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ULTRASONIC URINE VOLUME MEASURING
INSTRUMENT, AND METHOD OF
POSITIONING ULTRASOUND PROBE IN
ULTRASONIC URINE VOLUME MEASURING
INSTRUMENT

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic urine
volume measuring instrument that measures urine volume in
the bladder using ultrasound, and to a method of positioning
an ultrasound probe in the ultrasonic urine volume measuring
instrument.

BACKGROUND ART

[0002] Hitherto, as a measuring instrument that uses ultra-
sound to measure urine volume in the bladder, for example, as
described in PTL 1 (Japanese Patent No. 4677615), one that
uses ultrasound A-mode to chronologically measure urine
volume in the bladder on the basis of the amplitude and time
of waves reflected from the front and back walls of the bladder
is known.

[0003] Insuchameasuring instrument that uses ultrasound
to measureurine volume in the bladder, as a method of arrang-
ing the measuring instrument on the stomach of a measure-
ment subject, for example, as described in PTL 2 (Japanese
Unexamined Patent Application Publication No. 2009-
512532), a method is disclosed in which an image of the
bladder is generated using ultrasound B-mode that uses many
ultrasound devices, and the positions of the ultrasound
devices are adjusted to be optimal by looking at the generated
image. However, using this method takes a time for adjust-
ment since the position adjustment is done while looking at
the bladder image based on the ultrasound B-mode measure-
ment. In addition, this can only be implemented by a large-
size ultrasonic urine volume measuring instrument that has
many ultrasound devices.

[0004] In addition, PTL 3 (Japanese Unexamined Patent
Application Publication No. 2000-210286) discloses that
many ultrasound devices arranged in a matrix are fixed, and
an index value is obtained using a column of ultrasound
devices with the highest sensitivity among the many ultra-
sound devices. However, this ultrasonic urine volume mea-
suring instrument cannot adjust the positions or angles of the
ultrasound devices. Since the ultrasound devices are selected
only on the basis of the reception sensitivity, not on the basis
of the actually measured urine volume, the ultrasound devices
cannot be arranged at the most appropriate positions or
angles.

[0005] As an ultrasonic urine volume measuring instru-
ment that changes its measurement frequency, for example,
PTL 4 (U.S. Pat. No. 6,565,512) discloses one that monitors
urine volume in the bladder using many ultrasound devices
arranged in two dimensions, that produces an alarm in the
case where the urine volume exceeds a certain value, and that
increases a monitoring frequency in the case where the urine
volume exceeds 75% of the certain value.

[0006] Furthermore, in PTL 5 (Japanese Unexamined
Patent Application Publication No. 2007-508857), urine vol-
ume in the bladder is measured using frequency sweep. Here,
it is disclosed that, when the bladder is full, a higher sampling
rate is used.

[0007] However, neither PTL 4 nor 5 describes a specific
configuration for changing the measurement frequency.
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[0008] 1In addition, as one that generates a urination diary
using an ultrasonic urine volume measuring instrument, PTL
6 (Japanese Unexamined Patent Application Publication No.
2011-183142) describes that the volume of the bladder is
obtained using twelve ultrasound devices, and a urination
diary is automatically recorded by a data processing appara-
tus. However, PTL 6 does not describe a specific configura-
tion for recording a urination diary.

[0009] In addition, PTL 7 (Japanese Unexamined Patent
Application Publication No. 2014-23813) discloses that, in
the case where a person who is a measurement subject at least
feels urgency toward micturition and/or feels that the bladder
is not completely empty, that complaint information is input
by the person who is a measurement subject and is stored in
urination storage means. However, although the complaint
information is recorded in PTL 7, that recording can only be
checked afterwards, and that does not directly help urination
of a person who is a measurement subject suffering from
overactive bladder or the like.

CITATION LIST
Patent Literature
[0010] [PTL 1] Japanese Patent No. 4677615
[0011] [PTL 2] Japanese Unexamined Patent Application

Publication No. 2009-512532

[0012] [PTL 3] Japanese Unexamined Patent Application
Publication No. 2000-210286

[0013] [PTL 4] U.S. Pat. No. 6,565,512

[0014] [PTL 5] Japanese Unexamined Patent Application
Publication No. 2007-508857

[0015] [PTL 6] Japanese Unexamined Patent Application
Publication No. 2011-183142

[0016] [PTL 7] Japanese Unexamined Patent Application
Publication No. 2014-23813
SUMMARY OF INVENTION
Technical Problem

[0017] The present invention provides an ultrasonic urine
volume measuring instrument that can highly accurately
measure urine volume of a measurement subject and that is
convenient for the measurement subject, and a method of
positioning an ultrasound probe in the ultrasonic urine vol-
ume measuring instrument.

Solution to Problem

[0018] In order to solve the above-described problem, an
ultrasonic urine volume measuring instrument according to
the present invention includes: an ultrasound probe that is
placed on stomach of a measurement subject, and that
includes an ultrasound device that transmits ultrasound
toward bladder of the measurement subject at a certain mea-
surement cycle and receives a wave reflected from a wall of
the bladder; an ultrasound controller that controls transmis-
sion and reception of ultrasound and its reflected wave, the
transmission and reception being performed by the ultra-
sound device; an arithmetic unit that calculates, on the basis
of the reflected wave, urine volume in the bladder said every
measurement cycle; and a display unit that chronologically
displays, as a graph, the urine volume calculated by the arith-
metic unit. The ultrasonic urine volume measuring instru-
ment further includes: a mode selector capable of selecting
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oneof ameasurement mode of measuring urine volume while
the ultrasound probe is placed at a certain measurement posi-
tion on the stomach of the measurement subject, and a posi-
tioning mode of measuring urine volume while moving the
ultrasound probe to a plurality oftentative measurement posi-
tions on the stomach in order to determine the measurement
position suitable for placing the ultrasound probe; and an
index value memory that stores a maximum value among
urine volumes at the plurality of tentative measurement posi-
tions, calculated by the arithmetic unit, while the positioning
modeis being selected, and/or an allowance value determined
on the basis of the maximum value. The maximum value
and/or the allowance value is displayed as a positioning index
value for positioning the ultrasound probe, on the graph on the
display unit.

[0019] Inthis case, it is preferable that the ultrasonic urine
volume measuring instrument further include a reporting unit
that reports, in a case where the urine volume measured while
the positioning mode is being selected reaches or becomes
greater than the positioning index value, that the urine volume
is greater than or equal to the positioning index value.
[0020] It is also preferable that the ultrasound controller
control the ultrasound device so that the measurement cycle
in the measurement mode becomes a first measurement cycle,
and the measurement cycle in the positioning mode becomes
a second measurement cycle shorter than the first measure-
ment mode.

[0021] In addition, it is preferable that the display unit be
capable of changing a display scale of the graph inaccordance
with the maximum value.

[0022] The display unit may display, as a bar graph, a
plurality of urine volumes that are measured within a certain
time range and that are arranged in a time axis direction in
which the measured urine volumes are each represented by
the length of a bar, and display the positioning index value as
a straight line extending in the time axis direction on the bar
graph.

[0023] Furthermore, the display unit may display urine vol-
ume in the bladder used in at least one of toilet training and
bladder training.

[0024] In addition, a method of positioning an ultrasound
probe in an ultrasonic urine volume measuring instrument
according to the present invention is a method of positioning
an ultrasound probe in an ultrasonic urine volume measuring
instrument that includes: the ultrasound probe, which is
placed on stomach of a measurement subject, and which
includes an ultrasound device that transmits ultrasound
toward bladder of the measurement subject at a certain mea-
surement cycle and receives a wave reflected from a wall of
the bladder; an ultrasound controller that controls transmis-
sion and reception of ultrasound and its reflected wave, the
transmission and reception being performed by the ultra-
sound device; an arithmetic unit that calculates, on the basis
of the reflected wave, urine volume in the bladder said every
measurement cycle; and a display unit that chronologically
displays, as a graph, the urine volume calculated by the arith-
metic unit. The method includes: a first step of selecting one
of a measurement mode of measuring urine volume while the
ultrasound probe is placed at a certain measurement position
on the stomach of the measurement subject, and a positioning
mode of measuring urine volume while moving the ultra-
sound probe to a plurality of tentative measurement positions
on the stomach in order to determine the measurement posi-
tion suitable for placing the ultrasound probe in the measure-
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ment mode; a second step of storing a maximum value indi-
cating a maximum value among urine volumes at the plurality
of tentative measurement positions, calculated by the arith-
metic unit, while the positioning mode is being selected in the
first step, and/or an allowance value determined on the basis
of the maximum value; and a third step of displaying the
maximum value and/or the allowance value as a positioning
index value for positioning the ultrasound probe, on the graph
on the display unit.

[0025] In this case, it is preferable that the method further
include a fourth step of comparing the urine volume measured
while the positioning mode is being selected with the posi-
tioning index value, and a fifth step of reporting, in a case
where the measured urine volume reaches or becomes greater
than the positioning index value, that the urine volume is
greater than or equal to the positioning index value.

[0026] It is also preferable that the ultrasound device be
controlled so that the measurement cycle in the positioning
mode becomes shorter than the measurement cycle in the
measurement mode.

[0027] In addition, it is preferable that the display unit be
capable of changing a display scale of the graph in accordance
with the maximum value.

[0028] The display unit may display, as a bar graph, a
plurality of urine volumes that are measured within a certain
time range and that are arranged in a time axis direction in
which the measured urine volumes are each represented by
the length of a bar, and display the positioning index value as
a straight line extending in the time axis direction on the bar
graph.

[0029] Furthermore, the display unit may display urine vol-
ume in the bladder used in at least one of toilet training and
bladder training.

[0030] An ultrasonic urine volume measuring instrument
according to the present invention includes: an ultrasound
probe that is placed at a measurement position on stomach of
a measurement subject, and that includes an ultrasound
device that transmits ultrasound toward bladder of the mea-
surement subject and receives a wave reflected from a wall of
the bladder; an ultrasound controller that controls transmis-
sion and reception of ultrasound and its reflected wave, the
transmission and reception being performed by the ultra-
sound device; and an arithmetic unit that calculates, on the
basis of the reflected wave, urine volume in the bladder. The
arithmetic unit calculates, in a positioning mode of determin-
ing the measurement position suitable for placing the ultra-
sound probe, urine volume in the bladder while the ultrasound
probe is arranged at a plurality of tentative measurement
positions on the stomach. The ultrasonic urine volume mea-
suring instrument further includes an index value memory
that stores a maximum value among urine volumes calculated
by the arithmetic unit during the positioning mode, and/or an
allowance value determined on the basis of the maximum
value, and a comparator that detects, in the positioning mode,
adifference between the urine volume calculated by the arith-
metic unit and the maximum value and/or the allowance value
stored in the index value memory.

[0031] In addition, it is preferable that the ultrasonic urine
volume measuring instrument further include a reporting unit
that reports an alarm on the basis of a result of comparison
performed by the comparator.

[0032] Itis also preferable that the ultrasonic urine volume
measuring instrument further include a display unit that dis-
plays, as a graph, urine volume calculated by the arithmetic
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unit in the positioning mode, and the maximum value and/or
the allowance value stored in the index value memory.

[0033] The ultrasonic urine volume measuring instrument
may further include a display unit that displays, as a graph,
urine volumes calculated at a plurality of times by the arith-
metic unit. The display unit may be capable of changing a
time scale of the graph display between the positioning mode
and a measurement mode of measuring urine volume in the
bladder while the ultrasound probe is placed at the measure-
ment position.

[0034] An ultrasonic urine volume measuring instrument
according to the present invention includes: an ultrasound
probe that is placed at a measurement position on stomach of
a measurement subject, and that includes an ultrasound
device that transmits ultrasound toward bladder of the mea-
surement subject and receives a wave reflected from a wall of
the bladder; an ultrasound controller that controls transmis-
sion and reception of ultrasound and its reflected wave, the
transmission and reception being performed by the ultra-
sound device; and an arithmetic unit that calculates, on the
basis of the reflected wave, urine volume in the bladder. The
arithmetic unit calculates, in a positioning mode of determin-
ing the measurement position suitable for placing the ultra-
sound probe, urine volume by using a calculation method
different from that in a measurement mode of calculating
urine volume at the measurement position. The urine volume
calculation method in the positioning mode is more reactive
to a change in the position of the ultrasound probe than the
urine volume calculation method in the measurement mode.

[0035] In this case, it is preferable that the arithmetic unit
calculate urine volume on the basis of a plurality of reflected
waves that are consecutively received, and the number of
reflected waves used in calculating urine volume is less in the
positioning mode than in the measurement mode.

[0036] Furthermore, it is preferable that the arithmetic unit
overlappingly use the plurality of reflected waves to calculate
urine volumes at a plurality of times in the positioning mode.

[0037] Itispreferable that the ultrasonic urine volume mea-
suring instrument further include a display unit that displays
urine volume in the bladder used in at least one of toilet
training and bladder training.

Advantageous Effects of Invention

[0038] According to the present invention, a maximum
value among urine volumes at the plurality of tentative mea-
surement positions, calculated by the arithmetic unit, while
the positioning mode is being selected, and/or an allowance
value determined on the basis of the maximum value is dis-
played as a positioning index value for positioning the ultra-
sound probe, on the graph on the display unit. Therefore, it
becomes possible to easily position, on the basis of the posi-
tioning index value, the ultrasound probe capable of highly
accurately measuring urine volume of a measurement sub-
ject.

BRIEF DESCRIPTION OF DRAWINGS

[0039] FIG.11is a schematic block diagram according to an
embodiment of the present invention.

[0040] FIG. 2 is a schematic diagram illustrating a state in
which an ultrasound device is attached to a measurement
subject.
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[0041] FIG. 3 is a schematic diagram illustrating a screen
and mode selecting buttons of an ultrasonic urine volume
measuring instrument.

[0042] FIG. 4 is a schematic diagram of the waveform of a
reflected wave received by each ultrasound device.

[0043] FIG. 5 is a time chart for describing a transmission
cycle and a measurement cycle of each ultrasound device.
[0044] FIG. 6is a schematic block diagram that specifically
illustrates FIG. 1 in order to describe a positioning mode.
[0045] FIG. 7is a schematic diagram illustrating a display
example of a display unit in the positioning mode and the
mode selecting buttons.

[0046] FIG. 8 is a time chart for describing a retained urine
volume value based on five ultrasound reflected waves.

[0047] FIG. 9 is a flowchart describing the positioning
mode.
[0048] FIG. 10 is atime chart for describing a retained urine

volume value based on ten ultrasound reflected waves.
[0049] FIG. 11 is a schematic diagram illustrating a display
example of the display unit in an alarm mode.

[0050] FIG. 12 is a schematic block diagram that specifi-
cally illustrates FIG. 1 in order to describe a low power
consumption mode.

[0051] FIG. 13 is a flowchart describing the low power
consumption mode.

[0052] FIG. 14 is a schematic block diagram that specifi-
cally illustrates a timer unit for causing an arithmetic unit in
FIG. 1 to enter a sleep state.

[0053] FIG. 15 is a schematic block diagram illustrating an
example of a urine volume measurement system that gener-
ates urine volume management data.

[0054] FIG. 16 is an elevation of a measuring instrument
main body in which various types of data including retained
urine volume measured by the system of FIG. 15 are dis-
played on a screen.

[0055] FIG. 17 represents, in the form of a table, retained
urine at each time, stored in a measurement data memory.
[0056] FIG. 18 represents, in the form of a table, a mictu-
rition time stored in the measurement data memory.

[0057] FIG. 19A and FIG. 19B are display examples dis-
playing, on the display unit, a retained urine volume value
upon micturition in response to an input of a micturition
signal to a micturition input unit.

[0058] FIG.20is afirst display example representing, in the
form of a table, urine volume management data.

[0059] FIG.211isasecond display example representing, in
the form of a table, urine volume management data.

[0060] FIG. 22 represents, as a graph, urine volume man-
agement data.
[0061] FIG. 23 is a third display example representing, in

the form of a table, urine volume management data.

[0062] FIG. 24 is a fourth display example representing, in
the form of a table, urine volume management data.

[0063] FIG. 25 is a schematic block diagram illustrating
another example of the urine volume measurement system of
FIG. 15.

[0064] FIG. 26 is a fifth display example representing, in
the form of a table, urine volume management data.

DESCRIPTION OF EMBODIMENTS

Embodiment of Basic Configuration

[0065] Hereinafter, the configuration of an ultrasonic urine
volume measuring instrument according to an embodiment of



US 2016/0058412 Al

the present invention will be described on the basis of FIGS.
1,2, and 3. Asillustrated in FIG. 1, an ultrasonic urine volume
measuring instrument 1 mainly includes an ultrasound probe
10 and a controller 20.

[0066] As illustrated in FIG. 2, a plurality of (four in the
diagram) ultrasound devices 11 are arranged in a straight line
and provided in the ultrasound probe 10 so as to transmit
ultrasound in the shape of a fan that opens in a vertical
direction with respect to the bladder, and to receive waves
reflected from the bladder. Specifically, the ultrasound probe
10 is fixed via an ultrasound transmission medium such as
ultrasound gel so that the lower end of the ultrasound probe 10
1s positioned on a stomach surface corresponding to the upper
end ofthe pubis, and the plurality of ultrasound devices 11 are
arranged along the vertical direction of the bladder.

[0067] As illustrated in FIG. 1, the controller 20 roughly
includes an ultrasound controller 21 that controls transmis-
sion and reception, by the ultrasound devices 11, of ultra-
sound and its reflected waves, an input unit 22 used by a
measurement subject or a health professional such as a doctor
to input data, a memory 23 that stores various types of data
regarding urine volume, an arithmetic unit 24 that performs
various arithmetic operations regarding urine volume on the
basis of, for example, reflected wave data from the ultrasound
controller 21, an output unit 25 that outputs arithmetic data
obtained by the arithmetic unit 24, input data, and the like, an
alarm unit 26 serving as a reporting unit that produces an
alarm on the basis of the arithmetic data and input data, and a
display unit 27 for displaying the arithmetic data, the input
data, and the like. The arithmetic unit 24 also plays a role of
controlling other elements in the controller 20, and is config-
ured by a CPU and the like.

[0068] Besides controlling transmission, by the ultrasound
devices 11, of ultrasound, the ultrasound controller 21 also
performs reception control of amplifying reflected waves
received by the ultrasound devices 11 and converting the
amplified waves to digital signals, thereby obtaining reflected
wave data. The reflected wave data is stored in the memory
23.

[0069] The input unit 22 is used to input, as input data, a
signal regarding mode selection, which will be described
later, and other data. The input data is stored in the memory
23.

[0070] The arithmetic unit 24 has a retained urine volume
calculator 24 that calculates urine volume in the bladder
every measurement cycle on the basis of the reflected wave
data. The urine volume calculated by the retained urine vol-
ume calculator 24aq is stored in the memory 23.

[0071] The display unit 27 chronologically displays, in the
form of a graph, urine volume calculated by the retained urine
volume calculator 24a, and various types of data regarding
urine volume measurement, and specifically a screen of the
ultrasonic urine volume measuring instrument 1 such as that
illustrated in FIG. 3 corresponds to the display unit 27. A
specific example of display in the form of a graph on the
screen includes display of a bar graph presenting a plurality of
urine volumes measured within a certain time range that are
arranged in a time axis direction in which time is plotted on
the horizontal axis and urine volume is plotted on the vertical
axis. In addition, the numeral 186 on the screen represents the
most recent measured urine volume. Note that the urine vol-
ume in the bladder may be displayed in the form of, for
example, a line graph.
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[0072] The output unit 25 outputs various types of data,
such as arithmetic data including the urine volume in the
bladder calculated by the retained urine volume calculator
24a, andinput data input using the input unit 22, to an external
device connected to the ultrasonic urine volume measuring
instrument 1. At this time, connection between the ultrasonic
urine volume measuring instrument 1 and the external device
may be wired or wireless.

[0073] Next, on the basis of FIGS. 4 and 5, a method of
calculating urine volume in the bladder, which is used in the
embodiment, will be described.

[0074] First, ultrasound transmitted by the ultrasound
devices 11 is reflected at the boundary between tissues.
Therefore, ultrasound transmitted by the ultrasound devices
11 toward the bladder is reflected at the front wall and the
back wall of the bladder, and these reflected waves are
received by the ultrasound devices 11.

[0075] FIG. 4 is a schematic diagram of the waveform of a
reflected wave received by each ultrasound device 11. The
schematic diagram is represented as a diagram in which
reflection intensity is plotted on the vertical axis and time (or
distance) since transmission of ultrasound is plotted on the
horizontal axis. Here, let Pi represent the peak intensity of a
reflected wave from the back wall, out of the waveform
received by the i-th ultrasound device 11, and let Di represent
a peak-to-peak distance between peaks of intensity of
reflected waves from the front wall and the back wall, urine
volume EU retained in the bladder can be calculated on the
basis of the following equations (1) and (2).

PDj=YPixDi %))
EU=FDxR @
[0076] Here, Pdjrepresents a measurement index value, EU

represents the calculated urine volume in the bladder, PD
represents an average index value described later, and R rep-
resents a coefficient defined in accordance with differences
among individuals on the basis of the anatomical structure,
and posture during measurement. In addition, j in PDj means
the position in a series of ultrasound waves transmitted every
certain transmission cycle described later, and in this casej is
an integer from 1 to 10. Also, i in Pi and Di means a number
given to each of the plurality of ultrasound devices 11
included in the ultrasound probe 10, and in this case i is an
integer from 1 to 4.

[0077] In the ultrasonic urine volume measuring instru-
ment 1 of the embodiment, because the measurement is per-
formed in ultrasound A mode, measurement results are sus-
ceptible to noise. Therefore, in measurement of urine volume
in the bladder, it is desirable to use ultrasound reflected waves
obtained at a plurality of times, and to eliminate noise by
statistical processing. Specifically, each of the ultrasound
devices 11 transmits ultrasound every certain transmission
cycle, such as once every 0.1 seconds, for ten times (one
second). Fach measurement index value PD)j in each trans-
mission cycle can be obtained by adding the product of the
reflection intensity Pi and the peak-to-peak distance Di of
reflected waves received by each ultrasound device 11 fori=1
to 4, and, as aresult, ten measurement index values PDj can be
obtained in one measurement. From these measurement
index values PDj (j=1 to 10), the maximum value and the
minimum value, which may be noise, are eliminated, and
furthermore appropriate averaging is performed, thereby
obtaining an average index value PD. By multiplying the
average index value PD by the coefficient R, urine volume EU



US 2016/0058412 Al

in the bladder in each measurement cycle can be calculated.
The urine volume EU calculated in this manner is chrono-
logically stored, along with its measurement time, in the
memory 23.

[0078] The above-mentioned ultrasonic urine volume mea-
suring instrument 1 of the embodiment performs the follow-
ing operations on the basis of an input from the outside to the
input unit 22.

[0079] (A) Positioning of ultrasound device (positioning
mode)

[0080] (B) Residual urine measurement (residual urine
mode)

[0081] (C)Regular measurement (regular mode)

[0082] (D) Urine volume report measurement (alarm
mode)

[0083] (E) Low power consumption urine volume report

measurement (low power consumption mode)

[0084] (F) Generation/recording of urine volume manage-
ment data Hereinafter, these operations will be described.
Note that the above-mentioned (B) to (E) will be collectively
referred to as measurement modes in the following descrip-
tion.

[0085] (A) Positioning of Ultrasound Device (Positioning
Mode)
[0086] In the ultrasonic urine volume measuring instru-

ment 1, as has been described above, at the time of measure-
ment, it is necessary to place the ultrasound probe 10 such that
the lower end thereof will be positioned on a stomach surface
corresponding to the upper end of the pubis, as illustrated in
FIG. 2. A measurement value obtained by the ultrasound
probe 10 sensitively reacts to the position and angle at which
the ultrasound probe 10 is placed. Therefore, in order to more
accurately measure the urine volume, it is necessary to highly
precisely position the ultrasound probe 10 at a position and an
angle suitable for measurement. The positioning is not always
easy, and some experience is necessary. To this end, in the
ultrasonic urine volume measuring instrument 1 according to
the embodiment, while the ultrasound probe 10 is placed at a
certain measurement position on the stomach of a measure-
ment subject, it is possible to selectively switch between the
above-mentioned measurement modes ((B), (C), (D), and (E)
operations, which will be described later) of measuring urine
volume retained in the bladder every certain measurement
cycle, and the positioning mode of measuring the urine vol-
ume while moving the ultrasound probe 10 to a plurality of
tentative measurement positions on the stomach in order to
determine the measurement position suitable for placing the
ultrasound probe 10 in the measurement modes. Here, the
tentative measurement positions are positions at which the
ultrasound probe 10 is temporarily placed in order to find a
position at which urine volume in the bladder can be mea-
sured with high accuracy.

[0087] Hereinafter, the positioning mode will be specifi-
cally described.
[0088] FIG. 6 is a diagram that specifically illustrates the

block diagram of FIG. 1 in order to describe the positioning
mode. As illustrated in FIG. 6, the controller 20 roughly
includes the ultrasound controller 21, the input unit 22, the
memory 23, the arithmetic unit 24, the output unit 25, the
alarm unit 26, and the display unit 27, and the schematic
configurations thereof are as described in <Embodiment of
Basic Configuration>. Thus, overlapping descriptions are
omitted except when necessary.
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[0089] The display unit 27 chronologically displays, in the
form of a graph, urine volume calculated by the retained urine
volume calculator 24a, and various types of data regarding
urine volume measurement, and specifically a screen of the
ultrasonic urine volume measuring instrument 1 illustrated in
FIG. 7 corresponds to the display unit 27. A specific example
of display in the form of a graph on the screen includes
display of a bar graph presenting a plurality of urine volumes
measured within a certain time range that are arranged in a
time axis direction in which time is plotted on the horizontal
axis and urine volume is plotted on the vertical axis. In addi-
tion, the numeral 186 on the screen represents the most recent
measured urine volume, and the numeral 243 represents the
maximum sensitivity value serving as a positioning index
value, which will be described later (the maximum urine
volume value at the time of positioning, hereinafter referred
to as the “maximum value”). Note that the urine volume in the
bladder may be displayed in the form of, for example, a line
graph.

[0090] The input unit 22 has a mode selector 22a that
switches the mode among the above-mentioned measurement
modes and the positioning mode by pressing any one button
included in a mode selecting button group 43. Specifically,
the mode selector 22a switches the mode to the positioning
mode in response to pressing a predetermined button
included in the mode selecting button group 43 while one of
the measurement modes is being selected, and the mode
selector 22a switches the mode to any one of the various
measurement modes in response to pressing a corresponding
button included in the mode selecting button group 43 while
the positioning mode is being selected.

[0091] Since it is desirable to conduct positioning at the
start of each measurement, switching the mode to the posi-
tioning mode may be done in response to pressing a power on
button (not illustrated). In this case, the mode is always
switched to the positioning mode at the time power is turned
on, and positioning is conducted.

[0092] Here, the ultrasound controller 21 may control the
ultrasound devices 11 so that the measurement cycle in the
various measurement modes becomes a first measurement
cycle, such as one minute, and the measurement cycle in the
positioning mode becomes a second measurement cycle
shorter than the first measurement mode, such as one second
(see FIG. 5). Needless to say, the first measurement cycle and
the second measurement cycle may be the same. In addition,
although the number of times ultrasound is transmitted in one
measurement is ten times, as illustrated in FIG. 5, the number
is not limited to ten times. In addition, the number of times
ultrasound is transmitted may be changed from one measure-
ment to another in accordance with, for example, the body
movement of the measurement subject at the time of mea-
surement.

[0093] As has been described above, calculation of urine
volume in the bladder is performed by statistically processing
data based on ultrasound reflected waves (a first number of
reflected waves) at a plurality of times in the past and at
present. In the example of the embodiment, urine volume in
the bladder is calculated on the basis of ultrasound reflected
waves at ten consecutive times in the various measurement
modes. In other words, the value of urine volume in the
bladder can only be calculated after ten reflected waves are
obtained. Thus, a little time lag occurs until the value of urine
volume in the bladder is calculated. In addition, since many
ultrasound reflected waves are used, the reactivity of the
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calculated urine volume in the bladder is inferior with respect
to changes in the position of the ultrasound probe 10. To this
end, the statistical processing method may be changed so that
the number of reflected waves used in urine volume measure-
ment is reduced from the first number to a second number in
the positioning mode, such as the case where urine volume in
the bladder is calculated on the basis of five ultrasound
reflected waves, instead of ten ultrasound reflected waves in a
normal measurement mode. In this case, a time until urine
volume in the bladder is first output after entering the posi-
tioning mode becomes shorter than a time until urine volume
in the bladder is first output after entering a normal measure-
ment mode, and the reactivity to changes in the position of the
ultrasound probe 10 becomes higher.

[0094] Furthermore, as illustrated in FIG. 8, the same ultra-
sound reflected waves may be overlappingly used in calcu-
lating a plurality of values of urine volume in the bladder. In
other words, in the case of calculating urine volume in the
bladder on the basis of five ultrasound reflected waves, urine
volume M1 may calculated at time T5 on the basis of ultra-
soundreflected waves U1 to U5, and urine volume M2 may be
calculated at time T6 on the basis of ultrasound reflected
waves U2 to U6. In this case, the urine volume calculation
interval can be shortened to the ultrasound transmission inter-
val. For example, in the example where the ultrasound trans-
mission interval is 0.1 seconds, the value of urine volume in
the bladder can be consecutively obtained at an interval of 0.1
seconds.

[0095]  As illustrated in FIG. 6, the memory 23 has an index
value memory 23a that stores the maximum value among
urine volumes measured at a plurality of tentative measure-
ment positions while the positioning mode is being selected.
In addition, the arithmetic unit 24 has a first comparator 24¢
that compares urine volume measured while the positioning
mode is being selected, with a positioning index value indi-
cating an appropriate value for positioning the ultrasound
probe 10. In the case where the calculated urine volume value
is greater than or equal to the maximum value, the maximum
value stored in the index value memory 23a is updated to the
calculated urine volume value. In addition, in the case where
the calculated urine volume value is less than the maximum
value, the maximum value stored in the index value memory
23ais maintained. Note that the maximum value stored in the
index value memory 23a may be updated in the case where
the calculated urine volume value is greater than the maxi-
mum value.

[0096] In addition, the index value memory 23a may be
configured to additionally store an allowance value meaning
allowable sensitivity with respect to the maximum value. The
allowance value may be set within a range not exceeding the
maximum value, and the allowance value may be automati-
cally set by multiplying the maximum value by a certain ratio
or may be manually input from the input unit 22. In this case,
the automatic setting of the allowance value is performed by
an allowance value calculator 245 included in the arithmetic
unit 24.

[0097] As illustrated in FIG. 7, on the bar graph displayed
on the screen included in the display unit 27, the maximum
value is displayed as a first positioning index value 41 using a
straight line extending in the time axis direction. In the case of
using the allowance value, the allowance value is displayed as
a second positioning index value 42 using a straight line
extending in the time axis direction. The display unit 27 can
change the display scale of the graph in accordance with the
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maximum value. For example, the greater the maximum
value becomes as a result of being updated, the greater the
maximum value of the urine volume axis of the bar graph
becomes. In addition, it is only necessary that at least one of
the first positioning index value 41 and the second positioning
index value 42 be displayed on the bar graph, and both the first
positioning index value 41 and the second positioning index
value 42 need not be displayed.

[0098] The alarm unit 26 notifies the measurement subject
or the like by producing an alarm in the case where the urine
volume calculated in the positioning mode reaches or
becomes greater than the first positioning index value 41 or
the second positioning index value 42. There are several types
of alarm including sound, a screen, and vibration, but the type
of alarm is not limited thereto. In addition, an alarm used for
the first positioning index value 41 and an alarm used for the
second positioning index value 42 may be different. Further-
more, the alarm unit 26 may produce an acoustic signal or
vibration at an interval in accordance with the reciprocal of
the difference between the calculated urine volume and the
first positioning index value 41 or the second positioning
index value 42. For example, in the case where the calculated
urine volume is close to the first positioning index value 41 or
the second positioning index value 42, the alarm unit 26 may
produce vibration or acoustics at a short producing interval.
In contrast, in the case where the difference between the
calculated urine volume and the first positioning index value
41 or the second positioning index value 42 is great, the alarm
unit 26 may produce an acoustic signal or vibration at a long
producing interval. This can be implemented by the arith-
metic unit 24 which obtains the difference between the cal-
culated urine volume and the first positioning index value 41
or the second positioning index value 42 and determines an
alarm interval by multiplying the difference by a coefficient,
or which compares the difference with a plurality of thresh-
olds and stepwisely determines an alarm interval on the basis
of the comparison results.

[0099] Next, onthe basis of FIG. 9, a method of positioning
the ultrasound probe 10 using the ultrasonic urine volume
measuring instrument 1 will be described. In the positioning
method described hereinafter, an example in which the allow-
ance value (second positioning index value 42) is not set will
be described.

[0100] First of all, the mode is changed from one of the
measurement modes to the positioning mode in response to
pressing a corresponding button included in the mode select-
ing button group 43 attached to the ultrasonic urine volume
measuring instrument 1 (step S10). Step S10 here corre-
sponds to a first step of the present invention. Next, the maxi-
mum value stored in the index value memory 23a s reset (step
S11). Next, the retained urine volume calculator 24a mea-
sures urine volume in the bladder every second measurement
cycle (step S12). The measured urine volume is displayed as
a numeral and a bar graph on the display unit 27 (step S13).
[0101] Next, the measured urine volume is compared with
the maximum value by the first comparator 24¢ (step S14).
Step S14 here corresponds to a fourth step of the present
invention. In the case where the measured urine volume is
greater than or equal to the maximum value, the measured
urine volume is updated as the maximum value by the first
comparator 24¢ (step S15). Step S15 here corresponds to a
second step of the present invention. In contrast, in the case
where the measured urine volume is less than the maximum
value, above-described step S15 and later-described step S16
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to S18 are not performed, and it is determined whether to
cancel the positioning mode (step S19).

[0102] Next to step S15, the positioning index value 41
displayed on the bar graph on the screen is updated in accor-
dance with the updated maximum value (step $16), and the
scale of the bar graph is changed in accordance with the
updated positioning index value 41 (step S17). By producing
an alarm, the measurement subject or the like is notified that
the positioning index value 41 has been updated (step S18).
Here, step S17 corresponds to a third step of the present
invention, and step S18 corresponds to a fifth step of the
present invention.

[0103] Next, in step S19 described above, it is determined
whether the cancellation of the positioning mode is being
executed. In the case where the cancellation of the positioning
mode is not being executed, the operation returns to step S12.
Therefore, steps S12 to S19 described above are repeatedly
executed until the positioning mode ends. Step S19 here
corresponds to the first step of the present invention. While
steps S12 to S19 are repeatedly executed, after a position and
angle at which the ultrasound probe 10 is placed that are
suitable for urine volume measurement in the measurement
modes are checked on the basis of the maximum value, the
positioning mode is canceled. The cancellation of the posi-
tioning mode is performed in response to pressing a button
included in the mode selecting button group 43, and accord-
ingly the mode is switched to one of the measurement modes
(step S20). When the mode is switched to one of the various
measurement modes, the method of positioning the ultra-
sound probe 10 ends. Once the position and angle at which the
ultrasound probe 10 is placed are determined, the ultrasound
probe 10 is fixed to the stomach in that state. The ultrasound
probe 10 can be fixed by using an adhesive tape or gel.
[0104] According to the positioning mode of the embodi-
ment, the maximum urine volume value among urine volume
values measured at tentative measurement positions while the
positioning mode is being selected, that is, the maximum
value, and/or the allowance valueis displayed as a positioning
index value for positioning the ultrasound probe 10, on a
graph of the urine volume values measured in the positioning
mode on the display unit 27, and positioning is supported by
an alarm. Therefore, it is possible to easily position, on the
basis of the index value, the ultrasound probe 10 at a position
and angle at which the ultrasound probe 10 is placed that are
suitable for urine volume measurement in the various mea-
surement modes.

[0105] (B) Residual Urine Measurement (Residual Urine
Measurement Mode)

[0106] Next, residual urine measurement will be described.
In residual urine measurement, urine volume retained in the
bladder at a measurement time point is measured.

[0107] The residual urine measurement is preferably con-
ducted in a state where the position of the ultrasound probe 10
is determined in the above-mentioned positioning mode. In
this case, for example, when the position of the ultrasound
probe 10 is determined in the positioning mode, pressing a
button for residual urine measurement included in the mode
selecting button group 43 ends the positioning mode and
starts a residual urine measurement mode.

[0108] Inthe residual urine measurement, each ultrasound
device 11 in the ultrasound probe 10 transmits ultrasound.
Each ultrasound device 11 receives its reflected waves, and
the arithmetic unit 24 uses equations (1) and (2) discussed in
<Embodiment of Basic Configuration> to calculate urine vol-

Mar. 3, 2016

ume in the bladder. Specifically, for example, each ultrasound
device 11 transmits ultrasound ten times at an interval of 0.1
seconds, and obtains ten items of reflected wave data. Using
the ten items of reflected wave data, the arithmetic unit 24
calculates urine volume in the bladder, from which noise has
been eliminated by a statistical processing technique.

[0109] The display unit 27 obtains the calculated urine
volume in the bladder from the arithmetic unit 24, and dis-
plays its numeral.

[0110] (C) Regular Measurement (Regular Measurement
Mode)
[0111] Theregular measurement is preferably conducted in

a state where the position of the ultrasound probe 10 is fixed
in the above-mentioned positioning mode. In this case, for
example, when the position of the ultrasound probe 10 is
determined in the positioning mode, pressing a button for
regular measurement included in the mode selecting button
group 43 ends the positioning mode and starts a regular mea-
surement mode.

[0112] In the regular measurement mode, instead of mea-
suring urine volume in the bladder only once like the residual
urine measurement, urine volume is consecutively calculated
for a certain period, and calculation results are displayed
using numerals and/or a graph. For example, urine volume in
the bladder is continuously measured at a certain interval, that
is, once every minute, and the measurement results are dis-
played in a graph and are stored in association with measure-
ment times. That is, the retained urine volume calculator 24a
calculates urine volume in the bladder every certain measure-
ment cycle, such as once every minute. At this time, each
ultrasound device 11 transmits ultrasound every certain trans-
mission cycle, such as once every 0.1 seconds, for ten times
(one second), in order to calculate urine volume in this mea-
surement cycle. Therefore, each measurement index value
PDj in each transmission cycle can be obtained by adding the
product of the reflection intensity Pi and the peak-to-peak
distance Di of the reflected waves received by each ultrasound
device 11 fori=1 to 4, and, as aresult, ten measurement index
values PDj (see equations (1) and (2) above) can be obtained
in one measurement cycle. By performing appropriate aver-
aging of these measurement index values PDj (j=1 to 10), an
average index value PD can be obtained, which is then mul-
tiplied by the coefficient R to calculate urine volume EU in the
bladder in each measurement cycle. The urine volume EU
calculated in this manner is chronologically stored, along
with its measurement time, in the memory 23. The display
unit 27 displays a graph and numerals, as illustrated in FIG. 3.

[0113] Although it has been described here that the mea-
surement cycle is one minute, if ultrasound is transmitted
every 0.1 seconds, the measurement cycle can be set to 0.1
seconds at the shortest. FIG. 10 is a diagram describing a
measurement interval in this case. As illustrated in FIG. 10,
urine volume value N1 in the bladder calculated at first at time
T10 since the start of the regular measurement mode is
obtained from ultrasound reflected waves U1 to U10 based on
ultrasound transmission, and urine volume value N2 in the
bladder calculated next at time T11 is obtained from ultra-
sound reflected waves U2 to U11 based on ultrasound trans-
mission. By calculating the values of urine volume in the
bladder using the same ultrasound reflected waves as
described above, the interval of measuring the value of urine
volume in the bladder can be reduced to the ultrasound trans-
mission interval.
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[0114] (D) Urine Volume Report Measurement (Alarm
Mode)
[0115] The alarm mode is preferably conducted in a state

where the position of the ultrasound device 11 is fixed in the
above-mentioned positioning mode. In this case, for example,
when the position of the ultrasound device 11 is determined in
the positioning mode, pressing a button for the alarm mode
included in the mode selecting button group 43 ends the
positioning mode and starts the alarm mode.

[0116] In the alarm mode, like the regular measurement,
urine volume in the bladder is consecutively calculated. For
example, urine volume in the bladder is calculated at a certain
interval, such as once every minute. An alarm is produced in
the case where the calculated urine volume in the bladder
becomes greater than or equal to a second threshold (alarm
urine volume), thereby notifying the measurement subject.
[0117] That is, referring to FIG. 1, on the basis of a signal
from the ultrasound controller 21, each ultrasound device 11
transmits ultrasound at, for example, a certain interval. Each
ultrasound device 11 receives its reflected waves, and the
arithmetic unit 24 calculates urine volume in the bladder on
the basis of the reflected waves. The calculation method is the
same as that in the above-mentioned regular measurement
mode. In the alarm mode, the arithmetic unit 24 compares the
calculated urine volume in the bladder with the second thresh-
old (alarm urine volume) and, when the urine volume in the
bladder becomes greater than or equal to the alarm urine
volume, an alarm is produced. There are several types of
alarm including sound, a screen, and vibration, but the type of
alarm is not limited thereto. An alarm may be any type as long
as it can notify the measurement subject or the like.

[0118] In the alarm mode, the display unit 27 displays
various types of data regarding urine volume measurement,
such as the alarm urine volume and urine volume in the
bladder, and chronologically displays the aforementioned
urine volume in a graph. Specifically, a screen of the ultra-
sonic urine volume measuring instrument 1 such as that illus-
trated in FIG. 11 corresponds to the display unit 27. Specific
examples of data displayed on the screeninclude display of A:
350 indicating the alarm urine volume, N: 60 indicating a
later-described first time interval, the numeral 46 indicating
the most recent urine volume in the bladder, and PA: 10
indicating a later-described second time interval. In addition,
a specific example of display in the form of a graph on the
screen includes display of a bar graph presenting a plurality of
urine volumes that are arranged in a time axis direction in
which time is plotted on the horizontal axis and urine volume
is plotted on the vertical axis. Note that the bar graph may be,
for example, a line graph.

[0119] The alarm urine volume is generally urine volume
determined that the measurement subject is supposed to uri-
nate, and the alarm urine volume is set in advance on the basis
of the size of the bladder and lifestyle of each measurement
subject. Specifically, measurements in the above-mentioned
regular mode are executed for a few days, and changes in
urine volume in the bladder are observed, thereby determin-
ing the urine volume to be urinated. In another embodiment,
the maximum urine volume in the bladder may be obtained
from log data of measurement in the regular mode, and, on the
basis of the maximum urine volume in the bladder, the alarm
urine volume may be automatically set to, for example, 95%
of the maximum urine volume in the bladder.

[0120] According to the alarm mode, it becomes possible to
notify a patient who has difficulty in sensing micturition, such
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as a patient with overactive bladder, that the bladder is filled
with urine at an appropriate timing.

[0121] (E)Low Power Consumption Urine Volume Report
Measurement (Low Power Consumption Mode)

[0122] In the ultrasonic urine volume measuring instru-
ment 1 of the embodiment, the controller 20 and/or the ultra-
sound probe 10 in FIG. 1 is driven by a battery. Since mea-
surement is conducted continuously for a long period of time
in the above-described regular mode and alarm mode, it is
desirable to reduce power consumption. In the low power
consumption mode, the above-described alarm mode is
executed while reducing power consumption.

[0123] Thelow power consumption mode is conducted ina
state where the position of the ultrasound probe 10 is fixed
after going through the above-mentioned positioning mode.
For example, pressing a button for starting the positioning
mode, included in the button group 43, or turning on power
starts the positioning mode, as described above. After the
positioning mode is completed, selecting the low power con-
sumption mode ends the positioning mode and starts the low
power consumption mode. In the embodiment, pressing one
button included in the button group 43 twice selects the low
power consumption mode.

[0124] Hereinafter, the low power consumption mode will
be specifically described.

[0125] FIG. 12 is a block diagram that specifically illus-
trates the block diagram of FIG. 1 in order to describe the low
power consumption mode. As illustrated in FIG. 12, the con-
troller 20 roughly includes the ultrasound controller 21, the
input unit 22, the memory 23, the arithmetic unit 24, the
output unit 25, the alarm unit 26, and the display unit 27, and
the schematic configurations thereof are as described in
<Embodiment of Basic Configuration>. Thus, overlapping
descriptions are omitted except when necessary.

[0126] Thearithmetic unit 24 includes a second comparator
24d that compares urine volume in the bladder with a certain
first threshold and a certain second threshold, which will be
described later, and the retained urine volume calculator 24,
which calculates urine volume in the bladder on the basis of
the reflected wave data. The urine volume in the bladder,
calculated by the retained urine volume calculator 24a, is
stored in the memory 23.

[0127] The alarm unit 26 compares, with the use of the
second comparator 24d, the urine volume in the bladder cal-
culated by the retained urine volume calculator 24a with the
alarm urine volume, which means the urine volume prompt-
ing the measurement subject to urinate, and, in the case where
the urine volume in the bladder is greater than or equal to the
alarm urine volume, produces an alarm. The alarm urine
volume corresponds to the second threshold. There are sev-
eral types of alarm including sound, a screen, and vibration,
but the type of alarm is not limited thereto. An alarm may be
any type as long as it can notify the measurement subject or
the like.

[0128] The display unit 27 displays various types of data
regarding urine volume measurement, such as the alarm urine
volume and urine volume in the bladder, and chronologically
displays the aforementioned urine volume in a graph. Spe-
cifically, a screen of the ultrasonic urine volume measuring
instrument 1 such as that illustrated in FIG. 11 corresponds to
the displayunit 27. Specific examples of data displayed on the
screen include display of A: 350 indicating the alarm urine
volume, N: 60 indicating a later-described first time interval,
the numeral 46 indicating the most recent urine volume in the
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bladder, and PA: 10 indicating a later-described second time
interval. In addition, a specific example of display in the form
of a graph on the screen includes display of a bar graph
presenting a plurality of urine volumes that are arranged in a
time axis direction in which time is plotted on the horizontal
axis and urine volume is plotted on the vertical axis. Note that
the bar graph may be, for example, a line graph.

[0129] Regarding the method of calculating urine volume
retained in the bladder, the calculation method of (1) and (2)
discussed in <Embodiment of Basic Configuration> is used.
Using this calculation method, urine volume EU in the blad-
der is calculated every measurement cycle. The calculated
urine volume EU is chronologically stored in the memory 23.
[0130] In order for the ultrasonic urine volume measuring
instrument 1 to obtain, on the basis of the above calculation
method, more accurate urine volume in the bladder and its
temporal changes, it is desirable to conduct measurement
while keeping the ultrasound measurement cycle as short as
possible. However, there is a problem that power consump-
tionincreases. In contrast, uniform data need not be necessary
in the entire period of a urine volume measurement period.
Hereinafter, as an example of such a case, the following
example will be described. That is, when urine volume in the
bladder approaches the certain second threshold (alarm urine
volume) prompting the measurement subject to urinate, that
is, when the measured urine volume reaches the certain first
threshold (pre-alarm urine volume) less than the alarm urine
volume, in the case of shortening the urine volume measure-
ment cycle in order to obtain more accurate urine volume in a
period until the urine volume reaches the alarm urine volume,
conversely, until urine volume in the bladder reaches the
pre-alarm urine volume in the measurement modes, the mea-
surement cycle is kept long to reduce power consumption.
[0131] First, the certain first threshold, which serves as a
reference for changing the measurement cycle, will be
described. As has been described above, the first threshold is
a value for determining whether urine volume in the bladder
is immediately before reaching the alarm urine volume. In the
embodiment, the pre-alarm urine volume is input using the
input unit 22 or calculated on the basis of the alarm urine
volume. The pre-alarm urine volume set in this manner is
stored in the memory 23.

[0132] Thesecond comparator 24d compares the urine vol-
ume in the bladder, calculated by the retained urine volume
calculator 24a, with the pre-alarm urine volume. In the case
where the urine volume in the bladder is less than the pre-
alarm urine volume, it is determined that the urine volume in
the bladder is not immediately before reaching the alarm
urine volume, and the urine volume in the bladder is measured
at the certain first time interval without shortening the mea-
surement cycle. Inthe embodiment, the first time interval here
is one minute, as illustrated in FIG. 5. In contrast, in the case
where the urine volume in the bladder is greater than or equal
to the pre-alarm urine volume, it is determined that the urine
volume in the bladder is immediately before reaching the
alarm urine volume. The measurement cycle is shortened, and
the urine volume in the bladder is measured at the certain
second time interval. In the embodiment, the second time
interval here is ten seconds.

[0133] As has been described above, the positioning mode
is generally conducted before one of the measurement modes
starts. In the embodiment, a measurement cycle (third cycle)
in the case where urine volume in the bladder is less than the
pre-alarm urine volume is longer than the measurement cycle
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(first cycle) in the positioning mode and the measurement
cycle (second cycle) in the case where urine volume in the
bladder is greater than or equal to the pre-alarm urine volume.
Accordingly, positioning becomes accurate, and the measure-
ment interval near the alarm urine volume becomes short,
thereby implementing highly accurate measurement. Note
that the measurement cycle (first cycle) at the time of posi-
tioning may be the same as the measurement cycle (second
cycle)in the case where urine volume in the bladder is greater
than or equal to the pre-alarm urine volume.

[0134] In addition, the number of ultrasound reflected
waves used in one measurement in the case where urine
volume in the bladder is less than the pre-alarm urine volume
(third number) may be made less than that (second number) in
the case where urine volume in the bladder is greater than or
equal to the pre-alarm urine volume, but it is desirable that
these numbers be the same number in order to ensure data
precision. In the positioning mode, the number (first number)
of ultrasound reflected waves used in one measurement is
desirably less than the number (second number) of ultrasound
reflected waves used in the case where the urine volume is
greater than or equal to the pre-alarm urine volume.

[0135] The ultrasound controller 21 controls ultrasound
transmitted from each ultrasound device 11 in order to be able
to measure urine volume in the bladder every measurement
cycle. That is, when urine volume in the bladder is less than
the pre-alarm urine volume, each ultrasound device 11 trans-
mits ultrasound at the certain first time interval. When urine
volume in the bladder is greater than or equal to the pre-alarm
urine volume, each ultrasound device 11 transmits ultrasound
at the certain second time interval, which is shorter than the
first time interval, at least until the urine volume reaches the
alarm vrine volume.

[0136] The display unit 27 displays the pre-alarm urine
volume, stored in the memory 23, on the bar graph. At this
time, the measurement cycle is different between the case in
which urine volume in the bladder is less than the pre-alarm
urine volume and the case in which urine volume in the
bladder is greater than or equal to the pre-alarm urine volume.
The bar graph display interval may be an interval in accor-
dance with the first time interval, may be the second time
interval, or a time interval different from these time intervals.
In the case where the display interval is the first time interval,
in a time slot where the measurement cycle is the first time
interval, it is possible to display all measured urine volumes in
the bladder as a bar graph. However, in a time slot where the
measurement cycle is the second time interval, all urine vol-
umes in the bladder greater than or equal to the pre-alarm
urine volume cannot be displayed as a bar graph. At this time,
data for each display interval is extracted from the urine
volumes in the bladder, which are stored in the memory 23,
and displayed on a bar graph. As a method of extracting this
data, there is a method that extracts the maximum value
among urine volumes in the bladder that are calculated within
the display interval, or a method that calculates an average.
[0137] In contrast, in the case where the display interval is
the second time interval, in a time slot where the measurement
cycle is the second time interval, all urine volumes in the
bladder that are greater than or equal to the pre-alarm urine
volume are displayed as a bar graph. In a time slot where the
measurement cycle is the first time interval, the resultant bar
graph becomes one in which a measurement value at a time at
which no measurement has been performed becomes miss-
ing. At this time, if the second time interval is an integer
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multiple of the first time interval, more actual measurement
values can be displayed on a graph.

[0138] Next, onthe basis of FIG. 13, a method of measuring
urine volume using the ultrasonic urine volume measuring
instrument 1 in the low power consumption mode will be
described. First, the alarm urine volume is input by the mea-
surement subject or the like to the input unit 22 (step S30).
Next, the pre-alarm urine volume is set (step S31). At this
time, the pre-alarm urine volume may be one input using the
input unit 22 or one calculated by multiplying the alarm urine
volume by a certain constant.

[0139] Next, each ultrasound device 11 transmits ultra-
sound toward the bladder of the measurement subject and
receives its reflected waves, the ultrasound controller 21 con-
verts the received reflected waves to reflected wave data, and
the retained urine volume calculator 24a calculates urine
volume in the bladder on the basis of the reflected wave data,
thereby measuring urine volume in the bladder (step S32).
The cycle of measuring the urine volume in the bladder at this
time is the first time interval (one-minute interval). The mea-
sured urine volume in the bladder is displayed on the display
unit 27, output to the output unit 25, or stored in the memory
23.

[0140] Next, the second comparator 244 compares the cal-
culated urine volume in the bladder with the pre-alarm urine
volume (step S33). In the case where the measured urine
volume in the bladder is less than the pre-alarm urine volume,
the ultrasonic urine volume measuring instrument 1 returns to
step S32 and performs control to continuously transmit ultra-
sound to the bladder at the first time interval. Therefore, each
ultrasound device 11 transmits ultrasound to the bladder at the
first time interval until the urine volume in the bladder
becomes greater than or equal to the pre-alarm urine volume,
and urine volume in the bladder is measured.

[0141] Inthe case where the measured urine volume in the
bladder is greater than or equal to the pre-alarm urine volume
in step S33, since the urine volume in the bladder is immedi-
ately before reaching the alarm urine volume, the ultrasound
controller 21 changes the measurement cycle to the second
time interval (a measurement cycle of 10 seconds), and
accordingly each ultrasound device 11 transmits ultrasound
to the bladder at the second time interval and receives its
reflected waves from the bladder. Conversion to reflected
wave data by the ultrasound controller 21 and calculation of
urine volume in the bladder by the retained urine volume
calculator 24a are performed as in step 332 (step S34).
[0142] Next, the second comparator 24d compares the mea-
sured urine volume in the bladder with the alarm urine vol-
ume (step S35). In the case where the urine volume in the
bladder is less than the alarm urine volume, the ultrasonic
urine volume measuring instrument 1 returns to step S34 and
performs control to continuously transmit ultrasound to the
bladder at the second time interval and to measure urine
volume in the bladder. In the case where the urine volume in
the bladder is greater than or equal to the alarm urine volume,
the alarm unit 26 produces an alarm (step S36).

[0143] As has been described above, the measurement
cycle is changed in accordance with the calculated urine
volume in the bladder in the low power consumption mode.
Specifically, when it is determined that the urine volume in
the bladder is immediately before reaching the alarm urine
volume since the urine volume has become greater than or
equal to the first threshold, the urine volume in the bladder can
be more accurately calculated by shortening the measurement
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cycle. In contrast, when it is determined that the urine volume
in the bladder is not immediately before reaching the alarm
urine volume since the urine volume is less than the first
threshold, the power consumption of the ultrasonic urine
volume measuring instrument 1 can be reduced by elongating
the measurement cycle.

[0144] In addition to shortening the measurement cycle as
described above, the power consumption can be further
reduced by causing a CPU included in the arithmetic unit 24
to enter a sleep state.

[0145] FIG. 14 is a block diagram of the ultrasonic urine
volume measuring instrument 1 of the embodiment including
abattery 100 and a timer unit 28 for causing the CPU to enter
asleep state or causing the CPU to recover. The timer unit 28
includes a power supply control circuit 101 and a timer clock
circuit 102. In the case where the calculated urine volume in
the bladder is greater than or equal to the pre-alarm urine
volume, power from the battery 100 is supplied via the power
supply control circuit 101 to the CPU included in the arith-
metic unit 24, thereby causing the CPU to operate normally.
On the basis of a count of the timer clock circuit 102, ultra-
sound transmission and calculation of urine volume in the
bladder are performed at a short measurement cycle.

[0146] In contrast, in the case where the calculated urine
volume in the bladder is less than the pre-alarm urine volume,
the CPU enters a sleep state. At this time, power that is enough
for keeping the CPU to be in a sleep state is supplied from the
battery 100 to the CPU via the power supply control circuit
101. In response to an instruction to transmit ultrasound and
to measure urine volume in the bladder the next time on the
basis of a count of the timer clock circuit 102, power supplied
from the power supply control circuit 101 to the CPU
becomes great power for measurement, and the CPU recovers
and operates normally.

[0147] Inresponse to a certain input from the input unit 22
while the CPU is in a sleep state, it is desirable to cause the
CPU to recover from a sleep state. It is thus desirable to
supply a certain amount of power from the power supply
control circuit 101 to the input unit 22 even when the CPU is
in a sleep state.

[0148] Theurine volume measurement interval is increased
until urine volume in the bladder reaches the pre-alarm urine
volume in the low power consumption measurement mode,
and furthermore the CPU is caused to enter a sleep state,
thereby reducing the power consumption.

[0149] (F) Recording of Urination Diary

[0150] Hereinafter, a urine volume management data gen-
erating and recording system using the ultrasonic urine vol-
ume measuring instrument will be described. This system is
suitably used in designing a plan for training the bladder of a
measurement subject (patient) with a urination disorder, such
as overactive bladder. This system automatically generates
and records urine volume management data such as a urina-
tion diary in which various types of data such as the measure-
ment subject’s retained urine volume (=urine volume in the
bladder) at each measurement time, urination volume, and
urination time are chronologically recorded. The urine vol-
ume management data may be generated using urine volume
in the bladder calculated in (B) residual urine mode, (C)
regular mode, (D) alarm mode, and (E) low power consump-
tion mode described above.

[0151] FIG. 15 is a diagram that specifically illustrates the
block diagram of FIG. 1 in order to describe a urine volume
management data generating method. As illustrated in FIG.
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15, a urine volume measurement system 1 in the embodiment
is configured by a measuring instrument main body that
mainly includes the ultrasound probe 10 and the controller 20.
The controller 20 roughly includes the ultrasound controller
21, the input unit 22, the memory 23, the arithmetic unit 24,
the output unit 25, and the display unit 27, and the schematic
configurations thereof are as described in <Embodiment of
Basic Configuration>. Thus, overlapping descriptions are
omitted except when necessary.

[0152] As illustrated in FIG. 16, the input unit 22 includes
a plurality of press-type operators (buttons), and pressing
each of the buttons appropriately inputs input data.

[0153] The arithmetic unit 24 includes a third comparator
24e that compares urine volume in the bladder with a certain
threshold, and the retained urine volume calculator 24a,
which calculates urine volume in the bladder on the basis of
the reflected wave data. The urine volume in the bladder
calculated by the retained urine volume calculator 24a, and its
measurement time are stored in a measurement data memory
235 in the memory 23. Note that the arithmetic unit 24 is also
capable of calculating urine volume in the bladder at a spe-
cific time, such as urine volume in the bladder corresponding
to a later-described micturition time (urine volume in the
bladder upon micturition), on the basis of urine volume in the
bladder and its measurement time stored in the measurement
data memory 235.

[0154] The display unit 27 displays, on a screen, various
types of data such as urine volume in the bladder at each time.
As illustrated by way of example in FIG. 16, for example, the
display unit 27 displays a bar graph in which time is plotted on
the horizontal axis, and urine volume in the bladder is plotted
on the vertical axis. It can be detected from the bar graph the
urine volume in the bladder and its temporal changes. On the
screen, various types of data including a later-described
MAX value are displayed.

[0155] Regarding the method of calculating urine volume
retained in the bladder, the calculation method using equa-
tions (1) and (2) discussed in <Embodiment of Basic Con-
figuration> is used to calculate urine volume EU in the blad-
der every measurement cycle. The calculated urine volume
EU is chronologically stored in the memory 23.

[0156] The urine volume EU in the bladder calculated in
this manner is chronologically stored in the measurement
data memory 235. FIG. 17 represents, in the form of a table,
urine volume in the bladder at each time (measurement cycle
that is every minute) stored in the measurement data memory
23b.

[0157] Next, using FIG. 15 and FIGS. 16 to 24, the urine
volume measurement system 1 of the embodiment will be
more specifically described. Note that generation and record-
ing of urine volume management data in the case of measure-
ment in the above-described regular measurement mode will
be described here.

[0158] The input unit 22 includes a micturition input unit
used by the measurement subject to input a micturition signal
at the time the measurement subject feels micturition. As
illustrated in FIG. 16, the micturition input unit includes any
one of the multiple buttons 43 included in the input unit 22. It
is configured that pressing the button inputs a micturition
signal to the micturition input unit, and a micturition time
corresponding to the input time of the micturition signal
(pressing time) is recorded in the measurement data memory
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23b. Note that FIG. 18 represents, in the form of a table, a
micturition time recorded in the measurement data memory
235h.

[0159] At the time a micturition signal is input to the mic-
turition input unit, as has been described above, its micturi-
tion time is stored in the measurement data memory 235, and
urine volume in the bladder upon micturition, which corre-
sponds to the micturition time, is calculated by the arithmetic
unit 24. The urine volume in the bladder upon micturition is
compared by the third comparator 24e in the arithmetic umt
24 with a certain alarm threshold (alarm urine volume), and,
as illustrated by way of example in FIG. 19A and FIG. 19B,
the urine volume in the bladder upon micturition is displayed
on the display unit 27. Although the alarm urine volume
compared by the third comparator 24e may be, for example,
a predetermined value, the alarm urine volume may be one
input by the measurement subject or a health professional via
the input unit 22, which is an appropriate value.

[0160] Inthe embodiment, the urine volume in the bladder
upon micturition is calculated on the basis of urine volume in
the bladder in a measurement cycle immediately prior to the
time of inputting a micturition signal to the micturition input
unit. Specifically, the urine volume in the bladder upon mic-
turition is the most recent urine volume in the bladder stored
in the measurement data memory 234 at the time of inputting
a micturition signal to the micturition input unit. When a
measurement error has been caused by a postural change or
the like and there is no urine volume in the bladder calculated
within a certain time (such as one minute) prior to the input of
a micturition signal, no urine volume in the bladder upon
micturition is recorded.

[0161] The third comparator 24e compares the value of
urine volume in the bladder upon micturition with the alarm
urine volume, and, in the case where the urine volume in the
bladder upon micturition does not exceed a certain ratio (such
as 80%) of the alarm urine volume, the urine volume in the
bladder upon micturition is displayed using, for example, a
numeral, thereby enabling the measurement subject to pet-
ceive that there is no need to urinate. In this manner, inputting
a micturition signal to the micturition input unit (pressing a
button) causes the urine volume in the bladder upon micturi-
tion to be displayed as a numeral via the display unit 27, and
the result of comparison performed by the third comparator
24e is displayed as a numeral. For example, even in the case
where the measurement subject feels micturition although
urine in the bladder is only of a little volume, the measure-
ment subject can be notified that there is no need to urinate.
Accordingly, the time for filling the bladder with urine can be
gradually increased, thereby expanding a urination interval.

[0162] Regarding the urine volume in the bladder upon
micturition, the urine volume in the bladder upon micturition
may be obtained on the basis of a plurality of values of urine
volume in the bladder in a measurement cycle immediately
prior to the time of inputting a micturition signal. In this case,
for example, at the time of inputting a micturition signal to the
micturition input unit, the urine volume in the bladder upon
micturition may be obtained as an average urine volume in the
bladder from a plurality of values of urine volume in the
bladder, excluding the maximum value and the minimum
value, stored in the measurement data memory 235. In addi-
tion, at the time of inputting a micturition signal, the urine
volume in the bladder upon micturition may be obtained by
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performing interpolation on a plurality of values of urine
volume in the bladder stored in the measurement data
memory 23b.

[0163] Alternatively, the urine volume in the bladder upon
micturition may be the value of urine volume in the bladder
calculated by the retained urine volume calculator 24a on the
basis of reflected waves of ultrasound transmitted by each
ultrasound device 11 toward the bladder at the time of input-
ting a micturition signal to the micturition input unit. In this
case, the urine volume in the bladder upon micturition is not
based on the past urine volumes in the bladder estimated and
stored in units of measurement cycles, but is the value of urine
volume in the bladder measured at a time point at which the
button corresponding to the micturition input unit is pressed.

[0164] The value of urine volume in the bladder of the
measurement subject is monitored, and, among urine vol-
umes in the bladder calculated by the retained urine volume
calculator 24a, the maximum urine volume in the bladder is
recorded as a MAX value in the memory 23. Specifically, the
arithmetic unit 24 compares urine volume in the bladder
obtained every measurement cycle with a MAX value stored
in the memory 23, and, in the case where the urine volume in
the bladder exceeds the MAX value, that value of urine vol-
ume in the bladder is recorded as a new MAX value in the
memory 23. In addition, the MAX value is read out from the
memory 23, and is displayed, for example, as illustrated in
FIG. 16, on the display unit 27 (upper right-hand corner of the
screen). In addition, at the time of outputting from the output
unit 25, the MAX value may be read out from the memory 23,
and may be output along with, for example, the urine volume
in the bladder and micturition time.

[0165] As a result of measurements conducted for a few
hours to one day, the MAX value becomes the value of the
rough maximum urine volume that can be retained in the
bladder of the measurement subject, and serves as a criterion
for training the bladder afterwards. In accordance with dis-
playing of the MAX value on the display unit 27 or the like,
the measurement subject becomes aware of the fact that more
urine can be held in his/her bladder.

[0166] In addition, the arithmetic unit 24 of the embodi-
ment includes a management data generator 24/ that gener-
ates, on the basis of data stored in the memory 23, urine
volume management data by chronologically arranging at
least retained urine data for each certain measurement cycle,
micturition data including a micturition time, and urination
data including urination volume calculated on the basis of the
retained urine data, and its urination time. The management
data generator 24f generates urine volume management data
by combining, for example, urine volume in the bladder at
each time and a micturition time stored in the measurement
data memory 23b. It is configured that the urine volume
management data is output from the output unit 25 or dis-
played on the display unit 27.

[0167] The urine volume management data can be used as
a urination diary for a measurement subject with overactive
bladder or the like. For example, an example of urine volume
management data includes, as illustrated in FIG. 20, urine
volume in the bladder at each time (measurement cycle that is
every minute), the time at which the measurement subject
feels micturition and inputs a micturition signal to the mictu-
rition input unit, and urination volume and its urination time
that are chronologically represented in the form of a table. In
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the embodiment, a MAX value serving as the maximum urine
volume in the bladder is represented in the urine volume
management data.

[0168] The arithmetic unit 24 calculates the urination vol-
ume and its urination time on the basis of a time at which the
urine volume in the bladder greatly decreases, from temporal
changes of the urine volume in the bladder at each time, stored
in the measurement data memory 234. Specifically, a urina-
tion volume calculator 24g in the arithmetic unit 24 compares
urine volume in the bladder at a certain time, stored in the
measurement data memory 235, with urine volume in the
bladder at the next time to obtain a urine volume difference,
searches for a time at which that difference becomes greater
than or equal to a certain urination threshold stored in the
memory 23, calculates the urine volume difference greater
than or equal to the urination threshold as urination volume,
and displays the urination volume on the display unit 27 or
outputs the urination volume to the output unit 25. The uri-
nation threshold is set in order to avoid determination of a
small urination volume decrease based on a measurement
error as “urination”. Note that the urination threshold may be
set in advance, or the measurement subject or the like may set
the urination threshold through the input unit 22. An example
ofthe urination threshold includes 50 cc, though the urination
threshold is not limited to this value.

[0169] In addition, the urination time may be recorded on
the basis of an input from the measurement subject. That is,
the time at which the measurement subject operates a button
(one of the buttons 43) allocated to record the urination time
is recorded as the urination time. The urination volume at this
time can be obtained from the amount of reduction in the
urine volume in the bladder within a certain time before and
after the button operation. The inputting and recording of the
urination time may be performed in response to an input of the
urination start time and an input of the urination end time,
respectively. In this case, the urination volume can also be
obtained by calculating, by the arithmetic unit 24, a difference
between the urine volume in the bladder at the urination start
or closest to the urination start and the urine volume in the
bladder at the urination end or closest to the urination end.

[0170] In addition, the function of determining whether
urination that causes a reduction in the urine volume in the
bladder is voluntary urination or leakage of urine may be
provided. For example, in the case where urination recording
is performed in response to a button operation performed by
the measurement subject, if there is a reduction in urine
volume in the bladder in a state where there is no urination
recording in response to a button operation, it can be recorded
that the reduction is leakage of urine. Specifically, the arith-
metic unit 24 searches for a time at which the urine volume in
the bladder greatly decreases, from temporal changes of the
urine volume in the bladder at each time, stored in the mea-
surement data memory 235, calculates a difference between
that time and a prior urination recorded time, and, in the case
where the difference exceeds a certain time, it can be deter-
mined that the decrease is leakage of urine. Alternatively, the
arithmetic unit 24 may calculate a difference between a time
atwhich there is a reduction in the urine volume in the bladder
and a prior micturition recorded time, and, in the case where
the difference exceeds a certain time, it can be similarly
determined that the reduction is leakage of urine. At this time,
referring to FIGS. 20, 21, 23, and 24, whether the urination
volume is leakage or not can be output/displayed.
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[0171] Although the micturition time in FIG. 20 is the time
at which a micturition signal is input to the micturition input
unit, the micturition time may be displayed as a time that is
near the time of inputting a micturition signal and that is when
the urine volume in the bladder is calculated by the retained
urine volume calculator 24a (see FIG. 21). Alternatively, as
illustrated in FIG. 22, a bar graph may be represented in
which urine volume in the bladder is plotted on the vertical
axis and time is plotted on the horizontal axis, and the mic-
turition time may be indicated using a symbol such as an
arrow. In FIG. 22, the value of urine volume in the bladder
obtained every five minutes is displayed as a bar graph, and
the value of urine volume in the bladder suddenly decreases
between 11:20 and 11:30. From this point, it can be visually
recognized that urination has taken place between these
points of time.

[0172] Inthis example, the urine volume management data
is generated and recorded on the basis of measurement results
in the regular measurement mode. For example, the measure-
ment cycle is shortened from the time of inputting a micturi-
tion signal to the micturition input unit to the urination time
(such as from 11:17:00 to 11:24:00 in FIG. 21), thereby
accurately detecting urine volume retained in the bladder
after micturition has been felt. In other certain periods, the
urine volume measurement cycle is elongated, thereby reduc-
ing power consumption.

[0173] Inthe embodiment, urine volume management data
canbe displayed in the form of a table illustrated in FIG. 23 by
comparing the urine volume in the bladder at each time and
the micturition time stored in the measurement data memory
235 to extract urine volume in the bladder corresponding to
the micturition time, calculating the urination time using the
above-described urination volume calculating method, and
extracting urine volume in the bladder at the urination time.
Although the urine volume in the bladder at the urination time
is extracted in FIG. 23, in addition to that, the urine volume in
the bladder calculated immediately prior to the urination time
may also be extracted and output as in FIG. 24. According to
such urine volume management data, only the micturition
time, the urination volume, and the urine volume in the blad-
der at the urination time are displayed, and, since only these
activities serving as points in a urination diary are repre-
sented, these items of data can be effectively used when the
patient visits a clinic, for example.

[0174] The urine volume management data generated by
the management data generator 24/ can also be stored in, for
example, a management data memory 23¢ in the memory 23,
and the urine volume management data can be read out from
the management data memory 23c as needed.

[0175] Although only the presence of micturition is
recorded here, the micturition strength (urgency) may be
recorded in five steps ranging from 1 to 5. For example, when
the measurement subject is asked to press the micturition
input unit five times when the micturition strength is 5 (very
strong) and to press the micturition input unit once when the
micturition strength is 1 (there is micturition), the micturition
strength can be determined by the ultrasonic urine volume
measuring instrument. In this case, a numeral or a symbol
indicating the micturition strength can be output/displayed in
the micturition column in FIGS. 23 and 24. In the above-
described embodiment according to the present invention, all
elements of the ultrasound probe 10 and the controller 20
need not be integrally formed. For example, the output unit
25, the alarm unit 26, the display unit 27, and the input unit 22
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in the controller 20 may be configured in a separate informa-
tion terminal. In this case, the memory 23 is also provided in
the information terminal, and it is only necessary to configure
that measurement data is transmitted/received using WiFi or
Bluetooth with a portion that performs ultrasound measure-
ment.

[0176] Inthe ultrasonic urine volume measurement system
1, when there is an occasion to generate urine volume man-
agement data such as a urination diary, it is not necessary for
the measurement subject to measure the urine volume in the
bladder (urination volume) and the micturition time every
time, and the urine volume management data is automatically
generated. Thus, the system 1 exerts a smaller load on the
measurement subject and can generate urine volume manage-
ment data easily and accurately. Since urine volume manage-
ment data generated in the embodiment includes the urine
volume in the bladder at each time, the micturition time, and
the urination volume and its time that are chronologically
arranged, the data is generated in a form that enables the
measurement subject to visually understand the relationship
between micturition and the urine volume in the bladder
(urination volume) at each time. The urine volume manage-
ment data also enables a health professional to understand the
measurement subject’s subjective symptom and the actual
bladder function, and to design an appropriate bladder train-
ing plan suitable for the measurement subject.

[0177] Next, on the basis of FIG. 25, an embodiment of
generating urine volume management data using an external
communication terminal will be described. Hereinafter,
along with the configuration thereof, a urine volume manage-
ment data generating method according to the present inven-
tion will be described. In order to prevent overlapping
descriptions, the same reference numerals are given to the
same components as above and to effects based on these
components to omit detailed descriptions.

[0178] A urine volume measurement system 30 using the
external communication terminal is different from the first
embodiment in the point that the urine volume measurement
system 30 includes a measuring instrument main body 31
(urine volume measurement device) including each ultra-
sound device 11, and an external communication terminal 32
(urine volume management data generating terminal) con-
nected to the measuring instrument main body 31.

[0179] The external communication terminal 32 is not lim-
ited to a particular device and may be, for example, a smart
phone, a mobile phone, a tablet terminal, or a personal com-
puter.

[0180] As illustrated in FIG. 25, the measuring instrument
main body 31 at least includes the main-body-side arithmetic
unit 24 out of the above-mentioned arithmetic unit, and a first
communication unit 33 that transmits the urine volume in the
bladder calculated by the main-body arithmetic unit 24 and its
measurement time to the external communication terminal
32. The measuring instrument main body 31 also includes the
ultrasound controller 21, and a first memory 34 that stores the
urine volume in the bladder and the measurement time. In the
embodiment, it is assumed that the main-body-side arith-
metic unit 24 includes the retained urine volume calculator
24qa which calculates the urine volume in the bladder on the
basis of the reflected wave data.

[0181] Incontrast, the external communication terminal 32
includes a terminal-side arithmetic unit 37 out of the above-
mentioned arithmetic unit, a second communication unit 35
(receiving unit) that performs transmission and reception
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with the first communication unit 33, the micturition input
unit, amanagement data generator 375, and a second memory
36 including a measurement data memory 36a that stores the
urine volume in the bladder and its measurement time
received via the second communication unit 35, and the mic-
turition time. Furthermore, in the case of receiving an input of
the urination time from the measurement subject, urination
time data (may be the urination start time or the urination end
time) can be stored in a memory (notillustrated). The external
communication terminal 32 includes the input unit 22, the
display unit 27, and the output unit 25. In the embodiment, it
is assumed that the terminal-side arithmetic unit 37 includes
a third comparator 37a that compares the urine volume in the
bladder upon micturition with the alarm urine volume, the
management data generator 375 which generates urine vol-
ume management data, and a urination volume calculator 37¢
that calculates urination volume and its urination time.

[0182] Inresponse to an instruction from the external com-
munication terminal 32 (such as an input operation of the
input unit 22), data such as the urine volume in the bladder
stored in the first memory 34 of the measuring instrument
main body 31 is transmitted to the external communication
terminal 32 from the first communication unit 33 via the
second communication unit 35. Communication between the
measuring instrument main body 31 and the external com-
munication terminal 32 is performed using a wireless com-
munication system such as Wi-Fi (Wireless Fidelity), Blue-
tooth, or NFC (Near Field Communication). Regarding the
data transmission/reception timing between the measuring
instrument main body 31 and the external communication
terminal 32, the timing may be constant or every certain time.
Alternatively, the timing may be the time of inputting to the
input unit 22 of the external communication terminal 32. It is
assumed that transmission/reception is performed at an
appropriate timing.

[0183] As illustrated in FIG. 25, the external communica-
tion terminal 32 receives data regarding the urine volume in
the bladder and its measurement time, transmitted from the
measuring instrument main body 31, via the second commu-
nication unit 35, and stores the data in the measurement data
memory 36a in the second memory 36. In responseto an input
of a micturition signal to the micturition input unit, the mic-
turition time is stored in the measurement data memory 36a,
and a urine volume value upon micturition corresponding to
the micturition time is read out from the measurement data
memory 36a.

[0184] In the external communication terminal 32, the
management data generator 374 in the terminal-side arith-
metic unit 37 is configured to generate urine volume manage-
ment data such as a urination diary on the basis of data stored
in the second memory 36. For example, the data is displayed
on the display unit 27 in a form such as that discussed above
with reference to FIG. 20 to 22, or may be output from the
output unit 25. For example, as in FIG. 26, on the basis of the
above-mentioned data, the main-body-side arithmetic unit 24
can calculate and display the MAX value per specified three
days, and the number of urinations and the number of mictu-
ritions per specified day. Furthermore, as has been described
above, the urination time may be included in the urine volume
management data. In addition, the time at which the urine
volume in the bladder decreases may be detected by the
main-bod-side arithmetic unit 24 and, based on that, urination
volume may be stored. In addition, the time difference
between the time at which the urine volume decreases and the
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urination time (urination start time or urination end time)
input by the measurement subject or the micturition time may
be calculated, and that time difference may be included in the
urine volume management data. Furthermore, whether a
reduction in the urine volume in the bladder is done con-
sciously or not, that is, whether the reduction is leakage of
urine, may be determined on the basis of the time difference,
and data indicating the determination result may be included
in the urine volume management data.

[0185] Calculation and display data of the external commu-
nication terminal 32 are configured to be arbitrarily selectable
by a user such as a health professional.

[0186] By providing a cloud management data memory 38,
the generated urine volume management data can be saved or
read out using the second communication unit 35 via Wi-Fi or
the like. Alternatively, a management data memory may be
provided in a storage area in a memory of the measuring
instrument main body 31 or the external communication tet-
minal 32.

[0187] Inthe example illustrated in FIG. 25, the input unit
22, the micturition input unit, the display unit 27, the output
unit 25, the third comparator 374, the management data gen-
erator 37b, and the urination volume calculator 37¢ are pro-
vided on the external communication terminal 32 side. How-
ever, the configuration is not limited to this, and these
components may be provided on the measuring instrument
main body 31 side.

[0188] The ultrasonic urine volume measuring instrument
1 of the embodiment can also be used as a device for toilet
training or bladder training. Toilet training is performed to
train a child who has passed the age of one year old to acquire
the habit of using the toilet. In general, toilet training is done
by predicting the urination timing and guiding the child to the
toilet at that timing. However, urine volume in the bladder
varies depending on food and drink or temperature, and it is
thus difficult to predict the urination timing. As a result, there
are cases in which the child is not guided to the toilet at an
appropriate timing. Since the ultrasonic urine volume mea-
suring instrument 1 monitors urine volume in the bladder ofa
measurement subject, it becomes possible to guide the mea-
surement subject to the toilet at an appropriate timing. Par-
ticularly, since a timing at which the bladder is fully filled
with urine is reported as an alarm on the basis of the actually
measured urine volume in the bladder in the alarm mode or
the low power consumption mode, the measurement subject
can be accurately notified of a urination timing, and toilet
training can thus be effectively performed.

[0189] Bladder training is performed to train a patient with
overactive bladder or the like, who experiences frequent uri-
nation, or an enuretic child to hold back urination as long as
possible, thereby increasing the volume of urine that can be
retained in the bladder. In this training, itis important to know
the difference in the sense that, when one feels micturition,
whether that micturition is really a cue felt by having the
bladder filled with urine or is simply micturition caused by a
tense bladder. According to the ultrasonic urine volume mea-
suring instrument 1 of the embodiment, since urine volume in
the bladder is actually measured, the measurement subject
can understand whether it is a timing to hold urination or not.
In particular, displaying urine volume at a point of time at
which the measurement subject feels micturition and the
maximum urine volume in the bladder enables the measure-
ment subject to more accurately determine whether he/she
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should hold urination, and hence bladder training can be
efficiently performed. Specifically, the training is performed
by the following steps.

[0190] <Step 300> When the measurement subject feels
micturition, the measurement subject inputs a micturition
signal to the ultrasonic urine volume measuring instrument 1,
as described above.

[0191] <Step 301> The ultrasonic urine volume measuring
instrument 1 displays the urine volume in the bladder upon
micturition and the maximum urine volume in the bladder.
[0192] <Step 302> On the basis of the displayed urine
volume in the bladder upon micturition and the maximum
urine volume in the bladder, the measurement subject deter-
mines whether to hold urination.

[0193] The embodiment has the following characteristics.
[0194] (1) An ultrasonic urine volume measuring instru-
ment comprising:

[0195] an ultrasound probe that is placed on stomach of a
measurement subject, and that includes an ultrasound device
that transmits ultrasound toward bladder of the measurement
subject at a certain measurement cycle and receives a wave
reflected from a wall of the bladder;

[0196] an ultrasound controller transmission and reception
ultrasound and its reflected wave, the transmission and recep-
tion being performed by the ultrasound device;

[0197] an arithmetic unit that calculates, on the basis of the
reflected wave, urine volume in the bladder said every mea-
surement cycle; and

[0198] a display unit that chronologically displays, as a
graph, the urine volume calculated by the arithmetic unit,
[0199] the ultrasonic urine volume measuring instrument
further comprising:

[0200] a mode selector capable of selecting one of a mea-
surement mode of measuring urine volume while the ultra-
sound probe is placed at a certain measurement position on
the stomach of the measurement subject, and a positioning
mode of measuring urine volume while moving the ultra-
sound probe to a plurality of tentative measurement positions
on the stomach in order to determine the measurement posi-
tion suitable for placing the ultrasound probe; and

[0201] anindex value memory that stores a maximum value
among urine volumes at the plurality of tentative measure-
ment positions, calculated by the arithmetic unit, while the
positioning mode is being selected, and/or an allowance value
determined on the basis of the maximum value,

[0202] wherein the maximum value and/or the allowance
value is displayed as a positioning index value for positioning
the ultrasound probe, on the graph on the display unit.
[0203] (2) An ultrasonic urine volume measuring instru-
ment comprising:

[0204] anultrasound probe that is placed at a measurement
position on stomach of a measurement subject, and that
includes an ultrasound device that transmits ultrasound
toward bladder of the measurement subject and receives a
wave reflected from a wall of the bladder;

[0205] an ultrasound controller that controls transmission
and reception of ultrasound and its reflected wave, the trans-
mission and reception being performed by the ultrasound
device; and

[0206] an arithmetic unit that calculates, on the basis of the
reflected wave, urine volume in the bladder,

[0207] wherein the arithmetic unit calculates, in a position-
ing mode of determining the measurement position suitable
for placing the ultrasound probe, urine volume in the bladder
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while the ultrasound probe is arranged at a plurality of tenta-
tive measurement positions on the stomach, and

[0208] wherein the ultrasonic urine volume measuring
instrument further comprises:

[0209] an index value memory that stores a maximum
value among urine volumes calculated by the arithmetic
unit during the positioning mode and/or an allowance
value determined on the basis of the maximum value,
and

[0210] a comparator that detects, in the positioning
mode, a difference between the urine volume calculated
by the arithmetic unit and the maximum value and/or the
allowance value stored in the index value memory.

[0211] (3) The vltrasonic urine volume measuring instru-
ment of (2) further comprising a reporting unit that produces
an alarm on the basis of a result of comparison performed by
the comparator.

[0212] (4) The ultrasonic urine volume measuring instru-
ment of (2) or (3) further comprising a display unit that
displays, as a graph, urine volume values calculated at a
plurality of times by the arithmetic unit,

[0213] wherein the display unit can change a time scale of
the graph display between the positioning mode and a mea-
surement mode of measuring urine volume in the bladder
while the ultrasound probe is placed at the measurement
position.

[0214] (5) An ultrasonic urine volume measuring instru-
ment comprising:

[0215] anultrasound probe that is placed at a measurement
position on stomach of a measurement subject, and that
includes an ultrasound device that transmits ultrasound
toward bladder of the measurement subject and receives a
wave reflected from a wall of the bladder;

[0216] an ultrasound controller that controls transmission
and reception of ultrasound and its reflected wave, the trans-
mission and reception being performed by the ultrasound
device; and

[0217] an arithmetic unit that calculates, on the basis of the
reflected wave, urine volume in the bladder,

[0218] wherein the arithmetic unit calculates, ina position-
ing mode of determining the measurement position suitable
for placing the ultrasound probe, urine volume by using a
calculation method different from that in a measurement
mode of calculating urine volume at the measurement posi-
tion, and

[0219] wherein the urine volume calculation method in the
positioning mode is more reactive to a change in the position
of the ultrasound probe than the urine volume calculation
method in the measurement mode.

[0220] (6) In the ultrasonic urine volume measuring instru-
ment of (5), the arithmetic unit calculates urine volume on the
basis of a plurality of reflected waves that are consecutively
received, and the number of reflected waves used in calculat-
ing urine volume is less in the positioning mode than in the
measurement mode.

[0221] (7) An ultrasonic urine volume measuring instru-
ment comprising:

[0222] an ultrasound probe that includes an ultrasound
device that transmits ultrasound toward bladder of a measure-
ment subject at a certain measurement cycle and receives a
wave reflected from a wall of the bladder;
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[0223] an ultrasound controller that controls transmission
and reception of ultrasound and its reflected wave, the trans-
mission and reception being performed by the ultrasound
device; and

[0224] an arithmetic unit that calculates, on the basis of the
reflected wave, urine volume in the bladder said every mea-
surement cycle,

[0225] wherein the arithmetic unit includes a comparator
that compares the calculated urine volume in the bladder with
a certain first threshold,

[0226] wherein the measurement cycle of ultrasound trans-
mitted from the ultrasound device is longer in a case where
the urine volume in the bladder compared by the comparator
is less than the first threshold than that in a case where the
urine volume is greater than or equal to the first threshold, and

[0227] wherein the ultrasonic urine volume measuring
instrument further comprises a timer unit capable of causing,
in a case where the urine volume in the bladder compared by
the comparator is less than the first threshold, the arithmetic
unit to enter a sleep state during each measurement cycle in
order to reduce power consumption, and causing the arith-
metic unit to recover every measurement cycle.

[0228] (8) An ultrasonic urine volume measuring instru-
ment comprising:

[0229] an ultrasound probe that includes an ultrasound
device that transmits ultrasound toward bladder of'a measure-
ment subject at a certain measurement cycle and receives a
wave reflected from a wall of the bladder;

[0230] an ultrasound controller that controls transmission
and reception of ultrasound and its reflected wave, the trans-
mission and reception being performed by the ultrasound
device; and

[0231] an arithmetic unit that calculates, on the basis of the
reflected wave, urine volume in the bladder said every mea-
surement cycle,

[0232] the ultrasonic urine volume measuring instrument
further comprising a mode selector capable of selecting one
of a measurement mode of measuring urine volume while the
ultrasound probe is placed at a certain measurement position
on stomach of the measurement subject, and a positioning
mode of measuring urine volume while moving the ultra-
sound probe to a plurality of tentative measurement positions
on the stomach in order to determine the measurement posi-
tion suitable for placing the ultrasound probe in the measure-
ment mode,

[0233] wherein the arithmetic unit includes a comparator
that compares the calculated urine volume in the bladder with
a certain first threshold,

[0234]

[0235] causing, in the positioning mode, the ultrasound
device to transmit ultrasound at a certain first cycle,

[0236] causing, in the measurement mode, the ultra-
sound device to transmit ultrasound at a certain second
cycle in a case where the urine volume in the bladder
compared by the comparator is greater than or equal to
the first threshold, and

[0237] causing, in the measurement mode, the ultra-
sound device to transmit ultrasound at a third cycle
longer than the first cycle and the second cycle in a case
where the urine volume in the bladder compared by the
comparator is less than the first threshold.

wherein the ultrasound controller is capable of:
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[0238] (9) An ultrasonic urine volume measuring instru-
ment comprising:

[0239] an ultrasound probe that includes an ultrasound
device that transmits ultrasound toward bladder of a measure-
ment subject at a certain measurement cycle and receives a
wave reflected from a wall of the bladder;

[0240] an ultrasound controller that controls transmission
and reception of ultrasound and its reflected wave, the trans-
mission and reception being performed by the ultrasound
device; and

[0241] an arithmetic unit that calculates, on the basis of the
reflected wave, urine volume in the bladder said every mea-
surement cycle,

[0242] the ultrasonic urine volume measuring instrument
further comprising a mode selector capable of selecting one
of a measurement mode of measuring urine volume while the
ultrasound probe is placed at a certain measurement position
on stomach of the measurement subject, and a positioning
mode of measuring urine volume while moving the ultra-
sound probe to a plurality of tentative measurement positions
on the stomach in order to determine the measurement posi-
tion suitable for placing the ultrasound probe in the measure-
ment mode,

[0243] wherein the arithmetic unit includes a comparator
that compares the calculated urine volume in the bladder with
a certain first threshold, and

[0244] wherein the arithmetic unit is capable of calculating,
in the positioning mode, urine volume in the bladder on the
basis of a first number of reflected waves chronologically
received at a certain first cycle,

[0245] measuring, in the measurement mode, in a case
where the urine volume in the bladder compared by the com-
parator is greater than or equal to the first threshold, urine
volume in the bladder on the basis of a certain second number
of reflected waves chronologically received at a certain sec-
ond cycle, the second number being greater than the first
number, and

[0246] measuring, in the measurement mode, in a case
where the urine volume in the bladder compared by the com-
parator is less than the first threshold, urine volume in the
bladder on the basis of a plurality of reflected waves chrono-
logically received at a certain third cycle that is longer than
the first cycle and the second cycle.

[0247] (10) In the ultrasonic urine volume measuring
instrument of any one of (7) to (9),

[0248] the comparator compares the calculated urine vol-
ume in the bladder with a certain second threshold that is
greater than the first threshold, and

[0249] the ultrasonic urine volume measuring instrument
further comprises a reporting unit that reports, in a case where
the urine volume in the bladder compared by the comparator
is greater than or equal to the second threshold, that the urine
volume is greater than or equal to the second threshold.
[0250] (11) The ultrasonic urine volume measuring instru-
ment further comprising:

[0251] a micturition input unit used by the measurement
subject to input a micturition signal at a time the measurement
subject feels micturition;

[0252] a measurement data memory that stores the urine
volume in the bladder calculated by the arithmetic unit, its
measurement time, and a micturition time corresponding to
an input time of the micturition signal;

[0253] amaximum urine volume memory that stores maxi-
mum urine volume in the bladder that is a maximum value
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among urine volumes in the bladder calculated by the arith-
metic unit in a certain period; and

[0254] a display unit that displays, at the time of inputting
the micturition signal, retained urine volume upon micturi-
tion that is retained urine volume corresponding to the mic-
turition time, and the maximum urine volume in the bladder.

[0255] (12) In the ultrasonic urine volume measuring
instrument of (11), the retained urine volume upon micturi-
tion is urine volume in the bladder calculated by the arith-
metic unit in a certain time prior to the time of inputting the
micturition signal.

[0256] (13) The ultrasonic urine volume measuring instru-
ment of (11) or (12) further comprising:

[0257] aurination start input unit used by the measurement
subject to input a urination start signal before the measure-
ment subject starts urination; and

[0258] aurination end input unit used by the measurement
subject to input a urination end signal after the measurement
subject ends urination,

[0259] wherein the measurement data memory stores a uri-
nation start time and a urination end time respectively corre-
sponding to an input time of the urination start signal and an
input time the urination end signal.

[0260] (14) A urine volume management data generating
and displaying method comprising: a step of generating, on
the basis of urine volume in the bladder and its measurement
time, and the micturition time, stored in the ultrasonic urine
volume measuring instrument according to any one of (11) to
(13), urine volume management data by chronologically
arranging at least urine-volume-in-bladder data including the
urine volume in the bladder and its measurement time, and
micturition data including the micturition time; and

[0261] astep of displaying at least part of the urine volume
management data in the form of a table or a graph.

[0262] (15) In the method of (14), the urine volume man-
agement data further includes urination time data at least
including one of a urination start time and a urination end
time.

[0263] (16) The method of (15) further comprising:

[0264] astep of calculating the number of micturitions that
1s the number of micturition signals in a certain period on the
basis of the micturition data, and the number of urinations that
is the number of urination start signals or urination end sig-
nals in a certain period on the basis of the urination time data;
and

[0265] a step of displaying the maximum urine volume in
the bladder, the number of micturitions, and the number of
urinations.

[0266] (17) The method of any one of (14) to (16) further
comprising a step of searching the urine-volume-in-bladder
data for a urine volume decrease time at which urine volume
in the bladder decreases with time, and storing the amount of
decrease as urination volume,

[0267] wherein the urine volume management data
includes the urination volume.

[0268] (18)The method of (17) further comprising a step of
calculating a time difference between each urine volume
decrease time and the urination time or the micturition time,
[0269] wherein the urine volume management data
includes the time difference or data calculated from the time
difference.
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[0270] (19) In any one of above-described (1) to (18), urine
volume in the bladder displayed on the display unit is urine
volume used in at least one of toilet training and bladder
training.

[0271] (20) A bladder training method using an ultrasonic
urine volume measuring instrument that is placed on stomach
of a measurement subject, that transmits ultrasound toward
bladder of the measurement subject, and that calculates urine
volume in the bladder, the method comprising;

[0272] (a) a step of storing maximum urine volume in the
bladder that is a maximum value among urine volume values
measured in a certain period by the ultrasonic urine volume
measuring instrument;

[0273] (b) a step of inputting, when the measurement sub-
ject feels micturition, a micturition signal to the ultrasonic
urine volume measuring instrument;

[0274] (c¢) a step of displaying urine volume in the bladder
at an input time of the micturition signal, and the maximum
urine volume in the bladder on the ultrasonic urine volume
measuring instrument; and

[0275] (d)determining whether itis necessary tourinate, on
the basis of the displayed urine volume in the bladder and the
displayed maximum urine volume in the bladder.

REFERENCE SIGNS LIST

[0276] 1 ultrasonic urine volume measuring instrument
[0277] 10 ultrasound probe

[0278] 11 ultrasound devices

[0279] 21 ultrasound controller

[0280] 22a mode selector

[0281] 24 arithmetic unit

[0282] 27 display unit

1. An ultrasonic urine volume measuring instrument com-
prising:

an ultrasound probe that is placed on stomach of a mea-
surement subject, and that includes an ultrasound device
that transmits ultrasound toward bladder of the measure-
ment subject at a certain measurement cycle and
receives a wave reflected from a wall of the bladder;

an ultrasound controller that controls transmission and
reception of ultrasound and its reflected wave, the trans-
mission and reception being performed by the ultra-
sound device;

an arithmetic unit that calculates, on the basis of the
reflected wave, urine volume in the bladder said every
measurement cycle; and

a display unit that chronologically displays, as a graph, the
urine volume calculated by the arithmetic unit,

the ultrasonic urine volume measuring instrument further
comprising:

amode selector capable of selecting one of a measurement
mode of measuring urine volume while the ultrasound
probe is placed at a certain measurement position on the
stomach of the measurement subject, and a positioning
mode of measuring urine volume while moving the
ultrasound probe to a plurality of tentative measurement
positions on the stomach in order to determine the mea-
surement position suitable for placing the ultrasound
probe; and

an index value memory that stores a maximum value
among urine volumes at the plurality of tentative mea-
surement positions, calculated by the arithmetic unit,
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while the positioning mode is being selected, and/or an
allowance value determined on the basis of the maxi-
mum value,

wherein the maximum value and/or the allowance value is

displayed as a positioning index value for positioning
the ultrasound probe, on the graph on the display unit.
2. The ultrasonic urine volume measuring instrument
according to claim 1, further comptrising a reporting unit that
reports, in a case where the urine volume measured while the
positioning mode is being selected reaches or becomes
greater than the positioning index value, that the urine volume
is greater than or equal to the positioning index value.
3. The ultrasonic urine volume measuring instrument
according to claim 1, wherein the ultrasound controller con-
trols the ultrasound device so that the measurement cycle in
the measurement mode becomes a first measurement cycle,
and the measurement cycle in the positioning mode becomes
a second measurement cycle shorter than the first measure-
ment mode.
4. The ultrasonic urine volume measuring instrument
according to claim 1, wherein the display unit is capable of
changing a display scale of the graph in accordance with the
maximum value.
5. The ultrasonic urine volume measuring instrument
according to claim 1, wherein the display unit displays, as a
bar graph, a plurality of urine volumes that are measured
within a certain time range and that are arranged in a time axis
direction in which the measured urine volumes are each rep-
resented by the length of a bar, and displays the positioning
index value as a straight line extending in the time axis direc-
tion on the bar graph.
6. The ultrasonic urine volume measuring instrument
according to claim 1, wherein the display unit displays urine
volume in the bladder used in at least one of toilet training and
bladder training.
7. An ultrasonic urine volume measuring instrument com-
prising:
an ultrasound probe that is placed at a measurement posi-
tion on stomach of a measurement subject, and that
includes an ultrasound device that transmits ultrasound
toward bladder of the measurement subject and receives
a wave reflected from a wall of the bladder;

an ultrasound controller that controls transmission and
reception of ultrasound and its reflected wave, the trans-
mission and reception being performed by the ultra-
sound device; and

an arithmetic unit that calculates, on the basis of the

reflected wave, urine volume in the bladder,

wherein the arithmetic unit calculates, in a positioning

mode of determining the measurement position suitable
for placing the ultrasound probe, urine volume in the
bladder while the ultrasound probe is arranged at a plu-
rality of tentative measurement positions on the stom-
ach, and

wherein the ultrasonic urine volume measuring instrument

further comprises:

an index value memory that stores a maximum value
among urine volumes calculated by the arithmetic
unit during the positioning mode, and/or an allowance
value determined on the basis of the maximum value,
and

a comparator that detects, in the positioning mode, a
difference between the urine volume calculated by the
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arithmetic unit and the maximum value and/or the
allowance value stored in the index value memory.
8. The ultrasonic urine volume measuring instrument
according to claim 7, further comprising a reporting unit that
reports an alarm on the basis of a result of comparison per-
formed by the comparator.
9. The ultrasonic urine volume measuring instrument
according to claim 7, further comprising a display unit that
displays, as a graph, urine volume calculated by the arith-
metic unit in the positioning mode, and the maximum value
and/or the allowance value stored in the index value memory.
10. The ultrasonic urine volume measuring instrument
according to claim 7, further comprising a display unit that
displays, as a graph, urine volumes calculated at a plurality of
times by the arithmetic unit,
wherein the display unit is capable of changing a time scale
of the graph display between the positioning mode and a
measurement mode of measuring urine volume in the
bladder while the ultrasound probe is placed at the mea-
surement position.
11. The ultrasonic urine volume measuring instrument
according to claim 7, further comprising a display unit that
displays urine volume in the bladder used in at least one of
toilet training and bladder training.
12. An ultrasonic urine volume measuring instrument com-
prising:
an ultrasound probe that is placed at a measurement posi-
tion on stomach of a measurement subject, and that
includes an ultrasound device that transmits ultrasound
toward bladder of the measurement subject and receives
a wave reflected from a wall of the bladder;

an ultrasound controller that controls transmission and
reception of ultrasound and its reflected wave, the trans-
mission and reception being performed by the ultra-
sound device; and

an arithmetic unit that calculates, on the basis of the

reflected wave, urine volume in the bladder,

wherein the arithmetic unit calculates, in a positioning

mode of determining the measurement position suitable
for placing the ultrasound probe, urine volume by using
a calculation method different from that in a measure-
ment mode of calculating urine volume at the measure-
ment position, and

wherein the urine volume calculation method in the posi-

tioning mode is more reactive to a change in the position
of the ultrasound probe than the urine volume calcula-
tion method in the measurement mode.

13. The ultrasonic urine volume measuring instrument
according to claim 12, wherein the arithmetic unit calculates
urine volume on the basis ofa plurality of reflected waves that
are consecutively received, and the number of reflected waves
used in calculating urine volume is less in the positioning
mode than in the measurement mode.

14. The ultrasonic urine volume measuring instrument
according to claim 13, wherein the arithmetic unit overlap-
pingly uses the plurality of reflected waves to calculate urine
volumes at a plurality of times in the positioning mode.

15. The ultrasonic urine volume measuring instrument
according to claim 12, further comprising a display unit that
displays urine volume in the bladder used in at least one of
toilet training and bladder training.
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