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ULTRASONIC IMAGE GENERATION
SYSTEM AND ULTRASONIC WIRELESS
PROBE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
International Application PCT/JP2016/056113 filed on Feb.
29, 2016, the entire contents of which are incorporated
herein by reference.

FIELD

[0002] The present invention relates to an ultrasonic image
generation system and an ultrasonic wireless probe.

BACKGROUND

[0003] An ultrasonic image generation system that gener-
ates an ultrasonic image representing a state of the inside of
a living body by irradiating the living body with an ultra-
sonic wave and detecting the reflected wave is widely used.
A common ultrasonic image generation system has a main
body unit and an ultrasonic transducer (hereinafter, referred
to as an ultrasonic unit) connected to the main body unit by
a cable. The main body unit generates a drive signal of the
ultrasonic unit and transmits the generated drive signal to the
ultrasonic unit via the cable. The ultrasonic unit outputs an
ultrasonic wave in accordance with the drive signal, gener-
ates a reflected ultrasonic wave signal by capturing the
reflected ultrasonic wave, and transmits the reflected ultra-
sonic wave signal to the main body unit. The main body unit
generates an ultrasonic image by processing the received
reflected ultrasonic wave signal and displays the ultrasonic
image on a display.

[0004] In recent years, an ultrasonic image generation
system is expected to be turned into a mobile device and
reduction in size, reduction in cost, and improvement of
operability have been sought. The ultrasonic unit, which is
grasped by the hand and contacts with a living body portion,
is connected to the main body unit by a cable, and therefore
the operation thereof is restrained. Thus, it has been pro-
posed to improve operability by eliminating the cable and
carried out data communication by wireless communication,
in other words, by turning data communication into wireless
communication. However, since the amount of data to be
transferred in the communication between the ultrasonic unit
and the main body unit is large, it is difficult to communicate
a large amount of data in a short time by wireless commu-
nication, to reduce the size of the ultrasonic image genera-
tion system and to improve operability of the ultrasonic
image generation system.

[0005] Further, in general, the ultrasonic image generation
system is a dedicated device and the cost is high. Thus, it is
desired to reduce the cost by making use of a general-
purpose terminal, such as a PC, a PC tablet, and a smart-
phone. However, a dedicated device aims at improvement of
operability by providing a lot of mechanical knobs and
switches, and therefore there has been such a problem that
it is difficult to implement the same operability as that of a
dedicated device by a general-purpose terminal. Further,
since the cable is compatible with a special I/F, the ultrasonic
image generation system is a dedicated terminal.

May 10, 2018

RELATED DOCUMENTS

[0006] [Patent Document 1] Japanese Laid Open Patent
Document No. 2012-187244

[0007] [Patent Document 2] Japanese Laid Open Patent
Document No. 2010-57562

[0008] [Patent Document 3] U.S. Patent Application No.
2003/0139664

SUMMARY
[0009] An ultrasonic image generation system of a first

aspect has a probe unit and a terminal. The probe unit has an
ultrasonic unit configured to transmit and receive an ultra-
sonic signal, a drive control/signal processing unit config-
ured to generate an ultrasonic image signal by processing a
received signal of the ultrasonic unit as well as to generate
a drive signal that is supplied to the ultrasonic unit, and a
probe-side wireless communication unit. The terminal has a
terminal-side wireless communication unit configured to
wirelessly communicate with the probe-side wireless com-
munication unit, a display unit configured to display an
ultrasonic image based on the ultrasonic image signal, and
an operation unit configured to input general measurement
information. The probe unit has a control information deter-
mination unit configured to determine control information
necessary for the generation of a drive signal and the
processing of a received signal from general measurement
information transmitted from the terminal.

[0010] The object and advantages of the embodiments will
be realized and attained by means of the elements and
combination particularly pointed out in the claims.

[0011] 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 DRAWINGS

[0012] FIG. 1 is a block diagram illustrating a configura-
tion of a common ultrasonic image generation system.
[0013] FIG. 2 is a block diagram illustrating a configura-
tion of an ultrasonic image generation system of an embodi-
ment.

[0014] FIG. 3 is a diagram illustrating a display example
of a display unit of a general-purpose terminal.

[0015] FIG. 4 is a diagram illustrating a parameter setting
table of general measurement information and control infor-
mation.

DESCRIPTION OF EMBODIMENTS

[0016] Before explaining an ultrasonic image generation
system of an embodiment, a common ultrasonic image
generation system is explained.

[0017] FIG. 1 is a block diagram illustrating a configura-
tion of a common ultrasonic image generation system.
[0018] The common ultrasonic image generation system
has a probe 10, a main body unit 20, and a cable 15 that
connects the probe 10 and the main body unit 20. The probe
10 and the main body unit 20 are connected by the cable 15
and communication is performed between the main body
unit 20 and the probe 10 and at the same time, a power
source is supplied from the main body unit 20 to the probe
10.



US 2018/0125458 Al

[0019] Theprobe 10 is held by a measurer of the ultrasonic
image generation system and is in contact with the surface
of a living body 1, which is the target of measurement, and
thereby, the inside of the living body 1 is measured by
ultrasonic waves. The probe 10 has a transducer 11 that
converts a high-voltage pulse signal received via the cable
into a sound wave, outputs the sound wave to the living body
1, and converts the sound wave reflected at the boundary
between muscle and fat, whose acoustic impedances are
different, within the living body 1 into an electric signal.

[0020] The main body unit 20 has a pulser & switch 21, an
AMP & ADC 22, a digital signal processing unit 23, a
control unit 24, a display control unit 25, a display unit 26,
and an operation unit 27. The pulser & switch 21 generates
a high-voltage pulse signal that is supplied to the transducer
11, and selects the electric signal of the reflected sound wave
by a switch circuit and outputs the electric signal to the AMP
& ADC 22. The pulser & switch circuit 21 performs, in
response to the control signal from the control unit 24,
processing to bring into focus the signals transmitted simul-
taneously in a plurality of channels within the living body by
changing the amount of delay for each channel. After
amplifying the electric signal by the amplifier (AMP) in
response to the control signal from the control unit 24, the
AMP & ADC 22 converts the electric signal into a digital
signal by the ADC (Analog-to-Digital Converter) and out-
puts the digital signal to the digital signal processing unit 23.
Here, an example is illustrated, in which the number of
input/output channels of the transducer 11 is sixty-four and
the number of channels of the AMP & ADC 22 is eight, but
these numbers are optional and the width and resolution of
an ultrasonic image that is obtained are determined by the
channel interval and the number of channels of the trans-
ducer 11. The pulser & switch 12 performs simultaneous
pulser transmission corresponding to the number of channels
of the ADC.

[0021] The digital signal processing unit 23 converts the
digital signal from the AMP & ADC 22 into luminance
information by making use of the control signal from the
control unit 24, and performs gain correction or the like that
takes into consideration the attenuation within the living
body and generates an ultrasonic image signal. By the above
processing, an ultrasonic image signal can be obtained by
carried out transmission and reception while shifting the
sixty-four channels one by one and processing the received
signals. The display control unit 25 receives an ultrasonic
image signal from the digital signal processing unit 23 and
performs control so as to display an ultrasonic image on the
display unit 26.

[0022] The control unit 24 receives general measurement
information, which is input by a measurer making use of the
operation unit 27, for example, measurement regions, sex,
age, height, weight (or BMI), and so on, of a subject of
measurement. The operation unit 27 may be a touch panel.
The control unit 24 has a parameter table and determines
control information suitable to the general measurement
information by making use of the table. The control infor-
mation includes gain, focus position, number of focus
points, image processing pattern to be used, and so on. The
control unit 24 controls the pulser & switch circuit 21, the
AMP & ADC 22, the digital signal processing unit 23, and
the display control unit 25 based on the control information.
As described previously, the pulser & switch circuit 21
performs the processing to bring into focus the signals
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transmitted simultaneously in a plurality of channels within
the living body by changing the amount of delay for each
channel, and the focus position and the number of focus
points are used for the control by the control unit 24. Further,
the gain is used for gain adjustment in the AMP & ADC 22
and the image processing pattern is used for determination
of an image processing method that is used in the digital
signal processing unit 23. Furthermore, the control informa-
tion is used by the display control unit 25 in order to display
an appropriate ultrasonic image on the display unit 26. The
general measurement information is supplied to the display
control unit 25 and displayed on the display unit 26 to check
a subject of measurement.

[0023] The configuration of the above-described common
ultrasonic image generation system is widely known, and
therefore further explanation is omitted.

[0024] FIG. 2 is a block diagram illustrating a configura-
tion of an ultrasonic image generation system of the embodi-
ment.

[0025] The ultrasonic image generation system of the
embodiment differs from the common apparatus in FIG. 1 in
that a general-purpose terminal 40 is employed in place of
the main body unit 20, that part of the components of the
main body unit 20 are moved to the probe side, and that the
general-purpose terminal 40 and the probe are connected by
wireless communication, not by a cable. Thus, the compo-
nents in common between FIG. 1 and FIG. 2 are indicated
by attaching the same reference symbols and explanation
thereof is omitted.

[0026] The ultrasonic image generation system of the
embodiment has a probe 30 and the general-purpose termi-
nal 40. The probe 30 and the general-purpose terminal 40 are
capable of communication by wireless communication.
Because no cable is provided, a power source is not supplied
to the probe 30, and therefore the probe 30 has a battery and
each unit is driven by a battery. The battery may be a primary
battery or a rechargeable secondary battery.

[0027] The probe 30 has a probe control unit 31 and a
wireless communication unit 32, in addition to the trans-
ducer 11, the pulser & switch 21, the AMP & ADC 22, and
the digital signal processing unit 23. The general-purpose
terminal 40 has a terminal control unit 41 and a wireless
communication unit 42, in addition to the display control
unit 25, the display unit 26, and the operation unit 27. The
function of the control unit 24 in FIG. 1 is implemented by
the probe control unit 31 and the terminal control unit 41.
The parameter table to determine control information suit-
able to the general measurement information is provided to
the probe control unit 31. The terminal control unit 41 only
performs simple processing in relation to the input of
general measurement information.

[0028] The wireless communication unit 32 and the wire-
less communication unit 42 each have a short-range wireless
communication function (for example, BLUETOOTH (reg-
istered trademark)) and are capable of wirelessly commu-
nicating with each other (wireless communication). No
cable is connected to the probe as described above, and
therefore operability improves.

[0029] As the general-purpose terminal 40, any terminal
can be used as long as having a display function, an input
function, and a wireless communication function and for
example, the terminal is used by installing application
software for an ultrasonic image generation system to a PC
tablet, a PC, a smartphone, and so on.
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[0030] As above, in the ultrasonic image generation sys-
tem of the embodiment, in order to implement wireless
communication, first, the pulser & switch 21, which is the
function on the side of the main body in the conventional
system, is arranged on the side of the probe 30. Thus, the
high-voltage pulse signal between the transducer and the
pulser & switch, which is conventionally transferred by a
cable, and the data of the reflected wave from the living body
are transferred on the same substrate, and therefore a cable
may be eliminated. Further, by arranging the AMP & ADC
22 and the digital signal processing unit 23 on the side of the
probe side 30, the data of the reflected wave may be turned
into image data by digital signal processing on the side of the
probe 30. Thus, the size of data that is communicated is
compressed, and therefore the data may be wirelessly trans-
ferred to the general-purpose terminal 40 with ease.

[0031] The pulser & switch 21, the AMP & ADC 22, and
the digital signal processing unit 23 are arranged on the side
of the probe 30 and only the already-existing functions of the
general-purpose, such as the display function, the input
function, and the wireless communication function, are
used, and therefore the general-purpose terminal 40 may be
implemented by general-purpose components. Thus, the
cost and size of the apparatus may be reduced.

[0032] FIG. 3 is a diagram illustrating a display example
of the display unit of the general-purpose terminal.

[0033] On the display unit 26 of the general-purpose
terminal 40, an acquired ultrasonic image 50, subject infor-
mation 51, such as name, age, sex, height, weight, BMI
(Body Mass Index), and girth of abdomen of a subject, and
measurement-target regions 52 (abdomen 52A, chest 52B,
upper arm 52C, thigh 52D, and so on) are displayed. The
subject information 51 and the measurement-target regions
52 are input by a measurer by making use of the operation
unit 27 while checking the display contents on the display
unit 26. However, when a general-purpose terminal com-
patible with the measurer is used, information stored in
advance in the general-purpose terminal may be used. Fur-
ther, when the display unit 26 is a touch panel which has a
touch screen function, the operation unit 27 is not necessary
and the information may be input by touching the display
unit 26.

[0034] The terminal control unit 41 transmits the input
measurement regions and subject information (may be only
the information necessary for measurement) to the probe
control unit 31 via the wireless communication unit 42 and
the wireless communication unit 32. The probe control unit
31 determines control information in accordance with the
parameter table based on the received information and
controls the pulser & switch 21, the AMP & ADC 22, and
the digital signal processing unit 23. Thus, the load to set
parameters in the general-purpose terminal 40 is reduced,
and operability may be maintained.

[0035] FIG. 4 is a diagram illustrating a parameter setting
table of general measurement information and control infor-
mation. The general measurement information includes
measurement regions (abdomen, chest, upper arm, thigh,
and so on), sex, BMI (weight/(height)?), and age, and the
control information includes gain, focus position, number of
focus points, and image processing pattern.

[0036] For example, when the girth of the abdomen of a
subject is large, the depth of measurement of the abdomen
is greater, and therefore it is necessary to appropriately
adjust the image luminance by increasing the gain of the
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reflected wave data at the deep part by taking into consid-
eration the attenuation within the body and an appropriate
gain is set to the table. Further, the focus point position
changes in accordance with the depth of measurement, and
therefore it is necessary to change the amount of delay of the
pulser & switch circuit 21 and it is supposed to improve
image quality by providing a plurality of focus points in
accordance with the depth. Thus, an appropriate focus
position and an appropriate number of focus points are set to
the table. In addition to the above, it is considered to change
the measurement range for each measurement region or to
change the image processing pattern of the filter processing
and the like in accordance with an image with features, and
therefore an appropriate image processing pattern is set to
the table for each measurement region.

[0037] Inthe embodiment, the side of the probe 30, not the
side of the general-purpose terminal 40, is caused to have the
table of the image optimization parameters, and therefore it
is only required to update the table information on the probe
at the time of updating the table information, and no task is
required for the side of the general-purpose terminal 40.
Thus, measurement may be carried out with the same
parameters also when a different general-purpose terminal is
used.

[0038] As above, the embodiment is explained, but all the
examples and conditions described here are described for the
purpose of aiding understanding of the invention and the
concepts of the invention to be applied to the art. Particu-
larly, the examples and conditions described are not intended
to limit the scope of the invention and the configurations of
such examples in the specification do not indicate the
superiority and inferiority of the invention. The embodiment
of the invention is described in detail, but it should be
understood that the various changes, substitutions, and
alterations can be made without departing the sprit and
scope of the invention.

CITATION LIST
[0039] 11 transducer
[0040] 21 pulser & switch
[0041] 22 AMP & ADC
[0042] 23 digital signal processing unit
[0043] 25 display control unit
[0044] 26 display unit
[0045] 27 operation unit
[0046] 30 probe
[0047] 31 probe control unit
[0048] 32 wireless communication unit
[0049] 40 general-purpose terminal
[0050] 41 terminal control unit
[0051] 42 wireless communication unit

What is claimed is:

1. An ultrasonic image generation system comprising:

a probe including an ultrasonic transducer configured to
transmit and receive an ultrasonic signal, a processor
configured to generate an ultrasonic image signal by
processing a received signal of the ultrasonic trans-
ducer as well as to generate a drive signal that is
supplied to the ultrasonic transducer, and a probe-side
wireless communicator; and

a terminal including a terminal-side wireless communi-
cator configured to wirelessly communicate with the
probe-side wireless communicator, a display config-
ured to display an ultrasonic image based on the
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ultrasonic image signal, and an operation panel con-
figured to input general measurement information,
wherein
the probe includes a controller configured to determine
control information necessary for generation of the
drive signal and processing of the received signal from
the general measurement information transmitted from
the terminal.
2. The ultrasonic image generation system according to
claim 1, wherein
the controller includes a table in which the general
measurement information and the control information
are associated with each other.
3. The ultrasonic image generation system according to
claim 1, wherein
the general measurement information includes measure-
ment-target region, sex, and BMI, and
the control information includes gain, focus position,
number of focus points, and image processing pattern.
4. The ultrasonic image generation system according to
claim 2, wherein
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the general measurement information includes measure-
ment-target region, sex, and BMI, and

the control information includes gain, focus position,
number of focus points, and image processing pattern.

5. An ultrasonic wireless probe comprising:

an ultrasonic transducer configured to transmit and
receive an ultrasonic signal;

a processor configured to generate an ultrasonic image
signal by processing a received signal of the ultrasonic
transducer as well as to generate a drive signal that is
supplied to the ultrasonic transducer;

a wireless communicator; and

a controller configured to determine control information
necessary for generation of the drive signal and pro-
cessing of the received signal from general measure-
ment information received by the wireless communi-
cator, wherein

the ultrasonic image signal is transmitted from the wire-
less communicator.
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