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(57) ABSTRACT

A processor of a general-purpose terminal acquires position
information indicating whether a biological body is punc-
tured from a first side of an ultrasonic probe apparatus or a
second side opposite to the first side and angle information
indicating a puncture angle, where these items of informa-
tion are entered on a touch panel of a display, transmits these
items of information to the probe apparatus via a wireless
communication circuit, acquires, via the communication
circuit, image information generated and transmitted by the
probe apparatus based on reflected waves obtained by trans-
mitting ultrasonic waves into the biological body from the
probe apparatus at a first angle based on the above infor-
mation, superimposes a puncture guide indicating a puncture
path based on the above information on an ultrasonic image
of the biological body or a puncture needle based on the
image information, and displays a result of the superimpos-
ing on the display.
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ULTRASONIC PROBE CONTROL METHOD
AND COMPUTER-READABLE STORAGE
MEDIUM HOLDING PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
International Application PCT/JP2016/062130 filed on Apr.
15, 2016 which designated the U.S., the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein relate to an
ultrasonic probe control method and a computer-readable
storage medium holding a program.

BACKGROUND

[0003] For example, when a puncture is performed for
infusion of drug or removal of tissue, there are cases in
which an ultrasonic diagnostic apparatus is used so that
whether the puncture is correctly performed is checked with
an ultrasonic image.

[0004] Generally, a needle used for a puncture is inserted
diagonally from the surface of skin. To capture an ultrasonic
image in which this needle is focused on, a probe of an
ultrasonic diagnostic .apparatus transmits ultrasonic waves
to the needle perpendicularly to the direction of the insertion
of the needle (this transmission could also be called “steer
transmission”) in such a manner that reception waves (re-
flected waves) are not attenuated. There is also a conven-
tional method for supporting a puncture. In this method, a
guideline indicating the insertion direction of a needle used
for the puncture is displayed on a screen of an ultrasonic
diagnostic apparatus.

[0005] See, for example, Japanese Laid-open Patent Pub-
lication No. 2014-212812, Japanese Laid-open Patent Pub-
lication No. 2012-71014, and Japanese National Publication
of International Patent Application No. 2010-528697.
[0006] In many cases, when a user performs a puncture,
the user holds a probe of an ultrasonic diagnostic apparatus
in his or her hand. However, it is desirable that the user be
able to perform the puncture with less stress. Namely, none
of the conventional techniques sufficiently supports the user
in performing the puncture. Therefore, there is demanded a
technique that allows the user to be able to perform the
puncture more easily.

SUMMARY

[0007] According to one aspect, there is provided an
ultrasonic probe control method including: acquiring, by a
processor of a general-purpose terminal apparatus, position
information which indicates whether a biological body is
punctured from a first side of an ultrasonic probe apparatus
or a second side opposite to the first side and angle infor-
mation which indicates a puncture angle, the position infor-
mation and the angle information being entered on a touch
panel of a display apparatus of the general-purpose terminal
apparatus; transmitting, by the processor, the position infor-
mation and the angle information to the ultrasonic probe
apparatus via a wireless communication circuit of the gen-
eral-purpose terminal apparatus; acquiring, by the processor,
via the wireless communication circuit, first image informa-
tion generated and transmitted by the ultrasonic probe
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apparatus based on a first reflected wave obtained by trans-
mitting a first ultrasonic wave into the biological body from
the ultrasonic probe apparatus at a first angle based on the
position information and the angle information; and super-
imposing, by the processor, a puncture guide, which indi-
cates a puncture path based on the position information and
the angle information, on a first ultrasonic image of the
biological body or a puncture needle based on the first image
information and displaying a result of the superimposing on
the display apparatus.

[0008] The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims.

[0009] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are not restrictive of the
invention.

BRIEF DESCRIPTION OF DRAWING

[0010] FIG. 1illustrates an example of an ultrasonic probe
control method according to a first embodiment;

[0011] FIG. 2 illustrates a hardware configuration example
of the ultrasonic probe apparatus;

[0012] FIG. 3 is a flowchart illustrating an example of an
ultrasonic probe control method according to a second
embodiment;

[0013] FIG. 4 illustrates an example of transmission of
ultrasonic waves in a normal transmission mode;

[0014] FIG. 5illustrates an example of a screen displayed
on a display apparatus in the normal transmission mode;
[0015] FIG. 6 illustrates an example of transmission of
ultrasonic waves in a puncture mode;

[0016] FIG. 7 illustrates an example of a screen displayed
on a display apparatus in the puncture mode;

[0017] FIG. 8 illustrates another example of the screen
displayed on the display apparatus in the puncture mode;
[0018] FIG. 9 is a flowchart illustrating an example of an
ultrasonic probe control method according to a third
embodiment;

[0019] FIG. 10 illustrates an example of a screen dis-
played on a display apparatus in the ultrasonic probe control
method according to the third embodiment;

[0020] FIG. 11 is a flowchart illustrating an example of an
ultrasonic probe control method according to a fourth
embodiment;

[0021] FIG. 12 illustrates a setting example of a puncture
guide in the ultrasonic probe control method according to
the fourth embodiment;

[0022] FIG. 13 is a flowchart illustrating an example of an
ultrasonic probe control method according to a fifth embodi-
ment; and

[0023] FIG. 14 illustrates a drawing example of a puncture
guide in the ultrasonic probe control method according to
the fifth embodiment.

DESCRIPTION OF EMBODIMENTS

[0024] Several embodiments will be described below with
reference to the accompanying drawings, wherein like ref-
erence characters refer to like elements throughout.

First Embodiment

[0025] FIG. 1illustrates an example of an ultrasonic probe
control method according to a first embodiment.
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[0026] The ultrasonic probe control method according to
the first embodiment is performed by, for example, a gen-
eral-purpose terminal apparatus 1 as illustrated in FIG. 1.

[0027] For example, the general-purpose terminal appara-
tus 1 is a tablet terminal apparatus, a smartphone, or the like
and includes a processor la, a memory 1b, a display
apparatus 1c¢ having a touch panel, and a wireless commu-
nication circuit 1d.

[0028] The processor la performs steps S1 to S4 as
illustrated in FI1G. 1 on the basis of data and a program stored
in the memory 15. The processor 1a may be a multiproces-
sor. For example, the processor 1a is a central processing
unit (CPU), a micro processing unit (MPU), a digital signal
processor (DSP), an application specific integrated circuit
(ASIC), or a programmable logic device (PLD). Alterna-
tively, the processor 1a may be a combination of at least of
two elements of a CPU, an MPU, a DSP, an ASIC, and a
PLD.

[0029] The memory 15 holds a program executed by the
processor la or various kinds of data. Any kind of storage
device such as a flash memory or a solid state drive (SSD)
may be used as the memory 15.

[0030] The display apparatus 1c is, for example, a liquid
crystal display, an organic electro-luminescence (OEL) dis-
play, or the like. Under control of the processor la, the
display apparatus 1¢ displays an ultrasonic image, etc. on its
screen. In addition, the display apparatus 1¢ has a touch
panel, which receives instructions from a user (for example,
a nurse, a clinician, or the like).

[0031] Under control of the processor la, the wireless
communication circuit 1d wirelessly communicates with an
ultrasonic probe apparatus 2.

[0032] The vltrasonic probe apparatus 2 receives informa-
tion indicating puncture conditions (a puncture position and
a puncture angle) wirelessly transmitted by the general-
purpose terminal apparatus 1 and transmits ultrasonic waves
of a plurality of channels at angles based on the information
to a biological body 3 (for example, an arm of a patient as
illustrated in FIG. 1). In addition, the ultrasonic probe
apparatus 2 receives reflected waves according to the trans-
mitted ultrasonic waves inside the biological body 3 and
generates image information indicating the inside of the
biological body 3 on the basis of the reflected waves. In
addition, the ultrasonic probe apparatus 2 wirelessly trans-
mits the generated image information to the general-purpose
terminal apparatus 1.

[0033] Ahardware configuration example of the ultrasonic
probe apparatus 2 will be described below with reference to
FIG. 2.

[0034] Hereinafter, an example of the ultrasonic probe
control method performed when a user punctures the bio-
logical body 3 will be described.

[0035] For example, a screen § as illustrated in FIG. 1 is
displayed on the display apparatus 1c. The user enters a
measurement mode, a puncture position, and a puncture
angle on the screen 5, which is a touch panel, with his or her
finger, a stylus, or the like.

[0036] There are two measurement modes, which are a
normal transmission mode for obtaining an ultrasonic image
by focusing on tissue such as a blood vessel inside the
biological body 3 and a puncture mode for obtaining an
ultrasonic image by focusing on a needle 4 used for a
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puncture (hereinafter, a puncture needle 4). When the user
performs a puncture, the user enters (selects) the puncture
mode on the screen 5.

[0037] The user punctures the biological body 3 from a
first side of the ultrasonic probe apparatus 2 or a second side
opposite to the first side. Hereinafter, the first side will be
considered to be the left side, and the second side will be
considered to be the right side. The ultrasonic probe appa-
ratus 2 has a marking 2a so that the user is able to recognize
the right and left sides. In the example in FIG. 1, the
ultrasonic probe apparatus 2 has the marking 2a on its right
side. A marking 8 that corresponds to the marking 24 is
displayed on the screen 5.

[0038] When the user punctures the biological body 3
from the left side of the ultrasonic probe apparatus 2, the
user selects “left” as the puncture position. When the user
punctures the biological body 3 from the right side of the
ultrasonic probe apparatus 2, the user selects “right” as the
puncture position. In this way, for example, the user is able
to select a convenient puncture position on the basis of the
dominant hand of the user or the positional relationship
between the user and the biological body 3.

[0039] The user enters the puncture angle on the screen 5,
for example, depending on which tissue inside the biological
body 3 the end of the puncture needle 4 needs to be
positioned at. For example, when the user touches a box in
which a puncture angle is to be entered, a numeric keypad
is displayed, and the user enters a puncture angle by touch-
ing the numeric keypad.

[0040] The processor 1a acquires information about the
above puncture position entered on the touch panel as
described above (hereinafter, position information) and the
angle information indicating the puncture angle from the
display apparatus 1¢ (step S1).

[0041] Next, the processor la wirelessly transmits the
acquired position information and angle information to the
ultrasonic probe apparatus 2 via the wireless communication
circuit 1d (step S2).

[0042] When receiving the position information and the
angle information, the ultrasonic probe apparatus 2 transmits
ultrasonic waves at angles suitable for obtaining a clear
ultrasonic image of the puncture needle 4 on the basis of the
position information and the angle information. Next, the
ultrasonic probe apparatus 2 generates image information on
the basis of reflected waves according to the ultrasonic
waves inside the biological body 3 and wirelessly transmits
the image information to the general-purpose terminal appa-
ratus 1.

[0043] To clearly display the puncture needle 4 when the
user performs a puncture, it is desirable that ultrasonic
waves be transmitted perpendicularly to the insertion direc-
tion of the puncture needle 4.

[0044] The processor la acquires the image information
generated by the ultrasonic probe apparatus 2 via the wire-
less communication circuit 1d (step S3).

[0045] Next, the processor la superimposes a puncture
guide indicating a puncture path based on the position
information and the angle information on an ultrasonic
image of the inside of the biological body 3 based on the
acquired image information and displays the result of super-
imposing on the display apparatus 1¢ (step S4).

[0046] In the example in FIG. 1, a puncture guide 7 is
superimposed on an ultrasonic image 6 and displayed on the
screen 5. The puncture guide 7 is displayed at an angle of
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20° from the top left corner of the ultrasonic image 6 in the
downward right direction. While the puncture guide 7 is
displayed in a dotted line in FIG. 1, for example, the display
apparatus 1¢ may change the thickness, the color, or the kind
of the line of the puncture guide 7, so that the user is able
to view it easily.

[0047] The user punctures the biological body 3 with the
puncture needle 4 along the puncture guide 7 while viewing
the screen 5. Since the transmission angles of the ultrasonic
waves are determined on the basis of the puncture position
and the puncture angle, as long as the puncture needle 4 is
inserted along the puncture guide 7, the puncture needle 4 is
clearly displayed on the ultrasonic image 6. Thus, the user
is able to easily see whether the puncture needle 4 is
appropriately inserted into the biological body 3.

[0048] As described above, in the ultrasonic probe control
method according to the present embodiment, the general-
purpose terminal apparatus 1 wirelessly controls the ultra-
sonic probe apparatus 2 on the basis of the puncture condi-
tions (the puncture position and the puncture angle) entered
on the display apparatus 1¢ having a touch panel function.
In addition, the general-purpose terminal apparatus 1 supet-
imposes the puncture guide 7 based on the puncture condi-
tions on the ultrasonic image 6 acquired by the ultrasonic
probe apparatus 2 and displays the result of superimposing
on the screen 5. In this way, the user is able to easily grasp
the puncture state or set or change the puncture conditions
on the screen 5 (the touch panel) of the general-purpose
terminal apparatus 1. Namely, the user is able to perform a
puncture operation easily.

[0049] In addition, the user is able to select the location of
the general-purpose terminal apparatus 1 relatively freely,
which is a tablet terminal apparatus, a smartphone, or the
like. Thus, since the user is able to place the general-purpose
terminal apparatus 1 at a convenient location when perform-
ing a puncture operation, the user has less burden on the
puncture operation.

[0050] In addition, it is not a dedicated apparatus but the
general-purpose terminal apparatus 1 that controls the ultra-
sonic probe apparatus 2. Thus, cost reduction is achieved.

Second Embodiment

[0051] Hereinafter, an ultrasonic probe control method
according to a second embodiment will be described. The
ultrasonic probe control methods according to the following
embodiments will be described assuming that the general-
purpose terminal apparatus 1 and the ultrasonic probe appa-
ratus 2 as illustrated in FIG. 1 are used. For example, the
ultrasonic probe apparatus 2 is realized by the following
hardware configuration.

[0052] FIG. 2 illustrates a hardware configuration example
of the ultrasonic probe apparatus.

[0053] The ultrasonic probe apparatus 2 includes a pro-
cessor 21, a transducer 22, a pulser-and-switch 23, an
amplifier (AMP)&analogue-to-digital converter (ADC) 24,
a digital signal processing circuit 25, and a wireless com-
munication circuit 26.

[0054] The processor 21 controls the pulser-and-switch
and the digital signal processing circuit 25, for example, on
the basis of the information about the puncture position and
the puncture angle received by the wireless communication
circuit 26. The processor 21 is, for example, a CPU, an
MPU, a DSP, an ASIC, or a PLD. Alternatively, the proces-
sor 21 may be a combination of at least two elements of a
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CPU, an MPU, a DSP, an ASIC, and a PLD. The ultrasonic
probe apparatus 2 includes a memory (not illustrated) hold-
ing a program executed by the processor 21 or various kinds
of data. Any kind of storage device such as a flash memory
or an SSD may be used as the memory.

[0055] The transducer 22 transmits ultrasonic waves to the
inside of the biological body 3 on the basis of the pulse
signals generated by the pulser-and-switch 23. Inside the
biological body 3, an individual ultrasonic wave is reflected
at a border where the acoustic impedance changes, such as
at a muscle, fat, or the puncture needle. The transducer 22
receives the reflected waves and outputs reception signals.
[0056] In the example in FIG. 2, 64 transmission and
reception channels are set in a path between the transducer
22 and the biological body 3 and in a path between the
transducer 22 and the pulser-and-switch 23. However, the
number of channels set is not limited to 64. The channel
spacing and the channel number determine the width and the
resolution of the ultrasonic image to be captured.

[0057] The pulser-and-switch 23 outputs pulse signals
having delay amounts each being different per channel under
control of the processor 21, to adjust the focus of the
ultrasonic waves simultaneously transmitted in the plurality
of channels from the transducer 22 to the biological body 3.
[0058] In addition, among the 64 channels of reception
signals outputted from the transducer 22, the pulser-and-
switch 23 shifts eight channels per channel, selects the
shifted channels, and outputs the channels to the
AMP&ADC 24. The number of channels selected by the
pulser-and-switch 23 is not limited to 8, either.

[0059] The AMP&ADC 24 amplifies the reception signals
and converts the amplified signals into digital signals.

[0060] Under control of the processor 21, the digital signal
processing circuit 25 generates and outputs image informa-
tion indicating an ultrasonic image of the inside of the
biological body 3 on the basis of the digital signals outputted
from the AMP&ADC 24.

[0061] For example, the digital signal processing circuit
25 performs the timing adjustment on the eight channels of
digital signals in view of the delay amounts of the pulse
signals described above. Next, after performing averaging
(phasing addition), the digital signal processing circuit 25
performs noise removal by using a digital filter and performs
gain correction. Next, the digital signal processing circuit 25
performs envelope processing for extracting luminance
information from the digital signals on which the gain
correction has been performed. In addition, the digital signal
processing circuit 25 performs thinning-out processing on
the basis of the image resolution of the display apparatus 1¢
of the general-purpose terminal apparatus 1 and outputs
luminance information (image information).

[0062] The wireless communication circuit 26 receives
information about the puncture position and the puncture
angle wirelessly transmitted from the general-purpose ter-
minal apparatus 1. In addition, the wireless communication
circuit 26 wirelessly transmits the image information, which
has been outputted from the digital signal processing circuit
25, to the general-purpose terminal apparatus 1.

[0063] Hereinafter, an example of the ultrasonic probe
control method according to the second embodiment in
which the general-purpose terminal apparatus 1 illustrated in
FIG. 1 and the ultrasonic probe apparatus 2 illustrated in
FIG. 2 are used will be described.
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[0064] FIG. 3 is a flowchart illustrating an example of the
ultrasonic probe control method according to the second
embodiment.

[0065] The processor 1a of the general-purpose terminal
apparatus 1 acquires a measurement mode entered on the
touch panel of the display apparatus 1¢ (step S10).

[0066] Next, the processor la determines whether the
acquired measurement mode is the normal transmission
mode or the puncture mode (step S11).

[0067] If the measurement mode is the normal transmis-
sion mode, under control of the processor 1a, the wireless
communication circuit 14 wirelessly notifies the ultrasonic
probe apparatus 2 that the measurement mode is the normal
transmission mode (step S12). For example, when the user
wishes to obtain an ultrasonic image in which tissue such as
ablood vessel inside the biological body 3 is focused on, the
user selects the normal transmission mode.

[0068] If the ultrasonic probe apparatus 2 is notified that
the measurement mode is the normal transmission mode, for
example, the ultrasonic probe apparatus 2 transmits ultra-
sonic waves as follows.

[0069] FIG. 4 illustrates an example of transmission of
ultrasonic waves in the normal transmission mode.

[0070] FIG. 4 simply illustrates an example of signals
(ultrasonic waves) 30 to 32 that have been transmitted from
three channels of the transducer 22. For example, as illus-
trated in FIG. 4, in the normal transmission mode, the delay
amounts of the pulse signals are set so that a target 3a right
under the transducer 22 is focused on. On the basis of the
pulse signals, the transmission angles of the signals 30 to 32
transmitted from the transducer 22 are determined.

[0071] When the transducer 22 receives reflected waves,
the above units of the ultrasonic probe apparatus 2 perform
their respective processing. As a result, image information is
generated and is wirelessly transmitted.

[0072] The processor la of the general-purpose terminal
apparatus 1 acquires the image information via the wireless
communication circuit 1d (step S16) and displays an ultra-
sonic image based on the acquired image information on the
display apparatus 1¢ (step S17).

[0073] FIG. 5 illustrates an example of a screen displayed
on the display apparatus in the normal transmission mode.
[0074] FIG. 5 illustrates an example in which the normal
transmission mode has been selected on a screen 33 and an
ultrasonic image 34 has been displayed in the normal
transmission mode.

[0075] The processor 1a determines whether the measure-
ment mode has been changed (step S18). If the measurement
mode has been changed, the processing returns to step S11.
[0076] If the measurement mode has not been changed,
the processor 1a determines whether the end of the mea-
surement has been instructed (step S19). If the end of the
measurement has been instructed, the processing proceeds to
END. If not, the processing returns to step S16.

[0077] For example, the processor la causes the display
apparatus 1c to display an end button on the touch panel
thereof. If the user touches the end button, the processor la
determines that the end of the measurement has been
instructed.

[0078] In step S11, if the processor 1a determines that the
acquired measurement mode is the puncture mode, the
processor la acquires the puncture position and the puncture
angle entered on the screen of the display apparatus 1c (steps
S13 and S14). Next, the processor 1a wirelessly transmits
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the position information indicating the puncture position and
the angle information indicating the puncture angle to the
ultrasonic probe apparatus 2 via the wireless communication
circuit 14 (step S15).

[0079] The processor 1a may calculate, from the acquired
puncture position and puncture angle, the transmission
angles of the ultrasonic waves so that the puncture needle 4
is focused on (so that the ultrasonic waves are transmitted
perpendicularly to the puncture needle 4) and may transmit
information indicating the transmission angles via the wire-
less communication circuit 1d.

[0080] When the ultrasonic probe apparatus 2 receives the
position information indicating the puncture position and the
angle information indicating the puncture angle (or the
information indicating the transmission angles), for
example, the ultrasonic probe apparatus 2 transmits ultra-
sonic waves to the biological body 3 as follows.

[0081] FIG. 6 illustrates an example of transmission of
ultrasonic waves in the puncture mode.

[0082] As in FIG. 4, FIG. 6 simply illustrates an example
of signals (ultrasonic waves) 40 to 42 that have been
transmitted from three channels of the transducer 22.
[0083] For example, as illustrated in FIG. 6, in the punc-
ture mode, the delay amounts of the pulse signals are set so
that the puncture needle 4 inserted at the specified puncture
position and puncture angle is focused on, and the trans-
mission angles of the signals 40 to 42 transmitted from the
transducer 22 are determined on the basis of the pulse
signals.

[0084] When the transducer 22 receives reflected waves,
the above units of the ultrasonic probe apparatus 2 perform
their respective processing. As a result, image information is
generated and is wirelessly transmitted. Next, the general-
purpose terminal apparatus 1 performs the above steps S16
and S17.

[0085] In the puncture mode, a puncture guide is super-
imposed on the ultrasonic image.

[0086] FIG. 7 illustrates an example of a screen displayed
on the display apparatus in the puncture mode.

[0087] In the example in FIG. 7, the puncture mode has
been selected as the measurement mode on a screen 43a,
“left” has been selected as the puncture position, and 20° has
been entered as the puncture angle. In this case, a puncture
guide 45q that matches the above puncture position and
puncture angle and that extends from the top left corner of
the ultrasonic image 44 in the downward right direction is
superimposed on an ultrasonic image 44 in the puncture
mode and displayed on the screen 43a.

[0088] FIG. 8 illustrates another example of the screen
displayed on the display apparatus in the puncture mode.
[0089] In the example in FIG. 8, on a screen 435, the
puncture mode has been selected as the measurement mode,
“right” has been selected as the puncture position, and 20°
has been entered as the puncture angle. In this case, a
puncture guide 455 that matches the above puncture position
and puncture angle and that extends from the top right corner
of the ultrasonic image 44 in the downward left direction is
superimposed on the ultrasonic image 44 in the puncture
mode and displayed on the screen 435.

[0090] The user inserts the puncture needle 4 into the
biological body 3 along the above puncture guide 45a or 455
while viewing the screen 43q or 43b. In this way, the user is
able to perform the puncture accurately and easily. The user
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may be allowed to slide the puncture guide 45a or 455 10 a
desired position on the touch panel.

[0091] The ultrasonic probe control method according to
the second embodiment provides advantageous effects
equivalent to those provided by the ultrasonic probe control
method according to the first embodiment. In addition, the
user is able to easily switch the normal transmission mode
and the puncture mode on the screen (the touch panel) of the
display apparatus 1c¢ of the general-purpose terminal appa-
ratus 1 and easily switch to an ultrasonic image suitable for
the content set on the screen.

[0092] The steps illustrated in FIG. 3 may be performed in
a different sequence. For example, the processor 1la may
cause the display apparatus 1¢ to display an ultrasonic image
in the normal transmission mode first and may allow the user
to shift the measurement mode to the puncture mode next.

Third Embodiment

[0093] Hereinafter, an ultrasonic probe control method
according to a third embodiment will be described.

[0094] FIG. 9is a flowchart illustrating an example of the
ultrasonic probe control method according to the third
embodiment.

[0095] Steps S20 to S22 are the same as steps S10 to S12
illustrated in FIG. 3.

[0096] In the ultrasonic probe control method according to
the third embodiment, in the puncture mode, the processor
la acquires a puncture angle (with a plus or minus sign)
entered on the touch panel of the display apparatus 1c (step
S23).

[0097] The sign added to the puncture angle indicates the
puncture position. For example, when a puncture is per-
formed from the left side of the ultrasonic probe apparatus
2 (when the puncture position is “left”), the plus sign is
added to the puncture angle. When a puncture is performed
from the right side of the ultrasonic probe apparatus 2 (when
the puncture position is “right”), the minus sign is added to
the puncture angle.

[0098] Next, the processor 1a transmits the position infor-
mation indicating the puncture position expressed by the
above sign and the angle information indicating the puncture
angle to the ultrasonic probe apparatus 2 via the wireless
communication circuit 1d (step S24). The subsequent steps
S25 to S28 are the same as steps S16 to S19 in FIG. 3.
[0099] FIG. 10 illustrates an example of a screen dis-
plaved on the display apparatus in the ultrasonic probe
control method according to the third embodiment.

[0100] In the example in FIG. 10, on a screen 50, the
puncture mode has been selected as the measurement mode,
and -30° has been entered as the puncture angle. In addition,
“~” indicates that the puncture position is “right”. In this
case, a puncture guide 52 that matches the above puncture
position and puncture angle and that extends from the top
right corner of the ultrasonic image 44 in the downward left
direction is superimposed on an ultrasonic image 51 in the
puncture mode and displayed on the screen 50.

[0101] The ultrasonic probe control method according to
the third embodiment also provides advantageous effects
equivalent to those provided by the ultrasonic probe control
method according to the second embodiment.

[0102] As in the ultrasonic probe control method accord-
ing to the second embodiment, the steps illustrated in FIG.
9 may be performed in a different sequence.
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Fourth Embodiment

[0103] Hereinafter, an ultrasonic probe control method
according to a fourth embodiment will be described.
[0104] FIG. 11 is a flowchart illustrating an example of the
ultrasonic probe control method according to the fourth
embodiment.

[0105] Step S30 to S36 are the same as steps S10 to S16
illustrated in FIG. 3.

[0106] In step S37, the processor la causes the display
apparatus 1c to display an ultrasonic image on the basis of
the acquired image information. Next, when the measure-
ment mode is the puncture mode, the processor 1a acquires
touch position information indicating a position touched by
the user on the screen (the touch panel) of the display
apparatus 1c¢ (step S38).

[0107] In addition, when the measurement mode is the
puncture mode, the processor 1a superimposes the puncture
guide displayed by using the touch position as a start point
or an end point on the ultrasonic image and displays the
result of superimposing on the display apparatus 1c, on the
basis of the touch position information, the position infor-
mation indicating the puncture position, and the angle infor-
mation indicating the puncture angle (step S39).

[0108] FIG. 12 illustrates a setting example of the punc-
ture guide in the ultrasonic probe control method according
to the fourth embodiment.

[0109] In the example in FIG. 12, on a screen 60, the
puncture mode has been selected as the measurement mode,
“right” has been selected as the puncture position, and 20°
has been entered as the puncture angle. When a certain
position (for example, a position where a target that the user
wishes to puncture is displayed) on an ultrasonic image 61
displayed on the screen 60 is touched by a finger 62 or the
like, the processor la acquires touch position information
(for example, coordinates) indicating this position. Next, the
processor 1a superimposes a puncture guide 635 extending
in the upward right at an angle of 20° by using the position
as the start point (or the end point) 63a on the ultrasonic
image 61 and displays the result of superimposing on the
display apparatus 1c.

[0110] Steps S40 and S41 are the same as steps S18 and
S19 illustrated in FIG. 3.

[0111] The ultrasonic probe control method according to
the fourth embodiment also provides advantageous effects
equivalent to those provided by the ultrasonic probe control
method according to the second embodiment. In addition,
the present ultrasonic probe control method enables the user
to perform a puncture operation on a target (tissue inside the
biological body 3) more easily.

[0112] As in the ultrasonic probe control method accord-
ing to the second embodiment, the steps illustrated in FIG.
11 may be performed in a different sequence.

Fifth Embodiment

[0113] Hereinafter, an ultrasonic probe control method
according to a fifth embodiment will be described.

[0114] FIG. 13 is a flowchart illustrating an example of the
ultrasonic probe control method according to the fifth
embodiment.

[0115] Steps S50 to S52 are the same as steps S10 to S12
illustrated in FIG. 3.

[0116] In step S53, the processor la receives a puncture
guide drawn by the user on the touch panel of the display
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apparatus 1c. For example, in step S53, an ultrasonic image
based on the image information acquired in the normal
transmission mode is displayed on the screen of the display
apparatus 1lc, and the user draws a puncture guide having a
desired angle while using a puncture target displayed on the
ultrasonic image as the start point or the end point.

[0117] FIG. 14 illustrates a drawing example of a puncture
guide in the ultrasonic probe control method according to
the fifth embodiment.

[0118] Inexample in FIG. 14, the puncture mode has been
selected as the measurement mode. In addition, FIG. 14
illustrates an example of a puncture guide 74 drawn when
the user runs his or her finger 73 or the like from a position
72ato a position 724 on an ultrasonic image 71 displayed on
a screen 70, which is a touch panel.

[0119] In step S53, the processor la acquires position
information (for example, coordinates) about the positions
72a and 726 as the position information indicating the
puncture position and the angle information indicating the
puncture angle. This is because the puncture position and the
puncture angle are determined from the position information
about the positions 72a and 72b. For example, when the
puncture guide 74 is drawn as illustrated in FIG. 14, the
puncture position is “right”, and the puncture angle is 20°.
[0120] The processor 1a wirelessly transmits the position
information and the angle information to the ultrasonic
probe apparatus 2 via the wireless communication circuit 14
(step S54).

[0121] The subsequent steps S55 to S58 are the same as
steps S16 to S19 illustrated in FIG. 3.

[0122] The processor la may superimpose the puncture
guide 74 extending between the positions 72a¢ and 72b
illustrated in FIG. 14 on the ultrasonic image and displays
the result of superimposing on the display apparatus 1C in
step S56.

[0123] The ultrasonic probe control method according to
the fifth embodiment also provides advantageous effects
equivalent to those provided by the ultrasonic probe control
method according to the first embodiment. In addition, the
present ultrasonic probe control method enables the user to
enter the puncture conditions (puncture position and punc-
ture angle) more easily.

[0124] As in the ultrasonic probe control method accord-
ing to the second embodiment, the steps illustrated in FIG.
13 may be performed in a different sequence.

[0125] As described above, the ultrasonic probe control
methods according to the above embodiments may be real-
ized by causing the general-purpose terminal apparatus 1 as
a computer to execute programs. Fach of these programs
may be stored in a computer-readable storage medium.
[0126] For example, a magnetic disk, an optical disc, a
magneto-optical disk, a semiconductor memory, or the like
may be used as the storage medium. Examples of the
magnetic disk include a hard disk drive (HDD), and
examples of the optical disc include a compact disc read-
only memory (CD-ROM), a CD-Recordable (R)/Rewritable
(RW), a digital versatile disc (DVD), and a DVD-random
access memory (RAM).

[0127] When any one of the programs is distributed, for
example, a portable storage medium in which the program
is stored is provided. The program may be stored in a storage
device of another computer and be distributed via a network.
[0128] For example, a computer may store the program
stored in a portable storage medium or received from
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another computer in a storage device (for example, the
memory 1b), read the program from the storage device, and
execute the read program. Alternatively, the computer may
directly execute the program read from the portable storage
medium or directly execute the program received from
another computer via a network.
[0129] According to the ultrasonic probe control methods
and the programs described above, users are able to perform
puncture operations easily.
[0130] All examples and conditional language provided
herein are intended for the pedagogical purposes of aiding
the reader in understanding the invention and the concepts
contributed by the inventor to further the art, and are not to
be construed as limitations to such specifically recited
examples and conditions, nor does the organization of such
examples in the specification relate to a showing of the
superiority and inferiority of the invention. Although one or
more embodiments of the present invention have been
described in detail, it should be understood that various
changes, substitutions, and alterations could be made hereto
without departing from the spirit and scope of the invention.
What is claimed is:
1. An ultrasonic probe control method comprising:
acquiring, by a processor of a general-purpose terminal
apparatus, position information which indicates
whether a biological body is punctured from a first side
of an ultrasonic probe apparatus or a second side
opposite to the first side and angle information which
indicates a puncture angle, the position information and
the angle information being entered on a touch panel of
a display apparatus of the general-purpose terminal
apparatus;
transmitting, by the processor, the position information
and the angle information to the ultrasonic probe appa-
ratus via a wireless communication circuit of the gen-
eral-purpose terminal apparatus;
acquiring, by the processor, via the wireless communica-
tion circuit, first image information generated and
transmitted by the ultrasonic probe apparatus based on
a first reflected wave obtained by transmitting a first
ultrasonic wave into the biological body from the
ultrasonic probe apparatus at a first angle based on the
position information and the angle information; and
superimposing, by the processor, a puncture guide, which
indicates a puncture path based on the position infor-
mation and the angle information, on a first ultrasonic
image of the biological body or a puncture needle based
on the first image information and displaying a result of
the superimposing on the display apparatus.
2. The ultrasonic probe control method according to claim
1,
wherein the processor determines which of measurement
modes has been selected on the touch panel, a first
measurement mode for obtaining the first ultrasonic
image in which the needle is focused on or a second
measurement mode for obtaining a second ultrasonic
image in which tissue inside the biological body is
focused on,
wherein, when the processor determines that the first
measurement mode has been selected, the processor
acquires the position information and the angle infor-
mation, transmits the position information and the
angle information to the ultrasonic probe apparatus via
the wireless communication circuit, acquires the first
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image information, superimposes the puncture guide on
the first ultrasonic image, and displays a result of the
superimposing on the display apparatus, and

wherein, when the processor determines that the second
measurement mode has been selected, the processor
notifies the ultrasonic probe apparatus that the second
measurement mode has been selected via the wireless
communication circuit, acquires, via the wireless com-
munication circuit, second image information gener-
ated and transmitted by the ultrasonic probe apparatus
based on a second reflected wave obtained by trans-
mitting a second ultrasonic wave into the biological
body from the ultrasonic probe apparatus at a second
angle, and displays a second ultrasonic image of the
biological body based on the second image information
on the display apparatus.

3. The ultrasonic probe control method according to claim

wherein the processor acquires touch position information
which indicates a position touched by a user on the
touch panel displaying the first ultrasonic image, and

wherein the processor superimposes, based on the touch
position information, the position information, and the
angle information, the puncture guide using the posi-
tion as a start point or an end point on the first ultrasonic
image and displays a result of the superimposing on the
display apparatus.

4. The ultrasonic probe control method according to claim

1, wherein, when a user traces a line from a first position to

a second position on the touch panel, the processor acquires
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the position information and the angle information based on
the first position and the second position.

5. A non-transitory computer-readable storage medium
storing a computer program that causes a computer to
perform a procedure comprising:

acquiring position information which indicates whether a

biological body is punctured from a first side of an
ultrasonic probe apparatus or a second side opposite to
the first side and angle information which indicates a
puncture angle, the position information and the angle
information being entered on a touch panel of a display
apparatus;

transmitting the position information and the angle infor-

mation to the ultrasonic probe apparatus via a wireless
communication circuit;

acquiring, via the wireless communication circuit, first

image information generated and transmitted by the
ultrasonic probe apparatus based on a first reflected
wave obtained by transmitting a first ultrasonic wave
into the biological body from the ultrasonic probe
apparatus at a first angle based on the position infor-
mation and the angle information; and

superimposing a puncture guide, which indicates a punc-

ture path based on the position information and the
angle information, on a first ultrasonic image of the
biological body or a puncture needle based on the first
image information and displaying a result of the super-
imposing on the display apparatus.

I S T T
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