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one aspect of the present invention includes a water pres-
sure sensor installed in water and configured to measure
an absolute value of water pressure at an installation
position of the water pressure sensor, and a wireless
communicator installed on the ground and configured to
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a water level
gauge, a water pressure sensor device, and a water level
measurement system.
[0002] The present application claims priority based
on Japanese patent application 2017-18967, filed on
February 3, 2017 and includes herein by reference the
content thereof.

Description of Related Art

[0003] A pressure type water level gauge has been
known in which a water pressure detector installed in
water to detect water pressure and a converter which
calculates a water level on the basis of the water pressure
detected by the water pressure detector are integrally
provided (see Japanese Patent Publication No. 3463728
and Japanese Patent Publication No. 5696181).
[0004] A central portion of this water pressure detector
is partitioned by a diaphragm. In the water pressure de-
tector, water pressure is applied to a lower surface of the
diaphragm, and an atmospheric pressure is applied to
an upper surface via an atmospheric pressure introduc-
tion tube. Therefore, the water pressure detector detects
a pressure difference in the diaphragm, converts the de-
tected differential pressure into an electric signal, and
inputs it to the converter via a signal line. This signal line
electrically connects the water pressure detector and the
converter.
[0005] The atmospheric pressure introduction tube is
embedded in a single cable together with the signal line.
The inside of the water pressure detector and the inside
of the converter communicate with each other through
this atmospheric pressure introduction tube. Therefore,
since the inside of the converter is open to the atmos-
phere, the atmospheric pressure is transmitted to the in-
side of the water pressure detector via the atmospheric
pressure introduction tube.

SUMMARY

[0006] As described above, in the water level gauge in
the related art, since an inside of a converter is open to
the atmosphere, moisture easily intrudes into the inside
of the converter and an inside of a water pressure detec-
tor from the inside of the converter via an atmospheric
pressure introduction tube. Therefore, due to the mois-
ture, there are some cases in which circuit boards used
inside the converter or inside the water pressure detector
corrode, or electronic parts cause a problem such as a
short circuit. Therefore, in order to prevent humidity from
intruding into the converter, it is necessary to perform a
countermeasure of providing a filter connived with a dry-

ing material such as silica gel, or a countermeasure in
which a moisture-proof coating is applied on the boards
to prevent corrosion of the circuit boards, resulting in a
high cost. Since the inside of the converter is open to the
atmosphere, there arc some cases in which a corrosive
gas intrudes into the inside of the converter. Therefore,
a countermeasure to protect internal parts from the cor-
rosive gas is also required.
[0007] One aspect of the present invention provides a
water level gauge, a water pressure sensor device, and
a water level measurement system which are capable of
preventing a problem due to corrosion or the like and
reducing costs. Furthermore, the water level gauge, the
water pressure sensor device, and the water level meas-
urement system can be miniaturized and improve meas-
urement accuracy.
[0008] A water pressure sensor device according to a
first aspect of the present invention may include a water
pressure sensor installed in water and configured to
measure an absolute value of water pressure at an in-
stallation position of the water pressure sensor, and a
wireless communicator installed on the ground and con-
figured to transmit a wireless signal indicating the abso-
lute value of the water pressure measured by the water
pressure sensor.
[0009] The above-described water pressure sensor
device may further include a power supply device con-
figured to supply power to each part of the water pressure
sensor device. The power supply device and the wireless
communicator may be provided in a single housing and
installed on the ground.
[0010] In the above described water pressure sensor
device, the wireless communicator and the water pres-
sure sensor may be connected to each other only by
electrical wiring. The housing may have an airtight struc-
ture.
[0011] In the above-described water pressure sensor
device, the water pressure sensor may include a dia-
phragm, a vacuum reference chamber provided on an
upper surface of the diaphragm, and a resonant sensor.
The diaphragm may be deformed by a differential pres-
sure between reference pressure in the vacuum refer-
ence chamber and water pressure of water which is a
measurement target, the upper surface of the diaphragm
being subjected to the reference pressure, a lower sur-
face of the diaphragm being subjected to the water pres-
sure. The resonant sensor may be configured to measure
the absolute value of the water pressure by measuring
an amount of deformation of the diaphragm.
[0012] The above-described water pressure sensor
device may further include a power supply controller con-
figured to measure remaining power of the power supply
device and input a battery exhaustion signal indicating
battery exhaustion into the wireless communicator in a
case that the measured remaining power is less than a
predetermined amount of power.
[0013] The above-described water pressure sensor
device may further include a temperature measurer con-
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figured to measure a temperature of the wireless com-
municator and transmit a warning signal indicating the
measured temperature or abnormality to an outside of
the water pressure sensor device in a case that the meas-
ured temperature is equal to or greater than a predeter-
mined temperature.
[0014] A water level gauge according to a second as-
pect of the present invention may include a first commu-
nicator configured to receive a first wireless signal indi-
cating an absolute value of water pressure from a water
pressure sensor device capable of measuring the abso-
lute value of the water pressure, and a water level cal-
culator configured to calculate a water level on the basis
of the absolute value of the water pressure indicated by
the first wireless signal received by the first communica-
tor and an atmospheric pressure measured by a barom-
eter.
[0015] The above-dcscribed water level gauge may
further include a second communicator configured to
transmit a second wireless signal indicating the water
level calculated by the water level calculator to an outside
of the water level gauge.
[0016] In the above-described water level gauge, the
water level calculator may be configured to calculate the
water level on the basis of a difference between the ab-
solute value of the water pressure and the atmospheric
pressure, and a water density of water which is meas-
urement target.
[0017] In the above-described water level gauge, the
first communicator may be configured to receive, from
each of a plurality of water pressure sensor devices, the
first wireless signal and identification information for iden-
tifying each of the plurality of water pressure sensor de-
vices. The water level calculator may be configured to
calculate the water level for each identification informa-
tion.
[0018] A water level measurement system according
to a third aspect of the present invention may include at
least one water pressure sensor device described above,
a barometer configured to measure an atmospheric pres-
sure, and a water level gauge connected to the water
pressure sensor device wirelessly and connected to the
barometer wirelessly or by wire. The water level gauge
may be configured to calculate a water level on the basis
of the absolute value of the water pressure indicated by
the first wireless signal acquired from the water pressure
sensor device wirelessly and the atmospheric pressure
acquired from the barometer wirelessly or by wire.
[0019] The above-described water level measurement
system may further include an information processing
device configured to transmit and receive information to
and from the water level gauge via a network, the infor-
mation processing device including a controller config-
ured to input an alarm into an external device in a case
that the water level acquired from the water level gauge
via the network exceeds a predetermined value.
[0020] In the above-described water level measure-
ment system, the water level gauge may be configured

to transmit a second wireless signal indicating the calcu-
lated water level to an outside of the water level gauge.
[0021] In the above-described water level measure-
ment system, the water level gauge may be configured
to calculate the water level on the basis of a difference
between the absolute value of the water pressure and
the atmospheric pressure, and a water density of water
which is measurement target.
[0022] In the above-described water level measure-
ment system, the water level gauge may be configured
to receive, from each of a plurality of water pressure sen-
sor devices, the first wireless signal and identification in-
formation for identifying each of the plurality of water
pressure sensor devices and calculate the water level
for each identification information.
[0023] According to the one aspect of the present in-
vention described above, it is possible to prevent a prob-
lem due to corrosion or the like and reduce costs. Fur-
thermore, it is possible to realize the miniaturization of
the device and improve measurement accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIG. 1 is a view showing an example of a schematic
configuration of a water level measurement system
1 using a water level gauge gateway 4 according to
one embodiment of the present invention.
FIG. 2 is a view for describing an arrangement ex-
ample of a water pressure sensor device 2 according
to one embodiment of the present invention.
FIG. 3 is a schematic structural view showing a struc-
ture of a water pressure sensor 21 according to one
embodiment of the present invention.
FIG. 4 is a view showing an example of a schematic
configuration of a water pressure sensor wireless
communicator 22 according to one embodiment of
the present invention.
FIG. 5 is a view showing an example of a schematic
configuration of the water level gauge gateway 4 ac-
cording to one embodiment of the present invention.
FIG. 6 is a view showing an example of a schematic
configuration of a cloud server 6 according to one
embodiment of the present invention.
FIG. 7 is a view showing a display example in which
a controller 62 according to the embodiment of the
present invention displays a water level h on a dis-
play 64.
FIG. 8 is a sequence diagram of the water level
measurement system 1 according to one embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Hereinafter, the present invention will be de-
scribed through embodiments of the present invention,
but the scope of the present invention is not limited to
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the following embodiments. All of the combinations of
features described in the embodiments are not neces-
sarily essential to solutions of the invention. In the draw-
ings, the same or similar parts are denoted by the same
reference signs and duplicated descriptions thereof may
be omitted. Shapes and sizes of the elements in the draw-
ings may be exaggerated for a clearer explanation.
[0026] Throughout the specification, when a certain
part "includes," "has" or "comprises" a certain constituent
element, this does not mean that it excludes other con-
stituent elements unless specifically stated to the contra-
ry, and it can further include other constituent elements.
[0027] Hereinafter, a water level gauge according to
one embodiment of the present invention will be de-
scribed with reference to the drawings.
[0028] FIG. 1 is a view showing an example of a sche-
matic configuration of a water level measurement system
1 using a water level gauge gateway 4 according to one
embodiment of the present invention. As shown in FIG.
1, the water level measurement system 1 includes a plu-
rality of water pressure sensor devices 2 (2-1, 2-2, ···, 2-
N (N is an integer of 1 or more)), a barometer 3, the water
level gauge gateway 4 and a cloud server 6. The water
level measurement system 1 according to the present
embodiment may include one or more water pressure
sensor devices 2. The cloud server 6 may be an example
of an "information processing device" in the present in-
vention. The water level gauge gateway 4 may be an
example of a "water level gauge" in the present invention.
[0029] The cloud server 6 is a server built in a cloud
environment and is a server which is based on a premise
that it is used via a network such as the Internet. The
cloud server 6 is formed with one or a plurality of elec-
tronic devices, terminal devices, servers, general-pur-
pose personal computers, or the like which constitute
cloud computing. Cloud computing is defined in a defini-
tion of cloud computing (SP 800-145), URL: ht-
tps://www.ipa.go.jp/files/000025366.pdf by the National
Institute of Standards and Technology (NIST).
[0030] Each of the water pressure sensor devices 2-1,
2-2, ···, 2-N indicates an individual water pressure sensor
device and has the same configuration. When the water
pressure sensor devices 2-1, 2-2, ···, 2-N are not distin-
guished, they are simply referred to as the "water pres-
sure sensor device 2." A water pressure sensor device
connected to the water level gauge gateway 4 may have
a configuration other than that of the water pressure sen-
sor devices 2-1, 2-2, ···, 2-N.
[0031] The water pressure sensor device 2 transmits
and receives information by wirelessly communicating
with the water level gauge gateway 4.
[0032] As shown in FIG. 2, the water pressure sensor
device 2 includes a water pressure sensor 21, a water
pressure sensor wireless communicator 22, and a signal
line 23.
[0033] The water pressure sensor 21 is installed in wa-
ter. The water pressure sensor 21 measures an absolute
value of water pressure at an installation position which

is a position at which it is installed in the water. The water
pressure sensor 21 inputs the absolute value of the ob-
tained water pressure as an electric signal into the water
pressure sensor wireless communicator 22.
[0034] FIG. 3 is a schematic structural view showing a
structure of the water pressure sensor 21 according to
one embodiment of the present invention.
[0035] The water pressure sensor 21 includes a seal
diaphragm 211, a pressure transmitting sealing liquid
212, a sensor chip 213, a resonant sensor (not shown),
a temperature sensor (not shown), a signal processing
unit 215 and a pressure-resistant container 216. The sen-
sor chip 213 includes a diaphragm 301 and a vacuum
reference chamber 302.
[0036] The seal diaphragm 211 is provided on the low-
er surface of the water pressure sensor 21. The lower
surface of the seal diaphragm 211 is in water and is sub-
jected to water pressure.
[0037] Between the upper surface of the seal dia-
phragm 211 and the lower surface of the diaphragm 301,
the pressure transmitting sealing liquid 212 is filled. The
pressure transmitting sealing liquid 212 is oil which trans-
mits a pressure.
[0038] On the upper surface of the diaphragm 301, the
vacuum reference chamber 302 is provided.
[0039] The inside of the vacuum reference chamber
302 has a structure capable of maintaining a vacuum
state.
[0040] Therefore, the lower surface of the diaphragm
301 is subjected to water pressure Pw. The upper surface
of the diaphragm 301 is subjected to a pressure Pa in
the vacuum reference chamber 302.
[0041] The resonant sensor (not shown) is formed on
the diaphragm 301.
[0042] The internal pressure of this vacuum reference
chamber 302 is maintained at a sufficiently lower pres-
sure than the water pressure to be measured.
[0043] On the diaphragm 301, a thermometer is formed
in addition to the resonant sensor. This thermometer is
used not only for temperature correction of the water
pressure but also as a sensor for measuring a water tem-
perature.
[0044] Hereinafter, a method of measuring a water
pressure absolute value Pb in the water pressure sensor
21 will be described. When the water pressure sensor
21 is installed in water, the lower surface of the seal di-
aphragm 211 is subjected to the water pressure Pw. The
water pressure Pw received by the lower surface of the
seal diaphragm 211 is transmitted to the lower surface
of the diaphragm 301 by the pressure transmitting sealing
liquid 212. In this case, the diaphragm 301 is subjected
to the pressure Pa inside the vacuum reference chamber
302 on the upper surface and the water pressure Pw on
the lower surface. Therefore, the diaphragm 301 is de-
formed by a differential pressure between the water pres-
sure Pw and the pressure Pa. This amount of deformation
caused by the pressure is proportional to the water pres-
sure when the pressure in the vacuum reference cham-
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ber 302 is constant. The water pressure sensor 21 can
measure the water pressure absolute value Pb by meas-
uring this amount of deformation of the diaphragm with
the resonant sensor disposed on the diaphragm.
[0045] The resonant sensor includes, for example, a
crystal resonator. The crystal resonator, which is used
while resonating a crystal, detects the amount of defor-
mation based on the characteristics of the crystal in which
the resonance frequency is changed by external forces.
The state of the resonator disposed on the diaphragm is
changed by the external forces and thereby the frequen-
cy output of the resonant sensor is changed. The reso-
nant sensor detects the amount of deformation of the
diaphragm based on the change in the frequency output.
[0046] The amount of deformation of the diaphragm
301 detected by the resonant sensor is converted by the
signal processing unit 215 into an analog output, then
the analog signal is digitized, and thereby the water pres-
sure is calculated by arithmetic processing of the signal.
The temperature correction is also performed by the sig-
nal processing unit 215. The signal processing unit 215
inputs the measured water pressure absolute value Pb
into the water pressure sensor wireless communicator
22 via the signal line 23. A gauge sensor may be used
instead of the resonant sensor.
[0047] As described above, the water pressure sensor
device 2 has a configuration of measuring a so-called
absolute pressure of water pressure, not a configuration
of measuring a gauge pressure of water pressure with
reference to an atmospheric pressure as in the related
art. As a result, the water pressure sensor device 2 ac-
cording to the present embodiment does not require wir-
ing in which an expensive atmospheric pressure intro-
duction tube is embedded or the like. Therefore, it is pos-
sible to reduce the cost of the water pressure sensor
device 2. The water pressure sensor 21 need only be
able to measure the water pressure absolute value Pb,
and is not particularly limited to the above-described
structure. For example, the water pressure sensor 21
may measure the water pressure absolute value Pb by
ultrasonic waves or the like.
[0048] The signal line 23 connects the water pressure
sensor 21 and the water pressure sensor wireless com-
municator 22, and transmits signals and electric power.
[0049] The water pressure sensor wireless communi-
cator 22 is installed on the ground 100 such as at a small
observation post.
[0050] FIG. 4 is a view showing an example of a sche-
matic configuration of the water pressure sensor wireless
communicator 22 according to one embodiment of the
present invention.
[0051] As shown in FIG. 4, the water pressure sensor
wireless communicator 22 includes an acquirer 221, a
power supply device 222, a power supply controller 223,
a storage 224, a signal controller 225, a wireless com-
municator 226, and a temperature measurer 227. The
acquirer 221, the power supply device 222, the power
supply controller 223, the storage 224, the signal con-

troller 225, the wireless communicator 226, and the tem-
perature measurer 227, which are respective parts of the
water pressure sensor wireless communicator 22, are
accommodated in the same housing and provided on the
ground 100. The housing has an airtight structure.
[0052] The acquirer 221 is connected to the signal line
23. The acquirer 221 acquires the water pressure abso-
lute value Pb from the water pressure sensor 21 via the
signal line. The acquirer 221 inputs the acquired water
pressure absolute value Pb into the signal controller 225.
[0053] The power supply device 222 supplies power
to each part of the water pressure sensor device 2. That
is, the power supply device 222 supplies power to each
part of the water pressure sensor wireless communicator
22 and also supplies power to the water pressure sensor
21 via the signal line 23. As the power supply device 222,
a nickel hydrogen battery or a lithium ion battery can be
used. The battery may be a primary battery or a second-
ary battery. Instead of a battery, an electric double layer
capacitor (condenser) can be used for the power supply
device 222. As described above, since the water pres-
sure sensor device 2 is driven by the embedded power
supply device 222, there is no need for it to be wired to
the outside to obtain power. Therefore, the water level
measurement can be realized merely by fixing the water
pressure sensor 21 and installing the water pressure sen-
sor wireless communicator 22. Consequently, unneces-
sary wiring or the like is not necessary and installation
costs can be significantly reduced.
[0054] The power supply controller 223 controls an
amount of power output from the power supply device
222. The power supply controller 223 measures a re-
maining value of power (hereinafter referred to as "re-
maining power") stored in the power supply device 222.
When the measured remaining power of the power sup-
ply device 222 is less than a predetermined amount of
power, the power supply controller 223 inputs a battery
exhaustion signal indicating battery exhaustion into the
signal controller 225. However, in regards to this value
of the remaining power amount, a method of measuring
a voltage by the signal controller 225 can also be used.
[0055] The temperature measurer 227 incorporates a
temperature sensor and monitors a temperature of the
water pressure sensor wireless communicator 22. By
monitoring the temperature of the water pressure sensor
wireless communicator 22, the temperature measurer
227 quickly senses a cause of a fire accident due to bat-
tery leakage, a short circuit, or the like, and generates a
control signal for shutting off the power supply device
222. The temperature and the control signal are trans-
mitted to the signal controller 225. For example, when a
temperature measured by the temperature sensor is de-
termined to be equal to or greater than a value indicating
abnormality, the temperature measurer 227 transmits a
warning signal indicating the temperature or abnormality
to the cloud server 6 via the water level gauge gateway
4. The cloud server 6 inputs a warning signal indicating
the temperature and abnormality acquired from the water
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pressure sensor wireless communicator 22 via the water
level gauge gateway 4 into a communication terminal
owned by a user. Thereby, the water pressure sensor
device 2 can promptly inform the user of danger of fire
in the water pressure sensor wireless communicator 22.
After transmitting the warning signal to the cloud server
6, the signal controller 225 may electrically shut off the
power supply device 222 from the water pressure sensor
wireless communicator 22 on the basis of the control sig-
nal output from the temperature measurer 227. The sig-
nal controller 225 may generate a warning signal on the
basis of the control signal.
[0056] The storage 224 stores identification informa-
tion for identifying each individual device of the water
pressure sensor devices 2 from the plurality of water
pressure sensor devices 2 (2-1, 2-2, ···, 2-N).
[0057] The signal controller 225 assigns the identifica-
tion information stored in the storage 224 to the water
pressure absolute value Pb acquired from the acquirer
221. The signal controller 225 wirelessly transmits the
water pressure absolute value Pb to which the identifi-
cation information has been assigned to the water level
gauge gateway 4 via the wireless communicator 226.
The signal controller 225 wirelessly transmits the battery
exhaustion signal acquired from the power supply con-
troller 223 to the water level gauge gateway 4 via the
wireless communicator 226. In that case, the signal con-
troller 225 assigns identification information stored in the
storage 224 to the battery exhaustion signal and wire-
lessly transmits it to the water level gauge gateway 4.
[0058] The wireless communicator 226 wirelessly
communicates with the water level gauge gateway 4. The
communication line in this wireless communication in-
cludes a computer network such as the Internet, a core
network of communication carriers, and various local net-
works. For example, the wireless communicator 226 may
use a low-power wide-area network (LPWAN), may use
WiFi (registered trademark), or may use ZigBee (regis-
tered trademark) which is a short distance wireless com-
munication standard, or the like. When the LPWAN, Zig-
Bee (registered trademark) or the like which is a wireless
communication system with low power consumption is
employed as a wireless communication system of the
water pressure sensor wireless communicator 22, since
a life span of the battery can extend and the number of
battery replacements can be reduced, maintenance cost
can be reduced.
[0059] In addition to the above-described functions,
the signal controller 225 may have a role including simple
filtering and statistical processing.
[0060] Returning to FIG. 1, the barometer 3 is connect-
ed to the water level gauge gateway 4 by wire or wire-
lessly. The barometer 3 measures an atmospheric pres-
sure. This barometer 3 has the same structure as the
water pressure sensor 21. That is, the barometer 3 in-
cludes the vacuum reference chamber 302 and a pres-
sure sensor 214, and measures an atmospheric pressure
Pat with reference to the pressure Pa in the vacuum ref-

erence chamber 302. The barometer 3 transmits the
measured atmospheric pressure Pat to the water level
gauge gateway 4 by wire or wirelessly.
[0061] The water level gauge gateway 4 is wirelessly
connected to at least one or more water pressure sensor
devices 2 and is connected to the barometer 3 wirelessly
or by wire. The water level gauge gateway 4 transmits
and receives information to and from the cloud server 6
via a communication network 5. This communication net-
work 5 may be a transmission path of wireless commu-
nication or a combination of a transmission path of wire-
less communication and a transmission path of wired
communication. The communication network 5 includes
a computer network such as the Internet, a core network
of communication carriers, and various local networks.
For example, the communication network 5 may be a
wireless communication network of a mobile communi-
cation system such as a 3G system, a Long Term Evo-
lution (LTE) system, a 4G system or the like, and may
be a wireless communication network of a wireless data
communication system including a wireless metropolitan
area network (MAN) system such as WiMAX (registered
trademark), a wireless WAN system or the like.
[0062] The water level gauge gateway 4 functions as
a repeater relaying information transmitted from the wa-
ter pressure sensor device 2 or the barometer 3 to the
cloud server 6. For example, the water level gauge gate-
way 4 functions as a gateway.
[0063] The water level gauge gateway 4 calculates a
water level h for each piece of identification information
on the basis of the water pressure absolute value Pb
wirelessly acquired from the wireless communicator 226
of the water pressure sensor wireless communicator 22
and the atmospheric pressure Pat acquired from the ba-
rometer 3 wirelessly or by wire. For example, the water
level gauge gateway 4 calculates the water level h for
each of the water pressure sensor devices 2-1, 2-2, ···,
2-N. The water level gauge gateway 4 transmits the water
level h calculated for each piece of identification informa-
tion to the cloud server 6 via the communication network
5. The information of the water level h to be transmitted
to the cloud server 6 is assigned the identification infor-
mation of the water pressure sensor device 2 corre-
sponding to the water level h.
[0064] A water temperature and a battery voltage for
each of the water pressure sensor devices 2-1, 2-2, ···,
2-N and information inside the water pressure sensor
wireless communicator 22 are also transmitted to the
cloud server 6 via the communication network.
[0065] The configuration of the water level gauge gate-
way 4 according to one embodiment of the present in-
vention will be described below.
[0066] As shown in FIG. 5, the water level gauge gate-
way 4 includes a first communicator 41, an acquirer 42,
a storage 43, a water level calculator 44, and a second
communicator 45.
[0067] The acquirer 42 is connected to the barometer
3 by wire or wirelessly. The acquirer 42 acquires the at-
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mospheric pressure Pat from the barometer 3. The ac-
quirer 42 inputs the atmospheric pressure Pat acquired
from the barometer 3 into the water level calculator 44.
[0068] The first communicator 41 communicates with
the wireless communicator 226 of the water pressure
sensor device 2.
[0069] The water level calculator 44 calculates the wa-
ter level h for each piece of identification information on
the basis of a difference between the atmospheric pres-
sure Pat acquired from the acquirer 42 and the water
pressure absolute value Pb received by the first commu-
nicator 41 from the water pressure sensor device 2 (the
wireless communicator 226), and the density ρ of water.
Data and programs used for calculating the water level
h such as the density ρ are stored in the storage 43 in
advance.
[0070] Since the water density p, thermal expansion
of the water pressure sensor, thermal expansion of the
sealing liquid, and the like have temperature depend-
ence, the water level calculator 44 may perform temper-
ature correction also taking this temperature depend-
ence into consideration.
[0071] The water level calculator 44 acquires the bat-
tery exhaustion signal from the wireless communicator
226 via the first communicator 41. The water level cal-
culator 44 transmits the battery exhaustion signal to the
cloud server 6 via the second communicator 45. The wa-
ter level gauge gateway 4 repeatedly executes this cal-
culation of the water level h at regular time intervals and
transmits the calculated water level h to the cloud server
6.
[0072] In the storage 43, long-term measurement data
in a specified capacity is stored as a backup of the meas-
urement data. When the specified amount of data is
reached, old data is erased and new data is stored in the
storage 43. This data can be used as a backup when
some data in the cloud is missing.
[0073] The water level calculator 44 has a statistical
processing function of the water level and temperature
for each of the water pressure sensor devices 2-1, 2-2,
···, 2-N and also has a statistical processing function of
a cross correlation, average value, and the like among
the water pressure sensor devices 2-1, 2-2, ···, 2-N.
[0074] The second communicator 45 communicates
with the cloud server 6 via the communication network 5.
[0075] The cloud server 6 transmits and receives in-
formation to and from the water level gauge gateway 4
via the communication network 5.
[0076] Hereinafter, a configuration of the cloud server
6 according to one embodiment of the present invention
will be described.
[0077] As shown in FIG. 6, the cloud server 6 includes
a third communicator 61, a controller 62, a storage 63,
and a display 64.
[0078] The third communicator 61 transmits and re-
ceives information to and from the second communicator
45 of the water level gauge gateway 4 via the communi-
cation network 5.

[0079] The controller 62 stores the water level h, the
water temperature, and the temperature of the water
pressure sensor wireless communicator 22 which are ac-
quired from the second communicator 45 of the water
level gauge gateway 4 via the third communicator 61 in
the storage 63. For example, the controller 62 acquires
the water level h, the water temperature, and the tem-
perature of the water pressure sensor wireless commu-
nicator 22 from the second communicator 45 of the water
level gauge gateway 4 via the third communicator 61 at
regular time intervals. The controller 62 stores the water
level h, the water temperature, and the temperature of
the water pressure sensor wireless communicator 22
which are acquired at regular time intervals in the storage
63 in time series. In this case, the controller 62 may store
the water level h, the water temperature, and the tem-
perature of the water pressure sensor wireless commu-
nicator 22 in the storage 63 in time series and for each
piece of identification information. That is, the water level
h, the water temperature, and the temperature of the wa-
ter pressure sensor wireless communicator 22 are stored
in the storage 63 for each of the water pressure sensor
devices 2-1, 2-2, ···, 2-N in time series. The controller 62
may collect the water levels h acquired at regular time
intervals and create statistical data on the basis of the
collected water levels h.
[0080] The controller 62 can display the water level h
(FIG. 7), the water temperature, the temperature of the
water pressure sensor wireless communicator 22 which
are stored in the storage 63 in time series, and the sta-
tistical data of those measured values on the display 64.
[0081] The controller 62 executes a water level abnor-
mality determination for determining whether or not the
water level h acquired by the third communicator 61 via
the communication network 5 exceeds a predetermined
value. When the water level h used for determining the
water level abnormality exceeds the predetermined val-
ue, the controller 62 inputs an alarm into an external de-
vice. For example, when the water level h used for water
level abnormality determination exceeds the predeter-
mined value, the controller 62 outputs a warning by send-
ing a value of the water level h, warning text, or a sound
to the communication terminal (external device) owned
by the user. This warning text is, for example, content
indicating that the water level h has reached the abnormal
value, a website address in which details of the abnor-
mality are described, or the like. The communication ter-
minal may be any terminal that can communicate, and
is, for example, a mobile phone such as a smartphone,
a tablet terminal, a personal computer (PC), or the like.
For example, the user is a person who monitors a water
level of the water in which the water pressure sensor 21
is submerged.
[0082] As another embodiment, the controller 62 may
execute the water level abnormality determination for de-
termining whether or not the water level h acquired by
the third communicator 61 via the communication net-
work 5 is less than the predetermined value.
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[0083] Similarly to the above description, also for water
temperature abnormality, a threshold value can be set
and a similar warning output can be output when the wa-
ter temperature exceeds or falls below the threshold val-
ue.
[0084] After inputting the alarm into the communication
terminal owned by the user, when the water level h ac-
quired by the third communicator 61 via the communica-
tion network 5 is determined to be equal to or less than
the predetermined value, the controller 62 may input to
the communication terminal that the warning is canceled.
[0085] When the battery exhaustion signal is acquired
by the third communicator 61 via the communication net-
work 5, the controller 62 inputs a warning indicating that
the remaining power of the power supply device 222 is
insufficient into the communication terminal owned by
the user. The controller 62 may input identification infor-
mation assigned to the battery exhaustion signal together
with this warning into the communication terminal owned
by the user. Thereby, the user can identify the water pres-
sure sensor device 2 in which the remaining power of the
power supply device 222 is insufficient.
[0086] Hereinafter, an operation of the water level
measurement system 1 using the water level gauge gate-
way 4 according to one embodiment of the present in-
vention will be described with reference to FIG. 8.
[0087] The plurality of water pressure sensor devices
2 measure an absolute value PrePb of the water pressure
and the water temperature at respective installation po-
sitions provided in the water, and calculate the water
pressure absolute value Pb which is temperature-cor-
rected using those measured values (step S101). Each
of the plurality of water pressure sensor devices 2 assigns
its own identification information to each of the measured
water pressure absolute values Pb, and transmits it wire-
lessly to the water level gauge gateway 4 (step S102).
In regards to the identification information and the water
pressure data, as a case in which only the data is trans-
mitted or the like after performing identification (ID) au-
thentication at the time of communication establishment,
the identification information does not necessarily need
to be transmitted at the same time at which the data is
transmitted, and any method may be used as long as it
is a mechanism capable of discriminating the device
identification information, the water pressure, and the
temperature between the devices and transmitting them.
[0088] The barometer 3 measures the atmospheric
pressure Pat with reference to the pressure Pa in its own
vacuum reference chamber 302 (step S103). The barom-
eter 3 transmits the measured atmospheric pressure Pat
to the water level gauge gateway 4 by wire or wirelessly
(step S104).
[0089] The water level gauge gateway 4 calculates the
water level h for each piece of identification information
on the basis of the water pressure absolute value Pb
acquired from the wireless communicator 226 of the wa-
ter pressure sensor wireless communicator 22 wirelessly
and the atmospheric pressure Pat acquired from the ba-

rometer 3 wirelessly or by wire (step S 105). The water
level gauge gateway 4 transmits the calculated water lev-
el h to the cloud server 6 via the communication network
5 (step S106).
[0090] The cloud server 6 stores the water level h ac-
quired from the water level gauge gateway 4 via the com-
munication network 5 in the storage 63 in time series and
for each piece of identification information (step S107).
[0091] The cloud server 6 determines whether or not
the water level h acquired via the communication network
5 exceeds the predetermined value. When the water level
h acquired via the communication network 5 exceeds the
predetermined value, the cloud server 6 inputs a warning
into the communication terminal owned by the user (step
S108). The cloud server 6 may also input the warning
into the communication terminal owned by the user when
the water level h acquired via the communication network
5 is equal to or less than the predetermined value.
[0092] As described above, the water level gauge gate-
way 4 according to one embodiment of the present in-
vention includes the first communicator 41 which re-
ceives the water pressure absolute value Pb transmitted
by a wireless signal from the water pressure sensor de-
vice 2 having the water pressure sensor 21 installed in
water and capable of measuring the water pressure ab-
solute value Pb at the installation position of the water
pressure sensor 21 with reference to the pressure of the
vacuum chamber (the vacuum reference chamber 302)
in the water pressure sensor 21, and the water level cal-
culator 44 which calculates the water level h on the basis
of the water pressure absolute value Pb received by the
above-described communication unit from the water
pressure sensor device 2 and the atmospheric pressure
Pat received from the barometer 3. Thereby, since the
water level h can be calculated without using an atmos-
pheric pressure introduction tube, the water level gauge
gateway 4 can achieve high accuracy while reducing a
cost as compared with a water level gauge in the related
art. This water level gauge gateway 4 includes the second
communicator 45 which transmits the water level h cal-
culated by the water level calculator 44 to the outside
with a wireless signal. This cost reduction also includes
reduction in installation cost.
[0093] The water pressure sensor device 2 can wire-
lessly communicate with the water level gauge gateway
4 which calculates the water level on the basis of the
water pressure absolute value Pb and the atmospheric
pressure Pat, and is the water pressure sensor device
for measuring the absolute value Pb of the water pressure
h. The water pressure sensor device 2 includes the water
pressure sensor 21 having the vacuum reference cham-
ber 302 therein and measuring the water pressure abso-
lute value Pb at a predetermined position with reference
to the pressure of the vacuum reference chamber 302,
and a wireless communicator 226 which wirelessly trans-
mits the water pressure absolute value Pb measured by
the water pressure sensor 21 to the water level gauge
gateway 4. As described above, the water pressure sen-
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sor device 2 can be said to have a configuration of meas-
uring a so-callcd absolute pressure of the water pressure,
rather than a configuration in the related art in which a
gauge pressure of the water pressure is measured with
reference to the atmospheric pressure. Thereby, the wa-
ter pressure sensor device 2 does not need wiring in
which an expensive atmospheric pressure introduction
tube is embedded or the like. Therefore, it is possible to
reduce a cost of the water pressure sensor device 2.
Further, since an inside of the water pressure sensor
device 2 is not open to the atmosphere, moisture or a
corrosive gas can be prevented from entering the inside
of the water pressure sensor device 2. As a result, a
countermeasure of providing a coating for moisture-
proofing or for preventing corrosion on a circuit board
inside the water pressure sensor device 2 is unneces-
sary, and thereby the cost is reduced.
[0094] The water pressure sensor device 2 includes
the power supply device 222 which supplies power to
each part of the own device. The power supply device
222 and the wireless communicator 226 are stored in the
same housing as the water pressure sensor wireless
communicator 22 and are provided on the ground 100.
The water pressure sensor wireless communicator 22 is
connected to the water pressure sensor 21 only by elec-
trical wiring, and as described above, the atmospheric
pressure introduction tube is not used. Therefore, since
it is unnecessary to introduce the atmospheric pressure
into the housing of the water pressure sensor wireless
communicator 22, the cost of the water pressure sensor
device 2 can be reduced and miniaturization of the water
pressure sensor wireless communicator 22 can be real-
ized.
[0095] Since it is not necessary to introduce the atmos-
pheric pressure into the water pressure sensor wireless
communicator 22, it is not necessary for the water pres-
sure sensor device 2 to consider an influence of moisture.
Therefore, it is unnecessary to perform a countermeas-
ure of providing a filter connived with a drying material
such as silica gel in the water pressure sensor wireless
communicator 22, or a countermeasure in which a mois-
ture-proof coating is applied on the board to prevent cor-
rosion of the circuit board. As a result, the water pressure
sensor device 2 has a lower cost than that in the related
art.
[0096] In the water level measurement system in the
related art, when measuring the water level h of a plurality
of points in a river or the like, it is necessary to install a
high cost water level gauge having the atmospheric pres-
sure introduction tube at the plurality of points. On the
other hand, in the water level measurement system 1
according to the present embodiment, it is possible to
measure the water level h of a plurality of points by in-
stalling the low-cost water pressure sensor device 2
which does not use the atmospheric pressure introduc-
tion tube at the plurality of points, and merely by installing
the barometer 3 according to the present embodiment
and a repeater (for example, a gateway) having the func-

tion of the water level gauge gateway 4 according to the
present embodiment in at least one point. Thereby, even
when measuring the water level h at a plurality of points
in a river or the like, the water level measurement system
1 can measure the water level h at a lower cost than in
the past.
[0097] In the present embodiment, since a method of
low power consumption is employed to the wireless com-
munication of the water pressure sensor device 2, it is
possible to operate with batteries. That is, a communi-
cation requiring large power consumption is processed
by the water level gauge gateway 4 and commercial elec-
tricity is configured to be used for that portion, and thereby
a life span of the batteries of the water pressure sensor
device 2 can be improved and the number of battery re-
placements can be reduced. Therefore, a maintenance
cost can be suppressed to be small. The installation cost
can be reduced by employing a configuration with no
wiring in the water pressure sensor device 2.
[0098] The present invention is not limited to the
above-described embodiment, and the following modi-
fied examples can be considered, for example.

(1) The water level gauge gateway 4 may have a
function of converting each of the atmospheric pres-
sure Pat acquired from the barometer 3 and the water
pressure absolute value Pb acquired from the water
pressure sensor device 2 into highly accurate value
by performing a statistical method (for example, in-
cluding artificial intelligence (AI)) or digital filter
processing such as infinite impulse response (IIR),
finite impulse response (FIR), or the like.
(2) Since the barometer 3 can measure the atmos-
pheric pressure Pat, it can sense the low pressure
which causes rain. Therefore, the atmospheric pres-
sure Pat measured by the barometer 3 can also be
used for prediction of torrential rain caused by a local
low pressure. For example, when generation of the
low pressure is detected on the basis of the atmos-
pheric pressure Pat acquired from the barometer 3,
the water level gauge gateway 4 transmits a signal
indicating the generation of the low pressure to the
cloud server 6 via the communication network 5.
When the signal indicating the generation of the low
pressure is acquired from the water level gauge gate-
way 4, the cloud server 6 inputs information indicat-
ing the generation of the low pressure into the com-
munication terminal owned by the user. In this man-
ner, the water level gauge gateway 4 has a function
of predicting weather by the short-term and local low
pressure by sensing the low pressure from the at-
mospheric pressure Pat measured by the barometer
3.
(3) The wireless communicator 226 of the water
pressure sensor wireless communicator 22 may
transmit the remaining power of the power supply
device 222 detected by the power supply controller
223 and position information indicating the position
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of its own device to the cloud server 6 via the water
level gauge gateway 4. The cloud server 6 stores
the position information, the identification informa-
tion, the remaining power and the water level h in
the storage 63 in association with each of the water
pressure sensor devices 2-1, 2-2, ···, 2-N. The cloud
server 6 may display positions corresponding to the
position in formation of each of the water pressure
sensor devices 2-1, 2-2, ···, 2-N on a map displayed
on the display 64. For example, the water pressure
sensor wireless communicator 22 may acquire the
position information using the global positioning sys-
tem (GPS).
(4) The water level measurement system I may have
a plurality of water level gauge gateways 4, and in-
formation from the plurality of water level gauge gate-
ways 4 may be collected by the cloud server 6.
Thereby, the water level measurement system 1 can
perform a statistical data analysis of the water level
h in a wide area which cannot be realized with only
one water level gauge gateway 4.
(5) It is possible to construct a water level measure-
ment system with a configuration having only an up-
load function, and since it is possible to eliminate a
mechanism of receiving instructions from an upper
level side in such a configuration, there is no danger
of virus infection at a portion installed at a site of a
lower level than the water level gauge gateway 4.
(6) When the cloud side is made to have a mecha-
nism that can calculate the water level with reference
to a water level at a certain time so that the cloud
side can convert it to a water level with reference to
an output value at a specific time, it is unnecessary
to have an adjustment portion at the time of instal-
lation at a portion to be installed at the site of a lower
level than the water level gauge gateway 4. Thereby,
even though adjustment is possible, the virus infec-
tion on the site side can be reduced.

[0099] A program for realizing all or a part of the func-
tions of the water level measurement system 1 according
to the above-described embodiment may be recorded in
a computer-readable storage medium, and the program
recorded in the storage medium may be read by a com-
puter system and executed so that processing of each
part may be performed. The "computer system" de-
scribed herein includes an operating system (OS) and a
hardware such as peripherals.
[0100] In a case in which the World Wide Web (WWW)
system is used, the "computer system" includes a web-
site providing environment (or display environment).
[0101] The "computer-readable storage medium" re-
fers to a portable medium such as a flexible disk, a mag-
neto-optical disk, or a compact disk, or a storage device
such as a hard disk embedded in a computer system.
Further, the "computer-readable storage medium" also
includes one that holds programs dynamically for a short
period of time such as a communication line in a case in

which programs are transmitted via a network such as
the Internet or a communication line such as a telephone
line, and one that holds programs for a certain period of
time such as volatile memories inside the computer sys-
tem serving as a server or client in the above-described
case. Further, the above-described program may be for
realizing part of the above-described functions, and may
be realized by combining the above-described function
with a program already recorded in the computer system.
[0102] While embodiments of the present invention
have been described in detail above with reference to
the accompanying drawings, the specific configurations
are not limited to the embodiments but may include de-
sign changes without departing from the spirit of the
present invention.

Claims

1. A water pressure sensor device comprising:

a water pressure sensor installed in water and
configured to measure an absolute value of wa-
ter pressure at an installation position of the wa-
ter pressure sensor; and
a wireless communicator installed on the ground
and configured to transmit a wireless signal in-
dicating the absolute value of the water pressure
measured by the water pressure sensor.

2. The water pressure sensor device according to
Claim 1, further comprising:

a power supply device configured to supply pow-
er to each part of the water pressure sensor de-
vice,
wherein
the power supply device and the wireless com-
municator are provided in a single housing and
installed on the ground.

3. The water pressure sensor device according to
Claim 2, wherein

the wireless communicator and the water pres-
sure sensor are connected to each other only
by electrical wiring; and
the housing has an airtight structure.

4. The water pressure sensor device according to any
one of Claims 1 to 3, wherein

the water pressure sensor comprises:

a diaphragm;
a vacuum reference chamber provided on
an upper surface of the diaphragm; and
a resonant sensor,
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wherein
the diaphragm is deformed by a differential pres-
sure between reference pressure in the vacuum
reference chamber and water pressure of water
which is a measurement target, the upper sur-
face of the diaphragm being subjected to the
reference pressure, a lower surface of the dia-
phragm being subjected to the water pressure,
and
the resonant sensor is configured to measure
the absolute value of the water pressure by
measuring an amount of deformation of the di-
aphragm.

5. The water pressure sensor device according to
Claim 2 or Claim 3, further comprising:

a power supply controller configured to:

measure remaining power of the power sup-
ply device; and
input a battery exhaustion signal indicating
battery exhaustion into the wireless com-
municator in a case that the measured re-
maining power is less than a predetermined
amount of power.

6. The water pressure sensor device according to any
one of Claims 1 to 5, further comprising:

a temperature measurer configured to:

measure a temperature of the wireless com-
municator; and
transmit a warning signal indicating the
measured temperature or abnormality to an
outside of the water pressure sensor device
in a case that the measured temperature is
equal to or greater than a predetermined
temperature.

7. A water level gauge comprising:

a first communicator configured to receive a first
wireless signal indicating an absolute value of
water pressure from a water pressure sensor
device capable of measuring the absolute value
of the water pressure; and
a water level calculator configured to calculate
a water level on the basis of the absolute value
of the water pressure indicated by the first wire-
less signal received by the first communicator
and an atmospheric pressure measured by a
barometer.

8. The water level gauge according to Claim 7, further
comprising:

a second communicator configured to transmit
a second wireless signal indicating the water lev-
el calculated by the water level calculator to an
outside of the water level gauge.

9. The water level gauge according to Claim 7 or Claim
8, wherein

the water level calculator is configured to calcu-
late the water level on the basis of a difference
between the absolute value of the water pres-
sure and the atmospheric pressure, and a water
density of water which is measurement target.

10. The water level gauge according to any one of
Claims 7 to 9, wherein

the first communicator is configured to receive,
from each of a plurality of water pressure sensor
devices, the first wireless signal and identifica-
tion information for identifying each of the plu-
rality of water pressure sensor devices, and
the water level calculator is configured to calcu-
late the water level for each identification infor-
mation.

11. A water level measurement system comprising:

at least one water pressure sensor device ac-
cording to any one of Claims 1 to 6:

a barometer configured to measure an at-
mospheric pressure; and
a water level gauge connected to the water
pressure sensor device wirelessly and con-
nected to the barometer wirelessly or by
wire,
wherein the water level gauge is configured
to calculate a water level on the basis of the
absolute value of the water pressure indi-
cated by the first wireless signal acquired
from the water pressure sensor device wire-
lessly and the atmospheric pressure ac-
quired from the barometer wirelessly or by
wire.

12. The water level measurement system according to
Claim 11, further comprising:

an information processing device configured to
transmit and receive information to and from the
water level gauge via a network, the information
processing device comprising a controller con-
figured to input an alarm into an external device
in a case that the water level acquired from the
water level gauge via the network exceeds a pre-
determined value.
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13. The water level measurement system according to
Claim 11 or Claim 12, wherein

the water level gauge is configured to transmit
a second wireless signal indicating the calculat-
ed water level to an outside of the water level
gauge.

14. The water level measurement system according to
any of Claims 11 to 13, wherein

the water level gauge is configured to calculate
the water level on the basis of a difference be-
tween the absolute value of the water pressure
and the atmospheric pressure, and a water den-
sity of water which is measurement target.

15. The water level measurement system according to
any one of Claims 11 to 14, wherein

the water level gauge is configured to:

receive, from each of a plurality of water
pressure sensor devices, the first wireless
signal and identification information for
identifying each of the plurality of water
pressure sensor devices; and
calculate the water level for each identifica-
tion information.
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