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Description
[Technical Field]

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

[Background Art]

[0002] Hitherto, as a measuring instrument that uses ultrasound 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] In such a measuring instrument that uses ultrasound to measure urine volume in the bladder, as a method of
arranging the measuring instrument on the stomach of a measurement 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
adjustment since the position adjustment is done while looking at the bladder image based on the ultrasound B-mode
measurement. 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 ultrasound devices. However, this ultrasonic urine volume measuring
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 instrument that changes its measurement frequency, for example,
PTL 4 (US Patent No. 6565512) 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 volume
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.
[0008] In 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 appa-
ratus. However, PTL 6 does not describe a specific configuration 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

[PTL 2] Japanese Unexamined Patent Application Publication No. 2009-512532
[PTL 3] Japanese Unexamined Patent Application Publication No. 2000-210286
[PTL 4] US Patent No. 6565512

[PTL 5] Japanese Unexamined Patent Application Publication No. 2007-508857
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[PTL 6] Japanese Unexamined Patent Application Publication No. 2011-183142
[PTL 7] Japanese Unexamined Patent Application Publication No. 2014-23813

[Summary of Invention]
[Technical Problem]

[0011] The present invention provides an ultrasonic urine volume measuring instrument, and urine volume manage-
ment data generating method using ultrasonic urine volume measuring instrument that can highly accurately measure
urine volume in the bladder and its temporal changes as needed and that can reduce power consumption.

[Solution to Problem]

[0012] In order to solve the above-described problem, an ultrasonic urine volume measuring instrument according to
the present invention includes: an ultrasound probe that includes an ultrasound device that transmits ultrasound toward
bladder of a measurement 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
transmission and reception being performed by the ultrasound device; and an arithmetic unit that calculates, on the
basis of the reflected wave, urine volume in the bladder said every measurement cycle. The arithmetic unit includes a
comparator that compares the calculated urine volume in the bladder with a certain first threshold. The measurement
cycle of ultrasound transmitted 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. The ultrasonic urine volume measuring instrument further includes 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 arithmetic unit to recover every measurement cycle.

[0013] In addition, an ultrasonic urine volume measuring instrument according to the present invention includes: an
ultrasound probe that includes an ultrasound device that transmits ultrasound toward bladder of a measurement 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 transmission and reception being performed
by the ultrasound device; and an arithmetic unit that calculates, on the basis of the reflected wave, urine volume in the
bladder said every measurement cycle. The ultrasonic urine volume measuring instrument further includes 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 ultrasound probe to a plurality of tentative measurement positions on the stomach in
order to determine the measurement position suitable for placing the ultrasound probe in the measurement mode. The
arithmetic unit includes a comparator that compares the calculated urine volume in the bladder with a certain first
threshold. The ultrasound controller is capable of: causing, in the positioning mode, the ultrasound device to transmit
ultrasound at a certain first cycle; causing, in the measurement mode, the ultrasound 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 causing, in the measurement mode, the ultrasound 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.

[0014] In addition, an ultrasonic urine volume measuring instrument according to the present invention includes: an
ultrasound probe that includes an ultrasound device that transmits ultrasound toward bladder of a measurement 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 transmission and reception being performed
by the ultrasound device; and an arithmetic unit that calculates, on the basis of the reflected wave, urine volume in the
bladder said every measurement cycle. The ultrasonic urine volume measuring instrument further includes 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 ultrasound probe to a plurality of tentative measurement positions on the stomach in
order to determine the measurement position suitable for placing the ultrasound probe in the measurement mode. The
arithmetic unit includes a comparator that compares the calculated urine volume in the bladder with a certain first
threshold. 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; measuring, in the measurement
mode, in a case where the urine volume in the bladder compared by the comparator 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
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received at a certain second cycle, the second number being greater than the first number; and measuring, in the
measurement mode, in a case where the urine volume in the bladder compared by the comparator is less than the first
threshold, urine volume in the bladder on the basis of a plurality of reflected waves chronologically received at a certain
third cycle that is longer than the first cycle and the second cycle.

[0015] In this case, it is preferable that the first cycle and the second cycle be the same cycle.

[0016] In addition, the comparator may further compares the calculated urine volume in the bladder with a certain
second threshold that is greater than the first threshold, and the ultrasonic urine volume measuring instrument may
further include 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.
[0017] In addition, it is preferable that the ultrasonic urine volume measuring instrument according to the present
invention further include: a micturition input unit used by the measurement subject to input a micturition signal at a time
the measurement subject feels micturition; 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; a maximum urine volume memory that stores maximum urine volume in the bladder that is a maximum
value among urine volumes in the bladder calculated by the arithmetic unit in a certain period; and a display unit that
displays, at the time of inputting the micturition signal, retained urine volume upon micturition that is retained urine volume
corresponding to the micturition time, and the maximum urine volume in the bladder.

[0018] In this case, the retained urine volume upon micturition may be urine volume in the bladder calculated by the
arithmetic unit in a certain time prior to the time of inputting the micturition signal.

[0019] Alternatively, the retained urine volume upon micturition may be urine volume in the bladder newly calculated
by the arithmetic unit after the ultrasound device transmits ultrasound at the time of inputting the micturition signal.
[0020] In addition, the ultrasonic urine volume measuring instrument may further include an urination input unit used
by the measurement subject to input a urination signal when the measurement subject urinates, and the measurement
data memory may further store a urination time corresponding to an input time of the urination signal input using the
urination input unit.

[0021] Furthermore, the display unit may display urine volume in the bladder used in at least one of toilet training and
bladder training.

[0022] In addition, a urine volume management data generating and displaying method using the ultrasonic urine
volume measuring instrument according to the present invention includes: 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, 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 a step
of displaying at least part of the urine volume management data in the form of a table or a graph.

[0023] In this case, the urine volume management data may further include urination time data corresponding to an
input time of a urination signal input by the measurement subject when the measurement subject urinates.

[0024] Inthatcase, itis preferable that the method further include: a step of calculating the number of micturitions that
is 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 signals in a certain period on the basis of the urination time
data; and a step of displaying the maximum urine volume in the bladder, the number of micturitions, and the number of
urinations.

[0025] Itis also preferable that the urine volume management data generating and displaying method further include
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. It is preferable that the urine
volume management data include the urination volume.

[0026] Inthat case, itis preferable that the method further include a step of calculating a time difference between each
urine volume decrease time and the urination time or the micturition time. Itis preferable that the urine volume management
data include the time difference or data calculated from the time difference.

[Advantageous Effects of Invention]

[0027] According to the present invention, the measurement cycle of ultrasound to be transmitted becomes a longer
cycle in the case where the calculated urine volume in the bladder is less than a first threshold than that in the case
where the urine volume is greater than or equal to the first threshold, and there is provided a timer unit capable of causing,
in the case where the calculated urine volume in the bladder is less than the first threshold, an arithmetic unit to enter
a sleep state during each measurement cycle in order to reduce power consumption, and causing the arithmetic unit to
recover every measurement cycle. Accordingly, the urine volume in the bladder can be highly accurately measured
when the urine volume is greater than or equal to the first threshold, and power consumption can be reduced when the
urine volume is less than the first threshold.



10

15

20

25

30

35

40

45

50

55

EP 2 989 985 A1
[Brief Description of Drawings]
[0028]

[Fig. 1] Fig. 1 is a schematic block diagram according to an embodiment of the present invention.

[Fig. 2] Fig. 2 is a schematic diagram illustrating a state in which an ultrasound device is attached to a measurement
subject.

[Fig. 3] Fig. 3 is a schematic diagram illustrating a screen and mode selecting buttons of an ultrasonic urine volume
measuring instrument.

[Fig. 4] Fig. 4 is a schematic diagram of the waveform of a reflected wave received by each ultrasound device.
[Fig. 5] Fig. 5is a time chart for describing a transmission cycle and a measurement cycle of each ultrasound device.
[Fig. 6] Fig. 6 is a schematic block diagram that specifically illustrates Fig. 1 in order to describe a positioning mode.
[Fig. 7] Fig. 7 is a schematic diagram illustrating a display example of a display unit in the positioning mode and the
mode selecting buttons.

[Fig. 8] Fig. 8 is a time chart for describing a retained urine volume value based on five ultrasound reflected waves.
[Fig. 9] Fig. 9 is a flowchart describing the positioning mode.

[Fig. 10] Fig. 10 is a time chart for describing a retained urine volume value based on ten ultrasound reflected waves.
[Fig. 11] Fig. 11 is a schematic diagram illustrating a display example of the display unit in an alarm mode.

[Fig. 12] Fig. 12 is a schematic block diagram that specifically illustrates Fig. 1 in order to describe a low power
consumption mode.

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

[Fig. 14] Fig. 14 is a schematic block diagram that specifically illustrates a timer unit for causing an arithmetic unit
in Fig. 1 to enter a sleep state.

[Fig. 15] Fig. 15 is a schematic block diagram illustrating an example of a urine volume measurement system that
generates urine volume management data.

[Fig. 16] 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 displayed on a screen.

[Fig. 17] Fig. 17 represents, in the form of a table, retained urine at each time, stored in a measurement data memory.
[Fig. 18] Fig. 18 represents, in the form of a table, a micturition time stored in the measurement data memory.
[Fig. 19A and Fig. 19B] Fig. 19A and Fig. 19B are display examples displaying, 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.

[Fig. 20] Fig. 20 is a first display example representing, in the form of a table, urine volume management data.
[Fig. 21] Fig. 21 is a second display example representing, in the form of a table, urine volume management data.
[Fig. 22] Fig. 22 represents, as a graph, urine volume management data.

[Fig. 23] Fig. 23 is a third display example representing, in the form of a table, urine volume management data.
[Fig. 24] Fig. 24 is a fourth display example representing, in the form of a table, urine volume management data.
[Fig. 25] Fig. 25 is a schematic block diagram illustrating another example of the urine volume measurement system
of Fig. 15.

[Fig. 26] 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>

[0029] Hereinafter, the configuration of an ultrasonic urine volume measuring instrument according to an embodiment
of the present invention will be described on the basis of Figs. 1, 2, and 3. As illustrated in Fig. 1, an ultrasonic urine
volume measuring instrument 1 mainly includes an ultrasound probe 10 and a controller 20.

[0030] 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 is
positioned on a stomach surface corresponding to the upper end of the pubis, and the plurality of ultrasound devices
11 are arranged along the vertical direction of the bladder.

[0031] As illustrated in Fig. 1, the controller 20 roughly includes an ultrasound controller 21 that controls transmission
andreception, by the ultrasound devices 11, of ultrasound 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
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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 configured
by a CPU and the like.

[0032] 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.

[0033] 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.

[0034] The arithmetic unit 24 has a retained urine volume calculator 24a 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
volume calculator 24a is stored in the memory 23.

[0035] 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 volume in the bladder may be displayed
in the form of, for example, a line graph.

[0036] 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, and input 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.

[0037] 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.

[0038] First, ultrasound transmitted by the ultrasound devices 11 is reflected at the boundary between tissues. There-
fore, 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.

[0039] 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 = Y PixDi (1)

EU = PDxR (2

[0040] Here, Pdj represents a measurement index value, EU represents the calculated urine volume in the bladder,
PD represents an average index value described later, and R represents a coefficient defined in accordance with dif-
ferences 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 case j 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.

[0041] In the ultrasonic urine volume measuring instrument 1 of the embodiment, because the measurement is per-
formed in ultrasound A mode, measurement results are susceptible 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). Each measurement index value PDj 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 for i = 1 to 4, and, as a result, ten measurement index values
PDj can be obtained in one measurement. From these measurement index values PDj (j = 1 to 10), the maximum value
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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 in the bladder in each measurement cycle can be calculated. The urine volume EU calculated in this manner
is chronologically stored, along with its measurement time, in the memory 23.

[0042] Theabove-mentioned ultrasonic urine volume measuring instrument 1 of the embodiment performs the following
operations on the basis of an input from the outside to the input unit 22.

(A) Positioning of ultrasound device (positioning mode)

(B) Residual urine measurement (residual urine mode)

(C) Regular measurement (regular mode)

(D) Urine volume report measurement (alarm mode)

(E) Low power consumption urine volume report measurement (low power consumption mode)

(F) Generation/recording of urine volume management 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 description.

(A) Positioning of ultrasound device (positioning mode)

[0043] In the ultrasonic urine volume measuring instrument 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 measurement 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 posi-
tioning mode of measuring the urine volume 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 measured with high accuracy.
[0044] Hereinafter, the positioning mode will be specifically described.

[0045] 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.

[0046] 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 addition, 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.

[0047] 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.

[0048] Sinceitisdesirabletoconduct positioning atthe start of each measurement, switching the mode to the positioning
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.
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[0049] 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 measurement to another in accordance with, for example, the body movement of the measurement subject at
the time of measurement.

[0050] 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 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 measurement 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 positioning mode becomes shorter than a time until urine volume in the bladder is first output after entering
a normal measurement mode, and the reactivity to changes in the position of the ultrasound probe 10 becomes higher.
[0051] Furthermore, as illustrated in Fig. 8, the same ultrasound 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
ultrasound reflected 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 trans-
mission interval. For example, in the example where the ultrasound transmission interval is 0.1 seconds, the value of
urine volume in the bladder can be consecutively obtained at an interval of 0.1 seconds.

[0052] 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 measurement 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 indicating 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 23a is 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 maximum value.

[0053] 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 automatically 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 24b included in the arithmetic unit 24.

[0054] 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 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.
[0055] 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. Furthermore, 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
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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 alarmunit 26 may produce an acoustic signal or vibration at a long producing interval. This can be implemented
by the arithmetic unit 24 which obtains the difference between the calculated 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 thresholds and stepwisely determines an alarm interval
on the basis of the comparison results.

[0056] Next, on the 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
allowance value (second positioning index value 42) is not set will be described.

[0057] 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 selecting button group 43 attached to the ultrasonic urine volume
measuring instrument 1 (step S10). Step S10 here corresponds to a first step of the present invention. Next, the maximum
value stored in the index value memory 23a is reset (step S11). Next, the retained urine volume calculator 24a measures
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).

[0058] Next, the measured urine volume is compared with the maximum value by the first comparator 24c (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 24c (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 to S18 are not performed, and it is determined whether to cancel the positioning mode (step S19).

[0059] Next to step S15, the positioning index value 41 displayed on the bar graph on the screen is updated in
accordance with the updated maximum value (step S16), 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.

[0060] 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 positioning mode is performed in response to pressing a button included in the mode selecting button group 43,
and accordingly 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 ultrasound 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.

[0061] According to the positioning mode of the embodiment, 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 value is 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 measurement modes.

(B) Residual urine measurement (residual urine measurement mode)

[0062] Next, residual urine measurement will be described. In residual urine measurement, urine volume retained in
the bladder at a measurement time point is measured.

[0063] The residual urine measurement is preferably conducted 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.

[0064] In the 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 volume in the bladder. Specifically, for example, each ultra-
sound device 11 transmits ultrasound ten times at an interval of 0.1 seconds, and obtains ten items of reflected wave
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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.

[0065] The display unit 27 obtains the calculated urine volume in the bladder from the arithmetic unit 24, and displays
its numeral.

(C) Regular measurement (regular measurement mode)

[0066] The regular 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 measurement mode.

[0067] Inthe regular measurement mode, instead of measuring 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 displayed in a graph and are stored in association with
measurement times. That is, the retained urine volume calculator 24a calculates urine volume in the bladder every
certain measurement cycle, such as once every minute. At this time, each ultrasound device 11 transmits ultrasound
every certain transmission cycle, such as once every 0.1 seconds, for ten times (one second), in order to calculate urine
volume in this measurement 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= 1to 4, and, as a result, ten measurement index values PDj (see equations
(1) and (2) above) can be obtained in one measurement cycle. By performing appropriate averaging of these measurement
index values PDj (j = 1 to 10), an average index value PD can be obtained, which is then multiplied 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.

[0068] Although it has been described here that the measurement 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
ultrasound reflected waves U2 to U11 based on ultrasound transmission. 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 transmission interval.

(D) Urine volume report measurement (alarm mode)

[0069] 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.

[0070] 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.

[0071] 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 threshold (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.

[0072] 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 ultrasonic urine volume measuring instrument 1 such as that illustrated
in Fig. 11 corresponds to the display unit 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

10



10

15

20

25

30

35

40

45

50

55

EP 2 989 985 A1

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.

[0073] The alarm urine volume is generally urine volume determined that the measurement subject is supposed to
urinate, 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 determining 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.

[0074] According to the alarm mode, it becomes possible to notify a patient who has difficulty in sensing micturition,
such as a patient with overactive bladder, that the bladder is filled with urine at an appropriate timing.

(E) Low power consumption urine volume report measurement (low power consumption mode)

[0075] Inthe ultrasonic urine volume measuring instrument 1 of the embodiment, the controller 20 and/or the ultrasound
probe 10 in Fig. 1 is driven by a battery. Since measurement 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 con-
sumption mode, the above-described alarm mode is executed while reducing power consumption.

[0076] The low power consumption mode is conducted in a 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 consumption 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.

[0077] Hereinafter, the low power consumption mode will be specifically described.

[0078] Fig. 12 is a block diagram that specifically illustrates the block diagram of Fig. 1 in order to describe the low
power consumption mode. As illustrated in Fig. 12, 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.

[0079] The arithmetic 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 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, is stored in the memory 23.

[0080] The alarm unit 26 compares, with the use of the second comparator 24d, the urine volume in the bladder
calculated by the retained urine volume calculator 24a with the alarm urine volume, which means the urine volume
prompting 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 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.

[0081] 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 ultrasonic urine volume measuring instrument 1 such as that illustrated in Fig. 11 corresponds
to the display unit 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 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.

[0082] 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
bladder is calculated every measurement cycle. The calculated urine volume EU is chronologically stored in the memory
23.

[0083] 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 con-
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sumption increases. 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 measurement 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 measurement cycle is kept long to reduce
power consumption.

[0084] 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.

[0085] The second comparator 24d compares the urine volume 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
measurement cycle. In the 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.

[0086] 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 (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 measurement interval near the alarm urine
volume becomes short, thereby implementing highly accurate measurement. Note that the measurement cycle (first
cycle) at the time of positioning 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.

[0087] Inaddition, 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.

[0088] 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 transmits 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 urine volume.

[0089] 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 accordance 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 volumes 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.

[0090] Incontrast,inthe case where the display intervalis the second time interval, in atime 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
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bar graph becomes one in which a measurement value at a time at which no measurement has been performed becomes
missing. At this time, if the second time interval is an integer multiple of the first time interval, more actual measurement
values can be displayed on a graph.

[0091] Next, on the 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 meas-
urement 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.

[0092] Next, each ultrasound device 11 transmits ultrasound toward the bladder of the measurement subject and
receives its reflected waves, the ultrasound controller 21 converts 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 measured urine volume in the bladder is displayed on the
display unit 27, output to the output unit 25, or stored in the memory 23.

[0093] Next, the second comparator 24d compares the calculated 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
ultrasound 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.

[0094] In the 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 immediately 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 S32 (step S34).
[0095] Next, the second comparator 24d compares the measured urine volume in the bladder with the alarm urine
volume (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).
[0096] 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 meas-
urement 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.

[0097] 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.

[0098] Fig. 14 is a block diagram of the ultrasonic urine volume measuring instrument 1 of the embodiment including
a battery 100 and a timer unit 28 for causing the CPU to enter a sleep 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 arithmetic unit 24, thereby causing the CPU to operate
normally. On the basis of a count of the timer clock circuit 102, ultrasound transmission and calculation of urine volume
in the bladder are performed at a short measurement cycle.

[0099] Incontrast, 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.

[0100] 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.

[0101] The urine 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
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state, thereby reducing the power consumption.
(F) Recording of urination diary

[0102] Hereinafter, a urine volume management data generating and recording system using the ultrasonic urine
volume 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 urination diary in which various types of data such as
the measurement subject’s retained urine volume (= urine volume in the bladder) at each measurement time, urination
volume, and urination time are chronologically recorded. The urine volume 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
consumption mode described above.

[0103] 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. 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.

[0104] 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.

[0105] 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 23b in the memory 23. Note that the arithmetic unit 24
is also capable of calculating urine volume in the bladder at a specific time, such as urine volume in the bladder corre-
sponding 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 23b.

[0106] 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.

[0107] Regardingthe method of calculating urine volume retained in the bladder, the calculation method using equations
(1) and (2) discussed in <Embodiment of Basic Configuration> is used to calculate urine volume EU in the bladder every
measurement cycle. The calculated urine volume EU is chronologically stored in the memory 23.

[0108] The urine volume EU in the bladder calculated in this manner is chronologically stored in the measurement
data memory 23b. 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.

[0109] 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 recording of urine volume management data in the case of meas-
urement in the above-described regular measurement mode will be described here.

[0110] 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 23b. Note that Fig. 18 represents, in the form of a table, a micturition time
recorded in the measurement data memory 23b.

[0111] Atthe time a micturition signal is input to the micturition input unit, as has been described above, its micturition
time is stored in the measurement data memory 23b, and urine volume in the bladder upon micturition, which corresponds
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 unit 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.

[0112] In the 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 micturition is the most recent urine volume in the bladder
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stored in the measurement data memory 23b 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.

[0113] 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 perceive 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
micturition 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 anumeral. For example, even in the case where the measurement subject feels micturition
although urine in the bladder is only of a little volume, the measurement 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.

[0114] 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 23b. In addition, at the time of inputting a micturition signal, the urine
volume in the bladder upon micturition may be obtained by performing interpolation on a plurality of values of urine
volume in the bladder stored in the measurement data memory 23b.

[0115] 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 inputting 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.

[0116] The value of urine volume in the bladder of the measurement subject is monitored, and, among urine volumes
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 volume 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.

[0117] 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 displaying 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.

[0118] In addition, the arithmetic unit 24 of the embodimentincludes a management data generator 24f that generates,
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 displayed on the display unit 27.

[0119] 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 micturition input unit, and urination volume and its urination time
that are chronologically represented in the form of a table. In the embodiment, a MAX value serving as the maximum
urine volume in the bladder is represented in the urine volume management data.

[0120] The arithmetic unit 24 calculates the urination volume 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 23b. Specifically, a urination volume calculator 24g in the arithmetic unit 24
compares urine volume in the bladder at a certain time, stored in the measurement data memory 23b, with urine volume

15



10

15

20

25

30

35

40

45

50

55

EP 2 989 985 A1

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 urination 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 of the urination threshold includes 50 cc, though the urination threshold is not limited to this value.

[0121] 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.

[0122] 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 arithmetic 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
measurement data memory 23b, 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 determined that the decrease is leakage of urine.
Alternatively, the arithmetic unit 24 may calculate a difference between a time at which 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.

[0123] 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 micturition 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.

[0124] In this example, the urine volume management data is generated and recorded on the basis of measurement
results in the regular measurement mode. For example, the measurement cycle is shortened from the time of inputting
a micturition 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 reducing power consumption.

[0125] In the embodiment, urine volume management data can be 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 23b 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 bladder at the urination time are displayed, and, since only these activities serving as points in a urination diary
are represented, these items of data can be effectively used when the patient visits a clinic, for example.

[0126] The urine volume management data generated by the management data generator 24f can also be stored in,
for example, a management data memory 23c in the memory 23, and the urine volume management data can be read
out from the management data memory 23c as needed.

[0127] 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
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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 in the controller 20 may be configured in a separate
information terminal. In this case, the memory 23 is also provided in the information terminal, and it is only necessary
to configure thatmeasurement datais transmitted/received using WiFi or Bluetooth with a portion that performs ultrasound
measurement.

[0128] In the ultrasonic urine volume measurement system 1, when there is an occasion to generate urine volume
management 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 auto-
matically generated. Thus, the system 1 exerts a smaller load on the measurement subject and can generate urine
volume management data easily and accurately. Since urine volume management 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 management 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 training plan suitable for the measurement
subject.

[0129] 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 management
data generating method according to the presentinvention 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.

[0130] 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 ultrasound device 11, and an external communication terminal 32
(urine volume management data generating terminal) connected to the measuring instrument main body 31.

[0131] The external communication terminal 32 is not limited to a particular device and may be, for example, a smart
phone, a mobile phone, a tablet terminal, or a personal computer.

[0132] 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 arithmetic unit 24 includes the retained urine volume calculator 24a which calculates the urine volume in the
bladder on the basis of the reflected wave data.

[0133] In contrast, 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
with the first communication unit 33, the micturition input unit, a management data generator 37b, 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 micturition 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 (not illustrated). 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 37b which generates urine volume management data, and a urination volume
calculator 37c¢ that calculates urination volume and its urination time.

[0134] In response to an instruction from the external communication 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
communication terminal 32 is performed using a wireless communication system such as Wi-Fi (Wireless Fidelity),
Bluetooth, 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.

[0135] As illustrated in Fig. 25, the external communication 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 com-
munication unit 35, and stores the data in the measurement data memory 36a in the second memory 36. In response
to an input of a micturition signal to the micturition input unit, the micturition time is stored in the measurement data
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memory 36a, and a urine volume value upon micturition corresponding to the micturition time is read out from the
measurement data memory 36a.

[0136] In the external communication terminal 32, the management data generator 37b in the terminal-side arithmetic
unit 37 is configured to generate urine volume management 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 Figs. 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 micturitions 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 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 consciously 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.

[0137] Calculation and display data of the external communication terminal 32 are configured to be arbitrarily selectable
by a user such as a health professional.

[0138] 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 terminal 32.

[0139] In the example illustrated in Fig. 25, the input unit 22, the micturition input unit, the display unit 27, the output
unit 25, the third comparator 37a, the management data generator 37b, and the urination volume calculator 37c are
provided on the external communication terminal 32 side. However, the configuration is not limited to this, and these
components may be provided on the measuring instrument main body 31 side.

[0140] 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 measuring instrument 1 monitors urine volume in the bladder
of a measurement subject, it becomes possible to guide the measurement subject to the toilet at an appropriate timing.
Particularly, 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.

[0141] Bladder training is performed to train a patient with overactive bladder or the like, who experiences frequent
urination, 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, it is 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 measuring 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 measurement subject to more accurately determine whether
he/she should hold urination, and hence bladder training can be efficiently performed. Specifically, the training is per-
formed by the following steps.

[0142] <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.

[0143] <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.

[0144] <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 determines whether to hold urination.

[0145] The embodiment has the following characteristics.

(1) An ultrasonic urine volume measuring instrument comprising:

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
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and receives a wave reflected from a wall of the bladder;

an ultrasound controller transmission and reception ultrasound and its reflected wave, the transmission and
reception being performed by the ultrasound 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:

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 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 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 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,

wherein the maximum value and/or the allowance value is displayed as a positioning index value for posi-
tioning the ultrasound probe, on the graph on the display unit.

(2) An ultrasonic urine volume measuring instrument comprising:

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 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
transmission and reception being performed by the ultrasound 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 plurality
of tentative measurement positions on the stomach, 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 arithmetic unit and the maximum value and/or the allowance value stored in the index value memory.

(3) The ultrasonic urine volume measuring instrument of (2) further comprising a reporting unit that produces an
alarm on the basis of a result of comparison performed by the comparator.

(4) The ultrasonic urine volume measuring instrument 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,

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

(5) An ultrasonic urine volume measuring instrument comprising:

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 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
transmission and reception being performed by the ultrasound 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 measurement
mode of calculating urine volume at the measurement position, and

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.
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(6) In the ultrasonic urine volume measuring instrument 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
calculating urine volume is less in the positioning mode than in the measurement mode.

(7) An ultrasonic urine volume measuring instrument comprising:

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;

an ultrasound controller that controls transmission and reception of ultrasound and its reflected wave, the
transmission and reception being performed by the ultrasound device; and

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

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

wherein the measurement cycle of ultrasound transmitted 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

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 arithmetic unit to recover every measurement cycle.

(8) An ultrasonic urine volume measuring instrument comprising:

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;

an ultrasound controller that controls transmission and reception of ultrasound and its reflected wave, the
transmission and reception being performed by the ultrasound device; and

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

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 measure-
ment position on 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 de-
termine the measurement position suitable for placing the ultrasound probe in the measurement mode,
wherein the arithmetic unit includes a comparator that compares the calculated urine volume in the bladder with
a certain first threshold,

wherein the ultrasound controller is capable of:

causing, in the positioning mode, the ultrasound device to transmit ultrasound at a certain first cycle,
causing, in the measurement mode, the ultrasound 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

causing, in the measurement mode, the ultrasound 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.

(9) An ultrasonic urine volume measuring instrument comprising:

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;

an ultrasound controller that controls transmission and reception of ultrasound and its reflected wave, the
transmission and reception being performed by the ultrasound device; and

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

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 measure-
ment position on 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 de-
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termine the measurement position suitable for placing the ultrasound probe in the measurement mode,
wherein the arithmetic unit includes a comparator that compares the calculated urine volume in the bladder with
a certain first threshold, and

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,

measuring, in the measurement mode, in a case where the urine volume in the bladder compared by the
comparator 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 second cycle, the second number being
greater than the first number, and

measuring, in the measurement mode, in a case where the urine volume in the bladder compared by the
comparator is less than the first threshold, urine volume in the bladder on the basis of a plurality of reflected
waves chronologically received at a certain third cycle that is longer than the first cycle and the second cycle.

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

the comparator compares the calculated urine volume in the bladder with a certain second threshold that is
greater than the first threshold, and

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.

(11) The ultrasonic urine volume measuring instrument further comprising:

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

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;

a maximum urine volume memory that stores maximum urine volume in the bladder that is a maximum value
among urine volumes in the bladder calculated by the arithmetic unit in a certain period; and

a display unit that displays, at the time of inputting the micturition signal, retained urine volume upon micturition
thatis retained urine volume corresponding to the micturition time, and the maximum urine volume in the bladder.

(12) In the ultrasonic urine volume measuring instrument of (11), the retained urine volume upon micturition is urine
volume in the bladder calculated by the arithmetic unit in a certain time prior to the time of inputting the micturition
signal.

(13) The ultrasonic urine volume measuring instrument of (11) or (12) further comprising:

a urination start input unit used by the measurement subject to input a urination start signal before the meas-
urement subject starts urination; and

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

wherein the measurement data memory stores a urination start time and a urination end time respectively
corresponding to an input time of the urination start signal and an input time the urination end signal.

(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 chron-
ologically arranging at least urine-volume-in-bladder data including the urine volume in the bladder and its meas-
urement time, and micturition data including the micturition time; and

a step of displaying at least part of the urine volume management data in the form of a table or a graph.

(15) In the method of (14), the urine volume management data further includes urination time data at least including
one of a urination start time and a urination end time.

(16) The method of (15) further comprising:

a step of calculating the number of micturitions that is 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 signals in a certain period on the basis of the urination time data; and

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

(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,

wherein the urine volume management data includes the urination volume.

(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,

wherein the urine volume management data includes the time difference or data calculated from the time difference.
(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.

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

(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;

(b) a step of inputting, when the measurement subject feels micturition, a micturition signal to the ultrasonic
urine volume measuring instrument;

(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

(d) determining whether it is necessary to urinate, on the basis of the displayed urine volume in the bladder and
the displayed maximum urine volume in the bladder.

[Reference Signs List]

[0146]

1 ultrasonic urine volume measuring instrument
10 ultrasound probe

11 ultrasound devices

21 ultrasound controller

22a mode selector

24 arithmetic unit

24d second comparator

23b,36a measurement data memory

Claims

1.

An ultrasonic urine volume measuring instrument comprising:

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;

an ultrasound controller that controls transmission and reception of ultrasound and its reflected wave, the
transmission and reception being performed by the ultrasound device; and

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

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

wherein the measurement cycle of ultrasound transmitted 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

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 arithmetic unit to recover every measurement cycle.
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2. An ultrasonic urine volume measuring instrument comprising:

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;

an ultrasound controller that controls transmission and reception of ultrasound and its reflected wave, the
transmission and reception being performed by the ultrasound device; and

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

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 measure-
ment position on 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 de-
termine the measurement position suitable for placing the ultrasound probe in the measurement mode,
wherein the arithmetic unit includes a comparator that compares the calculated urine volume in the bladder with
a certain first threshold,

wherein the ultrasound controller is capable of:

causing, in the positioning mode, the ultrasound device to transmit ultrasound at a certain first cycle,
causing, in the measurement mode, the ultrasound 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

causing, in the measurement mode, the ultrasound 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.

3. An ultrasonic urine volume measuring instrument comprising:

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;

an ultrasound controller that controls transmission and reception of ultrasound and its reflected wave, the
transmission and reception being performed by the ultrasound device; and

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

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 measure-
ment position on 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 de-
termine the measurement position suitable for placing the ultrasound probe in the measurement mode,
wherein the arithmetic unit includes a comparator that compares the calculated urine volume in the bladder with
a certain first threshold, and

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,

measuring, in the measurement mode, in a case where the urine volume in the bladder compared by the
comparator 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 second cycle, the second number being
greater than the first number, and

measuring, in the measurement mode, in a case where the urine volume in the bladder compared by the
comparator is less than the first threshold, urine volume in the bladder on the basis of a plurality of reflected
waves chronologically received at a certain third cycle that is longer than the first cycle and the second cycle.

4. The ultrasonic urine volume measuring instrument according to Claim 2 or 3, wherein the first cycle and the second
cycle are the same cycle.

5. The ultrasonic urine volume measuring instrument according to any one of Claims 1 to 3,
wherein the comparator further compares the calculated urine volume in the bladder with a certain second threshold
that is greater than the first threshold, and
wherein 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,
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that the urine volume is greater than or equal to the second threshold.
The ultrasonic urine volume measuring instrument according to any one of Claims 1 to 3, further comprising:

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

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;

a maximum urine volume memory that stores maximum urine volume in the bladder that is a maximum value
among urine volumes in the bladder calculated by the arithmetic unit in a certain period; and

a display unit that displays, at the time of inputting the micturition signal, retained urine volume upon micturition
thatis retained urine volume corresponding to the micturition time, and the maximum urine volume in the bladder.

The ultrasonic urine volume measuring instrument according to Claim 6, wherein the retained urine volume upon
micturition is urine volume in the bladder calculated by the arithmetic unit in a certain time prior to the time of inputting
the micturition signal.

The ultrasonic urine volume measuring instrument according to Claim 6, wherein the retained urine volume upon
micturition is urine volume in the bladder newly calculated by the arithmetic unit after the ultrasound device transmits
ultrasound at the time of inputting the micturition signal.

The ultrasonic urine volume measuring instrument according to Claim 6, further comprising:

aurination input unit used by the measurement subject to input a urination signal when the measurement subject
urinates,

wherein the measurement data memory further stores a urination time corresponding to an input time of the
urination signal input using the urination input unit.

The ultrasonic urine volume measuring instrument according to any one of Claims 6 to 9, wherein the display unit
displays urine volume in the bladder used in at least one of toilet training and bladder training.

A urine volume management data generating and displaying method using the ultrasonic urine volume measuring
instrument according to any one of Claims 6 to 10, 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, urine volume management data by chrono-
logically arranging at least urine-volume-in-bladder data including the urine volume in the bladder and its meas-
urement time, and micturition data including the micturition time; and

a step of displaying at least part of the urine volume management data in the form of a table or a graph.

The method according to Claim 11, wherein the urine volume management data further includes urination time data
corresponding to an input time of a urination signal input by the measurement subject when the measurement subject
urinates.

The method according to Claim 12, further comprising:

a step of calculating the number of micturitions that is 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 signals in a certain period on the basis of the urination time data; and

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

The method according to Claim 11, 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,
wherein the urine volume management data includes the urination volume.
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15. The method according to Claim 14, further comprising:

a step of calculating a time difference between each urine volume decrease time and the urination time or the

micturition time,

wherein the urine volume management data includes the time difference or data calculated from the time

difference.
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IN THE BLADDER TO APRIL 3

NUMBER OF URINATIONS APRIL 3 10 TIMES
URINATION VOLUME APRIL 3 1, 400ml

NUMBER OF MICTURITIONS APRIL 3 14 TIMES
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