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(57) ABSTRACT

A sensor device according to an embodiment of the present
technology includes a sensor head and a measurement unit.
The sensor head includes a first probe and a second probe,
the first probe including a first antenna section used for
transmission, the second probe including a second antenna
section used for reception, the second probe being situated
at a specified distance from the first probe and facing the first
probe. The measurement unit includes a signal generator that
generates a measurement signal that includes information
regarding characteristics of a propagation of an electromag-
netic wave in a medium between the first and second antenna
sections.
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SENSOR DEVICE, WATER AMOUNT
MEASUREMENT DEVICE, WATER AMOUNT
MEASUREMENT METHOD, INFORMATION
PROCESSING DEVICE, AND INFORMATION

PROCESSING METHOD

TECHNICAL FIELD

[0001] The present technology relates to a sensor device,
a water amount measurement device, a water amount mea-
surement method, an information processing device, and an
information processing method that are used for measuring
a water amount in a medium such as soil.

BACKGROUND ART

[0002] Time-domain reflectometry (TDR) is known as a
method for measuring a water amount in a medium. This
method includes transmitting an electromagnetic wave
along a metallic probe embedded in a medium, and calcu-
lating a water amount in the medium from relative permit-
tivity measured using its reflection response (for example,
refer to Patent Literature 1).

CITATION LIST

Patent Literature

[0003] Patent Literature 1: Japanese Patent
[0004] Application Laid-open No. H10-90201
DISCLOSURE OF INVENTION
Technical Problem
[0005] However, there is a problem in which, since the

TDR measures relative permittivity using the characteristics
of a propagation of an electromagnetic wave in the vicinity
of'a probe in a medium, a gap produced in the vicinity of the
probe has a great impact on the measurement, and thus it is
not possible to measure relative permittivity correctly.

[0006] In view of the circumstances described above, it is
an object of the present technology to provide a sensor
device, a water amount measurement device, a water amount
measurement method, an information processing device,
and an information processing method that make it possible
to improve accuracy in the measurement of relative permit-
tivity of a medium or a water amount in the medium.

Solution to Problem

[0007] A sensor device according to an embodiment of the
present technology includes a sensor head and a measure-
ment unit.

[0008] The sensor head includes a first probe and a second
probe, the first probe including a first antenna section used
for transmission, the second probe including a second
antenna section used for reception, the second probe being
situated at a specified distance from the first probe and
facing the first probe.

[0009] The measurement unit includes a signal generator
that generates a measurement signal that includes informa-
tion regarding characteristics of a propagation of an elec-
tromagnetic wave in a medium between the first and second
antenna sections.

[0010] The sensor device obtains the characteristics of a
propagation of an electromagnetic wave in a medium
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between the first probe and the second probe that respec-
tively perform transmission and reception of an electromag-
netic wave. The impact that a gap produced in the vicinity
of each probe has on the measurement of relative permit-
tivity or a water amount, can be made small sufficiently to
ignore, by making a distance between the first and second
probes sufficiently larger than the gap.

[0011] The sensor device transmits and receives an elec-
tromagnetic wave through the first and second antenna
sections, and this prevents the measurement accuracy from
being decreased due to resonances of the probes.

[0012] The first and second probes may be each consti-
tuted of a coaxial cable that includes a core wire portion and
a shield portion. In this case, the first and second antenna
sections may be each configured as a hole provided in a
portion of the shield portion.

[0013] This makes it possible to obtain a simple configu-
ration of a probe including an antenna section.

[0014] The first and second probes may each include an
end resistance that is electrically connected between an end
of the core wire portion and the shield portion.

[0015] This prevents undesired reflections of a transmis-
sion signal and a reception signal at the ends of probes.
[0016] The sensor head may further include an electro-
magnetic wave absorption material. The electromagnetic
wave absorption material is provided in each of the first and
second probes to cover a portion around the hole in the
shield portion.

[0017] This prevents a transmission signal and a reception
signal from being leaked from a region other than the hole.

[0018] The electromagnetic wave absorption material may
include ferrite.
[0019] The sensor head may further include a support

substrate that includes a first arm, a second arm, and a
coupling portion that couples the first arm to the second arm,
and the first and second probes may be respectively consti-
tuted of striplines respectively provided in the first and
second arms. This makes it possible to obtain a simple and
tough configuration of the sensor head, and to improve the
handleability.

[0020] In this case, the measurement unit may be mounted
on the coupling portion.

[0021] This enables the sensor head and the measurement
unit to be integral with each other.

[0022] The sensor head may further include a temperature
detector. The temperature detector is provided in at least one
of the first probe or the second probe and is capable of
detecting a temperature of the medium.

[0023] This makes it possible to obtain information
regarding a temperature of a medium that is used to correct
measurement data.

[0024] The sensor head may further include an electric
conductivity detector. The electric conductivity detector is
provided in at least one of the first probe or the second probe
and is capable of detecting electric conductivity of the
medium.

[0025] This makes it possible to obtain information
regarding electric conductivity of a medium that is used to
correct measurement data.

[0026] The signal generator may include a signal creating
section and a quadrature detector. The signal creating section
inputs a pulse signal of a specified frequency to the first
probe. The quadrature detector performs quadrature detec-
tion on an output from the second probe.
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[0027] This makes it possible to generate information
regarding a propagation delay time of an electromagnetic
wave that propagates between probes.

[0028] The measurement unit may further include a com-
munication section that is capable of transmitting the mea-
surement signal to an information processing device.

[0029] This makes it possible to provide the measurement
signal to the information processing device arranged in a
location different from an observation point.

[0030] A water amount measurement device according to
an embodiment of the present technology includes a sensor
head, a measurement unit, and a signal processing section.

[0031] The sensor head includes a first probe and a second
probe, the first probe including a first antenna section used
for transmission, the second probe including a second
antenna section used for reception, the second probe being
situated at a specified distance from the first probe and
facing the first probe.

[0032] The measurement unit generates a measurement
signal that includes information regarding characteristics of
a propagation of an electromagnetic wave in a medium
between the first and second antenna sections.

[0033] The signal processing section measures a water
amount in the medium using the measurement signal.

[0034] The signal processing section may include a delay
time calculator, a relative permittivity calculator, and a water
amount calculator. The delay time calculator calculates a
propagation delay time of an electromagnetic wave between
the first and second probes using the measurement signal.
The relative permittivity calculator calculates relative per-
mittivity of a medium using the propagation delay time. The
water amount calculator calculates a water amount in the
medium using the relative permittivity.

[0035] The sensor head may further include a temperature
detector that is capable of detecting a temperature of the
medium, and the signal processing section may be config-
ured to correct the water amount according to an output from
the temperature detector.

[0036] The sensor head may further include an electric
conductivity detector that is capable of detecting electric
conductivity of the medium, and the signal processing
section may be configured to correct the water amount
according to an output from the electric conductivity detec-
tor.

[0037] A water amount measurement method according to
an embodiment of the present technology includes receiv-
ing, by a second antenna section of a second probe, an
electromagnetic wave transmitted from a first antenna sec-
tion of a first probe arranged in a medium, and generating a
measurement signal that includes information regarding
characteristics of a propagation of the electromagnetic wave,
the second probe being arranged in the medium to be
situated at a specified distance from the first probe. A water
amount in the medium is measured using the measurement
signal.

[0038] The measuring the water amount may include
calculating a propagation delay time of the electromagnetic
wave that is measured using the measurement signal, cal-
culating relative permittivity of the medium using the propa-
gation delay time, and calculating a water amount in the
medium using the relative permittivity.

[0039] The medium may be soil.

Jun. 11, 2020

[0040] An information processing device according to an
embodiment of the present technology includes a delay time
calculator, a relative permittivity calculator, and a water
amount calculator.

[0041] The delay time calculator calculates a propagation
delay time of an electromagnetic wave between a first probe
and a second probe using an electromagnetic wave trans-
mitted from a first antenna section of the first probe and
received by a second antenna section of the second probe,
the first probe being arranged in a medium, the second probe
being arranged in the medium to be situated at a specified
distance from the first probe.

[0042] The relative permittivity calculator calculates rela-
tive permittivity of the medium using the propagation delay
time.

[0043] The water amount calculator calculates a water
amount in the medium using the relative permittivity.
[0044] An information processing method according to an
embodiment of the present technology includes calculating
a propagation delay time of an electromagnetic wave
between a first probe and a second probe using an electro-
magnetic wave transmitted from a first antenna section of
the first probe and received by a second antenna section of
the second probe, the first probe being arranged in a
medium, the second probe being arranged in the medium to
be situated at a specified distance from the first probe.
[0045] Relative permittivity of the medium is calculated
using the propagation delay time.

[0046] A water amount in the medium is calculated using
the relative permittivity.

Advantageous Effects of Invention

[0047] As described above, the present technology makes
it possible to improve accuracy in the measurement of
relative permittivity of a medium or a water amount in the
medium.

[0048] Note that the effect described here is not necessar-
ily limitative and may be any effect described in the present
disclosure.

BRIEF DESCRIPTION OF DRAWINGS

[0049] FIG. 1 schematically illustrates a configuration of
a water amount measurement device that includes a sensor
device according to a first embodiment of the present
technology.

[0050] FIG. 2 is a block diagram illustrating a configura-
tion of the water amount measurement device.

[0051] FIG. 3 is a block diagram illustrating a configura-
tion of a measurement unit in the water amount measure-
ment device.

[0052] FIG. 4 is a flowchart of a water amount measure-
ment method in an embodiment of the present technology.
[0053] FIG. 5is a schematic diagram explaining the TDR.
[0054] FIG. 6 illustrates an experimental result demon-
strating an impact that a gap has on a measurement value
obtained by the TDR.

[0055] FIG. 7 illustrates an experimental result of com-
paring a measurement value obtained by the measurement
method with a measurement value obtained by a soil sam-
pling method.

[0056] FIG. 8 is a diagram explaining an effect provided
by the water amount measurement device.
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[0057] FIG. 9 is a diagram explaining an effect provided
by the water amount measurement device.

[0058] FIG. 10 is a diagram explaining an effect provided
by the water amount measurement device.

[0059] FIG. 11 is a diagram explaining an effect provided
by the water amount measurement device.

[0060] FIG. 12 schematically illustrates a configuration of
a water amount measurement device that includes the sensor
device according to a second embodiment of the present
technology.

[0061] FIG. 13 is a diagram explaining an effect provided
by the water amount measurement device.

[0062] FIG. 14 is a diagram explaining an effect provided
by the water amount measurement device.

[0063] FIG. 15 is a diagram explaining an effect provided
by the water amount measurement device.

[0064] FIG. 16 is a diagram explaining an effect provided
by the water amount measurement device.

[0065] FIG. 17 schematically illustrates a configuration of
a water amount measurement device that includes the sensor
device according to a third embodiment of the present
technology.

[0066] FIG. 18 is a front view schematically illustrating a
configuration of a sensor device according to a fourth
embodiment of the present technology.

[0067] FIG. 19 is a partial-cutaway side view schemati-
cally illustrating the configuration of the sensor device
according to the fourth embodiment of the present technol-
ogy.

[0068] FIG. 20 schematically illustrates a configuration of
a modification of the sensor device according to the embodi-
ments of the present technology.

[0069] FIG. 21 schematically illustrates a configuration of
a modification of the sensor device according to the embodi-
ments of the present technology.

[0070] FIG. 22 schematically illustrates a configuration of
a modification of the sensor device according to the embodi-
ments of the present technology.

[0071] FIG. 23 schematically illustrates a configuration of
a modification of the sensor device according to the embodi-
ments of the present technology.

[0072] FIG. 24 schematically illustrates a configuration of
a modification of the sensor device according to the embodi-
ments of the present technology.

[0073] FIG. 25 schematically illustrates a configuration of
a modification of the sensor device according to the embodi-
ments of the present technology.

[0074] FIG. 26 schematically illustrates a configuration of
a modification of the sensor device according to the embodi-
ments of the present technology.

MODE(S) FOR CARRYING OUT THE
INVENTION

[0075] Embodiments according to the present technology
will now be described below with reference to the drawings.

First Embodiment

[0076] FIG. 1 schematically illustrates a configuration of
a water amount measurement device that includes a sensor
device according to an embodiment of the present technol-
ogy. FIG. 2 is a block diagram illustrating a configuration of
the water amount measurement device.
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[0077] [Water Amount Measurement Device]

[0078] A water amount measurement device 100 of the
present embodiment includes a sensor device 10 and a signal
processing unit 50. In the present embodiment, an example
of applying the present technology to the measurement of a
water amount in soil where crops will grow, is described.
[0079] The sensor device 10 obtains the characteristics of
apropagation of an electromagnetic wave in a medium (soil)
M, and generates a measurement signal S1 used to calculate
relative permittivity of the medium M. The signal processing
unit 50 receives the measurement signal S1 from the sensor
device 10, and calculates a water amount in the medium M
using the measurement signal S1.

[0080] Each component is described in detail below.
[0081] The sensor device 10 includes a sensor head 20 and
a measurement unit 30.

[0082] (Sensor Head)

[0083] The sensor head 20 includes a transmission probe
21 (a first probe) and a reception probe 22 (a second probe).
The sensor head 20 respectively includes antenna sections
210 and 220 (a first antenna section and a second antenna
section) that are arranged in a medium M such as soil and
make it possible to transmit and receive an electromagnetic
wave EW of a specified frequency between the transmission
probe 21 and the reception probe 22.

[0084] The transmission probe 21 and the reception probe
22 are embedded in the medium M in a generally vertical
pose such that they are situated at a distance D from each
other and face each other. The transmission probe 21 and the
reception probe 22 are each constituted of a coaxial cable
that includes a core wire portion C1 and a shield portion C2.
The thickness and the length of the cable are not particularly
limited, and the cable may have an arbitrary thickness and
an arbitrary length. For example, the cable can be easily
inserted into soil if it has a thickness (a diameter) of 2 mm
to 6 mm. The core wire portion C1 is constituted of a copper
wire, and the shield portion C2 is constituted of a copper
pipe, but the shield portion C2 may be constituted of a mesh
made of copper wires. The outer surface of the shield portion
C2 is not illustrated, but is covered with a protection layer
constituted of an insulating material.

[0085] The transmission probe 21 is connected to an
output terminal 34 of the measurement unit 30 (refer to FIG.
3), and transmits a transmission signal from the measure-
ment unit 30 to the antenna section 210. The antenna section
210 is provided on a tip (an end) of the transmission probe
21 or near the tip of the transmission probe 21, and transmits
an electromagnetic wave EW corresponding to the trans-
mission signal to the reception probe 22.

[0086] The reception probe 22 is connected to an input
terminal 35 of the measurement unit 30 (refer to FIG. 3),
receives the electromagnetic wave EW using the antenna
section 220, and inputs the reception signal to the measure-
ment unit 30. The antenna section 220 is provided on a tip
(an end) of the transmission probe 22 or near the tip of the
transmission probe 22 such that the antenna section 220
faces the antenna section 210 of the transmission probe 21.
The antenna sections 210 and 220 are not limited to respec-
tively being provided on the tips of the probes 21 and 22, and
may be respectively provided arbitrary positions such as
central positions of the probes 21 and 22.

[0087] The antenna sections 210 and 220 are used to
locally transmit and receive an electromagnetic wave EW at
respective specified positions of the probes 21 and 22, and,
typically, the antenna sections 210 and 220 are each consti-
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tuted of a tiny antenna, the tiny antennas of the antenna
sections 210 and 220 being formed to be sufficiently small
in size to not resonate the respective probes 21 and 22. This
makes it possible to prevent the measurement accuracy from
being decreased due to resonances of the probes 21 and 22.
[0088] In the present embodiment, the antenna sections
210 and 220 each include a hole H provided in a portion of
the shield portion C2. In other words, the probes 21 and 22
are each constituted of a leakage coaxial antenna, the
leakage coaxial antennas of the antenna sections 210 and
220 respectively including the antenna sections 210 and 220
as radio wave leaking sections.

[0089] The hole H has an opening shape such as rectangle,
circle, ellipse, or oval, and in the present embodiment, the
hole H is formed to have an oval shape, the oval shapes of
the holes H the antenna sections 210 and 220 respectively
having long axes in longitudinal directions of the probes 21
and 22. The long axis of the hole H can be set as appropriate
according to the wavelength of an electromagnetic wave EW
to be used. For example, when the wavelength of the
electromagnetic wave EW is 500 MHz to 8 GHz, the length
of the long axis of the hole H is about 5 mm to 15 mm.
[0090] The transmission probe 21 and the reception probe
22 each include an end resistance 23. The end resistance 23
is electrically connected between an end of the core wire
portion C1 and the shield portion C2. This prevents unde-
sired reflections of a transmission signal and a reception
signal at the ends of probes.

[0091] It is favorable that the tips of the transmission
probe 21 and the reception probe 22 be covered with an
electromagnetic-wave-permeability protection member (il-
lustration omitted) that covers the antenna sections 210 and
220.

[0092] The transmission probe 21 and the reception probe
22 each further include a sleeve 24 that contains an elec-
tromagnetic wave absorption material. The sleeve 24 covers
outer peripheries around the antenna sections 210 and 220
(the holes H) of the probes 21 and 22, and prevents a
transmission signal and a reception signal from being leaked
from a region other than the hole H.

[0093] Ferrite is primarily used as the electromagnetic
wave absorption material constituting the sleeve 24, but it is
not limited to this, and any other high permeability material
such as sendust or permalloy may be used according to, for
example, a frequency of the electromagnetic wave EW. The
sleeve 24 may be omitted as necessary, or may be provided
only in one of the probes 21 and 22.

[0094] The size of the distance D between the transmis-
sion probe 21 and the reception probe 22 is not particularly
limited, and is, for example, from 20 mm to 100 mm. If the
distance D is longer than 100 mm, there is an increase in the
attenuation of the electromagnetic wave EW propagating
through the medium M, which may result in being unable to
obtain a sufficient reception intensity. On the other hand, if
the distance D is shorter than 20 mm, there is a technical
difficulty in performing observation. Further, if the distance
D is shorter, a gap formed in the vicinity of the probe 21, 22
has a great impact, which may result in being unable to
measure relative permittivity or a water amount correctly.
[0095] The gap is an air space formed between the
medium M and a portion around the probe 21, 22, and is
formed when the probe 21, 22 is embedded in the medium
M from its surface, or when the probe 21, 22 is moved in the
medium M. As described later, it is favorable that the size of
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a gap (the thickness of an air space) be smaller in order to
measure relative permittivity of the medium M or a water
amount in the medium M with a high degree of accuracy, but
a gap of about 1 mm may typically be produced.

[0096] (Measurement Unit)

[0097] FIG. 3 is a block diagram illustrating a configura-
tion of the measurement unit 30.

[0098] The measurement unit 30 includes a signal genera-
tor 31 and a communication section 32. Typically, the
measurement unit 30 is constituted of a network analyzer.
[0099] The signal generator 31 includes, for example, a
controller 310, a signal creating section 311, a phase shifter
313, and a mixer 315. The signal generator 31 generates a
measurement signal S1 that includes information regarding
the characteristics of a propagation of the electromagnetic
wave EW in the medium M between the antenna sections
210 of the probe 21 and the antenna section 220 of the
reception probe 22.

[0100] The controller 310 is constituted of a computer that
includes, for example, a central processing unit (CPU) and
a memory, and controls components of the measurement unit
30, including the signal creating section 311 and the com-
munication section 32.

[0101] The signal creating section 311 creates a transmis-
sion signal F of a specified frequency, and inputs the
transmission signal F to the transmission probe 21 through
an amplifier 312 and an output terminal 34. The signal
creating section 311 generates a pulse wave (a pulse signal)
as the transmission signal F, but may be configured to
generate a continuous wave as the transmission signal F.
[0102] The signal creating section 311 may have a func-
tion that sweeps a frequency of the transmission signal F. In
this case, the signal creating section 311 generates a trans-
mission signal F of, for example, 500 MHz to 8 GHz
according to an instruction given by the controller 310.
[0103] The phase shifter 313 separates the transmission
signal F into two signals whose respective phases are shifted
by 90 degrees from each other, and inputs the two signals to
the mixer 315. The mixer 315 mixes a reception signal with
the two signals output from the phase shifter 313 to modu-
late those signals into two response signals (I signal/Q
signal), the reception signal being input from the reception
probe 22 through the input terminal 35 and an amplifier 314,
the two response signals being orthogonal to each other.
These response signals are converted into a digital signal
from an analog signal through an AD converter 316, so as to
be generated as the measurement signal S1 in the controller
310.

[0104] The phase shifter 313 and the mixer 315 constitute
a quadrature detector that performs quadrature detection (IQ
detection) on an output from the reception probe 22. The
sum of squares of the I signal and the Q signal corresponds
to the intensity of the reception signal, the square root of the
sum of squares of the I signal and the Q signal corresponds
to the amplitude of the reception signal, and the arctangent
of the I signal and the Q signal corresponds to a phase.
[0105] The communication section 32 is constituted of a
communication module that includes an antenna for com-
munication. The communication section 32 is used to wire-
lessly transmit the measurement signal S1 from the sensor
device 10 to the signal processing unit 50. This makes it
possible to provide the measurement signal S1 to the signal
processing unit 50 arranged in a location different from an
observation point. The configuration is not limited to this,
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and the sensor device 10 may be connected to the signal
processing unit 50 through, for example, a distribution
cable.

[0106] (Signal Processing Unit)

[0107] As illustrated in FIG. 2, the signal processing unit
50 includes a delay time calculator 51, a relative permittivity
calculator 52 and a water amount calculator 53, and a
memory 54. The signal processing unit 50 is constituted of
an information processing device that measures a water
amount in the medium M using the measurement signal S1
transmitted from the sensor device 10 (the measurement unit
30).

[0108] The information processing device may be pro-
vided by a hardware component, such as a CPU, a random
access memory (RAM), or a read only memory (ROM), that
is used in a computer, and by necessary software. Instead of,
or in addition to the CPU, for example, programmable logic
device (PLD) such as a field programmable gate array
(FPGA), a digital signal processor (DSP), or an application
specific integrated circuit (ASIC) may be used.

[0109] In the present embodiment, the delay time calcu-
lator 51, the relative permittivity calculator 52, and the water
amount calculator 53 are configured as functional blocks by
the CPU executing a specified program. The memory 54 is
configured by, for example, the ROM of the signal process-
ing unit 50. Of course, dedicated hardware such as an
integrated circuit (IC) may be used in order to provide each
block. A program is installed in the signal processing unit 50,
for example, through various recording media.

[0110] Alternatively, a program may be installed through,
for example, the Internet.

[0111] The delay time calculator 51 is configured to cal-
culate, using the measurement signal S1, a propagation
delay time of an electromagnetic wave EW between the
transmission probe 21 (the antenna section 210) and the
reception probe 22 (the antenna section 220).

[0112] The propagation delay time of an electromagnetic
wave EW is typically a difference that the propagation time
of'the electromagnetic wave EW in a medium M has with the
propagation time of an electromagnetic wave in air. A
propagation delay time of an electromagnetic wave depends
on the relative permittivity of a transmission path, and a
propagation delay time is proportional to the square root of
the relative permittivity of a medium. In general, the relative
permittivity of soil itself is about 1 to 10, and varies
depending on a water amount. Thus, this indicates that it will
be possible to indirectly measure the water amount in the
medium M if it is possible to measure a propagation delay
time.

[0113] A method for calculating a propagation delay time
is not particularly limited, and in the present embodiment, an
inverse Fourier transform (IFFT) is performed on the mea-
surement signal S1 to obtain an impulse response, and a
pulse delay time is calculated from its peak position. The
propagation delay time of the electromagnetic wave EW is
calculated by subtracting transmission times (cable trans-
mission times) of the probes 21 and 22 from the pulse delay
time.

[0114] The relative permittivity calculator 52 is configured
to calculate the relative permittivity of the medium M using
the propagation delay time of the electromagnetic wave E
that is calculated in the delay time calculator 51. The relative
permittivity of water is typically 80.
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[0115] The water amount calculator 53 is configured to
calculate a water amount in the medium M using the relative
permittivity calculated in the relative permittivity calculator
52. For example, the Topp’s formula is used to calculate the
water amount (described later), and water content by volume
[%] in the medium M is calculated as the water amount.

[0116] The signal processing unit 50 may further include,
for example, a communication section and a display section,
the communication section being capable of communicating
with the communication section 32 of the measurement unit
30, the display section being capable of displaying, for
example, information regarding a propagation delay time,
relative permittivity, and a water amount that are calculated
in each functional block.

[0117] [Water Amount Measurement Method]

[0118] The signal processing unit 50 is described in detail
below, together with a typical operation of the water amount
measurement device according to the present embodiment.

[0119] FIG. 4 is a flowchart of a water amount measure-
ment method in the present embodiment.

[0120] First, as illustrated in FIG. 1, the transmission
probe 21 and the reception probe 22 are embedded in soil M
(Step 101). The facing distance D between the transmission
probe 21 and the reception probe 22 is, for example, 50 mm.

[0121] Next, an electromagnetic wave EW is transmitted
and received between the transmission probe 21 (the antenna
section 210) and a reception antenna (the antenna section
220) (Step 102).

[0122] In the present embodiment, the measurement unit
30 generates a measurement signal S1 while changing, in 10
MHz steps, a frequency of a transmission signal F(n) input
to the transmission probe 21, the measurement signal S1
including orthogonal frequency response signals (I(n) signal
and Q(n) signal) that are a reception signal output from the
reception probe 22, and transmits the measurement signal S1
to the signal processing unit 50.

[0123] Next, the signal processing unit 50 (the delay time
calculator 51) calculates, using the measurement signal S1,
a propagation delay time of the electromagnetic wave EW
between the transmission probe 21 and the reception probe
22 (Step 103).

[0124] The delay time calculator 51 performs an inverse
Fourier transform on the reception signal using a fast Fourier
transform (FFT) so as to obtain an impulse response h(i),
where the I(n) signal is the real part and the Q(n) signal is
the imaginary part.

hE@)=FFI{I(n),Q(m)} M

[0125] The delay time calculator 51 obtains a pulse delay
time T [s] from the peak position of the impulse response
h(t), and subtracts a cable transmission time t0 [s] from the
pulse delay time T, so as to obtain a propagation delay time
Cetay [s].

T ety =T~ To @

[0126] Next, the signal processing unit 50 (the relative
permittivity calculator 52) calculates relative permittivity e,
of the medium M, where the propagation delay time is T,
[s], the light speed is ¢ [m/s], and the distance (D) between
probes is d [m] (Step 104).

Taotay =4V (&, ®
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[0127] Next, the signal processing unit 50 (the water
amount calculator 53) calculates a water amount (water
content by volume) 0 [%] in the medium M using the Topp’s
formula.

0=-5.3x107242.92x107%¢ -5.5x107%, 2+4.3x 107 %, 3 4)

[0128] As described above, the relative permittivity of the
medium M and the water content by volume in the medium
M are calculated.

[0129] Inthe present embodiment, the relative permittivity
of the medium M and the water content by volume in the
medium M are calculated using a propagation delay time of
the electromagnetic wave EW between the transmission
probe 21 and the reception probe 22 in the medium M. The
distance D (50 mm) between the two probes 21 and 22 is
much larger than a gap (1 mm) produced in the vicinity of
each of the probes 21 and 22, and thus the impact those gaps
have on the measurement of the relative permittivity is
smaller. This results in preventing a measuring error from
occurring due to a gap and in improving accuracy in the
measurement of relative permittivity of the medium M and
a water amount in the medium M.

[0130] Here, as illustrated in FIG. 5, in the TDR, two
measurement probes la and 16 of a TDR sensor 1 are
embedded in a medium, a pulse signal (an electromagnetic
wave) is input along these measurement probes, and a
propagation delay time of an electromagnetic wave is cal-
culated using reflection responses obtained at the ends of the
probes. However, if there is a gap G around the probe la, Ib,
information regarding the relative permittivity of the gap G
will be included in a response signal, which results in being
unable to measure the relative permittivity of the medium M
correctly. Thus, in the TDR, the occurrence of a measuring
error is greatly increased according to the size of a gap G.
[0131] FIG. 6 illustrates an example of an impact that a
gap has on a measurement value obtained by the TDR. In the
figure, the vertical axis represents an error between a mea-
surement value obtained by the TDR and a measurement
value obtained by a soil sampling method using the same
soil, and the horizontal axis represents the size of a gap. The
soil sampling method is a method for calculating a water
amount in soil from weights before and after the soil is dried,
and the measurement value is not affected by a gap. On the
other hand, in the TDR, an impact that a gap has on the
measurement value is too great to ignore, and a measure-
ment value obtained by the TDR greatly differs from a
measurement value obtained by the soil sampling method.
Thus, in the TDR, the variation in measurement value
depending on a worker is more likely to occur, and thus there
is a need for a high level of proficiency to embed a
measurement probe in a medium in order to prevent the
occurrence of a gap as much as possible.

[0132] On the other hand, in the present embodiment, the
characteristics of delay in propagation of an electromagnetic
wave between the two probes 21 and 22 are evaluated, the
two probes 21 and 22 being arranged in the medium M to be
situated at a distance from each other, the distance being
sufficiently larger than the gap, as described above. This
makes it possible to calculate information regarding relative
permittivity of the medium M with a high degree of accuracy
without substantially being affected by a gap.

[0133] FIG. 7 illustrates an experimental result of com-
paring a measurement value obtained according to the
present embodiment with a measurement value obtained by
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a soil sampling method. In the figure, the vertical axis
represents a propagation delay time of an electromagnetic
wave that is base data for a water amount measured with
respect to an arbitrary soil, and the horizontal axis represents
a measurement value obtained by a soil sampling method
with respect to the same soil. In the figure, the black square
represents a measurement value without a gap, and the white
circle represents a measurement value when there exists a
gap of 1 mm.

[0134] As illustrated in FIG. 7, there is little error in
measurement value between the present embodiment and the
soil sampling method. Moreover, a steady measurement
value is obtained regardless of the presence or absence of
gap, so the variation in measurement value depending on a
worker is less likely to occur, and thus there is no need for
a high level of proficiency to put a probe into soil.

[0135] Next, with respect to four types of soils whose
water amounts (water content by volume) are different from
one another, the propagation delay time of an electromag-
netic wave (an impulse response) was measured by the water
amount measurement method of the present embodiment
described above. FIG. 8 illustrates a result of it. “Standard
sand (Toyoura Standard Sand)” of Toyoura Keiseki Kogyo
Co., Ltd. was used as soil. In FIG. 8, waveforms P11, P12,
P13, and P14 respectively correspond to samples whose
respective water contents by volume are 0%, 8%, 17%, and
25%. Values of relative permittivity that are calculated using
the formula (4) described above, were 1.9, 5.0, 9.1, and 13.4,
respectively.

[0136] FIG. 9 illustrates a result of an experiment that was
performed in a similar way using organic soil (“culture soil
for raising seedling” of TAKII & Co., [.td) as soil. In FIG.
9, waveforms P21, P22, P23, and P24 respectively corre-
spond to samples whose respective water contents by vol-
ume are 11%, 19%, 27%, and 36%. Values of relative
permittivity that are calculated using the formula (4)
described above, were 6.4, 10.3, 14.7, and 21.2, respectively.
[0137] With respect to a relationship between an impulse
response and water content by volume, an approximation
was determined, and comparison with water content by
volume of the same delay time was performed, and a
difference in soil (between standard sand and organic soil)
was confirmed. As a result, there was an error of 7%. It is
presumed that such an error was caused due to organic soil
itself being less dense than standard sand, and due to the
permittivity of soil itself being different.

[0138] FIG. 10 illustrates a graph plotted with the vertical
axis representing a peak position of an impulse response
(propagation delay time) and the horizontal axis represent-
ing water content by volume obtained by a soil sampling
method. Likewise, FIG. 11 illustrates a graph plotted with
the vertical axis representing a peak position of an impulse
response and the horizontal axis representing relative per-
mittivity calculated using the formula (4) described above.
With respect to standard sand and organic soil, measurement
was performed twice for each of the standard sand and the
organic soil on the assumption of being affected by a gap,
but an error was 1% or less, and thus a gap had little impact.
[0139] The present embodiment makes it possible to mea-
sure water content by volume in soil with a high degree of
accuracy, and thus, for example, it is possible to properly
determine whether it is soil suitable for growing crops.
Further, it becomes possible to appropriately manage a water
amount in soil.
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Second Embodiment

[0140] FIG. 12 schematically illustrates a configuration of
a water amount measurement device according to a second
embodiment of the present technology.

[0141] In the following descriptions, a component differ-
ent from the first embodiment is primarily described, and the
same component as the first embodiment is denoted by the
same reference symbol and a description thereof is omitted
or simplified.

[0142] A water amount measurement device 200 of the
present embodiment is different from the water amount
measurement device of the first embodiment in that the
transmission probe 21 and the reception probe 22 constitut-
ing the sensor head 20 each do not include the end resistance
23 (refer to FIG. 2).

[0143] The present embodiment also makes it possible to
obtain an effect similar to that provided by the first embodi-
ment described above. For example, FIG. 13 and FIG. 14
each illustrate the characteristics of a propagation of an
electromagnetic wave that were measured with respect to the
two types of soils (standard sand and organic soil) described
in the first embodiment. In FIG. 13, waveforms P31, P32,
P33, and P34 respectively correspond to samples of standard
sand whose respective water contents by volume are 0%,
8%, 17%, and 25%. In FIG. 14, waveforms P41, P42, P43,
and P44 respectively correspond to samples of organic soil
whose respective water contents by volume are 11%, 19%,
27%, and 36%.

[0144] Further, it was confirmed that the omission of
providing an end resistance results in improving electro-
magnetic wave permeability (sensitivity) and thus the propa-
gation characteristics can be measured with a nearly uniform
sensitivity regardless of water amount.

[0145] As in the case of the first embodiment, FIGS. 15
and 16 respectively illustrate a graph plotted with the
vertical axis representing a peak position of an impulse
response (propagation delay time) and the horizontal axis
representing water content by volume obtained by a soil
sampling method, and a graph plotted with the vertical axis
representing a peak position of an impulse response and the
horizontal axis representing relative permittivity. Also in the
present embodiment, an error was 1% or less for each time,
and thus a gap had little impact.

Third Embodiment

[0146] FIG. 17 schematically illustrates a configuration of
a water amount measurement device according to a third
embodiment of the present technology.

[0147] In the following descriptions, a component differ-
ent from the first embodiment is primarily described, and the
same component as the first embodiment is denoted by the
same reference symbol and a description thereof is omitted
or simplified.

[0148] A water amount measurement device 300 of the
present embodiment is different from the water amount
measurement device of the first embodiment in that the
sensor head 20 includes a temperature detector 25 and an
electric conductivity detector 26.

[0149] The temperature detector 25 is capable of detecting
a temperature of the medium M. For example, an arbitrary
temperature sensor such as a thermocouple or a thermistor
can be adopted as the temperature detector 25.
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[0150] The temperature detector 25 is provided in the
vicinity of the antenna section 220 of the reception probe 22.
Instead, the temperature detector 25 may be provided in a
different position in the reception probe 22, such as the
surface of the sleeve 24. The temperature detector 25 may be
provided not only in the reception probe 22 but also in the
transmission probe 21, or may be provided in the transmis-
sion probe 21.

[0151] The electric conductivity detector 26 is capable of
detecting electric conductivity in the medium M. For
example, an appropriate conductivity sensor or resistivity
sensor of, for example, a two-wire type or a four-wire type,
can be adopted as the electric conductivity detector 26.
[0152] The electric conductivity detector 26 is provided in
the vicinity of the antenna section 210 of the transmission
probe 21. Instead, the electric conductivity detector 26 may
be provided in a different position in the transmission probe
21, such as the surface of the sleeve 24. The electric
conductivity detector 25 may be provided not only in the
transmission probe 21 but also in the reception probe 22, or
may be provided in the reception probe 22.

[0153] It is known that the relative permittivity of a
medium M has a fixed correlation with a temperature or
electric conductivity of the medium M. The present embodi-
ment makes it possible to obtain not only the characteristics
of a propagation of an electromagnetic wave in a medium M
but also information regarding a temperature and electric
conductivity of the medium M, and thus, it is possible to
correct a calculated value of the relative permittivity of the
medium M or the volume content in the medium M accord-
ing to the obtained temperature information or the obtained
electric conductivity information. This makes it possible to
further improve measurement accuracy.

[0154] In the present embodiment, the temperature detec-
tor 25 and the electric conductivity detector 26 are both
provided in the sensor head 20. However, the configuration
is not limited to this, and only one of them may be provided.
Further, the end resistance 23 may be omitted as necessary.
Instead of, or in addition to the temperature detector 25 and
the electric conductivity detector 26, a pH detector that is
capable of measuring a pH of a medium M may be provided
in the sensor head 20.

Fourth Embodiment

[0155] FIG. 18 and FIG. 19 are respectively a front view
and a partial-cutaway side view that schematically illustrate
a configuration of a sensor device according to another
embodiment of the present technology. A sensor device 40
of the present embodiment includes a sensor head 420 and
a measurement unit 430.

[0156] The sensor head 420 includes a support substrate
410, a transmission probe 421 (a first probe), and a reception
probe 422 (a second probe). The support substrate 410
includes a first arm 411, a second arm 412, and a coupling
portion 413. The transmission probe 421 is provided in the
first arm 411, and the reception probe 422 is provided in the
second arm 412.

[0157] The support substrate 410 is constituted of a plate
material of a specified thickness, and is typically constituted
of a wiring substrate including wiring layers on its surface
and in the interior. The first and second arms 411 and 412 are
each formed to have a strip shape having a specified length
and extending in parallel with an axial direction, the strip
shapes of the first and second arms 411 and 412 being
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situated at a specified distance from each other (for example,
20 mm to 100 mm). The coupling portion 413 is formed to
be generally rectangular, and couples an end of the first arm
411 to an end of the second arm 412.

[0158] The transmission probe 421 and the reception
probe 422 are each constituted of a stripline that includes
surface layers 20a and 205 and an internal layer 20c. In the
transmission probe 421 and the reception probe 422, the
wiring layer constituting the internal layer 20c¢ corresponds
to a signal line, and the wiring layers constituting the surface
layers 20a and 205 correspond to shield lines. The surface
layers 20a and 205 and the internal layer 20c¢ are typically
constituted of copper foil.

[0159] The sensor head 420 further includes a pair of
sleeves 424 each containing an electromagnetic wave
absorption material. The sleeves 424 respectively cover a
region of the transmission probe 421 of the first arms 411
and a region of the reception probe 422 of the second arms
412, the regions being regions except for tips (ends) of the
first arms 411 and the second arms 412. In FIG. 18,
peripheries of the first and second arms 411 and 412 each
wrapped with the sleeve 424, are each provided with a
plurality of openings, but these openings may be omitted.
[0160] The tips (ends) of the probes 421 and 422 that are
each not wrapped with the sleeve 424, respectively consti-
tute antenna sections 4210 and 4220 (a first antenna section
and a second antenna section) of the probes 421 and 422. In
the antenna sections 4210 and 4220, the surface layers 20a
and 205 are electrically connected to each other through a
single through-hole 204 or a plurality of through-holes 204.
The through-hole 204 may be hollow, or may be filled with
resin material or metallic material. Alternatively, an end
resistance may be connected instead of the through-hole 20.
The antenna sections 4210 and 4220 may be covered with an
electromagnetic-wave-permeability protection member 20e
(FIG. 19).

[0161] The antenna sections 4210 and 4220 of the trans-
mission probe 421 and the reception probe 422 are arranged
to face each other, and are capable of transmitting and
receiving an electromagnetic wave of a specified frequency
between the two probes 421 and 422 embedded in a
medium.

[0162] The measurement unit 430 corresponds to the
measurement unit 30 of the first embodiment, and generates
a measurement signal that includes information regarding
the characteristics of a propagation of an electromagnetic
wave in a medium between the antenna sections 4210 of the
transmission probe 421 and the reception probe 422 of the
reception probe 422.

[0163] The measurement unit 430 is integral with the
sensor head 420. In the present embodiment, the measure-
ment unit 430 is constituted of a single electronic component
or a plurality of electronic components mounted on the
surface of the coupling portion 413 of the support substrate
410. Through the wiring layers of the support substrate 410,
the measurement unit 430 is electrically connected to the
surface layers 20a and 205 and the internal layer 20c of the
reception probe 421, and to the surface layers 20a and 205
and the internal layer 20c¢ of the transmission probe 422.
[0164] The sensor device 40 of the present embodiment
having the configuration described above also makes it
possible to obtain an effect similar to that provided by the
first embodiment described above. According to the present
embodiment, the transmission probe 421 and the reception
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probe 422 are each constituted of a stripline, the striplines
constituting the transmission probe 421 and the reception
probe 422 being respectively provided in the first arm 411
and the second arm 412 of the support substrate 410, and this
makes it possible to obtain a simple and tough configuration
of the sensor head 420. According to the present embodi-
ment, a certain distance is constantly maintained between
the antenna sections 4210 and 4220, and this makes it
possible to easily perform embedding in soil without adjust-
ing the distance between the reception probe 421 and the
transmission probe 422, and to improve the handleability.
[0165] Inthe present embodiment, the reception probe 421
and the transmission probe 422 are each constituted of a
stripline. However, the configuration is not limited to this,
and the reception probe 421 and the transmission probe 422
may be each constituted of a microstripline in which one of
the surface layers 20a and 204 is omitted.

[0166] One of the first and second arms 411 and 412 of the
support substrate 410 may be further provided with, for
example, a temperature detector that detects a temperature of
a medium, an electric conductivity detector that detects
electric conductivity of a medium, and a pH detector that
detects a pH of a medium.

[0167] <Modification>

[0168] Although the embodiments of the present technol-
ogy have been described above, it is needless to say that the
present technology is not limited only to the embodiments
described above and various modifications may be made
thereto.

[0169] For example, in the embodiments described above,
the example of applying the present technology to the
measurement of a water amount in soil where crops will
grow, has been described. However, the present technology
is not limited to this example, and it is also applicable to the
measurement of the concentration of a different substance
(such as fertilizer) whose relative permittivity is known.
[0170] The measurement target medium is not limited to
soil, and may be a substance other than soil, such as
livestock feed.

[0171] The water amount measurement device 100 is
configured to calculate relative permittivity using the char-
acteristics of a propagation of an electromagnetic wave in a
medium, and to calculate a water amount in the medium
using the relative permittivity. However, the configuration is
not limited to this, and the water amount measurement
device 100 may be configured to directly calculate a water
amount in the medium using the obtained characteristics of
a propagation of an electromagnetic wave. For example,
when the medium is constituted of a relatively simple
system, it is possible to create a correspondence table of the
characteristics of a propagation of an electromagnetic wave
and a water amount in the medium, and thus it is possible to
directly obtain a water amount in the medium from the
characteristics of a propagation of an electromagnetic wave
by referring to the correspondence table.

[0172] In the embodiments described above, the example
in which the signal processing unit 50 is constituted of a
single information processing device, has been described.
However, the configuration is not limited to this, and the
signal processing unit 50 may be constituted of a computer
system in which a plurality of computers operates in con-
junction with one another.

[0173] Further, each of the embodiments described above
has been described using the example in which a transmis-
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sion probe and a reception probe in a sensor device each
include a single antenna section. However, the configuration
is not limited to this, and at least one of a transmission probe
or a reception probe may include a plurality of antenna
sections. Moreover, the configuration of a sensor device is
not limited to the example of including a single transmission
probe and a single reception probe, and the sensor device
may include at least one of a plurality of transmission probes
or a plurality of reception probes.

[0174] For example, a sensor device illustrated in FIG. 20
includes the antenna sections 210 and 220 that respectively
include two transmission probes 21 and two reception
probes 22. In this example, the antenna section 210 of the
transmission probe 21 and the antenna section 220 of the
reception probe 22 are arranged to be situated at a specified
distance from each other in parallel with an axial direction
of the two probes 21 and 22, and to face each other.
[0175] A sensor device illustrated in FIG. 21 includes two
transmission probes 21 and one reception probe, and the
transmission probe 21 and the reception probe 22 respec-
tively include one antenna section 210 and one antenna
section 220. In this example, the reception probe 22 is
arranged between the two transmission probes 21, and the
configuration is made such that an electromagnetic wave is
transmitted from the antenna section 210 of each transmis-
sion probe 21 to the antenna section 220 of the reception
probe 22.

[0176] A sensor device illustrated in FIG. 22 includes two
transmission probes 21 and two reception probes 22, and
each transmission probe 21 and a corresponding one of the
reception probes 22 are arranged to face each other in pairs.
In this example, the transmission probe 21 and the reception
probe 22 respectively include two antenna sections 210 and
two antenna sections 220, as illustrated in FIG. 20. However,
the configuration is not limited to this, and a state in which
the probes 21 and 22 respectively include one antenna
section 210 and one antenna section 220, is also applicable.
[0177] A sensor device illustrated in FIG. 23 includes the
transmission probe 21 including two antenna sections 210,
and the reception probe 22 including one antenna section
220, and the antenna section 220 of the reception probe 22
is capable of receiving an electromagnetic wave transmitted
from each antenna section 210 of the transmission probe 21.
[0178] A sensor device illustrated in FIG. 24 includes the
transmission probe 21 including one antenna section 210,
and the reception probe 22 including two antenna sections
220, and the antenna section 210 of the transmission probe
21 is capable of transmitting an electromagnetic wave to
each antenna section 220 of the reception probe 22.

[0179] A sensor device illustrated in FIG. 25 includes one
transmission probe 21 and two reception probes 22, and the
transmission probe 21 and the reception probe 22 respec-
tively include one antenna section 210 and one antenna
section 220. In this example, the transmission probe 21 is
arranged between the two reception probes 22, and the
antenna sections 220 of the respective reception probes 22
are each capable of receiving an electromagnetic wave
transmitted from the antenna section 210 of the transmission
probe 21.

[0180] A sensor device illustrated in FIG. 26 includes one
transmission probe 21 and two reception probes 22, and the
transmission probe 21 and the reception probe 22 respec-
tively include one antenna section 210 and one antenna
section 220. Also in this example, the antenna sections 220
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of the respective reception probes 22 are each capable of
receiving an electromagnetic wave transmitted from the
antenna section 210 of the transmission probe 21, and the
antenna sections 220 of the respective reception probes 22
are arranged at different distances from the antenna section
210 of the transmission probe 21.

[0181] Note that the present technology may also take the
following configurations.

[0182] (1) A sensor device including:

[0183] a sensor head that includes a first probe and a
second probe, the first probe including a first antenna section
used for transmission, the second probe including a second
antenna section used for reception, the second probe being
situated at a specified distance from the first probe and
facing the first probe; and

[0184] a measurement unit that includes a signal generator
that generates a measurement signal that includes informa-
tion regarding characteristics of a propagation of an elec-
tromagnetic wave in a medium between the first and second
antenna sections.

[0185] (2) The sensor device according to (1), in which
[0186] the first and second probes are each constituted of
a coaxial cable that includes a core wire portion and a shield
portion, and

[0187] the first and second antenna sections each include
a hole provided in a portion of the shield portion.

[0188] (3) The sensor device according to (2), in which
[0189] the first and second probes each include an end
resistance that is electrically connected between an end of
the core wire portion and the shield portion.

[0190] (4) The sensor device according to (2) or (3), in
which
[0191] the sensor head further includes an electromagnetic

wave absorption material that is provided in each of the first
and second probes to cover a portion around the hole in the
shield portion.

[0192] (5) The sensor device according to (4), in which

[0193] the eclectromagnetic wave absorption material
includes ferrite.

[0194] (6) The sensor device according to (1), in which

[0195] the sensor head further includes a support substrate

that includes a first arm, a second arm, and a coupling
portion that couples the first arm to the second arm, and
[0196] the first and second probes are respectively consti-
tuted of striplines respectively provided in the first and
second arms.

[0197] (7) The sensor device according to (6), in which
[0198] the measurement unit is mounted on the coupling
portion.

[0199] (8) The sensor device according to any one of (1)

to (7), in which
[0200] the sensor head further includes a temperature
detector that is provided in at least one of the first probe or
the second probe and is capable of detecting a temperature
of the medium.
[0201] (9) The sensor device according to any one of (1)
to (8), in which
[0202] the sensor head further includes an electric con-
ductivity detector that is provided in at least one of the first
probe or the second probe and is capable of detecting electric
conductivity of the medium.
[0203] (10) The sensor device according to any one of (1)
to (9), in which
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[0204] the signal generator includes a signal creating
section that inputs a pulse signal of a specified frequency to
the first probe, and a quadrature detector that performs
quadrature detection on an output from the second probe.
[0205] (11) The sensor device according to any one of (1)
to (10), in which

[0206] the measurement unit further includes a commu-
nication section that is capable of transmitting the measure-
ment signal to an information processing device.

[0207] (12) A water amount measurement device includ-
ing:
[0208] a sensor head that includes a first probe and a

second probe, the first probe including a first antenna section
used for transmission, the second probe including a second
antenna section used for reception, the second probe being
situated at a specified distance from the first probe and
facing the first probe;
[0209] a measurement unit that generates a measurement
signal that includes information regarding characteristics of
a propagation of an electromagnetic wave in a medium
between the first and second antenna sections; and
[0210] a signal processing unit that measures a water
amount in the medium using the measurement signal.
[0211] (13) The water amount measurement device
according to (12), in which
[0212] the signal processing unit includes

[0213] a delay time calculator that calculates a propa-
gation delay time of an electromagnetic wave between
the first and second probes using the measurement
signal,

[0214] a relative permittivity calculator that calculates
relative permittivity of a medium using the propagation
delay time, and

[0215] a water amount calculator that calculates a water
amount in the medium using the relative permittivity.

[0216] (14) The water amount measurement device
according to (12) or (13), in which

[0217] the sensor head further includes a temperature

detector that is capable of detecting a temperature of the

medium, and

[0218] the signal processing unit corrects the water

amount according to an output from the temperature detec-

tor.

[0219] (15) The water amount measurement device
according to any one of (12) to (14), in which

[0220] the sensor head further includes an electric con-

ductivity detector that is capable of detecting electric con-

ductivity of the medium, and

[0221] the signal processing unit corrects the water

amount according to an output from the electric conductivity

detector.

[0222] (16) A water amount measurement method includ-
ing:
[0223] receiving, by a second antenna section of a second

probe, an electromagnetic wave transmitted from a first
antenna section of a first probe arranged in a medium, and
generating a measurement signal that includes information
regarding characteristics of a propagation of the electromag-
netic wave, the second probe being arranged in the medium
to be situated at a specified distance from the first probe, and
[0224] measuring a water amount in the medium using the
measurement signal.

[0225] (17) The water amount measurement method

according to (16), in which
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[0226] the measuring the water amount includes
[0227] calculating a propagation delay time of the elec-
tromagnetic wave that is measured using the measure-
ment signal,
[0228] calculating relative permittivity of the medium
using the propagation delay time, and
[0229] calculating a water amount in the medium using
the relative permittivity.
[0230] (18) The water amount measurement method
according to (16) or (17), in which

[0231] the medium is soil.
[0232] (19) An information processing device including:
[0233] a delay time calculator that calculates a propaga-

tion delay time of an electromagnetic wave between a first
probe and a second probe using an electromagnetic wave
transmitted from a first antenna section of the first probe and
received by a second antenna section of the second probe,
the first probe being arranged in a medium, the second probe
being arranged in the medium to be situated at a specified
distance from the first probe;

[0234] a relative permittivity calculator that calculates
relative permittivity of the medium using the propagation
delay time; and

[0235] a water amount calculator that calculates a water
amount in the medium using the relative permittivity.
[0236] (20) An information processing method including:
[0237] calculating a propagation delay time of an electro-
magnetic wave between a first probe and a second probe
using an electromagnetic wave transmitted from a first
antenna section of the first probe and received by a second
antenna section of the second probe, the first probe being
arranged in a medium, the second probe being arranged in
the medium to be situated at a specified distance from the
first probe;

[0238] calculating relative permittivity of the medium
using the propagation delay time; and

[0239] calculating a water amount in the medium using the
relative permittivity.

REFERENCE SIGNS LIST

[0240] 10, 40 sensor device

[0241] 20, 420 sensor head

[0242] 21, 421 transmission probe
[0243] 22, 422 reception probe

[0244] 23 end resistance

[0245] 24, 424 sleeve

[0246] 25 temperature detector

[0247] 26 electric conductivity detector
[0248] 30, 430 measurement unit

[0249] 31 signal generator

[0250] 32 communication section

[0251] 50 signal processing unit

[0252] 51 delay time calculator

[0253] 52 relative permittivity calculator
[0254] 53 water amount calculator
[0255] 100, 200, 300 water amount measurement device
[0256] 210, 220, 4210, 4220 antenna section
[0257] 310 controller

[0258] 311 signal creating section
[0259] 313 phase shifter

[0260] 314 mixer
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What is claimed is:

1. A sensor device comprising:

a sensor head that includes a first probe and a second
probe, the first probe including a first antenna section
used for transmission, the second probe including a
second antenna section used for reception, the second
probe being situated at a specified distance from the
first probe and facing the first probe; and

a measurement unit that includes a signal generator that
generates a measurement signal that includes informa-
tion regarding characteristics of a propagation of an
electromagnetic wave in a medium between the first
and second antenna sections.

2. The sensor device according to claim 1, wherein

the first and second probes are each constituted of a
coaxial cable that includes a core wire portion and a
shield portion, and

the first and second antenna sections each include a hole
provided in a portion of the shield portion.

3. The sensor device according to claim 2, wherein

the first and second probes each include an end resistance
that is electrically connected between an end of the core
wire portion and the shield portion.

4. The sensor device according to claim 2, wherein

the sensor head further includes an electromagnetic wave
absorption material that is provided in each of the first
and second probes to cover a portion around the hole in
the shield portion.

5. The sensor device according to claim 4, wherein

the electromagnetic wave absorption material includes
ferrite.

6. The sensor device according to claim 1, wherein

the sensor head further includes a support substrate that
includes a first arm, a second arm, and a coupling
portion that couples the first arm to the second arm, and

the first and second probes are respectively constituted of
striplines respectively provided in the first and second
arms.

7. The sensor device according to claim 6, wherein the

measurement unit is mounted on the coupling portion.

8. The sensor device according to claim 1, wherein

the sensor head further includes a temperature detector
that is provided in at least one of the first probe or the
second probe and is capable of detecting a temperature
of the medium.

9. The sensor device according to claim 1, wherein

the sensor head further includes an electric conductivity
detector that is provided in at least one of the first probe
or the second probe and is capable of detecting electric
conductivity of the medium.

10. The sensor device according to claim 1, wherein

the signal generator includes a signal creating section that
inputs a pulse signal of a specified frequency to the first
probe, and a quadrature detector that performs quadra-
ture detection on an output from the second probe.

11. The sensor device according to claim 1, wherein

the measurement unit further includes a communication
section that is capable of transmitting the measurement
signal to an information processing device.

12. A water amount measurement device comprising:

a sensor head that includes a first probe and a second
probe, the first probe including a first antenna section
used for transmission, the second probe including a
second antenna section used for reception, the second
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probe being situated at a specified distance from the

first probe and facing the first probe;

a measurement unit that generates a measurement signal
that includes information regarding characteristics of a
propagation of an electromagnetic wave in a medium
between the first and second antenna sections; and

a signal processing unit that measures a water amount in
the medium using the measurement signal.

13. The water amount measurement device according to

claim 12, wherein

the signal processing unit includes
a delay time calculator that calculates a propagation

delay time of an electromagnetic wave between the
first and second probes using the measurement sig-
nal,

a relative permittivity calculator that calculates relative
permittivity of a medium using the propagation
delay time, and

a water amount calculator that calculates a water
amount in the medium using the relative permittivity.

14. The water amount measurement device according to

claim 12, wherein

the sensor head further includes a temperature detector
that is capable of detecting a temperature of the
medium, and

the signal processing unit corrects the water amount
according to an output from the temperature detector.

15. The water amount measurement device according to

claim 12, wherein

the sensor head further includes an electric conductivity
detector that is capable of detecting electric conductiv-
ity of the medium, and

the signal processing unit corrects the water amount
according to an output from the electric conductivity
detector.

16. A water amount measurement method comprising:

receiving, by a second antenna section of a second probe,
an electromagnetic wave transmitted from a first
antenna section of a first probe arranged in a medium,
and generating a measurement signal that includes
information regarding characteristics of a propagation
of the electromagnetic wave, the second probe being
arranged in the medium to be situated at a specified
distance from the first probe, and

measuring a water amount in the medium using the
measurement signal.

17. The water amount measurement method according to

claim 16, wherein

the measuring the water amount includes
calculating a propagation delay time of the electromag-

netic wave that is measured using the measurement
signal,

calculating relative permittivity of the medium using
the propagation delay time, and

calculating a water amount in the medium using the
relative permittivity.

18. The water amount measurement method according to

claim 16, wherein

the medium is soil.

19. An information processing device comprising:

a delay time calculator that calculates a propagation delay
time of an electromagnetic wave between a first probe
and a second probe using an electromagnetic wave
transmitted from a first antenna section of the first



US 2020/0182906 Al Jun. 11, 2020
12

probe and received by a second antenna section of the
second probe, the first probe being arranged in a
medium, the second probe being arranged in the
medium to be situated at a specified distance from the
first probe;

a relative permittivity calculator that calculates relative
permittivity of the medium using the propagation delay
time; and

a water amount calculator that calculates a water amount
in the medium using the relative permittivity.

20. An information processing method comprising:

calculating a propagation delay time of an electromag-
netic wave between a first probe and a second probe
using an electromagnetic wave transmitted from a first
antenna section of the first probe and received by a
second antenna section of the second probe, the first
probe being arranged in a medium, the second probe
being arranged in the medium to be situated at a
specified distance from the first probe;

calculating relative permittivity of the medium using the
propagation delay time; and

calculating a water amount in the medium using the
relative permittivity.
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