2013/125178 AT I 000 OO0 OO O 0

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/125178 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

29 August 2013 (29.08.2013) WIPOIPCT
International Patent Classification: (81)
A61B 8/00 (2006.01)
International Application Number:

PCT/JP2013/000767

International Filing Date:
13 February 2013 (13.02.2013)

Filing Language: English
Publication Language: English
Priority Data:

2012-038274 24 February 2012 (24.02.2012) JP

Applicant: SONY CORPORATION [JP/JP]; 1-7-1 Kon-
an, Minato-ku, Tokyo, 1080075 (JP).

Inventors: SAKOQO, Yoichiro; ¢/o SONY CORPORA-
TION, 1-7-1 Konan, Minato-ku, Tokyo, 1080075 (JP).
ONO, Kouichirou; ¢/o SONY CORPORATION, 1-7-1
Konan, Minato-ku, Tokyo, 1080075 (JP).

Agents: KAMEYA, Yoshiaki et al.; HAZUKI INTERNA -
TIONAL YOTSUYA, Daiichi Tomizawa Building, 3-1-3,
Yotsuya, Shinjuku-ku, Tokyo, 1600004 (JP).

(84)

Publi

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

shed:
with international search report (Art. 21(3))

(54) Title: ULTRASONOGRAPHY APPARATUS, ULTRASONOGRAPHY METHOD, AND PROGRAM

200

100

ULTRASONOGRAPHY APPARATUS
PROBE | —
104 102
NOTIFICATION CONTROL UNIT
UNIT 110 114
FREQUENCY |, [ EXAMINATION STATE
SETTING UNIT || DETERMINING UNIT
112 116 L 118
z(éﬂ':‘m’]‘gﬁ NOTIFICATION RECCRDING
bt CONTROL UNIT CONTROL UNIT

(57) Abstract: An ultrasonographic system includes an electronic memory to store a table that relates subject information to a plural -
ity of frequencies, and a frequency setting unit that sets the examination frequency to one of the frequencies stored in the table. The
frequency setting unit sets the examination frequency based on selection of subject information from the table, and the examination
o frequency is used to perform ultrasound examination on the subject according to the selected information.



WO 2013/125178 PCT/JP2013/000767

Description

Title of Invention: ULTRASONOGRAPHY APPARATUS, UL-
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TRASONOGRAPHY METHOD, AND PROGRAM
Technical Field

The present disclosure relates to an ultrasonography apparatus, an ultrasonography
method, and a program.
Background Art

An examination method called "ultrasonography" where a subject is exposed to ul-
trasound, echoes produced from the subject are visualized, and an examination is
carried out based on the obtained images is widely used in the field of medicine, for
example. Technologies relating to ultrasonography apparatuses, i.e., apparatuses for
carrying out ultrasonography, have also been developed. One example of a technology
relating to ultrasonography apparatuses is disclosed in JP H09-281093A, described

below.
Citation List

Patent Literature
PTL 1: JP H09-281093A
Summary

Technical Problem

Various individual differences, such as sex, race, and physique, exist between
patients (hereinafter "subjects") subjected to ultrasonography. For this reason, if ultra-
sonography is carried out on a plurality of subjects using sound waves (note that this
expression hereinafter includes sound (i.e., so-called "ultrasound") that is normally
inaudible to the human ear) of a constant frequency, there will be differences in the
acquired examination images (note that this expression hereinafter refers to images
showing echoes produced from the subject as a result of generated sound waves
striking the subject). Accordingly, when ultrasonography is carried out on a subject,
the use of sound waves of a suitable frequency for the subject is preferable so as to
obtain examination images that facilitate examination by an examiner, such as a doctor
or technician, and moreover to improve the precision of an ultrasonographic ex-
amination, for example.

Here, with the technology according to JP H09-281093A, for example, ultrasound of
a plurality of frequencies is transmitted from a single probe and a range from a shallow
part to a deep part of the subject is simultaneously visualized. Accordingly, if ultra-
sonography is carried out using the technology according to JP H09-281093A, for

example, there is the possibility that some of the emitted sound waves will be of a
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suitable frequency for the subject.
However, the technology according to JP H09-281093A, for example, does not par-

ticularly consider how to use sound waves of a suitable frequency for the subject. Ac-
cordingly, even if the technology according to JP H09-281093A is used, for example,
there is no guarantee that the examiner will be able to carry out ultrasonography using
sound waves of a suitable frequency for the subject.

The present disclosure aims to provide a novel and improved ultrasonography
apparatus, ultrasonography method, and program that enable an examiner to carry out

ultrasonography using sound waves of a suitable frequency for the subject.

Solution to Problem

An ultrasonographic system includes an electronic memory that stores a table that
relates subject information to a plurality of frequencies; and a frequency setting unit to
set, as an examination frequency, one of the plurality of frequencies based on selection
of subject information from the table, the examination frequency being used to perform
an ultrasound examination on a subject corresponding to the selected subject in-
formation.

An ultrasonographic imaging method includes storing a table relating subject in-
formation to a plurality of frequencies in an electronic memory, and setting, as an ex-
amination frequency, one of the plurality one of the plurality of frequencies based on
selection of subject information from the table. The examination frequency is then
used to perform an ultrasound examination on a subject corresponding to the selected
subject information.

A non-transitory computer-readable medium storing computer-readable instructions
thereon, where the computer-readable instructions when executed by a computer cause
the computer to perform an ultrasonographic imaging method, and the method includes
storing a table relating subject information to a plurality of frequencies. The method
also includes setting, as an examination frequency, one of the plurality one of the
plurality of frequencies based on selection of subject information from the table. The
examination frequency being used to perform an ultrasound examination on a subject
corresponding to the selected subject information.

Advantageous Effects of Invention

According to the above embodiments of the present disclosure, it is possible to
enable an examiner to carry out an ultrasonographic examination using sound waves of
a suitable frequency for the subject.

Brief Description of Drawings
[fig.1]Fig. 1 is a diagram useful in explaining one example of conversion information

according to an embodiment of the present disclosure.
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[fig.2]Fig. 2 is diagram useful in explaining one example of examination images
processed by an ultrasonography apparatus according to the present embodiment.
[fig.3]Fig. 3 is diagram useful in explaining one example of examination images
processed by an ultrasonography apparatus according to the present embodiment.
[fig.4]Fig. 4 is a flowchart showing one example of processing relating to an ultra-
sonography method according to the present embodiment.
[fig.5]Fig. 5 is a flowchart showing one example of a frequency adjusting process
according to the present embodiment.
[fig.6]Fig. 6 is a flowchart showing another example of processing relating to the ultra-
sonography method according to the present embodiment.
[fig.7]Fig. 7 is a flowchart showing a first example of processing relating to a method
of specifying the position of a probe (examination position) and the inclination of the
probe according to the present embodiment.
[fig.8]Fig. 8 is a flowchart showing a second example of processing relating to a
method of specifying the position of a probe (examination position) and the inclination
of the probe according to the present embodiment.
[fig.9]Fig. 9 is a flowchart showing a third example of processing relating to a method
of specifying the position of a probe (examination position) and the inclination of the
probe according to the present embodiment.
[fig.10]Fig. 10 is a block diagram showing one example of the configuration of the ul-
trasonography apparatus according to the present embodiment.
[fig.11]Fig. 11 is a diagram useful in explaining one example of the hardware con-
figuration of the ultrasonography apparatus according to the present embodiment.
Description of Embodiments

Hereinafter, preferred embodiments of the present disclosure will be described in
detail with reference to the appended drawings. Note that, in this specification and the
appended drawings, structural elements that have substantially the same function and
structure are denoted with the same reference numerals, and repeated explanation of
these structural elements is omitted.

The following description is given in the order indicated below.

1. Ultrasonography Method According to an Embodiment of the Present Disclosure

2. Ultrasonography Apparatus According to an Embodiment of the Present
Disclosure

3. Program According to an Embodiment of the Present Disclosure

Ultrasonography Method According to an Embodiment of the Present Disclosure

Before describing the configuration of an ultrasonography apparatus according to an

embodiment of the present disclosure, an ultrasonography method according to an em-
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bodiment of the present disclosure will be described first. An example where
processing relating to the ultrasonography method according to the present em-
bodiment is carried out by an ultrasonography apparatus according to the present em-
bodiment is described below.

As described above, when ultrasonography is carried out on a subject, use of sound
waves of a suitable frequency for the subject is preferable in order to improve the
precision of the ultrasonographic examination, for example. For this reason, the ultra-
sonography apparatus according to the present embodiment sets a suitable frequency
for the subject based on subject information showing the subject (a frequency setting
process). The ultrasonography apparatus according to the present embodiment then
causes a probe capable of generating sound waves to generate sound waves of the set
frequency (a sound wave generation control process).

Here, data showing one or two or more of information classifying the subject, in-
formation showing the examined part, information showing a disease content of the
subject, and information showing the condition of the subject can be given as examples
of "subject information" according to the present embodiment. Here, data showing one
or two or more of the sex, age (in years or a simple indication of adult/child), a degree
of obesity (such as a BMI (Body Mass Index) value), nationality (or race) can be given
as examples of information classifying the subject. Data showing an organ, the
abdomen, or a body part such as a hand or foot can be given as examples of in-
formation showing the examined part. Data showing a disease name or the progress of
a disease can be given as examples of information showing a disease content of the
subject. Also, data showing meal consumption by the subject (for example, the time at
which the subject last took a meal before the examination and/or the meal content) can
be given as an example of information showing the condition of the subject.

(1) Frequency Setting Process

The ultrasonography apparatus according to the present embodiment specifies the
subject information to be used and sets a suitable frequency for the subject based on
the specified subject information.

More specifically, as one example the ultrasonography apparatus according to the
present embodiment specifies the subject information to be used in the frequency
setting process based on a user operation (an input operation, a selection operation, or
the like) made by an examiner or the like. Note that the method by which the ultra-
sonography apparatus according to the present embodiment specifies the subject in-
formation to be used is not limited to the example described above. As another
example, the ultrasonography apparatus according to the present embodiment may
specify the subject information to be used by communicating with an external

apparatus that composes another system, such as an electronic medical record system
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so as to acquire subject information corresponding to the subject from the external
apparatus. As one example, the ultrasonography apparatus according to the present em-
bodiment may acquire the subject information corresponding to the subject from the
external apparatus mentioned above by transmitting a subject information transmission
request including data indicating the subject (such as an ID of the subject) and a
transmission request for subject information to the external apparatus. As another
example, the ultrasonography apparatus according to the present embodiment may
specify the subject information to be used by reading out subject information corre-
sponding to the subject from subject information stored in a storage unit (described
later) provided in the ultrasonography apparatus according to the present embodiment.

Once the subject information to be used has been specified, as one example the ultra-
sonography apparatus according to the present embodiment may use the specified
subject information and conversion information, such as a table in which subject in-
formation and frequencies are associated, to set a frequency that corresponds to the
specified subject information.

Fig. 1 is a diagram useful in explaining one example of conversion information
according to the present embodiment and shows one example of a table in which in-
formation classifying the subject (adult/child shown in Fig. 1) and examined parts such
as the abdomen are associated. Note that it should be obvious that the conversion in-
formation according to the present embodiment is not limited to the example shown in
Fig. 1.

For example, if the specified subject information indicates "adult" and "abdomen",
by using conversion information such as that shown in Fig. 1, the ultrasonography
apparatus according to the present embodiment is capable of specifying a frequency of
6(MHz). Note that the ultrasonography apparatus according to the present embodiment
may specify conversion information corresponding to the specified subject information
out of a plurality of conversion information based on the type of data (or combination
of included data) included in the specified subject information. As examples, the ultra-
sonography apparatus according to the present embodiment may specify conversion in-
formation corresponding to the specified subject information by reading conversion in-
formation corresponding to the type of data included in the specified subject in-
formation from a storage unit (described later) or acquiring such conversion in-
formation from an external recording medium or an external apparatus.

As one example, the ultrasonography apparatus according to the present embodiment
sets a suitable frequency for the subject by carrying out processing such as that
described above.

Note that the frequency setting process by the ultrasonography apparatus according

to the present embodiment is not limited to the processing described above. As one
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example, if a range of frequencies is set in the conversion information, the ultra-
sonography apparatus according to the present embodiment may specify the range of
frequencies corresponding to the subject based on the subject information and shift the
set frequency within the specified range of frequencies (this corresponds to a pro-
visional setting process for the frequency). If a provisional setting process for the
frequency is carried out, as one example the ultrasonography apparatus according to
the present embodiment sets a suitable frequency for the subject out of the shifted fre-
quencies based on determination results for an examination state determined based on
examination images obtained from the provisionally set frequencies (this corresponds
to a final setting process for the frequency).

That is, it is possible for the ultrasonography apparatus according to the present em-
bodiment to carry out a so-called "calibration" of frequency as the frequency setting
process. Note that a determination process for the examination state based on ex-
amination images according to the present embodiment will be described later.

(2) Sound Wave Generation Control Process

As one example, the ultrasonography apparatus according to the present embodiment
applies a voltage corresponding to the frequency set in the processing (frequency
setting process) in (1) described above to a probe as an external apparatus or a probe
provided in the ultrasonography apparatus according to the present embodiment
(referred to in general hereinafter as the "probe according to the present embodiment").
Due to the voltage corresponding to the set frequency being applied, the probe
according to the present embodiment generates sound waves of the frequency set in the
processing (frequency setting process) in (1) described above.

Here, as one example, the probe according to the present embodiment includes a
sound wave generating device, a backing material, an acoustic lens, and an acoustic
matching layer.

The sound wave generating device may be constructed of a piezoelectric element, a
crystal oscillator, or the like, and generates sound waves in accordance with the
applied voltage. The sound wave generating device also serves for example as a
convertor that converts echoes (i.e., external pressure) produced from the subject to a
signal (i.e., changes in voltage). The ultrasonography apparatus according to the
present embodiment is capable of obtaining an examination image by receiving such
signal which is transmitted from the probe.

The backing material is provided on the opposite side in the direction in which sound
waves are generated by the sound wave generating device and serves so as to absorb
sound waves that propagate in the opposite direction to the direction in which sound
waves are generated and also suppresses vibration. The acoustic lens is constructed of

silicon rubber, for example, and serves so as to focus the ultrasound generated by the
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sound wave generating device. The acoustic matching layer is provided between the
sound wave generating device and the acoustic lens and serves so as to reduce re-
flection of sound waves that are generated due to the difference in acoustic impedance
between the sound wave generating device and the subject.

By including the sound wave generating device, the backing material, the acoustic
lens, and the acoustic matching layer for example, the probe according to the present
embodiment generates sound waves of a frequency in accordance with the voltage (the
signal voltage transmitted by the ultrasonography apparatus according to the present
embodiment) applied by the ultrasonography apparatus according to the present em-
bodiment. Note that the configuration of the probe according to the present em-
bodiment is not limited to the example described above. For example, the probe
according to the present embodiment may include various sensors such as a pressure
sensor capable of measuring a pressure value applying to the subject during ultra-
sonography, an angular velocity sensor, and a triaxial acceleration sensor. The probe
according to the present embodiment may have an arbitrary configuration that is
capable of generating sound waves of a frequency in accordance with a voltage applied
by the ultrasonography apparatus according to the present embodiment.

The ultrasonography apparatus according to the present embodiment carries out the
processing (frequency setting process) in (1) described above and the processing
(sound wave generation control process) in (2) described above as processing relating
to the ultrasonography method according to the present embodiment. Here, the ultra-
sonography apparatus according to the present embodiment sets a suitable frequency
for the subject in the processing (frequency setting process) in (1) described above and
causes the probe to generate sound waves of the set frequency in the processing (sound
wave generation control process) in (2) described above.

Accordingly, the ultrasonography apparatus according to the present embodiment is
capable of enabling an examiner to carry out ultrasonography using sound waves of a
suitable frequency for the subject.

Note that the processing relating to the ultrasonography method according to the
present embodiment is not limited to the processing (frequency setting process) in (1)
described above and the processing (sound wave generation control process) in (2)
described above.

For example, the ultrasonography apparatus according to the present embodiment is
also capable of carrying out processing (an examination state determining process) that
determines the examination state based on the clarity of an examination image. As one
example, the ultrasonography apparatus according to the present embodiment carries
out a threshold process using the clarity detected (or calculated) from an examination

image and a specified threshold and determines that the examination state is normal if
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the clarity exceeds the threshold (or if the clarity is equal to or greater than the
threshold). The ultrasonography apparatus according to the present embodiment may
also determine for example that the examination state is not normal if, as a result of the
threshold process, the clarity is equal to or below the threshold (or the clarity is simply
below the threshold).

Here, a detection level of outlines detected from the examination image can be given
as one example of the clarity of the examination image according to the present em-
bodiment. As one example, the ultrasonography apparatus according to the present em-
bodiment detects outlines from an examination image and classifies the detected
outlines into a plurality of detection levels according to a threshold process or the like.
The ultrasonography apparatus according to the present embodiment then sets the
detection level of the outlines detected from the examination image as the clarity of the
examination image. Note that the clarity of the examination image according to the
present embodiment is not limited to this example. As another example, the ultra-
sonography apparatus according to the present embodiment is also capable of using the
Nitka method, the Rudinger & Spiegler method, or the like to calculate an evaluation
value relating to the sharpness of the examination image and setting the calculated
evaluation value as the clarity of the examination image.

Also, the ultrasonography apparatus according to the present embodiment may carry
out image processing on an examination image as preprocessing that detects (or
calculates) the clarity from the detection image. Here, the ultrasonography apparatus
according to the present embodiment may change the content of the image processing
on the examination image according to the subject and/or the examined part of the
subject, for example.

As specific examples, when processing an examination image that shows a fetus (one
example of a subject) or when processing an examination image showing the heart and
blood vessels (one example of an examined part of a subject), the ultrasonography
apparatus according to the present embodiment may carry out video processing such as
motion compensation to cope with the movement of the fetus and pulsing of the heart.
Also, when processing an examination image showing the liver, gallbladder, pancreas,
spleen, uterus, thyroid, or the like (examples of examined parts of a subject), since the
examined parts are substantially stationary, the ultrasonography apparatus according to
the present embodiment may for example carry out a contrast enhancement process
and still image processing such as outline extraction process and edge processing.
Also, the ultrasonography apparatus according to the present embodiment may change
the content of noise processing when carrying out the video processing described
above and when carrying out the still image processing described above. When

carrying out the video processing described above, as one example the ultrasonography
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apparatus according to the present embodiment reduces noise by averaging corre-
sponding pixel values in a plurality of still images (frame images) that compose the
video and are consecutive in time. When carrying out the still image processing
described above, as one example the ultrasonography apparatus according to the
present embodiment may reduce noise by carrying out an interpolation process.

As one example, by carrying out image processing on an examination image as pre-
processing that detects (or calculates) the clarity from the examination image, the ultra-
sonography apparatus according to the present embodiment is capable of further
improving the determination precision of the examination state determination process.

Note that the examination state determination process carried out by the ultra-
sonography apparatus according to the present embodiment is not limited to the
example described above. For example, the ultrasonography apparatus according to the
present embodiment may also determine the applied state of a gel (or jelly) applied to
the subject during an ultrasonographic examination based on an examination image.

Figs. 2A to 2D and Figs. 3A to 3C are diagrams useful in explaining one example of
an examination image processed by the ultrasonography apparatus according to the
present embodiment. Figs. 2A to 2D show examples of examination images that
change according to the applied state of gel applied to the subject and show examples
of examination images for a case where the amount of gel applied to the subject is in a
relationship "Fig. 2A> Fig. 2B>Fig. 2C>Fig. 2D". Figs. 3A to 3C show other examples
of examination images that change according to the applied state of gel applied to the
subject and show examples of examination images for a case where the gel has been
unevenly applied. Here, Fig. 3A shows an example of an examination image for a state
where there has been contact at both ends (i.e., the middle is missing). Fig. 3B shows
an example of an examination image for a state where the left end is slightly prominent
and Fig. 3C shows an example of an examination image for a state where the left end is
prominent.

As shown in Figs. 2A to 2D and Figs. 3A to 3C, the examination images change
according to the applied state of the gel applied to the subject. The ultrasonography
apparatus according to the present embodiment may determine the applied state of the
gel based on reference images showing various applied states of gel and an ex-
amination image.

For example, by further carrying out an examination state determination process such
as that described above, the ultrasonography apparatus according to the present em-
bodiment is capable, in the processing (frequency setting process) in (1) described
above, of achieving the calibration of frequency mentioned earlier. Also, by carrying
out the examination state determination process, the ultrasonography apparatus

according to the present embodiment is capable of also realizing the processing shown
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in the first to fifth examples given below.

1. Processing Relating to a First Example: Frequency Adjusting Process

The ultrasonography apparatus according to the present embodiment adjusts the set
frequency based on the determination result of the examination state in the ex-
amination state determination process described above (frequency adjusting process).

Fig. 4 is a flowchart showing one example of processing relating to the ultra-
sonography method according to the present embodiment. Fig. 4 shows one example of
the processing of the ultrasonography method according to the present embodiment for
a case where the ultrasonography apparatus according to the present embodiment
carries out an adjusting process for the frequency. Here, the processing in step S100
shown in Fig. 4 corresponds to the processing (frequency setting process) in (1)
described above and the processing in step S102 shown in Fig. 4 corresponds to the
processing (sound wave generation control process) in (2) described above.

The ultrasonography apparatus according to the present embodiment sets a suitable
frequency for the subject based on the subject information (S100).

When the frequency has been set in step S100, the ultrasonography apparatus
according to the present embodiment causes the probe to generate sound waves of the
set frequency (S102).

The ultrasonography apparatus according to the present embodiment adjusts the
frequency based on an examination image that is an image showing echoes produced
from the subject as the result of the sound waves generated in step S102 striking the
subject (S104:frequency adjusting process).

Fig. 5 is a flowchart showing one example of the frequency adjusting process
according to the present embodiment.

The ultrasonography apparatus according to the present embodiment determines
whether to adjust the frequency based on an examination image (S200). More
specifically, the ultrasonography apparatus according to the present embodiment
carries out the examination state determination process described above based on the
examination image. As one example, the ultrasonography apparatus according to the
present embodiment determines that the frequency is to be adjusted if the result of the
examination state determination process based on the examination image does not
indicate that "the examination state is normal" and determines that the frequency is not
to be adjusted if the result of the examination state determination process described
above indicates that "the examination state is normal".

On determining that the frequency is not to be adjusted in step S200, the ultra-
sonography apparatus according to the present embodiment ends the frequency
adjusting process according to the present embodiment.

Meanwhile, on determining that the frequency is to be adjusted in step S200, the ul-
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trasonography apparatus according to the present embodiment lowers the set frequency
by a specified amount (5202). Here, the specified amount by which the ultra-
sonography apparatus according to the present embodiment adjusts the frequency may
be a fixed value set in advance or may be a variable value that can be changed by the
user (for example, the examiner) or the like of the ultrasonography apparatus according
to the present embodiment.

After the processing in step S202, the ultrasonography apparatus according to the
present embodiment determines whether to end the frequency adjusting process
according to the present embodiment (S204). The ultrasonography apparatus according
to the present embodiment carries out the examination state determination process
described above based on an examination image obtained by sound waves of the
changed frequency. As one example, the ultrasonography apparatus according to the
present embodiment may then determine to continue the adjusting of frequency if the
result of the examination state determination process based on the examination image
does not indicate that "the examination state is normal" and to end the adjusting of
frequency if the result of the examination state determination process described above
indicates that "the examination state is normal".

On determining in step S204 to end the adjusting of frequency, the ultrasonography
apparatus according to the present embodiment ends the frequency adjusting process
according to the present embodiment.

Conversely, on determining in step S204 to continue the adjusting of frequency, the
ultrasonography apparatus according to the present embodiment determines whether
the contrast of the examination image is higher than the contrast of the examination
image before the frequency was changed in step S202 (S206). Note that although an
example where the ultrasonography apparatus according to the present embodiment
makes the determination in step S206 in Fig. 5 based on the contrast of examination
images is given here, the processing of the ultrasonography apparatus according to the
present embodiment is not limited to this example. As another example, in step S206
the ultrasonography apparatus according to the present embodiment may carry out the
determination based on another criterion obtained from an examination image, such as
the clarity of the examination image. An example where the ultrasonography apparatus
according to the present embodiment makes the determination based on the contrast of
examination images as shown in Fig. 5 is given in the following description.

On determining in step S206 that the contrast of the examination image has
increased, the ultrasonography apparatus according to the present embodiment repeats
the processing from step S202.

Meanwhile, on determining in step S206 that the contrast of the examination image

has not increased, the ultrasonography apparatus according to the present embodiment
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raises the set frequency by a specified amount (S208).

After carrying out the processing in step S208, the ultrasonography apparatus
according to the present embodiment determines, in the same way as in step S204,
whether to end the frequency adjusting process according to the present embodiment
(S210).

On determining in step S210 to end the adjusting of frequency, the ultrasonography
apparatus according to the present embodiment ends the frequency adjusting process
according to the present embodiment.

Conversely, on determining in step S210 to continue the adjusting of frequency, the
ultrasonography apparatus according to the present embodiment determines, in the
same way as in step S206, whether the contrast of the examination image is higher than
the contrast of the examination image before the frequency was changed in step S208
(S212).

On determining in step S212 that the contrast of the examination image has
increased, the ultrasonography apparatus according to the present embodiment repeats
the processing from step S208.

Meanwhile, on determining in step S212 that the contrast of the examination image
has not increased, the ultrasonography apparatus according to the present embodiment
ends the frequency adjusting process according to the present embodiment.

The ultrasonography apparatus according to the present embodiment carries out the
processing shown in Fig. 5, for example, as the frequency adjusting process according
to the present embodiment. By carrying out the processing shown in Fig. 5 for
example, the ultrasonography apparatus according to the present embodiment is
capable of raising the probability of obtaining an examination image for which the
result of the examination state determination process described above is "the ex-
amination state is normal".

Note that the frequency adjusting process according to the present embodiment is not
limited to the processing shown in Fig. 5. For example, the ultrasonography apparatus
according to the present embodiment may adjust the frequency in the downward
direction after first adjusting the frequency in the upward direction.

The description now returns to the example of processing relating to the ultra-
sonography method according to the present embodiment shown in Fig. 4. Once the
frequency adjusting process in step S104 has ended, the ultrasonography apparatus
according to the present embodiment determines whether to end the examination
(S106). As one example, the ultrasonography apparatus according to the present em-
bodiment determines whether to end the examination based on a user operation by a
user or the like of the ultrasonography apparatus according to the present embodiment.

On determining in step S106 to continue the examination, the ultrasonography
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[0066]

[0067]

[0068]

[0069]

apparatus according to the present embodiment repeats the processing from step S102.
Conversely, on determining in step S106 to end the examination, the ultrasonography

apparatus according to the present embodiment ends the processing relating to the ul-
trasonography method according to the present embodiment.

The ultrasonography apparatus according to the present embodiment carries out the
processing shown in Fig. 4, for example, as the processing relating to the ultra-
sonography method according to the present embodiment. By carrying out the
processing shown in Fig. 4 for example, the ultrasonography apparatus according to
the present embodiment is capable, via the frequency adjusting process according to
the present embodiment, of raising the probability of obtaining an examination image
for which the result of the examination state determination process described above is
"the examination state is normal". Accordingly, by carrying out the processing shown
in Fig. 4 for example, the ultrasonography apparatus according to the present em-
bodiment is capable of raising the probability that an examiner will be able to carry out
an ultrasonographic examination using sound waves of a suitable frequency for the
subject.

2. Processing Relating to Second Example: Notification Control Process

The ultrasonography apparatus according to the present embodiment causes a noti-
fication unit (described later) provided in the ultrasonography apparatus and/or an
external apparatus, for example, to give notification based on a determination result for
the examination state produced in the examination state determination process
described above (notification control process).

As examples of the notification method according to the present embodiment, it is
possible to use a method that appeals to the user's senses, such as a visual notification
method that uses characters, images, the illumination of lamps or the like or an audible
method that uses audio (which hereinafter includes, music and sounds such as beeps).
As specific examples of the notification method according to the present embodiment,
it is possible to illuminate lamps corresponding to a notification content out of lamps
of a plurality of colors corresponding to different notification contents or to change
how lamp flash in accordance with the notification content (examples of visual noti-
fication methods). As another specific example of the notification method according to
the present embodiment, it is possible to reproduce audio corresponding to the noti-
fication content out of audio corresponding to different notification contents (one
example of an audible notification method).

A determination result for the examination state in the examination state deter-
mination process described above, such as "the examination state is normal" or "the ex-
amination state is not normal”, can be given as an example of the notification content

according to the present embodiment. Note that the notification content according to
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[0070]

[0071]

[0072]

[0073]

the present embodiment is not limited to the determination result for the examination
state produced in the examination state determination process described above. As one
example, if the ultrasonography apparatus according to the present embodiment de-
termines the applied state of gel based on an examination image in the examination
state determination process described above, it is possible to give notification of the
applied state of gel applied to the subject in an ultrasonographic examination.

When causing a notification unit (described later) to give notification, as one
example the ultrasonography apparatus according to the present embodiment causes
the notification unit to give notification based on the determination result for the ex-
amination state in the examination state determination process described above by
transmitting a control signal (or control data) controlling notification to the notification
unit. Here, as one example, the control signal or control data controlling notification
according to the present embodiment includes a notification instruction for having no-
tification carried out. The control signal or control data controlling notification
according to the present embodiment may also include data (such as image data or
audio data) showing the notification content, for example.

When causing an external apparatus to give notification, as one example the ultra-
sonography apparatus according to the present embodiment causes the external
apparatus to give notification based on the determination result for the examination
state in the examination state determination process by transmitting control data for
controlling notification to the external apparatus which is connected via a network (or
directly) using a wired or wireless connection. Here, a wired network such as a LAN
(Local Area Network) or a WAN (Wide Area Network, a wireless network such as a
WLAN (Wireless Local Area Network), or the Internet which uses a communication
protocol such as TCP/IP (Transmission Control Protocol/Internet Protocol) can be
given as examples of a "network"” for the present embodiment.

By carrying out a notification control process such as that described above, the ultra-
sonography apparatus according to the present embodiment enables the examiner, for
example, to grasp the present state of an ultrasonographic examination and thereby
enables the examiner to improve the examination state. That is, the notification
realized by the notification control process according to the present embodiment cor-
responds to feeding back the present state of an ultrasonographic examination to an
examiner or the like. Accordingly, by carrying out the notification control process
described above (which corresponds to a feedback process), the ultrasonography
apparatus according to the present embodiment is capable of increasing the precision
of an ultrasonographic examination carried out by an examiner using sound waves of a
suitable frequency for the subject.

Note that the notification control process carried out by the ultrasonography
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[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

apparatus according to the present embodiment is not limited to the processing
described above. Another example of the notification control process carried out by the
ultrasonography apparatus according to the present embodiment will be described later
as "Processing Relating to a Fourth Example".

Fig. 6 is a flowchart showing another example of processing relating to the ultra-
sonography method according to the present embodiment. Fig. 6 shows one example of
processing relating to the ultrasonography method according to the present em-
bodiment for a case where the ultrasonography apparatus according to the present em-
bodiment carries out a notification control process. Here, the processing in step S300
shown in Fig. 6 corresponds to the processing (frequency setting process) in (1)
described above and the processing in step S302 shown in Fig. 6 corresponds to the
processing (sound wave generation control process) in (2) described above. The
processing in step S306 shown in Fig. 6 corresponds to the notification control process
described above.

The ultrasonography apparatus according to the present embodiment sets a suitable
frequency for the subject based on the subject information (S300).

When the frequency has been set in step S300, the ultrasonography apparatus
according to the present embodiment causes the probe to generate sound waves of the
set frequency (S302).

After carrying out the processing in step S302, the ultrasonography apparatus
according to the present embodiment determines whether to give feedback to the
examiner or the like (S304). As one example, if the ultrasonography apparatus
according to the present embodiment has been set so as to carry out the notification
control process according to the present embodiment, the ultrasonography apparatus
determines to give feedback.

On determining to not give feedback to the examiner or the like in step S304, the ul-
trasonography apparatus according to the present embodiment carries out the
processing in step S308, described later.

Conversely, on determining to give feedback to the examiner or the like in step S304,
the ultrasonography apparatus according to the present embodiment causes a noti-
fication unit (described later) and/or an external apparatus to give notification (S306).
As a specific example, the ultrasonography apparatus according to the present em-
bodiment carries out the examination state determination process described above
based on an examination image obtained by sound waves generated in step S302. The
ultrasonography apparatus according to the present embodiment then carries out the
processing in step S306 by transmitting control data, which controls notification corre-
sponding to the result of the examination state determination process described above

based on an examination image, to the notification unit and/or to the external
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[0080]  After deciding in step S304 to not give feedback to the examiner or the like or after

[0081]

[0082]

[0083]

carrying out the processing in step S306, in the same way as in step S106 in Fig. 2, the
ultrasonography apparatus according to the present embodiment determines whether to
end the examination (S308).

On determining in step S308 to continue the examination, the ultrasonography
apparatus according to the present embodiment repeats the processing from step S302.
On determining to end the examination in step S308, the ultrasonography apparatus
according to the present embodiment ends the processing relating to the ultra-
sonography method according to the present embodiment.

The ultrasonography apparatus according to the present embodiment carries out the
processing shown in Fig. 6, for example, as the processing relating to the ultra-
sonography method according to the present embodiment. If the processing shown in
Fig. 6 is carried out, through the notification control process according to the present
embodiment, the ultrasonography apparatus according to the present embodiment has
notification given relating to the present state of an ultrasonographic examination (a
notification based on the determination result for the examination state in the ex-
amination state determination process described above, one example of feedback). Ac-
cordingly, as one example, an examiner who has received the notification caused by
the ultrasonography apparatus according to the present embodiment will be capable of
grasping the present state of an ultrasonographic examination and thereby able to
improve the examination state. Accordingly, by carrying out the processing shown in
Fig. 6 for example, the ultrasonography apparatus according to the present em-
bodiment is capable of improving the precision of an ultrasonographic examination
carried out by an examiner using sound waves of a suitable frequency for the subject.

3. Processing Relating to a Third Example: Recording Control Process

The ultrasonography apparatus according to the present embodiment selectively
records reference determination state information showing a state where an ex-
amination is being carried out normally based for example on the determination result
for an examination state in the examination state determination process described
above (recording control process). As a specific example, the ultrasonography
apparatus according to the present embodiment records reference examination state in-
formation on a recording medium when the result of the examination state deter-
mination process based on an examination image indicates that "the examination state
is normal". The ultrasonography apparatus according to the present embodiment does
not record reference examination state information on the recording medium for
example when the result of the examination state determination process based on an

examination image does not indicate that "the examination state is normal".
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[0084]

[0085]

[0086]

[0087]

Here, data showing the position (examination position) of the probe and/or the in-
clination of the probe when the result of the examination state determination process
described above indicates that "the examination state is normal" can be given as one
example of reference examination state information for the present embodiment. A
method of specifying the position (examination position) of the probe and the in-
clination of the probe carried out by the ultrasonography apparatus according to the
present embodiment will be described later.

Note that the reference examination state information according to the present em-
bodiment is not limited to the example described above. As one example, if the probe
according to the present embodiment is equipped with a pressure sensor, data showing
the pressure value of the probe that is acquired from the probe at a time when the result
of the examination state determination process described above indicates that "the ex-
amination state is normal" may be included in the reference examination state in-
formation according to the present embodiment.

Here, a storage unit (described later) provided in the ultrasonography apparatus
according to the present embodiment, a removable external recording medium that is
connected to the ultrasonography apparatus according to the present embodiment, and
a recording medium provided in an external apparatus which is connected via a
network (or directly) to the ultrasonography apparatus according to the present em-
bodiment using a wired or wireless connection can be given as specific examples of a
recording medium on which the ultrasonography apparatus according to the present
embodiment records the reference examination state information. If the reference ex-
amination state information is stored on a recording medium provided in an external
apparatus, as one example the ultrasonography apparatus according to the present em-
bodiment stores the reference examination state information on the recording medium
provided in the external apparatus by transmitting the reference examination state in-
formation and a recording instruction for having the reference examination state in-
formation recorded to the external apparatus.

As described above, the reference examination state information for the present em-
bodiment shows the examination position (probe position), and/or the inclination of the
probe and the like in a state where a normal examination is being carried out. Ac-
cordingly, by recording the reference examination state information on a recording
medium, the ultrasonography apparatus according to the present embodiment becomes
capable of further realizing processing (for example, the processing relating to the
fourth example described later (notification control process)) that uses the reference
examination state information and has a state where a normal examination is being
carried out as a reference. Also by recording the reference examination state in-

formation on a recording medium, the ultrasonography apparatus according to the
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[0088]

[0089]

[0090]

[0091]

[0092]

present embodiment is capable for example of causing an external apparatus to carry
out processing (for example, processing that is the same as the processing relating to
the fourth example described later) that uses the reference examination state in-
formation and has a state where a normal examination is being carried out as a
reference.

Note that although the reference examination state information according to the
present embodiment is recorded by the ultrasonography apparatus according to the
present embodiment carrying out a recording control process when an actual ultra-
sonographic examination is carried out on a patient or the like receiving an ultra-
sonographic examination, the reference examination state information according to the
present embodiment is not limited to this example. For example, the reference ex-
amination state information according to the present embodiment may be recorded by
the ultrasonography apparatus according to the present embodiment carrying out the
recording control process when a provisional ultrasonographic examination for
recording the reference examination state information is carried out by a highly
proficient examiner or the like.

Here, an example of a method of specifying the position of the probe (examination
position) and the inclination of the probe carried out by the ultrasonography apparatus
according to the present embodiment will be described.

3-1. Processing Relating to a First Specifying Method

As one example, the ultrasonography apparatus according to the present embodiment
specifies the position of the probe (examination position) and the inclination of the
probe based on a picked-up image produced by photographing the subject and a probe
provided with a marker.

Fig. 7 is a flowchart showing a first example of processing relating to a method of
specifying the position of the probe (examination position) and the inclination of the
probe according to the present embodiment. Here, Fig. 7 shows one example of
processing by which the ultrasonography apparatus according to the present em-
bodiment specifies the position of the probe (examination position) and the inclination
of the probe based on an image signal (image data) that shows the picked-up image
and was transmitted from an image pickup apparatus that photographs the subject and
the probe that is provided with a marker.

The ultrasonography apparatus according to the present embodiment detects outlines
of the subject based on a template image corresponding to the subject (for example, a
human form template image) and the picked-up image (S400). Here, as one example,
the ultrasonography apparatus according to the present embodiment reads a template
image corresponding to the subject from the storage unit (described later) based on the

subject information specified in the processing (frequency setting process) in (1)
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[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

described above. As another example, the ultrasonography apparatus according to the
present embodiment may acquire a template image corresponding to the subject from
an external apparatus based on the subject information described above.

The ultrasonography apparatus according to the present embodiment specifies the
position of the subject based on the detection result in step S400 (S402). Here, the
processing of step S402 corresponds for example to processing that sets reference co-
ordinate axes for specifying the position (examination position) of the probe.

The ultrasonography apparatus according to the present embodiment detects the
marker provided on the probe based on the picked-up image (S404).

The ultrasonography apparatus according to the present embodiment specifies the
position of the probe based on the position of the subject specified in step S402 and the
marker detected in step S404 (S406). The ultrasonography apparatus according to the
present embodiment carries out the processing in step S406 by deciding the co-
ordinates of the detected marker on the reference coordinate axes set in step S404, for
example.

Also, the ultrasonography apparatus according to the present embodiment specifies
the inclination of the x, y, and z axis directions of the probe on the reference coordinate
axes set in step S404 based on the form of the marker detected in step S404. As one
example, the ultrasonography apparatus according to the present embodiment carries
out the processing in step S408 by estimating the inclination of the x, y, and z axes of
the probe based on the data showing a standard form of the marker and the form of the
marker detected based in a picked-up image.

Note that although an example where the processing in step S408 is carried out after
the processing in step S406 has been carried out is shown in Fig. 7, the ultra-
sonography apparatus according to the present embodiment is also capable of
executing the processing in step S406 and the processing in step S408 independently.
Accordingly, as examples, the ultrasonography apparatus according to the present em-
bodiment may carry out the processing in step S406 after the processing in step S408
or may carry out the processing in step S406 and the processing in step S408 in syn-
chronization.

As aresult of the processing in steps S406 and S408, the position and inclination of
the probe at a given time are specified.

When the processing in steps S406 and S408 has been completed, the ultra-
sonography apparatus according to the present embodiment determines whether to end
the detection of the position and inclination of the probe (S410). As one example, the
ultrasonography apparatus according to the present embodiment determines whether to
end the detection of the position and inclination of the probe based on a user operation

by the user or the like of the ultrasonography apparatus according to the present em-
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[0100]  On determining in step S410 to continue the detection of the position and inclination

[0101]

[0102]

[0103]

[0104]

[0105]

of the probe, the ultrasonography apparatus according to the present embodiment
repeats the processing from step S404. Conversely, on determining in step S410 to end
the detection of the position and inclination of the probe, the ultrasonography
apparatus according to the present embodiment ends the processing relating to the
method of specifying the position of the probe (examination position) and the in-
clination of the probe.

By carrying out the processing shown in Fig. 7 for example, the ultrasonography
apparatus according to the present embodiment is capable of specifying the position of
the probe (examination position) and the inclination of the probe at each given time.

3-2. Processing Relating to a Second Specifying Method

Note that the processing relating to the method of specifying the position of the probe
(examination position) and the inclination of the probe carried out by the ultra-
sonography apparatus according to the present embodiment is not limited to the
processing relating to the first example shown in Fig. 7. For example, if the probe is
equipped with an angular velocity sensor and a triaxial acceleration sensor, the ultra-
sonography apparatus according to the present embodiment is also capable of
specifying the position of the probe (examination position) and the inclination of the
probe based on an examination image and the detected values of such sensors obtained
from the probe.

Fig. 8 is a flowchart showing a second example of processing relating to a method of
specifying the position of the probe (examination position) and the inclination of the
probe according to the present embodiment. Here, Fig. 8 shows one example of
processing by which the ultrasonography apparatus according to the present em-
bodiment specifies the position of the probe (examination position) and the inclination
of the probe based on an examination image and on a detected value of an angular
velocity sensor and a detected value of an acceleration sensor obtained from the probe.

The ultrasonography apparatus according to the present embodiment detects the in-
clination of the probe relative to a surface of the subject (for example, the body
surface) based on an examination image (S500). As one example, the ultrasonography
apparatus according to the present embodiment carries out the processing in step S500
by detecting a line of the surface of the subject (for example, the body surface) based
on the examination image.

The ultrasonography apparatus according to the present embodiment specifies the ex-
amination position of the subject based on the form of the surface of the subject
detected in step S500 and a template image corresponding to the subject (for example,

a human form template image) (S502). Here, as one example, the ultrasonography
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[0110]
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apparatus according to the present embodiment acquires the template image corre-
sponding to the subject in the same way as in step S400 shown in Fig. 7. The
processing in step S502 corresponds to processing that sets reference coordinate axes
for specifying the position of the probe (examination position), for example.

The ultrasonography apparatus according to the present embodiment detects in-
clination of the probe relative to the horizontal plane based on a detected value of the
angular velocity sensor provided in the probe and carries out angular correction
(S504). The ultrasonography apparatus according to the present embodiment also
calculates the moved distance of the probe based on the detected value of the ac-
celeration sensor provided in the probe (S506). As one example, the ultrasonography
apparatus according to the present embodiment carries out the processing in step S506
by integrating detected values of the acceleration sensor to calculate speed and then
further integrating the calculated speed.

Note that although Fig. 8 shows an example where the processing in step S506 is
carried out after the processing in step S504 has been carried out, the ultrasonography
apparatus according to the present embodiment is also capable of executing the
processing in step S504 and the processing in step S506 independently. Accordingly,
as examples, the ultrasonography apparatus according to the present embodiment may
carry out the processing in step S504 after the processing in step S506 or may carry out
the processing in step S504 and the processing in step S506 in synchronization.

Once the processing in steps S504 and S506 has been completed, the ultra-
sonography apparatus according to the present embodiment specifies the position of
the probe relative to the subject and the inclination of the probe relative to the subject
based on the result of the processing in step S504 and the result of the processing in
step S506 (S508). According to the processing in step S508, the position of the probe
relative to the subject and the inclination of the probe relative to the subject at a given
time are specified.

When the processing in step S508 has been completed, the ultrasonography apparatus
according to the present embodiment determines whether to end the detection of the
position and inclination of the probe in the same way as in step S410 in Fig. 7 (S510).

On determining in step S510 to continue the detection of the position and inclination
of the probe, the ultrasonography apparatus according to the present embodiment
repeats the processing from step S504. Conversely, on determining in step S510 to end
the detection of the position and inclination of the probe, the ultrasonography
apparatus according to the present embodiment ends the processing relating to the
method of specifying the position of the probe (examination position) and the in-
clination of the probe.

By carrying out the processing shown in Fig. 8 for example, the ultrasonography
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[0112]

[0113]

[0114]

[0115]

apparatus according to the present embodiment is capable of specifying the position of
the probe (examination position) and the inclination of the probe at each given time.

3-3. Processing Relating to a Third Specifying Method

Note that the processing relating to the method of specifying the position of the probe
(examination position) and the inclination of the probe carried out by the ultra-
sonography apparatus according to the present embodiment is not limited to the
processing relating to the first example shown in Fig. 7 or the processing relating to the
second example shown in Fig. 8. For example, if the probe is equipped with an angular
velocity sensor and a triaxial acceleration sensor, the ultrasonography apparatus
according to the present embodiment is also capable of specifying the position of the
probe (examination position) and the inclination of the probe based on the detected
values of such sensors obtained from the probe.

Fig. 9 is a flowchart showing a third example of processing relating to a method of
specifying the position of the probe (examination position) and the inclination of the
probe according to the present embodiment. Here, Fig. 9 shows one example of
processing by which the ultrasonography apparatus according to the present em-
bodiment specifies the position of the probe (examination position) and the inclination
of the probe based on detected values of the angular velocity sensor and detected
values of the acceleration sensor obtained from the probe.

The ultrasonography apparatus according to the present embodiment instructs the
examiner to press the probe at a specified angle at a specified examination position on
the subject for a set time (S600). The ultrasonography apparatus also sets initial values
of the position of the probe and the inclination of the probe based on detected values of
the angular velocity sensor provided in the probe and detected values of the ac-
celeration sensor provided in the probe (S602). On determining, based on the detected
values of the sensors described above, that the probe has not moved for the set time
relating to the instruction given in step S600, the ultrasonography apparatus according
to the present embodiment sets the specified examination position and the specified
angle relating to the instruction given in step S600 as initial values. Here, the
processing in steps S600 and S602 corresponds for example to processing that sets
reference coordinate axes for specifying the position of the probe (examination
position).

Once the initial values of the position of the probe and the inclination of the probe
have been set in step S602, the ultrasonography apparatus according to the present em-
bodiment detects the inclination of the probe relative to a horizontal plane based on a
detected value of the angular velocity sensor provided in the probe and carries out
angular correction (S604). The ultrasonography apparatus according to the present em-

bodiment also calculates the moved distance of the probe based on the detected value
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of the acceleration sensor provided in the probe in the same way as in step S506 in Fig.
8, for example (S606).

Note that although Fig. 9 shows an example where the processing in step S606 is
carried out after the processing in step S604 has been carried out, the ultrasonography
apparatus according to the present embodiment is also capable of executing the
processing in step S604 and the processing in step S606 independently. Accordingly,
as examples, the ultrasonography apparatus according to the present embodiment may
carry out the processing in step S604 after the processing in step S606 or may carry out
the processing in step S604 and the processing in step S606 in synchronization.

Once the processing in steps S604 and S606 has been completed, the ultra-
sonography apparatus according to the present embodiment specifies the position of
the probe relative to the subject and the inclination of the probe relative to the subject
based on the result of the processing in step S604 and the result of the processing in
step S606 (S608). According to the processing in step S608, the position of the probe
relative to the subject and the inclination of the probe relative to the subject at a given
time are specified.

When the processing in step S608 has been completed, the ultrasonography apparatus
according to the present embodiment determines whether to end the detection of the
position and inclination of the probe in the same way as in step S410 in Fig. 7 (S610).

On determining in step S610 to continue the detection of the position and inclination
of the probe, the ultrasonography apparatus according to the present embodiment
repeats the processing from step S604. Conversely, on determining in step S610 to end
the detection of the position and inclination of the probe, the ultrasonography
apparatus according to the present embodiment ends the processing relating to the
method of specifying the position of the probe (examination position) and the in-
clination of the probe.

By carrying out the processing shown in Fig. 9 for example, the ultrasonography
apparatus according to the present embodiment is capable of specifying the position of
the probe (examination position) and the inclination of the probe at each given time.

As examples, by carrying out the processing relating to the first example described
above, the processing relating to the second example described above, or the
processing relating to the third example described above, the ultrasonography
apparatus according to the present embodiment specifies the position of the probe
(examination position) and the inclination of the probe. Note that it should be obvious
that the processing relating to the method of specifying the position of the probe
(examination position) and the inclination of the probe carried out by the ultra-
sonography apparatus according to the present embodiment is not limited to the

processing relating to the first to third examples described above.
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4. Processing Relating to a Fourth Example: Notification Control Process

If, for example, the determination result for the examination state in the examination
state determination process described above does not indicate that a normal ex-
amination is being carried out, the ultrasonography apparatus according to the present
embodiment causes a notification unit (described later) and/or an external apparatus to
give notification based on reference examination state information stored on a
recording medium by the recording control process described above and on ex-
amination state information showing the examination state (notification control
process).

Here, data showing the position of the probe (examination position) and/or the in-
clination of the probe at a given time during an ultrasonographic examination can be
given as an example of the examination state information for the present embodiment.
Note that the examination state information for the present embodiment is not limited
to this example. As another example, if the probe according to the present embodiment
is equipped with a pressure sensor, the examination state information according to the
present embodiment may include data showing a pressure value of the probe acquired
from the probe at a given time during the ultrasonographic examination. That is, the
examination state information according to the present embodiment includes data cor-
responding to reference examination state information for the present embodiment at a
given time during an ultrasonographic examination.

Here, content (orientation content) that gives guidance about the position and/or in-
clination of the probe to produce a normal examination state can be given as one
example of notification content based on the reference examination state information
and examination state information for the present embodiment. As one example, the ul-
trasonography apparatus according to the present embodiment guides the position and/
or orientation of the probe so that the position and/or orientation of the probe, the
pressure value, and the like shown by the examination state information match the
position and/or orientation, the pressure value, and the like shown by the reference ex-
amination state information.

When causing a notification unit to give notification, as one example the ultra-
sonography apparatus according to the present embodiment causes the notification unit
to give notification based on reference examination state information and examination
state information by transmitting a control signal (or control data) for controlling noti-
fication to the notification unit. When causing an external apparatus to give noti-
fication, as one example the ultrasonography apparatus according to the present em-
bodiment causes the external apparatus to give notification based on reference ex-
amination state information and examination state information by transmitting control

data for controlling notification to the external apparatus which is connected via a
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network (or directly) using a wired or wireless connection.

By having notification given based on the reference examination state information
and the examination state information, the ultrasonography apparatus according to the
present embodiment enables the examiner for example to improve the examination
State.

By having notification given based on the reference examination state information
and the examination state information, the ultrasonography apparatus according to the
present embodiment is capable of giving guidance about the position and/or inclination
of the probe. Accordingly, even in an imaginary case where the examiner has limited
examination skills, the ultrasonography apparatus according to the present embodiment
is capable of enabling the examiner to carry out a normal ultrasonographic examination
(an ultrasonographic examination where the result of the examination state deter-
mination process described above is "the examination state is normal").

Accordingly, by carrying out the notification control process (which also corresponds
to a feedback process) as described above, the ultrasonography apparatus according to
the present embodiment is capable of improving the precision of an ultrasonographic
examination carried out by the examiner using sound waves of a suitable frequency for
the subject.

5. Processing Relating to a Fifth Example

Processing that can be realized by the ultrasonography apparatus according to the
present embodiment carrying out the examination state determination process in
addition to the processing (frequency setting process) in (1) described above and the
processing (sound wave generation control process) in (2) described above is not
limited to the processing relating to the first to fourth examples described above. For
example, the ultrasonography apparatus according to the present embodiment is also
capable of carrying out processing that is a combination of a plurality of processing out
of processing relating to the first to fourth examples described above.

Ultrasonography Apparatus According to the Present Embodiment

Next, one example configuration of an ultrasonography apparatus according to the
present embodiment that is capable of carrying out processing relating to the ultra-
sonography method according to the present embodiment described above will be
described.

Fig. 10 is a block diagram showing one example of the configuration of an ultra-
sonography apparatus 100 according to the present embodiment. Here, Fig. 10 also
shows a probe 200 according to the present embodiment as an external apparatus for
the ultrasonography apparatus 100.

As one example, the ultrasonography apparatus 100 includes a control unit 102 and a

notification unit 104.
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Also, the ultrasonography apparatus 100 may also include a ROM (Read Only
Memory, not shown), a RAM (Random Access Memory, not shown), a storage unit
(not shown), an operation unit capable of being operated by a user (not shown), a
display unit displaying a variety of screens on a display screen (not shown), a commu-
nication unit (not shown), and the like. In the ultrasonography apparatus 100, as one
example the respective component elements are connected by a bus as a data transfer
path.

Here, the ROM (not shown) stores a program used by the control unit 102 and
control data such as calculation parameters. The RAM (not shown) temporarily stores
a program or the like executed by the control unit 102.

The storage unit (not shown) is a storage device provided in the ultrasonography
apparatus 100 and as examples stores the reference examination state information and
various data such as applications. Here, a magnetic recording medium such as a hard
disk, an EEPROM (Electrically Erasable and Programmable Read Only Memory), and
a nonvolatile memory such as a flash memory can be given as examples of the storage
unit (not shown). The storage unit (not shown) may also be removable from the ultra-
sonography apparatus 100.

A button or buttons, arrow keys, a rotary selector such as a jog dial, or a combination
of the same can be given as examples of the operation unit (not shown). Note that the
ultrasonography apparatus 100 may also be connected to an external operation device
such as an operation input device (such as a keyboard or a mouse) as an external
apparatus for the ultrasonography apparatus 100.

The display unit (not shown) is a display device provided in the ultrasonography
apparatus 100 and displays various information (such as images and/or characters) on a
display screen. An operation screen and the like for having a desired operation carried
out by the ultrasonography apparatus 100 can be given as an example of a screen
displayed on the display screen of the display unit (not shown). The display unit may
also serve as the notification unit 104.

Here, as the display unit, as examples it is possible to use a display device such as an
LCD (Liquid Crystal Display), an organic EL. (Electro-Luminescence) display, or an
OLED (Organic Light Emitting Diode) display. It is also possible to construct the
display unit of the ultrasonography apparatus 100 using a touch screen, for example. In
such case, the display unit (not shown) functions as an operation display unit capable
of both user operations and displaying.

The communication unit (not shown) is a communication device provided in the ul-
trasonography apparatus 100 and communicates via a network (or directly) with an
external apparatus such as a server either wirelessly or using wires. Here, a commu-

nication antenna and an RF (Radio Frequency) circuit (wireless communication), an
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IEEE802.15.1 port and a transmission/reception circuit (wireless communication), an
IEEE802.11b port and a transmission/reception circuit (wireless communication), or a
LAN terminal and a transmission/reception circuit (wired communication) can be
given as examples of the communication unit.

Example Hardware Configuration of Ultrasonography Apparatus 100

Fig. 11 is a diagram useful in explaining one example of the hardware configuration
of the ultrasonography apparatus 100 according to the present embodiment. Here, Fig.
11 also shows the probe 200 as an external apparatus for the ultrasonography apparatus
100.

As one example, the ultrasonography apparatus 100 includes an MPU 150, a ROM
152, a RAM 154, a recording medium 156, an input/output interface 158, an operation
input device 160, a display device 162, and a communication interface 164. In the ul-
trasonography apparatus 100, as one example the respective component elements are
connected by a bus 166 as a data transfer path.

The MPU 150 is constructed of an MPU (Micro Processing Unit) or various
processing circuits, for example, and functions as the control unit 102 that controls the
entire ultrasonography apparatus 100. In the ultrasonography apparatus 100, as one
example the MPU 150 serves as a frequency setting unit 110, a sound wave generation
control unit 112, an examination state determining unit 114, a notification control unit
116, and a recording control unit 118, described later.

The ROM 152 stores a program and control data such as calculation parameters used
by the MPU 150. The RAM 154 temporarily stores a program, which is executed by
the MPU 150, and the like.

The recording medium 156 functions as the storage unit (not shown) and as examples
stores the reference examination state information and a variety of data such as ap-
plications. Here, a magnetic storage medium such as a hard disk and a nonvolatile
memory such as a flash memory can be given as examples of the recording medium
156. The recording medium 156 may be removable from the ultrasonography
apparatus 100.

As examples, the input/output interface 158 is connected to the operation input
device 160 and to the display device 162. The input/output interface 158 also serves so
as to connect to an external apparatus such as the probe 200 or the like. The operation
input device 160 functions as the operation unit (not shown) and the display device 162
functions as the display unit (not shown).

Here, a USB (Universal Serial Bus) terminal, a DVI (Digital Visual Interface)
terminal, an HDMI (High-Definition Multimedia Interface) terminal, and various
processing circuits can be given as examples of the input/output interface 158. As one

example, the operation input device 160 is provided on the ultrasonography apparatus
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100 and is connected to the input/output interface 158 inside the ultrasonography
apparatus 100. A button or buttons, arrow keys, a rotary selector such as a jog dial, or a
combination of the same can be given as examples of the operation input device 160.
As one example, the display device 162 is also provided on the ultrasonography
apparatus 100 and is connected to the input/output interface 158 inside the ultra-
sonography apparatus 100. A liquid crystal display and an organic EL display can be
given as examples of the display device 162.

Note that it should be obvious that it is also possible for the input/output interface
158 to connect to external devices such as an operation input device (such as a
keyboard or mouse) and/or a display device as external apparatuses for the ultra-
sonography apparatus 100. The display device 162 may be a device, such as a touch
screen, capable of both user operations and displaying.

The communication interface 164 is a communication device provided in the ultra-
sonography apparatus 100 and functions as the communication unit (not shown) for
communicating via a network (or directly) with an external apparatus such as a server
either wirelessly or using wires. Here, a communication antenna and an RF (Radio
Frequency) circuit (wireless communication), or a LAN terminal and a transmission/
reception circuit (wired communication) can be given as examples of the commu-
nication interface 164.

By using the configuration shown in Fig. 11, for example, the ultrasonography
apparatus 100 carries out processing relating to the ultrasonography method according
to the present embodiment.

Note that the hardware configuration of the ultrasonography apparatus 100 according
to the present embodiment is not limited to the configuration shown in Fig. 11. For
example, the ultrasonography apparatus 100 may be provided with an image pickup
device that serves as an image pickup unit (not shown) that picks up still images or
video. If an image pickup device is provided, the ultrasonography apparatus 100
becomes capable of carrying out processing such as the processing relating to the first
method of specifying described earlier based on a picked-up image generated by image
pickup by the image pickup device, for example.

Here, a lens/image pickup element and signal processing circuit can be given as an
example of the image pickup device according to the present embodiment. As one
example, the lens/image pickup element is composed of lenses of an optical system
and an image sensor using a plurality of image pickup elements such as CMOS
(Complementary Metal Oxide Semiconductor). The signal processing circuit includes
an AGC (Automatic Gain Control) circuit and an ADC (Analog to Digital Converter),
converts an analog signal generated by the image pickup element to a digital signal

(image data) and carries out various signal processing. A white balance correction
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process, a color correction process, a gamma correction process, a YCbCr conversion
process, and an edge enhancing process can be given as examples of the signal
processing carried out by the signal processing circuit.

The ultrasonography apparatus 100 may further include a DSP (Digital Signal
Processor) and an audio output device. An amplifier and a speaker can be given as
examples of an audio output device according to the present embodiment. Here if a
DSP and an audio output device are provided, the DSP and the audio output device
serve as the notification unit 104, for example.

If the ultrasonography apparatus 100 is configured so as to be capable of standalone
processing, for example, the communication interface 164 does not need to be
provided. It is also possible to configure the ultrasonography apparatus 100 so as to not
include the operation input device 160 and/or the display device 162.

The description now returns to the example configuration of the ultrasonography
apparatus 100 shown in Fig. 10. The control unit 102 is constructed of an MPU and/or
various processing circuits for example and controls the entire ultrasonography
apparatus 100. The control unit 102 includes the frequency setting unit 110, the sound
wave generation control unit 112, the examination state determining unit 114, the noti-
fication control unit 116, and the recording control unit 118, for example, and takes the
lead role in the processing relating to the ultrasonography method according to the
present embodiment.

The frequency setting unit 110 takes the lead role in the processing (frequency
setting process) in (1) described above and sets a suitable frequency for the subject
based on the subject information. The frequency setting unit 110 may shift the set
frequency in a range of frequencies specified based on the subject information and set
a suitable frequency for the subject out of the shifted frequencies. As one example, the
frequency setting unit 110 sets a suitable frequency for the subject out of the shifted
frequencies based on a signal (or data) showing the determination result for the ex-
amination state transmitted from the examination state determining unit 114, described
later.

Also, as one example, the frequency setting unit 110 may adjust the set frequency
based on a signal (or data) showing the determination result for the examination state
transmitted from the examination state determining unit 114, described later. That is,
the frequency setting unit 110 may be able to take the lead role in the frequency
adjusting process described above, for example.

The frequency setting unit 110 transmits a signal (or data) showing the set frequency
(which for example may include a provisionally set frequency or a frequency being
adjusted) to the sound wave generation control unit 112.

The sound wave generation control unit 112 takes the lead role in the processing
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(sound wave generation control process) in (2) described above and causes the probe
200 to generate sound waves of the frequency set by the frequency setting unit 110.
More specifically, as one example, the sound wave generation control unit 112 applies
a voltage corresponding to the signal showing the set frequency transmitted from the
frequency setting unit 110 to the probe 200 to cause the probe 200 to generate sound
waves of the set frequency.

The examination state determining unit 114 takes the lead role in the examination
state determination process described above and determines the examination state
based for example on the clarity of an examination image. Here, as one example, the
examination state determining unit 114 may subject the examination image to image
processing which is suitable for the subject or for the examined part of the subject
based on a signal received from the probe 200 and determine the examination state
based on the examination image after image processing.

Also, the examination state determining unit 114 transmits a signal (or data) showing
the determination result for the examination state to the frequency setting unit 110, the
notification control unit 116, and the recording control unit 118, for example. Note that
the examination state determining unit 114 may selectively transmit a signal showing
the determination result for the examination state to one or two or more component
elements out of the frequency setting unit 110, the notification control unit 116, and the
recording control unit 118 based on an operation signal based on a user operation
transmitted from an operation unit (not shown), for example.

The notification control unit 116 takes the lead role in the notification control process
described above and as one example causes the notification unit 104 and/or the
external apparatus to give notification based on the determination result for the ex-
amination state produced by the examination state determining unit 114. Also, if the
determination result for the examination state produced by the examination state de-
termining unit 114 shows that a normal examination is not being carried out, for
example, the notification control unit 116 may cause the notification unit 104 and/or
the external apparatus to give notification based on reference examination state in-
formation and the examination state information.

The recording control unit 118 takes the lead role in the recording control process
described above and selectively records reference examination state information based
on the determination result for the examination state produced by the examination state
determining unit 114, for example.

Here, a storage unit (not shown), a removable external recording medium that is
connected to the ultrasonography apparatus 100, and a recording medium provided in
an external apparatus connected via a network (or directly) to the ultrasonography

apparatus 100 either wirelessly or using wires can be given as examples of the
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recording medium on which the recording control unit 118 records the reference ex-
amination state information. If the reference examination state information is recorded
on a recording medium provided in an external apparatus, the recording control unit
118 has a communication unit (not shown) transmit the reference examination state in-
formation and a recording instruction for recording the reference examination state in-
formation to the external apparatus.

By including the frequency setting unit 110, the sound wave generation control unit
112, the examination state determining unit 114, the notification control unit 116, and
the recording control unit 118, for example, the control unit 102 takes the lead role in
the processing relating to the ultrasonography method according to the present em-
bodiment.

Note that the configuration of the control unit according to the present embodiment is
not limited to the above example. As another example, one or two or more of the ex-
amination state determining unit 114, the notification control unit 116, and the
recording control unit 118 may be omitted from the control unit according to the
present embodiment. Even when one or two or more of the examination state de-
termining unit 114, the notification control unit 116, and the recording control unit 118
is/are omitted, the control unit according to the present embodiment is still capable of
taking the lead role in the processing (frequency setting process) in (1) described above
and the processing (sound wave generation control process) in (2) described above.

The notification unit 104 gives notification based on a control signal (or control data)
for controlling notification transmitted from the notification control unit 116. That is,
notification by the notification unit 104 is controlled by the notification control unit
116. Here, a display device that serves as a display unit (not shown), and a DSP and
audio output device can be given as examples of the notification unit 104.

As one example, if a display device serves as the notification unit 104, the ultra-
sonography apparatus 100 is capable of notifying the examiner or the like using the
visual notification methods described above. Also, if a DSP and audio output device
serve as the notification unit 104, the ultrasonography apparatus 100 is capable of
notifying the examiner or the like using the audible notification methods described
above.

Note that the notification unit 104 according to the present embodiment is not limited
to the display device described above and the DSP and audio output device described
above. As another example, the notification unit 104 may include an arbitrary device
that realizes a method that appeals to the user's senses. As yet another example, the no-
tification unit 104 may also be configured so as to be capable of realizing a plurality of
notification methods, such as by including the display device described above and the

DSP and audio output device described above.
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By using the configuration shown in Fig. 10, for example, the ultrasonography
apparatus 100 is capable of carrying out the processing (frequency setting process) in
(1) described above and the processing (sound wave generation control process) in (2)
described above relating to the ultrasonography method according to the present em-
bodiment. Accordingly by using the configuration shown in Fig. 10, for example, the
ultrasonography apparatus 100 is capable of enabling the examiner to carry out an ul-
trasonographic examination using sound waves of a suitable frequency for the subject.

By using the configuration shown in Fig. 10, for example, the ultrasonography
apparatus 100 is also capable of carrying out the examination state determination
process, the notification control process, and the recording control process described
earlier. Accordingly, by using the configuration shown in Fig. 10, for example, the ul-
trasonography apparatus 100 is capable of carrying out the processing shown in the
first to fifth examples described earlier, for example, and is capable of achieving the
effects corresponding to the processing shown in the first to fifth examples described
earlier.

Note that the configuration of the ultrasonography apparatus according to the present
embodiment is not limited to the configuration shown in Fig. 10. As one example, the
ultrasonography apparatus according to the present embodiment may be equipped with
the probe according to the present embodiment. When equipped with the probe
according to the present embodiment, the ultrasonography apparatus according to the
present embodiment is capable of causing sound waves with a frequency controlled by
the processing relating to the ultrasonography method according to the present em-
bodiment to be generated from the included probe. Accordingly even with a con-
figuration equipped with the probe according to the present embodiment, the ultra-
sonography apparatus according to the present embodiment is capable of achieving the
same effects as the ultrasonography apparatus 100 shown in Fig. 10.

As another example, the ultrasonography apparatus according to the present em-
bodiment may be configured so as to omit the notification unit 104. Even with a con-
figuration that omits the notification unit 104, the ultrasonography apparatus according
to the present embodiment is capable of carrying out the processing (frequency setting
process) in (1) described above and the processing (sound wave generation control
process) in (2) described above. Also, even with a configuration that does not include
the notification unit 104, the ultrasonography apparatus according to the present em-
bodiment is capable of notifying the examiner or the like by having an external
apparatus, for example, carry out notification in the notification control process.

The ultrasonography apparatus according to the present embodiment can also be
separately provided with one or two or more component elements out of the frequency

setting unit 110, the sound wave generation control unit 112, the examination state de-
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termining unit 114, the notification control unit 116, and the recording control unit 118
shown in Fig. 10, for example (as one example, such component elements may be
realized by separate processing circuits).

In addition, as described earlier, one or two or more component elements out of the
examination state determining unit 114, the notification control unit 116, and the
recording control unit 118 shown in Fig. 10 may be omitted from the ultrasonography
apparatus according to the present embodiment. Even when one or two or more
component elements out of the examination state determining unit 114, the notification
control unit 116, and the recording control unit 118 shown in Fig. 10 is/are omitted, the
ultrasonography apparatus according to the present embodiment is capable of taking
the lead role in the processing (frequency setting process) in (1) described above and
the processing (sound wave generation control process) in (2) described above relating
to the ultrasonography method according to the present embodiment. Accordingly,
even when one or two or more component elements out of the examination state de-
termining unit 114, the notification control unit 116, and the recording control unit 118
is/are omitted, the ultrasonography apparatus according to the present embodiment is
still capable of enabling the examiner to carry out an ultrasonographic examination
using sound waves of a suitable frequency for the subject.

As described above, the ultrasonography apparatus according to the present em-
bodiment carries out the processing (frequency setting process) in (1) described above
and the processing (sound wave generation control process) in (2) described above for
example as processing relating to the ultrasonography method according to the present
embodiment. Here, the ultrasonography apparatus according to the present em-
bodiment sets a suitable frequency for the subject in the processing (frequency setting
process) in (1) described above and causes the probe to generate sound waves of the
set frequency in the processing (sound wave generation control process) in (2)
described above.

Accordingly, the ultrasonography apparatus according to the present embodiment is
capable of enabling the examiner to carry out an ultrasonographic examination using
sound waves of a suitable frequency for the subject.

The ultrasonography apparatus according to the present embodiment is capable of
carrying out the processing shown in the first to fifth examples described above, for
example, by further carrying out one or two or more processes out of the examination
state determination process, the notification control process, and the recording control
process described earlier, for example. Accordingly, by carrying out the processing
shown in the first to fifth examples described earlier, the ultrasonography apparatus
according to the present embodiment is capable of achieving the effects corresponding

to the processing shown in the first to fifth examples described earlier.
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The ultrasonography apparatus according to the present embodiment is capable of
achieving the effects (A) and (B) given below, for example.

(A) In an ultrasonographic examination or an ultrasonographic diagnosis, individual
differences between subjects, differences between types of organ and differences in
skill between examiners (doctors, technicians, and the like) can be absorbed. Ac-
cordingly, the ultrasonography apparatus according to the present embodiment is
capable of acquiring a favorable examination image (diagnostic image) for a plurality
of organs (examples of examined parts) with a single apparatus without being
dependent on differences in sex, age, the degree of obesity, and the disease condition
between individuals.

(B) According to the processing relating to the fourth example described above, it is
possible to give guidance on the position and/or inclination of the probe at which a
normal examination result is obtained. That is, the ultrasonography apparatus
according to the present embodiment can be said to be capable of simulating an
examiner with high technical skills. Accordingly, by using the ultrasonography
apparatus according to the present embodiment, even when an ultrasonographic ex-
amination is carried out by an examiner with little examination skill (for example, an
inexperienced examiner), it is possible to acquire an examination image (diagnostic
image) with higher clarity.

Although the present embodiment of the disclosure has been described by way of an
ultrasonography apparatus as an example, the present embodiment is not limited to
such. The present embodiment can be applied to a variety of appliances that are
capable of carrying out the processing relating to the ultrasonography method
according to the present embodiment, such as a medical appliance or a computer such
as a PC (Personal Computer) or a server. The present embodiment can also be applied
to a processing IC (Integrated Circuit) capable of being embedded in an appliance such
as those described above, for example.

Program According to the Present Embodiment

When executed by a computer, a program for causing a computer to function as the
ultrasonography apparatus according to the present embodiment (for example, a
program capable of executing the processing relating to the ultrasonography method
according to the present embodiment, such as the processing (frequency setting
process) in (1) described above and the processing (sound wave generation control
process) in (2) described above) is capable of enabling an examiner to carry out an ul-
trasonographic examination using sound waves of a suitable frequency for the subject.

Although a preferred embodiment of the present disclosure has been described above
with reference to the attached drawings, the technical scope of the present disclosure is

not limited to such embodiment. It should be understood by those skilled in the art that



35

WO 2013/125178 PCT/JP2013/000767

[0184]

[0185]

[0186]

various modifications, combinations, sub-combinations and alterations may occur
depending on design requirements and other factors insofar as they are within the
scope of the appended claims or the equivalents thereof.

For example, although the provision of a program (computer program) for causing a
computer to function as the ultrasonography apparatus according to the present em-
bodiment has been described above, the present embodiment is also capable of
providing a recording medium on which the program described above is stored.

The configuration described earlier is one example of an embodiment according to
the present disclosure and naturally belongs to the technical scope of the present
disclosure.

Additionally, the present technology may also be configured as below.

(1) An ultrasonographic system, comprising: an electronic memory to store a table
relating subject information to a plurality of frequencies; and a frequency setting unit
to set, as an examination frequency, one of the plurality of frequencies based on
selection of subject information from the table, the examination frequency being used
to perform an ultrasound examination on a subject corresponding to the selected
subject information.

(2) The ultrasonographic system of (1), wherein the subject information includes in-
formation on race, gender and body type of the subject.

(3) The ultrasonographic system of (1) to (2), wherein the subject information further
includes information on a body part to be examined by the ultrasound examination.

(4) The ultrasonographic system of (1) to (3), wherein the subject information
includes disease information and subject condition.

(5) The ultrasonographic system of (1) to (4), further comprising: a sound wave
generating unit to generate sound waves corresponding to the examination frequency
set by the frequency setting unit, wherein the examination frequency is adjusted based
an examination state.

(6) The ultrasonographic system of (1) to (5), further comprising: an examination
unit to determine the examination state based on an examination image.

(7) The ultrasonographic system of (6), wherein the frequency setting unit specifies a
range of frequencies based on the selected subject information, and the examination
frequency is adjusted to a frequency within the range of frequencies based on the ex-
amination state.

(8) The ultrasonographic system of (6) to (7), further comprising: a notification unit
to provide a notification based on the examination state.

(9) The ultrasonographic system of (6) to (8), wherein examination information is
recorded in a storage medium as reference examination information based on the ex-

amination state.
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(10) The ultrasonographic system of (9), wherein the examination information includes
an examination probe position and an examination probe inclination.

(11) The ultrasonographic system of (6) to (10), wherein the examination state is de-
termined based on a comparison of a clarity of the examination image with a prede-
termined threshold.

(12) The ultrasonographic system of (6) to (11), wherein the examination state is
indicated as normal when the clarity of the examination image is above the prede-
termined threshold, and the examination state is indicated as not normal when the
clarity of the examination image is equal to or below the predetermined threshold.
(13) The ultrasonographic system of (6) to (12), wherein examination information is
recorded in a storage medium as reference examination information when on the ex-
amination state is normal.

(14) The ultrasonographic system of (9) to (13), further comprising: a notification unit
to provide a notification based on the examination state or a notification based on the
reference examination information.

(15) The ultrasonographic system of (14), wherein the notification based on the
reference examination information includes at least one of an examination probe
position and an examination probe inclination.

(16) The ultrasonographic system of (1) to (15), wherein the selected subject in-
formation is selected based on user operation.

(17) The ultrasonographic system of (1) to (15), wherein the selected subject in-
formation is selected based on communication with an external device.

(18) An ultrasonographic imaging method, comprising: storing a table relating subject
information to a plurality of frequencies in an electronic memory; and setting, as an ex-
amination frequency, one of the plurality one of the plurality of frequencies based on
selection of subject information from the table, the examination frequency being used
to perform an ultrasound examination on a subject corresponding to the selected
subject information.

(19) A non-transitory computer-readable medium storing computer-readable in-
structions thereon, the computer-readable instructions when executed by a computer
cause the computer to perform an ultrasonographic imaging method comprising:
storing a table relating subject information to a plurality of frequencies; and setting, as
an examination frequency, one of the plurality one of the plurality of frequencies based
on selection of subject information from the table, the examination frequency being
used to perform an ultrasound examination on a subject corresponding to the selected
subject information.

(20)

An ultrasonography apparatus including:
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a frequency setting unit setting a suitable frequency for a subject based on subject in-
formation showing the subject; and

a sound wave generation control unit causing a probe, which is capable of generating
sound waves, to generate sound waves of the set frequency.

21)

The ultrasonography apparatus according to (10),

wherein the subject information includes one or two or more pieces of information
classifying the subject, information showing an examined part, information showing a
disease content of the subject, and an information showing a condition of the subject.
(22)

The ultrasonography apparatus according to (20) or (21), further including,

an examination state determining unit determining an examination state based on
clarity of an examination image that is an image showing echoes produced from the
subject as a result of the generated sound waves striking the subject,

wherein the frequency setting unit adjusts the set frequency based on a determination
result for the examination state.

(23)

The ultrasonography apparatus according to (20) or (21), further including,

an examination state determining unit determining an examination state based on
clarity of an examination image that is an image showing echoes produced from the
subject as a result of the generated sound waves striking the subject,

wherein the frequency setting unit specifies a suitable range of frequencies for the
subject based on the subject information, shifts the set frequency in the specified range
of frequencies, and sets the suitable frequency for the subject out of the shifted fre-
quencies based on a determination result for the examination state.

(24)

The ultrasonography apparatus according to (20) or (21), further comprising:

an examination state determining unit determining an examination state based on
clarity of an examination image that is an image showing echoes produced from the
subject as a result of the generated sound waves striking the subject; and

a notification control unit causing notification to be given, based on a determination
result for the examination state.

(25)

The ultrasonography apparatus according to (20) or (21), further including:

an examination state determining unit determining an examination state based on
clarity of an examination image that is an image showing echoes produced from the
subject as a result of the generated sound waves striking the subject; and

a recording control unit having reference examination state information showing a
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state where a normal examination is being carried out selectively recorded, based on a
determination result for the examination state.
(26)
The ultrasonography apparatus according to (25), further including,
a notification control unit operable when the determination result for the examination
state does not indicate a state where a normal examination is being carried out, to cause
notification to be given based on the reference examination state information and ex-
amination state information showing the examination state.
(27)
The ultrasonography apparatus according to any one of (22) to (26),
wherein the examination state determination unit subjects the examination image to
suitable image processing for the subject or for an examined part of the subject and de-
termines the examination state based on the examination image after the image
processing.
(28)
The ultrasonography apparatus according to any one of (20) to (27), further including
the probe.
(29)
A ultrasonography method including:
setting a suitable frequency for a subject based on subject information showing the
subject; and
causing a probe, which is capable of generating sound waves, to generate sound waves
of the set frequency.
(30)
A program causing a computer to execute:
setting a suitable frequency for a subject based on subject information showing the
subject; and
causing a probe, which is capable of generating sound waves, to generate sound waves
of the set frequency.
Reference Signs List

100 Ultrasonography apparatus

102 Control unit

104 Notification unit

110 Frequency setting unit

112 Sound wave generation control unit

114 Examination state determining unit

116 Notification control unit
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118 Recording control unit
200 Probe
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Claims

An ultrasonographic system, comprising:

an electronic memory to store a table relating subject information to a
plurality of frequencies; and

a frequency setting unit to set, as an examination frequency, one of the
plurality of frequencies based on selection of subject information from
the table, the examination frequency being used to perform an ul-
trasound examination on a subject corresponding to the selected subject
information.

The ultrasonographic system according to claim 1, wherein the subject
information includes information on race, gender and body type of the
subject.

The ultrasonographic system according to claim 2, wherein the subject
information further includes information on a body part to be examined
by the ultrasound examination.

The ultrasonographic system according to claim 3, wherein the subject
information includes disease information and subject condition.

The ultrasonographic system according to claim 1, further comprising:
a sound wave generating unit to generate sound waves corresponding to
the examination frequency set by the frequency setting unit,

wherein the examination frequency is adjusted based an examination
state.

The ultrasonographic system according to claim 5, further comprising:
an examination unit to determine the examination state based on an ex-
amination image.

The ultrasonographic system according to claim 5, wherein the
frequency setting unit specifies a range of frequencies based on the
selected subject information, and

the examination frequency is adjusted to a frequency within the range
of frequencies based on the examination state.

The ultrasonographic system according to claim 6, further comprising:
a notification unit to provide a notification based on the examination
state.

The ultrasonographic system according to Claim 6, wherein ex-
amination information is recorded in a storage medium as reference ex-
amination information based on the examination state.

The ultrasonographic system according to claim 9, wherein the ex-
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amination information includes an examination probe position and an
examination probe inclination.

The ultrasonographic system according to claim 6, wherein the ex-
amination state is determined based on a comparison of a clarity of the
examination image with a predetermined threshold.

The ultrasonographic system according to claim 11, wherein the ex-
amination state is indicated as normal when the clarity of the ex-
amination image is above the predetermined threshold, and the ex-
amination state is indicated as not normal when the clarity of the ex-
amination image is equal to or below the predetermined threshold.

The ultrasonographic system according to Claim 12, wherein ex-
amination information is recorded in a storage medium as reference ex-
amination information when on the examination state is normal.

The ultrasonographic system according to claim 9, further comprising:
a notification unit to provide a notification based on the examination
state or a notification based on the reference examination information.
The ultrasonographic system according to claim 14, wherein the noti-
fication based on the reference examination information includes at
least one of an examination probe position and an examination probe
inclination.

The ultrasonographic system according to claim 1, wherein the selected
subject information is selected based on user operation.

The ultrasonographic system according to claim 1, wherein the selected
subject information is selected based on communication with an
external device.

An ultrasonographic imaging method, comprising:

storing a table relating subject information to a plurality of frequencies
in an electronic memory; and

setting, as an examination frequency, one of the plurality one of the
plurality of frequencies based on selection of subject information from
the table, the examination frequency being used to perform an ul-
trasound examination on a subject corresponding to the selected subject
information.

A non-transitory computer-readable medium storing computer-readable
instructions thereon, the computer-readable instructions when executed
by a computer cause the computer to perform an ultrasonographic
imaging method comprising:

storing a table relating subject information to a plurality of frequencies;



WO 2013/125178

42

PCT/JP2013/000767

and

setting, as an examination frequency, one of the plurality one of the
plurality of frequencies based on selection of subject information from
the table, the examination frequency being used to perform an ul-
trasound examination on a subject corresponding to the selected subject

information.
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