, and the size of the plurality of reflectors, the recep-
tion unit may perform processing for receiving an ultrasonic
echo from the plurality of reflectors, and output a reception
signal to the processing unit, and the processing unit may
perform processing for analyzing the code information based
on the reception signal from the reception unit.

[0027] According to this configuration, the processing unit
can analyze code information that was recorded using at least
one of the reflectance, the number, the shape, and the size of
the reflectors, and perform appropriate ultrasonic measure-
ment processing.

[0028] Also, in the first aspect of the invention, the ultra-
sonic measurement sheet may have a plurality of reflector
groups aligned in the ultrasound transmissive medivm as the
plurality of reflectors, each reflector group among the plural-
ity of reflector groups may have 1stto p-th (p being an integer
greater than or equal to 2) reflectors that are aligned along a
depth direction of the ultrasonic measurement sheet, and the
processing unit may perform processing for analyzing the
code information recorded by the 1st to p-th reflectors.
[0029] According to this configuration, the processing unit
can analyze code information that was recorded using the 1st
to p-th reflectors of areflector group, and perform appropriate
ultrasonic measurement processing.

[0030] Also, in the first aspect of the invention, the same
code information may be recorded by each reflector group
among the plurality of reflector groups, and the processing
unit may perform processing for analyzing the code informa-
tion recorded by at least one reflector group among the plu-
rality of reflector groups.

[0031] According to this configuration, the processing unit
can acquire the same code information from any reflector
group among the reflector groups that the ultrasonic measure-
ment sheet has.

[0032] Also, a second aspect of the invention relates to an
ultrasonic diagnosis device including: any of the above-de-
scribed ultrasonic measuring devices; and a display unit that
displays display image data.

[0033] Also, a third aspect of the invention relates to an
ultrasonic measurement sheet including: an ultrasound trans-
missive medium; and a plurality of reflectors embedded in the
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ultrasound transmissive medium, wherein code information
that is to be analyzed in analysis processing performed by an
ultrasonic measuring device is recorded using at least one of
the reflectance, the number, the shape, and the size of the
plurality of reflectors.

[0034] According to the third aspect of the invention, the
ultrasonic measurement sheet can record code information,
which is information that is to be analyzed, using at least one
of the reflectance, the number, the shape, and the size of the
reflectors.

[0035] Also, in the third aspect of the invention, the ultra-
sonic measurement sheet may include a plurality of reflector
groups aligned in the ultrasound transmissive medium as the
plurality of reflectors, each reflector group among the plural-
ity of reflector groups may have 1stto p-th (p being an integer
greater than or equal to 2) reflectors that are aligned along a
depth direction of the ultrasonic measurement sheet, and the
code information may be recorded by the 1st to p-th reflec-
tors.

[0036] According to this configuration, the ultrasonic mea-
surement sheet can record code information using each of the
reflector groups.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 shows an example of basic configurations of
an ultrasonic measuring device and an ultrasonic diagnosis
device.

[0038] FIGS. 2A and 2B show an example of a basic con-
figuration of an ultrasonic measurement sheet.

[0039] FIGS. 3A and 3B show examples of methods of
manufacturing the ultrasonic measurement sheet.

[0040] FIGS. 4A to 4C show examples of specific configu-
rations of the ultrasonic measurement sheet.

[0041] FIG. 5A shows an example of use of the ultrasonic
measurement sheet. FIG. 5B shows an example of an ultra-
sonic image (B mode image).

[0042] FIG. 6A shows an example of code information
recorded using the reflectances of reflectors. FIG. 6B shows
an example of a luminance table. FIG. 6C shows an example
of a reference table.

[0043] FIG. 7 shows an example of an image of a reflector
group.

[0044] FIGS. 8A and 8B are diagrams for describing gain.
[0045] FIG. 9 is a diagram for describing dynamic range.
[0046] FIG. 10 is an example of a flowchart for measuring

processing performed by the ultrasonic measuring device.
[0047] FIG. 11 is an example of a flowchart for code infor-
mation analysis processing performed by the ultrasonic mea-
suring device.

[0048] FIGS.12A and 12B show examples of specific con-
figurations of an ultrasonic diagnosis device. F1G. 12C shows
an example of a specific configuration of an ultrasonic probe.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0049] The following is a detailed description of preferred
embodiments of the invention. Note that the embodiments
described below are not intended to unduly limit the content
of the invention recited in the claims, and all of the configu-
rations described in the embodiments are not necessarily
essential as solutions provided by the invention.
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[0050] 1. Ultrasonic Measuring Device

[0051] FIG. 1 shows anexample of the basic configurations
of an ultrasonic measuring device 100 and an ultrasonic diag-
nosis device 400 of this embodiment. The ultrasonic measur-
ing device 100 of this embodiment includes an emission unit
110, a reception unit 120, and a processing unit 130. Also, the
ultrasonic diagnosis device 400 of this embodiment includes
the ultrasonic measuring device 100 and a display unit 410.
Note that the ultrasonic measuring device 100 and the ultra-
sonic diagnosis device 400 of this embodiment are not limited
to the configurations shown in FIG. 1, and various modifica-
tions can be carried out, such as omitting some of the con-
stituent elements, replacing some of the constituent elements
with other constituent elements, and adding other constituent
elements.

[0052] The emission unit 110 performs ultrasound emis-
sion processing. Specifically, the emission unit 110 outputs
an emission signal (drive signal), which is an electrical signal,
to an ultrasonic probe 300, and the ultrasonic probe 300 emits
ultrasound toward a subject via an ultrasonic measurement
sheet 200. The ultrasonic probe 300 includes an ultrasonic
transducer device (not shown), and the ultrasonic transducer
device converts the emission signal, which is an electrical
signal, into ultrasonic waves.

[0053] The reception unit 120 performs ultrasonic echo
reception processing. Specifically, the ultrasonic transducer
device included in the ultrasonic probe 300 converts ultra-
sonic echoes from the subject and the ultrasonic measurement
sheet 200 into an electrical signal. The reception unit 120
performs reception processing such as amplification, wave
detection, A/D conversion, and phase matching on a reception
signal (analog signal), which is an electrical signal, from the
ultrasonic transducer device, and outputs the reception signal
(digital data) that is the result of the reception processing to
the processing unit 130.

[0054] The processing unit 130 performs ultrasonic mea-
surement control processing. Specifically, the processing unit
130 performs processing for controlling the emissionunit 110
and the reception unit 120, and processing for generating
ultrasonic image data based on a reception signal from the
reception unit 120. The processing unit 130 also performs
processing for analyzing ultrasonic measurement code infor-
mation, which is recorded in the ultrasonic measurement
sheet 200, based on the reception signal from the reception
unit 120.

[0055] Ultrasonic measurement code information is
recorded in the ultrasonic measurement sheet 200 using mul-
tiple reflectors (see FIGS. 2A and 2B) that the ultrasonic
measurement sheet 200 has. Portions of the ultrasonic waves
emitted from the ultrasonic probe 300 are reflected by the
reflectors that the ultrasonic measurement sheet 200 has. The
processing unit 130 can perform processing for analyzing the
code information based on a reception signal that is based on
ultrasonic echoes from the reflectors. Details of the code
information recorded by the reflectors and details of the code
information analysis processing performed by the processing
unit 130 will be described later.

[0056] The processing unit 130 can set a control parameter
that is used in the control of at least one of the emission unit
110 and the reception unit 120 based on the code information,
and control at least one of the emission unit 110 and the
reception unit 120 based on the control parameter. One
example of this control parameter is the frequency of the
ultrasonic waves that are to be emitted and received. Accord-
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ing to this configuration, a control parameter can be set auto-
matically, and therefore it is possible for the ultrasonic fre-
quency to be set to an appropriate value without the user
performing an operation.

[0057] Also, the processing unit 130 can set an image gen-
eration parameter for the generation of ultrasonic image data
based on the code information, and generate ultrasonic image
data based on the image generation parameter. This image
generation parameter is a parameter for setting at least one of
the gain and the dynamic range. According to this configura-
tion, an image generation parameter can be set automatically,
and therefore it is possible for the gain, the dynamic range,
and the like to be set to an appropriate value without the user
performing an operation.

[0058] The ultrasonic measurement code information
recorded in the ultrasonic measurement sheet 200 is site
specification information for specifying the measurement
site. According to this configuration, a control parameter and
an image generation parameter can be automatically set in
accordance with the measurement site, and therefore it is
possible for these parameters to be set to values that are
appropriate for the measurement site without the user per-
forming an operation.

[0059] Also, the processing unit 130 can acquire at least
one of characteristic information and manufacturing informa-
tion of the ultrasonic measurement sheet 200 based on the
code information. Characteristic information indicates the
thickness, the acoustic impedance, and the like of the ultra-
sonic measurement sheet 200, for example. Manufacturing
information indicates the manufacturing date, the manufac-
turing number, and the like of the ultrasonic measurement
sheet 200, for example. This configuration enables preventing
the user from mistakenly using an inappropriate sheet or a
sheet that has deteriorated due to aging.

[0060] The display unit 410 is a liquid crystal display, for
example, and displays display image data from the processing
unit 130. This display image data includes ultrasonic image
data for a subject.

[0061] In this way, according to the ultrasonic measuring
device 100 of this embodiment, the processing unit 130 can
perform processing for analyzing ultrasonic measurement
code information that is recorded in the ultrasonic measure-
ment sheet 200. The processing unit 130 can then set a control
parameter that is used in the control of at least one of the
emission unit 110 and the reception unit 120 based on the
analyzed code information, and control at least one of the
emission unit 110 and the reception unit 120 based on the
control parameter. Also, the processing unit 130 can set an
image generation parameter for the generation of ultrasonic
image data based on the analyzed code information, and
generate ultrasonic image data based on the image generation
parameter. This code information can be site specification
information for specifying the measurement site.

[0062] Since a control parameter and an image generation
parameter can be automatically set in accordance with the
measurement site in this way, it is possible for these param-
eters to be set to values that are appropriate for the measure-
ment site without the user performing an operation.

[0063] 2. Ultrasonic Measurement Sheet

[0064] FIGS. 2A and 2B show an example of the basic
configuration of the ultrasonic measurement sheet 200 of this
embodiment. The ultrasonic measurement sheet 200 of this
embodiment includes an ultrasound transmissive medium
210 and multiple reflectors 220 (220-1 to 220-4). Note that
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the ultrasonic measurement sheet 200 of this embodiment is
not limited to the configuration shown in FIGS. 2A and 2B,
and various modifications can be carried out, such as omitting
some of the constituent elements, replacing some of the con-
stituent elements with other constituent elements, and adding
other constituent elements.

[0065] FIG.2A is a top view ofthe ultrasonic measurement
sheet 200, and FIG. 2B is a cross-sectional view of the ultra-
sonic measurement sheet 200. As shown in FIGS. 2A and 2B,
the direction parallel to one of the sides of the ultrasonic
measurement sheet 200 is the X direction, and the direction
that is perpendicular to the X direction and parallel to the
sheet surface is the Y direction. Also, the direction that is
perpendicular to the sheet surface, that is to say the thickness
direction of the sheet, is the Z direction.

[0066] It is desirable that the ultrasound transmissive
medium 210 is formed from a material that transmits ultra-
sound, has an acoustic impedance close to that of the human
body, and has little attenuation. For example, it can be formed
from an oil gel, acrylamide, a hydro gel, or the like. This
ultrasound transmissive medium 210 is used in close contact
with the human body (test subject).

[0067] The reflectors 220 are formed from a material that
has a different acoustic impedance from the ultrasound trans-
missive medium 210, and they are embedded in the ultra-
sound transmissive medium 210. Due to having a different
acoustic impedance from the ultrasound transmissive
medium 210, the reflectors 220 reflect ultrasonic waves. Rub-
ber or the like can be used as the material for the reflectors
220. The code information is recorded using at least one of the
reflectance, the number, the shape, and the size of the reflec-
tors 220. Specifically, the code information is recorded by
setting at least one of the reflectance, the number, the shape,
and the size to a predetermined value. For example, the code
information can be recorded by setting the reflectances of the
reflectors 220 to any of multiple predetermined reflectances.
[0068] Letting Z1 be the acoustic impedance of the ultra-
sound transmissive medium 210, and Z2 be the acoustic
impedance of a reflector 220, the reflectance R of that reflec-
tor 220 is obtained with the following equation.

R=(22-Z1)/(Z1+72) M

[0069] Also, the acoustic impedance Z is obtained with the
following equation.

Z=pxc 2)

[0070] Here, p is the density of the medium, and ¢ is the
acoustic velocity in the medium.

[0071] Accordingly, the acoustic impedance 72 can be set
variably by changing the material used for the reflectors 220.
For example, it is possible to use silicone-based rubber or the
like as the base material for the reflector 220, and change the
acoustic impedance 72 of the reflector 220 by mixing in a
filler such as a metal. Specifically, the reflectance R of the
reflector 220 can be set to any of four levels by changing the
proportion of the filler between four levels. The greater the
amount of the filler is, the closer the acoustic impedance
approaches the acoustic impedance of the filler.

[0072] The ultrasonic measurement sheet 200 may include
multiple reflector groups 230 that are aligned in the ultra-
sound transmissive medium 210 as the reflectors 220. Each of
the reflector groups 230 includes 1st to p-th (p being an
integer greater than or equal to 2) reflectors that are aligned
along the depth direction (Z direction) of the ultrasonic mea-
surement sheet 200. The reflector group 230 shown in FIG.
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2B includes first to fourth reflectors 220-1 to 220-4, for
example. Each reflector group 230 can record code informa-
tion using the first to fourth reflectors 220-1 to 220-4 included
therein. The processing unit 130 performs processing for
analyzing the code information recorded using the first to
fourth (in a broad sense, p-th) reflectors 220-1 to 220-4.
[0073] The same code information may be recorded by
each of the reflector groups 230. For example, the same code
information may be recorded by all of the reflector groups 230
shown in FIG. 2A. The processing unit 130 performs process-
ing for analyzing the code information recorded by at least
one reflector group among the reflector groups 230. Accord-
ing to this configuration, the processing unit 130 can acquire
the same code information regardless of which portion of the
ultrasonic measurement sheet 200 the ultrasonic probe 300
comes into contact with.

[0074] Although FIG. 2A shows an example in which the
reflector groups 230 are arranged in a matrix, the arrangement
is not limited to this. For example, a staggered arrangement
may be used, or the reflector groups 230 may be arranged in
concentric circles. Although FIG. 2B shows an example in
which each reflector group 230 has first to fourth reflectors,
the number of reflectors 220 that make up one reflector group
230 is not limited to this.

[0075] FIGS. 3A and 3B show examples of methods of
manufacturing the ultrasonic measurement sheet 200 of this
embodiment. As shown in FIG. 3A, the ultrasonic measure-
ment sheet 200 having multiple reflectors 220 can be manu-
factured by adhering an ultrasound transmissive medium
210-1 that does not have reflectors 220 onto an ultrasound
transmissive medium 210-2 on which multiple reflectors 220
are arranged.

[0076] FIG. 3B shows an example of a method of manu-
facturing an ultrasonic measurement sheet 200 that has mul-
tiple reflector groups 230. An ultrasound transmissive
medium 210-4 on which multiple reflectors 220 are arranged
is adhered onto an ultrasound transmissive medium 210-5 on
which multiple reflectors 220 are arranged, and then an ultra-
sound transmissive medium 210-3 on which multiple reflec-
tors 220 are arranged is further adhered onto the ultrasound
transmissive medium 210-4. An ultrasound transmissive
medium 210-2 on which multiple reflectors 220 are arranged
is then further adhered onto the ultrasound transmissive
medium 210-3, and then lastly an ultrasound transmissive
medium 210-1 that does not have reflectors 220 is adhered
onto the ultrasound transmissive medium 210-2, thus obtain-
ing an ultrasonic measurement sheet 200 in which each
reflector group 230 has four reflectors 220.

[0077] FIGS. 4A to 4C show examples of specific configu-
rations of the ultrasonic measurement sheet 200 of this
embodiment. The ultrasonic measurement sheets 200 shown
in FIGS. 4A to 4C eachinclude an alignment portion 240. The
alignment portion 240 is for alignment with a specific loca-
tion on the human body, and is provided as a hole, a notch, or
the like in a portion of the ultrasonic measurement sheet 200,
for example.

[0078] FIG. 4A shows an ultrasonic measurement sheet
200 for the abdomen, and a hole for alignment with a person’s
navel is provided as the alignment portion 240.

[0079] FIG. 4B shows an ultrasonic measurement sheet 200
for the arm, and notches for alignment with a person’s cubital
fossa (the recessed portion formed on the inside of the arm
when it is bent) are provided as the alignment portion 240.
FIG. 4C shows an ultrasonic measurement sheet 200 for the
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thigh, and a notch for alignment with a person’s knee is
provided as the alignment portion 240. Note that the shapes of
the ultrasonic measurement sheets 200 shown in FIGS. 4A to
4C are merely examples, and the invention is not limited to the
illustrated shapes.

[0080] As shown in FIG. 6C, which will be described later,
the code information a=0, which corresponds to the abdo-
men, is recorded in the ultrasonic measurement sheet 200 for
the abdomen. Also, the code information =3, which corre-
sponds to the arm, is recorded in the ultrasonic measurement
sheet 200 for the arm. Furthermore, the code information
o=4, which corresponds to the thigh, is recorded in the ultra-
sonic measurement sheet 200 for the thigh.

[0081] FIG. 5A shows an example of use of the ultrasonic
measurement sheet 200 of this embodiment. As shown in
FIG. 5A, the ultrasonic measurement sheet 200 is brought
into close contact with the test subject (human body), and
then the ultrasonic probe 300 is placed on the ultrasonic
measurement sheet 200 so as to be in close contact therewith.
The ultrasonic probe 300 includes an ultrasonic transducer
device 310, and the ultrasonic transducer device 310 emits
ultrasonic waves based on an emission signal from the emis-
sionunit 110 as well as receives ultrasonic echoes and outputs
a reception signal to the reception unit 120. Although not
shown, the ultrasonic probe 300 is electrically connected to
the ultrasonic diagnosis device 400 via a cable.

[0082] FIG.5B shows anexample of an ultrasonic image (B
mode image) that is generated by the processing unit 130
based on a reception signal that is based on ultrasonic echoes.
In FIG. 5B, the bx direction is the scan direction, and the bz
direction is the depth direction.

[0083] As shown in FIG. 5B, the region corresponding to
the thickness of the ultrasonic measurement sheet 200 has an
ultrasonic image of reflectors 220, and the region deeper than
that region has an ultrasonic image of'the interior of the body
(test subject). The processing unit 130 is able to prevent the
region corresponding to the thickness of the ultrasonic mea-
surement sheet 200 from being displayed on the display unit
410, and display only the ultrasonic image of the interior of
the body on the display unit 410. This configuration enables
excluding the region of the image that corresponds to the
ultrasonic measurement sheet 200, which is not necessary to
the user, from the display.

[0084] 3. Code Information and Processing for Analysis
Thereof.
[0085] FIG. 6A shows an example of code information

recorded using the reflectance of the reflectors 220. FIG. 6A
shows an ultrasonic image (B mode image) of a reflector
group 230 made up of four reflectors 220. The reflectance of
each reflector 220 is set to any of four levels of reflectances
R1,R2, R3, and R4 (R1<R2<R3<R4). The reflectance R4 is
the highest, and the reflectance R1 is the lowest. In the Bmode
image that is obtained, the luminance is higher the higher the
reflectance of the subject is, and therefore the image of the
reflector 220 with the reflectance R1 has the lowest lumi-
nance, and the luminances of the images of the reflectors 220
rise in correspondence with the rising reflectances R2, R3,
and R4. The processing unit 130 can analyze the code infor-
mation recorded by the reflector group 230 through obtaining
the luminance of each of the reflectors 220 based on ultra-
sonic image data.

[0086] For each image of a reflector 220, the processing
unit 130 determines which of the four luminance levels the
luminance (luminance information) ofthe image corresponds
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to. A luminance level d is then obtained for each reflector 220
based on the determination results. The luminance level d
takes any value among the values “0”,“1”,“2”, and “3”. Next,
the processing unit 130 obtains the code information o based
on the luminance levels d of the reflectors 220.

[0087] FIG. 6B shows an example of a luminance table
indicating the correspondence between the luminance level d
and image luminance. In FIG. 6B, the reflector 220 lumi-
nances are shown as relative values based on the maximum
value of “100”. For example, if the luminance of a certain
reflector 220 is in the range of “21” to “40”, the luminance
level d of that reflector 220 is “0”. Also, if the luminance of a
certain reflector 220 is in the range of “61” to “80”, the
luminance level d of that reflector 220 is “2”. In this way, the
processing unit 130 can obtain the luminance level d for each
reflector 220.

[0088] In the example shown in FIG. 6A, the luminance
levels d1 to d4 of the four reflectors 220 included in the
reflector group 230 are d1=0, d2=1, d3=2, and d4=3 in order
along the bz direction (depth direction). The processing unit
130 obtains the code information ¢ using the following equa-
tion.

a=3xd1+42xd2+4xd3+d4 3

[0089] Forexample, in the case shown in FIG. 6A, the code
information o is a=27. In this way, the code information
=27 is recorded in the reflector group 230 shown in FIG. 6A.
[0090] FIG. 7 shows an example of images of reflector
groups 230 recording code information a having the values
“0”to “15”. Each reflector group 230 includes four reflectors
220 similarly to the case shown in FIG. 6A.

[0091] Letting d1,d2, d3, and d4 be the luminance levels d
of the four reflectors 220 in order along the bz direction (depth
direction): d1=d2=d3=d4=0 in the case of the code informa-
tion o=0; d1=d2=0, d3=1, and d4=3 in the case of the code
information a=7; and d1=d2=0 and d3=d4=2 in the case of
the code information =10, for example. By setting each of
the four reflectors 220 to any one of four levels of reflectances,
it is possible to record 4*=256 types of code information, that
is to say a=0to 255.

[0092] In this way, according to the ultrasonic measure-
ment sheet 200 of this embodiment, the code information .
can be recorded by setting the reflectances of the reflectors
220 included in a reflector group 230 to predetermined val-
ues. The processing unit 130 can then acquire the code infor-
mation ¢ by performing analysis processing based on the
luminance (luminance information) of the ultrasonic image
of the reflector group 230.

[0093] FIG. 6C shows an example of a reference table in
which measurement sites, control parameters, image genera-
tion parameters, and the code information o are associated
with each other. In FIG. 6C, the ultrasonic frequency is used
as the control parameter, and gain and dynamic range are used
as the image generation parameters. The processing unit 130
acquires the control parameter and the image generation
parameters that correspond to the acquired code information
. in accordance with the reference table shown in FIG. 6C,
and performs control processing that is appropriate for the
measurement site based on the acquired parameters. Specifi-
cally, the processing unit 130 controls the emission unit 110
and the reception unit 120 based on the acquired control
parameter so as to set the frequency of the ultrasonic waves
that are to be emitted and received, and generates ultrasonic
image data based on the acquired image generation param-
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eters (gain and dynamic range). The reference table can be
stored in advance in a storage unit of the ultrasonic measuring
device 100.

[0094] For example, in the case of ¢=0, the measurement
site is the abdomen, the frequency is 3.5 MHz, the gain is 10
dB, and the dynamic range is 60 dB. Also, in the case of a=3,
the measurement site is the arm, the frequency is 5 MHz, the
gain is 5 dB, and the dynamic range is 30 dB. In this way, the
code information o is site specification information for speci-
fying the measurement site, and based on this site specifica-
tion information, the processing unit 130 sets parameters to
be used in the measurement of the measurement site, namely
acontrol parameter that is used in control of at least one of the
emission unit 110 and the reception unit 120, and an image
generation parameter that is used in the generation of ultra-
sonic image data.

[0095] The higher the ultrasonic frequency is, the higher
the axial resolution is, and the easier it is to obtain a clear
image, but the penetration distance decreases due to an
increase in attenuation. Accordingly, it is desirable to use a
higher frequency (e.g., 5 MHz) when measuring a shallow
portion such as the arm or the calf, and use a lower frequency
(e.g., 3.5 MHz) when measuring a deep portion such as the
abdomen or the chest.

[0096] The gain and the dynamic range are parameters that
are used when generating a B mode image, which will be
described later, and are for setting the signal level range of the
reception signal that is to be displayed using luminance. The
values of the gain and the dynamic range that are desirable
differ depending on the measurement site.

[0097] According to the ultrasonic measuring device 100
and the ultrasonic measurement sheet 200 of this embodi-
ment, the processing unit 130 can automatically identify a
measurement site using the code information recorded by a
reflector group 230, and set a frequency, a gain, a dynamic
range, and the like that are appropriate for the identified
measurement site.

[0098] Note that although the processing unit 130 acquires
the control parameter and the image generation parameters
using a reference table in the above-described example, a
configuration is possible in which a reference table is not
used, and the parameter values are directly recorded as values
making up the code information a.

[0099] FIGS. 8A and 8B are diagrams for describing gain,
which is one of the image generation parameters. In FIGS. 8A
and 8B, the signal level of the reception signal obtained by
logarithmic transformation after wave detection is plotted
against depth. As shown in FIG. 8A, the image data is genet-
ated based ona range A1, that is to say the portion of the signal
between the maximum and minimum luminance values that
are to be displayed in a B mode image. However, if the gain is
higher than that in FIG. 8A, as in FIG. 8B, image data is
generated based on the signal in a range A2. Note that por-
tions of the signal that exceed the maximum luminance value
are treated as having the maximum luminance value, and
portions of the signal that are lower than the minimum lumi-
nance value are treated as having the minimum luminance
value.

[0100] In this way, as the gain is increased, an ultrasonic
image corresponding to a weaker reception signal (i.e., ultra-
sonic echoes with lower amplitudes) can be generated. On the
other hand, as the gain is reduced, an ultrasonic image corre-
sponding to a stronger reception signal (i.e., ultrasonic echoes
with higher amplitudes) can be generated.

Jul. 17,2014

[0101] FIG. 9 is a diagram for describing dynamic range,
which is one of the image generation parameters. In FIG. 9,
the signal level of the reception signal obtained by logarith-
mic transformation after wave detection is plotted against
depth. In the case of a first dynamic range DR1, image data is
generated based on the portion of the signal in which the
signal level is in the range V1 to V2. Also, in the case of a
second dynamic range DR2 that is higher than the first
dynamic range DR1, image data is generated based on a
portion of the signal in which the signal level is in the range
V1to V3 (V3>V2).

[0102] In this way, raising the dynamic range enables dis-
playing a wide signal range, from weak signals to strong
signals, but on the other hand, the image will have low con-
trast since minute differences in the signal level will not be
represented. On the other hand, lowering the dynamic range
reduces the range of signal levels that can be displayed, but
enables obtaining an image with high contrast for a specific
subject.

[0103] The gain and the dynamic range that are desirable
differ depending on the measurement site, and it is difficult
for a user lacking expertise to set a gain and a dynamic range
that are appropriate for the measurement site. According to
the ultrasonic measuring device 100 of this embodiment, it is
possible to analyze code information recorded by a reflector
group 230 and automatically set a gain, a dynamic range, and
the like that are appropriate for the measurement site.
[0104] FIG. 10 shows an example of a flowchart of mea-
surement processing performed by the ultrasonic measuring
device 100 ofthis embodiment. The processing flow shown in
FIG. 10 is executed based on control processing performed by
the processing unit 130.

[0105] In a first period, the processing unit 130 performs
processing for analyzing code information, and based on the
code information, sets a control parameter that is used in the
control of at least one of the emission unit 110 and the recep-
tion unit 120, and image generation parameters for the gen-
eration of ultrasonic image data. Then, in a second period that
is after the first period, the processing unit 130 controls at
least one of the emission unit 110 and the reception unit 120
based on the control parameter that was set, and generates
ultrasonic image data based on the image generation param-
eters that were set. In the flowchart shown in FIG. 10, steps S1
to S3 are executed in the first period, and steps S4 and S5 are
executed in the second period.

[0106] The first period is the period in which the processing
unit 130 sets the parameters that are to be used in ultrasonic
measurement, and the second period is the period in which the
processing unit 130 performs processing for controlling ultra-
sonic measurement based on the parameters that were set.
[0107] Firstly, emission and reception processing is per-
formed (step S1). This emission and reception processing is
performed in order to acquire ultrasonic image data for the
analysis of the code information recorded in the ultrasonic
measurement sheet 200. In this emission and reception pro-
cessing, the control parameter and the image generation
parameters are set such that differences between the reflec-
tances of the reflectors 220 in the ultrasonic measurement
sheet 200 are shown clearly.

[0108] Next, processing for analyzing code information is
performed (step S2). This analysis processing will be
described in detail later with reference to FIG. 11.

[0109] Next, the control parameter and the image genera-
tion parameters are set based on the acquired code informa-
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tion o. (step S3). Specifically, the frequency, the gain, the
dynamic range, and the like that correspond to the code infor-
mation a based on the reference table shown in FIG. 6C, for
example, are set.

[0110] Subsequently, emission and reception processing is
performed using the parameters that were set (step S4), and
image data is generated (step S5). The procedure then returns
to step S4, and emission and reception processing is per-
formed for the next frame image.

[0111] FIG. 11 shows an example of a flowchart of code
information analysis processing performed by the ultrasonic
measuring device 100 of this embodiment. The processing
flow shown in FIG. 11 is executed by the processing unit 130.
[0112] Firstly, the processing unit 130 generates ultrasonic
image data (B mode image data) based on the reception signal
(step S21). This image data corresponds to the ultrasonic
image shown in FIG. 5B, for example. As shown in FIG. 5B,
the scan direction in the B mode image is the bx direction, and
the depth direction is the bz direction.

[0113] Next, the processing unit 130 sets a scan direction
coordinate value bx to an initial value (e.g.. bx=0) (step S22).
Specifically, this scan direction coordinate value bx can be
expressed in units of image pixels. For example, bx=n (n
being an integer greater than or equal to 0) corresponds to the
(n+1)-th pixel along the scan direction from the origin of the
image.

[0114] Next, the processing unit 130 obtains, from the
image data, a luminance L(bx,bz1) of the pixel that corre-
sponds to the scan direction coordinate value bx and a depth
direction coordinate value bz1. The processing unit 130 then
determines whether or not the luminance L(bx,bzl) is greater
than or equal to a prescribed value (step S23). Here, bz1 is the
depth direction coordinate value bz of the pixels that corre-
spond to the images of the reflectors 220 that are at the most
shallow position. Similarly to bx, the depth direction coordi-
nate value bz can also be expressed in units of pixels. If the
luminance L(bx,bz1)1s greater than or equal to the prescribed
value, the procedure moves to step S24. Here, the prescribed
value is the minimum luminance value of a reflector 220
image for example, and in the example shown in FIG. 6B, the
minimum luminance value (relative value) is specifically
“217.

[0115] In step S24, the processing unit 130 obtains lumi-
nances L(bx,bzl), L(bx,bz2), L(bx,bz3), and L(bx,bz4) of
four reflectors 220 having the same scan direction coordinate
value bx and different depth direction coordinate values bz.
Here, the relationship bz1<bz2<bz3<bz4 is satisfied.

[0116] Subsequently, the processing unit 130 obtains the
luminance levels d1, d2, d3, and d4 that correspond to the
luminances L(bx,bz1), L(bx,bz2), L(bx,bz3), and L(bx,bz4)
of the four reflectors 220, and furthermore obtains the code
information ¢ from the luminance levels d1, d2, d3, and d4
(step S25). The processing unit 130 then obtains the control
parameter and the image generation parameters based on the
code information o (step S26). Specifically, the processing
unit 130 can obtain the luminance levels d1, d2, d3, and d4
using the luminance table shown in FIG. 6B for example, and
can obtain the control parameter and image generation
parameters that are appropriate for the measurement site
using the reference table shown in FIG. 6C for example.
[0117] Ontheother hand, if the luminance L(bx,bz1 ) is less
than the prescribed value, the pixel does not correspond to a
reflector 220 image, and therefore the processing unit 130
increments the scan direction coordinate value bx, that is to
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say bx=bx+1 (step S27). The processing unit 130 then deter-
mines whether or not the incremented value of bx is lower
than a scan width W (step S28). The scan width W is a value
that corresponds to the number of pixels along the scan direc-
tion in the ultrasonic image, for example. If the incremented
value of bx is lower than the scan width W, the procedure
returns to step S23, and the processing unit 130 determines
whether or not the luminance L(bx,bzl) is greater than or
equal to the prescribed value. Here, if the luminance is again
less than the prescribed value, the processing unit 130 again
increments the value of bx. In this way, the processing unit
130 increments the value of bx until the luminance L(bx,bz1)
is greater than or equal to the prescribed value, and the pro-
cessing target pixel moves along the scan direction.

[0118] Ifitis determined that the value of bx incremented in
this way is greater than or equal to the scan width W, this
procedure ends without code information analysis processing
being performed since the processing unit 130 was not able to
find a reflector 220 image.

[0119] As described above, according to the ultrasonic
measuring device 100 and the ultrasonic measurement sheet
200 of this embodiment, the processing unit 130 can analyze
code information recorded by reflectors 220, identify the
measurement site based on the analyzed code information,
and set a control parameter (e.g., the frequency), image gen-
eration parameters (e.g., the gain and the dynamic range), and
the like that are appropriate for the measurement site.
[0120] 4. Ultrasonic Diagnosis Device

[0121] FIGS. 12A and 12B show examples of specific con-
figurations of the ultrasonic diagnosis device 400 of this
embodiment. FIG. 12 A shows a portable ultrasonic diagnosis
device 400, and F1G. 12B shows a stationary ultrasonic diag-
nosis device 400.

[0122] The portable and stationary ultrasonic diagnosis
devices 400 both include the ultrasonic measuring device
100, the ultrasonic probe 300, a cable 350, and the display
unit 410. The ultrasonic probe 300 includes the ultrasonic
transducer device 310 and is connected to the ultrasonic mea-
suring device 100 via the cable 350. The display unit 410
displays display image data.

[0123] At least a portion of the emission unit 110, the
reception unit 120, and the processing unit 130 of the ultra-
sonic measuring device 100 can be provided in the ultrasonic
probe 300.

[0124] FIG. 12C shows an example of the specific configu-
ration of the ultrasonic probe 300 of this embodiment. The
ultrasonic probe 300 includes a probe head 315 and a probe
body 320, and as shown in FIG. 12C, the probe head 315 is
detachable from the probe body 320.

[0125] The probe head 315 includes the ultrasonic trans-
ducer device 310, a probe base 311, a probe housing 312, and
a probe head-side connector 313.

[0126] The probe body 320 includes a probe body-side
connector 323. The probe body-side connector 323 is con-
nected to the probe head-side connector 313. The probe body
320 is connected to the ultrasonic measuring device 100 via
the cable 350. Note that at least a portion of the emission unit
110 and the reception unit 120 of the ultrasonic measuring
device 100 can be provided in the probe body 320.

[0127] Note that although various embodiments have been
explained in detail above, a person skilled in the art will
readily appreciate that it is possible to implement numerous
variations and modifications that do not depart substantially
from the novel aspects and effect of the invention. Accord-
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ingly, all such variations and modifications are also to be
included within the scope of the invention. For example,
terms that are used within the description or drawings at least
once together with broader terms or alternative synonymous
terms can be replaced by those other terms at other locations
as well within the description or drawings. Also the configu-
ration and operation of the ultrasonic measuring device, the
ultrasonic diagnosis device, and the ultrasonic measurement
sheet are not limited to those described in the embodiments,
and various modifications are possible.
[0128] Theentire disclosure of Japanese Patent Application
No. 2013-004302, filed Jan. 15, 2013 is expressly incorpo-
rated by reference herein.
What is claimed is:
1. An ultrasonic measuring device comprising:
an emission unit that performs ultrasound emission pro-
cessing;
a reception unit that performs ultrasonic echo reception
processing; and
a processing unit that performs ultrasonic measurement
control processing,
wherein the emission unit performs processing for emitting
ultrasound toward a subject via an ultrasonic measure-
ment sheet,
the reception unit performs processing for receiving an
ultrasonic echo from the ultrasonic measurement sheet,
and outputs a reception signal to the processing unit, and
the processing unit performs processing for analyzing
ultrasonic measurement code information recorded in
the ultrasonic measurement sheet based on the reception
signal from the reception unit.
2. The ultrasonic measuring device according to claim 1,
wherein the processing unit sets a control parameter that is
used in control of at least one of the emission unit and the
reception unit based on the code information, and con-
trols at least one of the emission unit and the reception
unit based on the control parameter.
3. The ultrasonic measuring device according to claim 1,
wherein the processing unit sets an image generation
parameter for generation of ultrasonic image data based
on the code information, and generates the ultrasonic
image data based on the image generation parameter.
4. The ultrasonic measuring device according to claim 3,
wherein the image generation parameter is a parameter for
setting at least one of gain and dynamic range.
5. The ultrasonic measuring device according to claim 1,
wherein in a first period, the processing unit performs the
code information analysis processing and, based on the
code information, sets a control parameter that is used in
control of at least one of the emission unit and the recep-
tion unit and an image generation parameter for genera-
tion of ultrasonic image data, and in a second period that
is after the first period, the processing unit controls at
least one of the emission unit and the reception unit
based on the control parameter, and generates the ultra-
sonic image data based on the image generation param-
eter.
6. The ultrasonic measuring device according to claim 5,
wherein the first period is a period in which the processing
unit sets a parameter to be used in ultrasonic measure-
ment, and
the second period is a period in which the processing unit
performs ultrasonic measurement control processing
based on the parameter that was set.
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7. The ultrasonic measuring device according to claim 1,

wherein the code information is site specification informa-
tion for specifying a measurement site.

8. The ultrasonic measuring device according to claim 7,

wherein based on the site specification information, the
processing unit sets a control parameter that is used in
control of at least one of the emission unit and the recep-
tion unit and an image generation parameter for genera-
tion of ultrasonic image data, the control parameter and
the image generation parameter being parameters that
are used in measurement of the measurement site.

9. The ultrasonic measuring device according to claim 1,

wherein the processing unit acquires at least one of char-
acteristic information and manufacturing information of
the ultrasonic measurement sheet based on the code
information.

10. The ultrasonic measuring device according to claim 1,

wherein the ultrasonic measurement sheet has an ultra-
sound transmissive medium and a plurality of reflectors
embedded in the ultrasound transmissive medium,

the code information is recorded using at least one of the
reflectance, the number, the shape, and the size of the
plurality of reflectors,

the reception unit performs processing for receiving an
ultrasonic echo from the plurality of reflectors, and out-
puts a reception signal to the processing unit, and

the processing unit performs processing for analyzing the
code information based on the reception signal from the
reception unit.

11. The ultrasonic measuring device according to claim 10,

wherein the ultrasonic measurement sheet has a plurality of
reflector groups aligned in the ultrasound transmissive
medium as the plurality of reflectors,

each reflector group among the plurality of reflector groups
has 1st to p-th (p being an integer greater than or equal to
2) reflectors that are aligned along a depth direction of
the ultrasonic measurement sheet, and

the processing unit performs processing for analyzing the
code information recorded by the 1st to p-th reflectors.

12. The ultrasonic measuring device according to claim 11,

wherein the same code information is recorded by each
reflector group among the plurality of reflector groups,
and

the processing unit performs processing for analyzing the
code information recorded by at least one reflector group
among the plurality of reflector groups.

13. An ultrasonic diagnosis device comprising:

the ultrasonic measuring device according to claim 1; and

a display unit that displays display image data.

14. An ultrasonic measurement sheet comprising:

an ultrasound transmissive medium; and

a plurality of reflectors embedded in the ultrasound trans-
missive medium,

wherein code information that is to be analyzed in analysis
processing performed by an ultrasonic measuring device
is recorded using at least one of the reflectance, the
number, the shape, and the size of the plurality of reflec-
tors.

15. The ultrasonic measurement sheet according to claim

14,

wherein the ultrasonic measurement sheet includes a plu-
rality of reflector groups aligned in the ultrasound trans-
missive medium as the plurality of reflectors,
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each reflector group among the plurality of reflector groups
has Istto p-th (p being an integer greater than or equal to
2) reflectors that are aligned along a depth direction of
the ultrasonic measurement sheet, and

the code information is recorded by the 1st to p-th reflec-
tors.

16. A measuring method comprising the steps of:

transmitting ultrasound toward a subject via an ultrasonic
measurement sheet;

receiving an ultrasonic echo from the ultrasonic measure-
ment sheet; and

performing processing for analyzing ultrasonic measure-
ment code information recorded in the ultrasonic mea-
surement sheet based on a reception signal.
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