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(57) The present disclosure relates to a receiving de-
vice and method, a transmitting device and method, and
a communication system, which are capable of reducing
pulse noise. A signal x(n) from one reception electrode
is input to a variable gain amplifier and an amplitude con-
trol circuit. The variable gain amplifier amplifies the signal
x(n) from one reception electrode and outputs an ampli-
fied signal y(n) to a differential amplifier. The differential
amplifier receives input of a signal d(n) from the other
reception electrode and the signal y(n) from the variable
gain amplifier, and outputs a differential signal e(n). The
amplitude control circuit controls an input amplitude using
an algorithm that sets a gain w(n) of the variable gain
amplifier using the signal x(n) from one reception elec-
trode and the output signal amplitude from the differential
amplifier. The present disclosure can be applied to an
electric field communication system that performs com-
munication using a variation in peripheral electric field
using, for example, air or a human body as a transmission
medium.



EP 3 358 763 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present disclosure relates to a receiving device and method, a transmitting device and method, and a
communication system, and more particularly to a receiving device and method, a transmitting device and method, and
a communication system, which are capable of reducing pulse noise.

Background Art

[0002] Electric field communication is a communication scheme using an electric field variation unlike wireless com-
munication using an electromagnetic wave. As disclosed in Patent Document 1, a transmitter causes a peripheral electric
field to vary by causing a voltage to be applied to a transmission electrode to be changed in accordance with data desired
to be transmitted, and a receiver detects a variation in a peripheral electric field thereof from a potential difference
variation occurring between reception electrodes and estimates transmitted data.
[0003] As a standardization standard of this communication scheme, there are ISO/IEC 17982 closed capacitive
coupling communication physical layer edition 1 and IEEE 802.15.6 human body communication. Signal formats and
the like are different, but a transmission principle is similar to the method described above.
[0004] In both standards, a transmission signal band is from near a direct current to several tens of megahertz (MHz).
On the other hand, a transmission distance is about 1 to 2 m at most. In other words, since the transmission distance
is extremely short with respect to a wavelength of a transmission signal, it is called near field transmission. Using this
fact, although the transmission distance is short, for example, an application in which, as disclosed in IEEE 802.15.6
Annex D, if a human body comes into contact with a transmission electrode and a reception electrode, the human body
is charged in accordance with a signal, and signal transmission in which the human body serves a transmission medium
is performed is considered.
[0005] There are many noise sources in the transmission signal band. Examples of the noise source include 50/60
Hz commercial power supplies, fluorescent lamps, LCD displays, switching power supplies, other digital circuits, and
the like. The noise interferes with the electric field communication and degrades a communication quality. A technique
in which a wide band pass filter and a low band pass filter are installed in a reception circuit in order to reduce the
interference has been proposed.
[0006] However, although the wide band pass filter and the low band pass filter are installed, there is a limit to a
feasible band restriction. This is because the band restriction simultaneously distorts a signal waveform, causes inter-
symbol interference, and causes a code transmission error.
[0007] On the other hand, there is a high possibility that a noise spectrum will be also included in the signal band.
Particularly, in a case in which the present electric field communication system is installed in a digital device such as a
multifunctional mobile phone, since an LCD display and other digital circuits of the multifunctional mobile phone are in
an extremely close range, an interference level of noise generated in the LCD display and other digital circuits is very
high and has a great influence on a quality of electric field communication.
[0008] As a proposal for reducing the noise, a differential amplifier may be employed in the reception circuit. In a case
in which the noise is mixed into a differential amplifier circuit ground in a common mode, since the noise has the same
phase and the same amplitude, the noise is expected not to appear in an output of the differential amplifier.

Citation List

Patent Literature

[0009]

Patent Document 1: JP 4501073B

Disclosure of Invention

Technical Problem

[0010] However, in a case in which one reception electrode is brought into contact with the human body to detect the
electric field signal near the human body, a noise signal level d(n) input to the electrode significantly changes as compared
with a noise signal level y(n) of the other electrode. Therefore, since the noise input to the differential amplifier does not
have the same phase and the same amplitude, and E[dj

2]>E[yj
2] is held, large noise appears in the differential amplifier
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output, and thus the communication quality degrades.
[0011] The present disclosure was made in light of the foregoing, and it is desirable to be able to reduce the pulse noise.

Solution to Problem

[0012] A receiving device according to a first aspect of the present technology includes: a pair of reception electrodes
configured to receive a signal of a peripheral electric field varied by a transmitting device configured to cause a voltage
to be applied to a pair of transmission electrodes to be changed and transmit data; a variable gain amplifier configured
to amplify a signal from one of the reception electrodes; a differential amplifier configured to output a difference between
a signal from the other of the reception electrodes and a signal from the variable gain amplifier; and a gain control unit
configured to control a gain of the variable gain amplifier in accordance with an amplitude of an output signal from the
differential amplifier and an amplitude of the signal from the other of the reception electrodes.
[0013] The gain control unit can control the gain of the variable gain amplifier in an interval in which there is no signal
according to communication.
[0014] The gain control unit can control the gain of the variable gain amplifier in an interval in which there is no signal
according to communication before communication is performed.
[0015] The gain control unit may include an integrator.
[0016] The gain control unit can control the gain of the variable gain amplifier through signal processing.
[0017] One of the pair of reception electrodes can receive the signal of the peripheral electric field varied by the
transmitting device in a state in which the one of the pair of reception electrodes is close to or comes into close contact
with one of the pair of transmission electrodes and a human body.
[0018] The pair of reception electrodes can receive the signal of the peripheral electric field varied by the transmitting
device in a state in which the pair of reception electrodes is close to the pair of transmission electrodes.
[0019] A receiving method according to the first aspect of the present technology includes: receiving, by a pair of
reception electrodes, a signal of a peripheral electric field varied by a transmitting device configured to cause a voltage
to be applied to a pair of transmission electrodes to be changed and transmit data; amplifying, by a variable gain amplifier,
a signal from one of the reception electrodes; outputting, by a differential amplifier, a difference between a signal from
the other of the reception electrodes and a signal from the variable gain amplifier; and controlling, by a gain control unit,
a gain of the variable gain amplifier in accordance with an amplitude of an output signal from the differential amplifier
and an amplitude of the signal from the other of the reception electrodes.
[0020] A transmitting device according to a second aspect of the present technology includes: a pair of transmission
electrodes configured to cause a peripheral electric field to vary, the peripheral electric field enabling a pair of reception
electrodes of a receiving device to receive a signal, the receiving device including the pair of reception electrodes
configured to receive a signal of the peripheral electric field, a variable gain amplifier configured to amplify a signal from
one of the reception electrodes, a differential amplifier configured to output a difference between a signal from the other
of the reception electrodes and a signal from the variable gain amplifier, and a gain control unit configured to control a
gain of the variable gain amplifier in accordance with an amplitude of an output signal from the differential amplifier and
an amplitude of the signal from the other of the reception electrodes; and a transmitter configured to cause a voltage to
be applied to the pair of transmission electrodes to be changed and transmit data.
[0021] One of the pair of transmission electrodes can cause the peripheral electric field to vary, the peripheral electric
field enabling the pair of reception electrodes to receive a signal, in a state in which the one of the pair of transmission
electrodes is close to or comes into close contact with one of the pair of reception electrodes and a human body.
[0022] The pair of transmission electrodes can cause the peripheral electric field to vary, the peripheral electric field
enabling the pair of reception electrodes to receive a signal, in a state in which the pair of transmission electrodes is
close to the pair of reception electrodes.
[0023] A transmitting method according to the second aspect of the present technology includes: causing, by a pair
of transmission electrodes, a peripheral electric field to vary, the peripheral electric field enabling a pair of reception
electrodes of a receiving device to receive a signal, the receiving device including the pair of reception electrodes
configured to receive a signal of the peripheral electric field, a variable gain amplifier configured to amplify a signal from
one of the reception electrodes, a differential amplifier configured to output a difference between a signal from the other
of the reception electrodes and a signal from the variable gain amplifier, and a gain control unit configured to control a
gain of the variable gain amplifier in accordance with an amplitude of an output signal from the differential amplifier and
an amplitude of the signal from the other of the reception electrodes; and causing, by a transmitter, a voltage to be
applied to the pair of transmission electrodes to be changed and transmit data.
[0024] A communication system according to a third aspect of the present technology includes: a transmitting device
including a pair of transmission electrodes, and a transmitter configured to cause a voltage to be applied to the pair of
transmission electrodes to be changed and transmit data; and a receiving device including a pair of reception electrodes
configured to receive a signal of a peripheral electric field varied by the transmitting device, a variable gain amplifier
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configured to amplify a signal from one of the reception electrodes, a differential amplifier configured to output a difference
between a signal from the other of the reception electrodes and a signal from the variable gain amplifier, and a gain
control unit configured to control a gain of the variable gain amplifier in accordance with an amplitude of an output signal
from the differential amplifier and an amplitude of the signal from the other of the reception electrodes.
[0025] In the first aspect of the present technology, a signal of a peripheral electric field varied by a transmitting device
configured to cause a voltage to be applied to a pair of transmission electrodes to be changed and transmit data is
received by a pair of reception electrodes, a signal from one of the reception electrodes is amplified by a variable gain
amplifier, a difference between a signal from the other of the reception electrodes and a signal from the variable gain
amplifier is output by a differential amplifier, and a gain of the variable gain amplifier is controlled by a gain control unit
in accordance with an amplitude of an output signal from the differential amplifier and an amplitude of the signal from
the other of the reception electrodes.
[0026] In the second aspect of the present technology, a peripheral electric field is varied by a pair of transmission
electrodes, the peripheral electric field enabling a pair of reception electrodes of a receiving device to receive a signal,
the receiving device including the pair of reception electrodes configured to receive a signal of the peripheral electric
field, a variable gain amplifier configured to amplify a signal from one of the reception electrodes, a differential amplifier
configured to output a difference between a signal from the other of the reception electrodes and a signal from the
variable gain amplifier, and a gain control unit configured to control a gain of the variable gain amplifier in accordance
with an amplitude of an output signal from the differential amplifier and an amplitude of the signal from the other of the
reception electrodes; and a voltage to be applied to the pair of transmission electrodes is caused to be changed and
data is transmitted by a transmitter.
[0027] In the third aspect of the present technology, a peripheral electric field is varied by a pair of transmission
electrodes, and a voltage to be applied to the pair of transmission electrodes is caused to be changed and data is
transmitted by a transmitter. Further, a signal of the varied peripheral electric field is received by a pair of reception
electrodes, a signal from one of the reception electrodes is amplified by a variable gain amplifier, a difference between
a signal from the other of the reception electrodes and a signal from the variable gain amplifier is output by a differential
amplifier, and a gain of the variable gain amplifier is controlled by a gain control unit in accordance with an amplitude of
an output signal from the differential amplifier and an amplitude of the signal from the other of the reception electrodes.

Advantageous Effects of Invention

[0028] According to the present technology, it is possible to reduce the pulse noise.
[0029] Further, the effect described in this specification is merely an example, and the effect of the present technology
is not limited to the effect described in this specification and may have an additional effect.

Brief Description of Drawings

[0030]

[FIG. 1] FIG. 1 is a schematic configuration example of an electric field communication system.
[FIG. 2] FIG. 2 is a block diagram illustrating a configuration example of a receiving device of FIG. 1.
[FIG. 3] FIG. 3 is a diagram for describing electric field communication in a case in which a human body is used.
[FIG. 4] FIG. 4 is a diagram illustrating an example of an electric field communication system to which the present
technology is applied.
[FIG. 5] FIG. 5 is a block diagram illustrating a configuration example of a receiving device of FIG. 4.
[FIG. 6] FIG. 6 is a block illustrating a configuration example of an amplitude control circuit of FIG. 5.
[FIG. 7] FIG. 7 is a diagram for describing a no signal interval.
[FIG. 8] FIG. 8 is a flowchart for describing a process of a transmitting device.
[FIG. 9] FIG. 9 is a flowchart for describing a process of a receiving device.
[FIG. 10] FIG. 10 is a block diagram illustrating a configuration example of a personal computer.

Mode(s) for Carrying Out the Invention

[0031] Hereinafter, a mode (hereinafter referred to as an "embodiment") for carrying out the present disclosure will be
described.

<Schematic configuration example of electric field communication system>

[0032] FIG. 1 is a diagram illustrating a schematic configuration example of an electric field communication system.
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[0033] In the example of FIG. 1, an electric field communication system 11 includes a transmitting device 21, a receiving
device 22, and a human body 23. The transmitting device 21 includes transmission electrodes 31-1 and 31-2 which are
a pair of two electrodes. The receiving device 22 includes reception electrodes 32-1 and 32-2 which are a pair of two
electrodes. In the example of FIG. 1, the human body 23 is used as a conductor or a dielectric.
[0034] Electric field communication is a communication scheme using an electric field variation unlike wireless com-
munication using an electromagnetic wave. As illustrated in FIG. 1, the transmitting device 21 causes a peripheral electric
field to vary by causing a voltage to applied to the transmission electrodes 31-1 and 31-2 to be changed in accordance
with data to be transmitted so that an alternating (polarity switching) dipole indicated by "p" is formed. The human body
23 is charged in accordance with the electric field. The receiving device 22 detects a variation in the peripheral electric
field from a voltage V (potential difference variation) generated between the two reception electrodes 32-1 and 32-2 and
estimates transmitted data.
[0035] "p" is an alternating dipole vector and indicates whether the dipole in which plus and minus are switched is
strong or weak.
[0036] As a standardization standard of this communication scheme, there are ISO/IEC 17982 closed capacitive
coupling communication physical layer edition 1 and IEEE 802.15.6 human body communication. Signal formats and
the like are different, but a transmission principle is similar to the method described above. In both standards, a trans-
mission signal band is from near a direct current to several tens of megahertz (MHz). On the other hand, a transmission
distance is about 1 to 2 m at most. In other words, since the transmission distance is extremely short with respect to a
wavelength of a transmission signal, it is called near field transmission.
[0037] In other words, in a case in which a distance is as short as about 10 cm, it is possible to detect the variation in
the peripheral electric field without a special transmission medium, and in the example of FIG. 1, an example in which
the transmission distance is short, but for example, as disclosed in IEEE 802.15.6 Annex D, the human body 23 is used
as a transmission medium is illustrated. Further, in the example of FIG. 1, an example in which the transmission electrode
31-2 and the reception electrode 32-2 come into contact with the human body 23 is illustrated.
[0038] In the example of FIG. 1, the human body 23 is charged by bringing the transmission electrode 31-2 and the
reception electrode 32-2 into contact with the human body 23, and an electric field Eb is generated. Therefore, the
receiving device 22 detects the electric field variation of the human body 23 from the voltage V (potential difference
variation) generated between the two reception electrodes 32-1 and 32-2 and estimates the transmitted data.
[0039] There are many noise sources in the transmission signal band. Examples of the noise source include 50/60
Hz commercial power supplies, fluorescent lamps, LCD displays, switching power supplies, other digital circuits, and
the like. The noise includes an electric field and a magnetic field. As illustrated in FIG. 1, since an electric field Es of the
noise is received together with the electric field Eb of the signal, the electric field communication is interfered, leading
to degradation in the communication quality. A technique in which a wide band pass filter and a low band pass filter are
installed in a reception circuit in order to reduce the interference has been proposed.
[0040] However, in the electric field communication, there is a limit to a feasible band restriction although the wide
band pass filter and the low band pass filter are installed. This is because the band restriction simultaneously distorts a
signal waveform, causes inter-symbol interference, and causes a code transmission error.
[0041] On the other hand, there is a high possibility that a noise spectrum will be also included in the signal band.
Particularly, in a case in which the electric field communication system is installed in a digital device such as a multi-
functional mobile phone, since an LCD display and other digital circuits of the multifunctional mobile phone are in an
extremely close range, an interference level of noise generated in the LCD display and other digital circuits is very high
and has a great influence on a quality of electric field communication.
[0042] As a proposal for reducing the noise, a differential amplifier 41 may be employed in the receiving device 22 as
illustrated in FIG. 2. In the example of FIG. 2, the receiving device 22 includes a differential amplifier 41 and a determinator
42. The differential amplifier 41 receives input of a signal level d(n) from the reception electrode 32-1 and a signal level
y(n) (= d’(n)) from the reception electrode 32-2 and outputs a signal level e(n) corresponding to a difference in a potential
difference occurring between the differential amplifier 41 and a circuit ground (GND) to the determinator 42. The deter-
minator 42 compares a voltage of the input signal with a predetermined threshold value, and outputs 1 or 0 as reception
data in accordance with a result. For example, in a case in which the voltage of the input signal exceeds the threshold
value, 1 is output, and in a case in which the voltage is less than the threshold value, 0 is output.
[0043] In this proposal, in a case in which the noise is mixed into the circuit ground (GND) in a common mode, since
the noise has the same phase and the same amplitude, the noise is expected not to appear in an output of the differential
amplifier.
[0044] However, a case in which one reception electrode is brought into contact with the human body to detect the
electric field signal near the human body is considered.
[0045] For example, A of FIG. 3 illustrates an example in which a noise is input from the reception electrodes 32-1
and 32-2 to the differential amplifier 41 with the same phase. B of FIG. 3 illustrates an example in which the reception
electrode is brought into contact with a human body is illustrated. As illustrated in B of FIG. 3, in a case in which one
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reception electrode (for example, the reception electrode 32-1) is brought into contact with the human body (a finger 23
A), the noise signal level d(n) input to the electrode greatly changes as compared with the noise signal level y(n) input
to the other electrode.
[0046] Therefore, since the noise input to the differential amplifier 41 does not have the same phase and the same
amplitude, and E[dj

2]>E[yj
2] is held, large noise appears in the differential amplifier output, and thus the communication

quality degrades.

<Configuration example of electric field communication system of present technology>

[0047] FIG. 4 is a block diagram illustrating a configuration example of an electric field communication system to which
the present technology is applied. Further, parts corresponding to those in the example of FIG. 1 are denoted by corre-
sponding reference numerals. In the example of FIG. 4, the example in which the human body 23 is used as a medium
is illustrated, but if the distance is as short as about 10 cm, it is possible to detect the variation in the peripheral electric
field without a special transmission medium such as the human body 23.
[0048] In the example of FIG. 4, an electric field communication system 101 includes a transmitting device 21 including
a pair of transmission electrodes 31-1 and 31-2, a receiving device 111 including a pair of reception electrodes 32-1
and 32-2, and a human body 23. Further, in the example of FIG. 4, the example in which the transmission electrode
31-2 and the reception electrode 32-2 come into contact with the human body 23 is illustrated. Further, for example, the
transmitting device 21 and the receiving device 111 are configured to be portable or wearable on an arm, a neck, or the
like. Alternatively, transmitting device 21 and receiving device 111 are configured to be pushed with a foot such as a mat.
[0049] The transmitting device 21 includes a transmission driver 121. The transmission driver 121 applies a voltage
corresponding to input transmission data between the transmission electrodes 31-1 and 31-2. The transmission elec-
trodes 31-1 and 31-2 to which the voltage is applied form an electric field on a surrounding space and the human body 23.
[0050] A potential difference occurs between the reception electrodes 32-1 and 32-2 due to an electric field generated
near the reception electrodes 32-1 and 32-2. The receiving device 111 amplifies a signal from one electrode (in the
example of FIG. 4, the reception electrode 32-2 coming into contact with the human body 23), and outputs a difference
between a result and a signal from the other electrode (in the example of FIG. 4, the reception electrode 32-1). Further,
the receiving device 111 sets gain of an amplifier that amplifies one signal using the output difference and one signal.
[0051] The receiving device 111 further compares the voltage of the output difference (the input signal) with a prede-
termined threshold value, and outputs 1 or 0 as reception data in accordance with a result. For example, in a case in
which the voltage of the input signal exceeds the threshold value, 1 is output, and in a case in which the voltage is less
than the threshold value, 0 is output.
[0052] FIG.5 is a block diagram illustrating a configuration example of the receiving device.
[0053] The receiving device 111 is similar to the receiving device 22 of FIG. 2 in that it includes the reception electrodes
32-1 and 32-2, a differential amplifier 41, and a determinator 42. The receiving device 111 is different from the receiving
device 22 of FIG. 2 in that an amplitude control circuit 131 and a variable gain amplifier 132 are added.
[0054] In other words, a signal x(n) from the reception electrode 32-2 is input to the variable gain amplifier 132 and
the amplitude control circuit 131. The amplitude control circuit 131 controls an input amplitude using a digital signal
processing algorithm that sets a gain w(n) of the variable gain amplifier 132 using the signal x(n) from the reception
electrode 32-2 and an output signal amplitude from the differential amplifier 41. An example in which least mean square
(LMS) is used as the digital signal processing algorithm will be described below.
[0055] The variable gain amplifier 132 amplifies the signal x(n) from the reception electrode 32-2 coming into contact
with the human body 23, and outputs an amplified signal y(n) to the differential amplifier 41. The differential amplifier 41
receives input of the signal d(n) from the reception electrode 32-1 and the signal y(n) from the variable gain amplifier
132, and outputs a differential signal e(n) to the determinator 42.
[0056] For the sake of simplicity, a discrete time (n) is first considered. A no signal interval in which there is no signal
transmitted from transmitting device 21 is set. At this time, only a noise appears in the reception electrode. At this time,
the differential amplifier 41 outputs the signal e(n) corresponding to a difference in a potential difference generated
between each of the two reception electrodes and the circuit ground (GND) to the determinator 42. e(n) is indicated by
the following Formula (1).
[Math. 1] 

Here, w and x are vectors, w(n) is a n-dimensional weight coefficient, and x(n) is an n-dimensional noise voltage.
[0057] Further, e(n) indicates an output voltage of the differential amplifier 41, d(n) indicates a voltage from the reception
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electrode 32-1, and y(n) indicates a voltage obtained by amplifying the voltage of the reception electrode 32-2 through
the variable gain amplifier 132.
[0058] Here, a noise component of d(n) is canceled, that is, reduced by y(n) by adjusting a weight coefficient of the
variable gain amplifier 132. An index J for the noise reduction is indicated by the following Formula (2).
[Math. 2] 

Here, p=E[d(n)x(n)], R=E[x(n)x(n)T], and E[] are statistical averages. Since Formula (2) is a quadratic form with respect
to w, the optimal solution is obtained when ∂J/∂w=0. Further, p is a vector, and R is a matrix.
[0059] In other words,
[Math. 3] 

, and the optimal solution is obtained by repeating the following Formula (4).
[Math. 4] 

[0060] In the present embodiment, both w(n) and x(n) are one-dimensional. Therefore, the following Formula (5) is
obtained.
[Math. 5] 

[0061] Formula (5) above is converted into a continuous-time system, z transform of Formula (5) is indicated by the
following Formula (6).
[Math. 6] 

[0062] The LMS algorithm has been described above. Here, a relation between a z region and an s region is z=esT,
and thus the following Formula (7) is obtained.
[Math. 7] 

[0063] Further, it can be written as esT=1+Ts+(Ts)2/2!+(Ts)3/3!+...=1+Ts, (T →0), and thus the following Formula (8)
is obtained.
[Math. 8] 

[0064] If Formula (8) is transformed into a form of a time t by performing inverse Laplace transformation, the following
Formula (9) is obtained.
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[Math. 9] 

[0065] The above-described operation is used as an algorithm. Specifically, an integrator is used. As described above,
it is possible to reduce the noise signal amplitude of the output of the differential amplifier 41 caused by the same phase
noise signal input to the two reception electrodes by controlling the amplitude control circuit 131 in accordance with the
signal amplitude of the output of the differential amplifier 41 (specifically, so that the signal amplitude is minimized).
[0066] Further, in the above description, the least mean square (LMS) algorithm of the continuous-time system has
been described as an example. Further, in the present technology, the algorithm is not limited to this example. Further,
an implementation in a discrete time system is also possible.
[0067] FIG. 6 is a diagram illustrating an example in which the amplitude control circuit 131 includes an integrator as
an implementation example of the LMS algorithm.
[0068] The amplitude control circuit 131 includes a multiplier 141, an integrator 142, and an amplifier 143.
[0069] The multiplier 141 multiplies the signal x(n) from the reception electrode 32-2 by the output signal amplitude
from the differential amplifier 41 and the e(n) amplitude, and outputs a multiplication result to the integrator 142. The
integrator 142 integrates the multiplication result obtained by the multiplier 141 and outputs an integration result to the
amplifier 143. The amplifier 143 supplies a weight coefficient w which is a result of amplifying an integrated value using
a coefficient k to the variable gain amplifier 132.
[0070] Further, there is a method of deciding an operation time of an algorithm as a non-transmission interval. For
example, in the case of an ISO/IEC 17982 system, time division slots (TDSs) and time-segments are defined as illustrated
in FIG. 7.
[0071] There is 8 TDSs in one time-segment. If one TDS is assumed to be allocated to one transmission/reception
pair, in a case in which there is no other communication device, the remaining seven TDS intervals become a no signal
state. In other words, according to the standard, a transmission signal is transmitted intermittently.
[0072] In this regard, the signal processing (algorithm) of the present technology is performed, for example, immediately
before the signal interval before communication is performed, and thus an optimal gain is set in the variable gain amplifier
in the communication state. The state of noise depends not only on an arrangement of the reception electrode 32-1 and
the reception electrode 32-2 but also on a contact condition with the human body. Therefore, since a situation is considered
to vary over time, it is appropriate to operate the process of the present technology immediately before the signal interval
before communicating is performed as described above.

<Process example of electric field communication system of present technology>

[0073] Next, a process of the transmitting device 21 will be described with reference to a flowchart of FIG. 8.
[0074] In step S51, the transmission driver 121 receives input of transmission data, and in step S52, the transmission
driver 121 applies a voltage corresponding to the input transmission data between the transmission electrodes 31-1 and
31-2.
[0075] The transmission electrodes 31-1 and 31-2 to which the voltage is applied form an electric field on a surrounding
space and the human body 23.
[0076] In step S53, the transmission driver 121 determines whether or not the input transmission data is last data. In
a case in which it is determined in step S53 that the input transmission data is not the last data, the process returns to
step S51, and the subsequent processes are repeated.
[0077] In a case in which it is determined in step S53 that the input transmission data is the last data, the process of
the transmitting device 21 ends.
[0078] Next, a process of the receiving device 22 will be described with reference to a flowchart of FIG. 9.
[0079] A potential difference is generated between the reception electrodes 32-1 and 32-2 due to an electric field
generated near the reception electrodes 32-1 and 32-2.
[0080] In step S101, the variable gain amplifier 132 amplifies the signal x(n) from one signal (reception electrode 32-2)
and outputs the amplified signal y(n) to the differential amplifier 41. The other signal (the signal d(n) from the reception
electrode 32-1) is also input to the variable gain amplifier 132.
[0081] In step S102, the differential amplifier 41 outputs the difference between the signal d(n) from the reception
electrode 32-1 and the signal y(n) amplified by the variable gain amplifier 132 to the determinator 42 and the amplitude
control circuit 131.
[0082] In step S103, the amplitude control circuit 131 determines whether or not a current TDS interval is the no signal
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interval. In a case in which it is determined in step S103 that the current TDS interval is the no signal interval, the process
proceeds to step S104. In step S104, the amplitude control circuit 131 sets the gain of the variable gain amplifier 132.
[0083] In a case in which it is determined in step S103 that the current TDS interval is not the no signal interval, step
S104 is skipped, and the process proceeds to step S105.
[0084] In step S105, the determinator 42 compares the voltage of the input signal with a predetermined threshold
value, and outputs 1 or 0 as reception data in accordance with a result. For example, in a case in which the voltage of
the input signal exceeds the threshold value, 1 is output, and in a case in which the voltage is less than the threshold
value, 0 is output.
[0085] In step S106, the variable gain amplifier 132 determines whether or not the signal (data) from the reception
electrode 32-2 is the last data. In a case in which it is determined in step S106 that the signal (data) from the reception
electrode 32-2 is not the last data, the process returns to step S101, and the subsequent processes are repeated. In a
case in which it is determined in step S106 that the signal (data) from the reception electrode 32-2 is the last data, the
process of the receiving device ends.
[0086] As described above, according to the present technology, since the gain of the variable gain amplifier is set, it
is possible to reduce the pulse noise which is unable to be reduced through a low band pass filter, a high band pass
filter, or the like.
[0087] Accordingly, the communication quality can be improved. Since electronic devices such as multifunctional
mobile phones in which an electric field communication system is likely to be installed generate a large number of pulse
noise, a great effect can be obtained.
[0088] Particularly, it is possible to reduce the influence of the pulse noise on the receiving device of the electric field
communication system. Specifically, it is possible to prevent a loss of desired signal information and a deterioration in
a signal strength which are caused by a saturation of an amplifier or an AGC circuit following the pulse noise.
[0089] According to the present technology, since the pulse noise having the wide band is reduced, it is possible to
increase the band of the transmission signal. Accordingly, it is possible to increase the speed of the electric field com-
munication.
[0090] Further, a degree of freedom for an electrode arrangement in electric field telegraphy is obtained. In general,
it is preferable that the electrode arrangement in the electric field communication be performed so that the performance
of the electric field communication is obtained, but, on the other hand, it is necessary to satisfy restrictive conditions on
a product design, for example, a design or other part arrangements, and the electrode need not be necessarily placed
at a position at which the pulse noise is low.
[0091] According to the present technology, since such pulse noise can be reduced, the degree of design freedom
increases.

<Personal computer>

[0092] A series of processes described above can be executed by hardware or by software. In a case in which a series
of processing is executed by software, a program constituting the software is installed in a computer. Here, examples
of the computer include a computer incorporated into dedicated hardware and a general-purpose personal computer
which is capable of executing various kinds of functions in accordance with various kinds of installed programs.
[0093] FIG. 10 is a block diagram illustrating a configuration example of hardware of a personal computer that executes
a series of processes described above in accordance with a program.
[0094] In a personal computer 500, a central processing unit (CPU) 501, a read only memory (ROM) 502, and a
random access memory (RAM) 503 are connected to one another via a bus 504.
[0095] An input/output interface 505 is further connected to the bus 504. An input unit 506, an output unit 507, a storage
unit 508, a communication unit 509, and a drive 510 are connected to the input/output interface 505.
[0096] The input unit 506 includes a keyboard, a mouse, a microphone, or the like. The output unit 507 includes a
display, a speaker, or the like. The storage unit 508 includes a hard disk, a nonvolatile memory, or the like. The com-
munication unit 509 includes a network interface or the like. The drive 510 drives a removable medium 511 such as a
magnetic disk, an optical disk, a magneto optical disk, or a semiconductor memory.
[0097] In the personal computer 500 configured as described above, for example, the CPU 501 loads a program stored
in the storage unit 508 onto the RAM 503 via the input/output interface 505 and the bus 504 and executes the program.
Accordingly, a series of processes described above is performed.
[0098] The program executed by the computer (CPU 501) can be recorded in the removable medium 511 and provided.
For example, the removable medium 511 is a package medium including a magnetic disk (including a flexible disk), an
optical disk (a compact disc-read only memory (CD-ROM), a digital versatile disc (DVD), or the like), a magneto optical
disk, a semiconductor memory, or the like. Further, alternatively, the program may be provided via a wired or wireless
transmission medium such as a local area network, the Internet, or digital satellite broadcasting.
[0099] In the computer, the removable medium 511 may be loaded into the drive 510, and the program may be installed
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in the storage unit 508 via the input/output interface 505. Further, the program may be received by the communication
unit 509 via a wired or wireless transmission medium and installed in the storage unit 508. Furthermore, the program
may be installed in the ROM 502 or the storage unit 508 in advance.
[0100] Note that the program executed by the computer may be a program in which processes are carried out in a
time series in the order described in this specification or may be a program in which processes are carried out in parallel
or at necessary timings, such as when the processes are called.
[0101] Further, in this specification, steps in which the program to be recorded in the recording medium is written do
not necessarily have to be performed in time series in line with the order of the steps, and instead may include processing
that is performed in parallel or individually.
[0102] Further, in this specification, "system" refers to a whole device including a plurality of devices.
[0103] Not that an embodiment of the disclosure is not limited to the embodiments described above, and various
changes and modifications may be made without departing from the scope of the disclosure.
[0104] Further, an element described as a single device (or a processing unit) above may be divided and configured
as a plurality of devices (or processing units). On the contrary, elements described as a plurality of devices (or processing
units) above may be configured collectively as a single device (or a processing unit). Further, an element other than
those described above may be added to each device (or a processing unit). Furthermore, a part of an element of a given
device (or a processing unit) may be included in an element of another device (or another processing unit) as long as
the configuration or operation of the system as a whole is substantially the same. In other words, an embodiment of the
disclosure is not limited to the embodiments described above, and various changes and modifications may be made
without departing from the scope of the disclosure.
[0105] The preferred embodiment(s) of the present disclosure has/have been described above with reference to the
accompanying drawings, whilst the present disclosure is not limited to the above examples. A person skilled in the art
may find various alterations and modifications within the scope of the appended claims, and it should be understood
that they will naturally come under the technical scope of the present disclosure.
[0106] Additionally, the present technology may also be configured as below.

(1) A receiving device, including:

a pair of reception electrodes configured to receive a signal of a peripheral electric field varied by a transmitting
device configured to cause a voltage to be applied to a pair of transmission electrodes to be changed and
transmit data;
a variable gain amplifier configured to amplify a signal from one of the reception electrodes;
a differential amplifier configured to output a difference between a signal from the other of the reception electrodes
and a signal from the variable gain amplifier; and
a gain control unit configured to control a gain of the variable gain amplifier in accordance with an amplitude of
an output signal from the differential amplifier and an amplitude of the signal from the other of the reception
electrodes.

(2) The receiving device according to (1),
in which the gain control unit controls the gain of the variable gain amplifier in an interval in which there is no signal
according to communication.
(3) The receiving device according to (1) or (2),
in which the gain control unit controls the gain of the variable gain amplifier in an interval in which there is no signal
according to communication before communication is performed.
(4) The receiving device according to any one of (1) to (3),
in which the gain control unit includes an integrator.
(5) The receiving device according to any one of (1) to (3),
in which the gain control unit controls the gain of the variable gain amplifier through signal processing.
(6) The receiving device according to any one of (1) to (5),
in which the gain control unit controls the gain of the variable gain amplifier such that the amplitude of the output
signal from the differential amplifier is minimized.
(7) The receiving device according to any one of (1) to (6),
in which one of the pair of reception electrodes receives the signal of the peripheral electric field varied by the
transmitting device in a state in which the one of the pair of reception electrodes is close to or comes into close
contact with one of the pair of transmission electrodes and a human body.
(8) The receiving device according to any one of (1) to (6),
in which the pair of reception electrodes receives the signal of the peripheral electric field varied by the transmitting
device in a state in which the pair of reception electrodes is close to the pair of transmission electrodes.
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(9) A receiving method, including:

receiving, by a pair of reception electrodes, a signal of a peripheral electric field varied by a transmitting device
configured to cause a voltage to be applied to a pair of transmission electrodes to be changed and transmit data;
amplifying, by a variable gain amplifier, a signal from one of the reception electrodes;
outputting, by a differential amplifier, a difference between a signal from the other of the reception electrodes
and a signal from the variable gain amplifier; and
controlling, by a gain control unit, a gain of the variable gain amplifier in accordance with an amplitude of an
output signal from the differential amplifier and an amplitude of the signal from the other of the reception elec-
trodes.

(10) A transmitting device, including:

a pair of transmission electrodes configured to cause a peripheral electric field to vary, the peripheral electric
field enabling a pair of reception electrodes of a receiving device to receive a signal, the receiving device including

the pair of reception electrodes configured to receive a signal of the peripheral electric field,
a variable gain amplifier configured to amplify a signal from one of the reception electrodes,
a differential amplifier configured to output a difference between a signal from the other of the reception
electrodes and a signal from the variable gain amplifier, and
a gain control unit configured to control a gain of the variable gain amplifier in accordance with an amplitude
of an output signal from the differential amplifier and an amplitude of the signal from the other of the reception
electrodes; and

a transmitter configured to cause a voltage to be applied to the pair of transmission electrodes to be changed
and transmit data.

(11) The transmitting device according to (10),
in which one of the pair of transmission electrodes causes the peripheral electric field to vary, the peripheral electric
field enabling the pair of reception electrodes to receive a signal, in a state in which the one of the pair of transmission
electrodes is close to or comes into close contact with one of the pair of reception electrodes and a human body.
(12) The transmitting device according to (10),
in which the pair of transmission electrodes causes the peripheral electric field to vary, the peripheral electric field
enabling the pair of reception electrodes to receive a signal, in a state in which the pair of transmission electrodes
is close to the pair of reception electrodes.
(13) A transmitting method, including:
causing, by a pair of transmission electrodes, a peripheral electric field to vary, the peripheral electric field enabling
a pair of reception electrodes of a receiving device to receive a signal, the receiving device including

the pair of reception electrodes configured to receive a signal of the peripheral electric field,
a variable gain amplifier configured to amplify a signal from one of the reception electrodes,

a differential amplifier configured to output a difference between a signal from the other of the reception
electrodes and a signal from the variable gain amplifier, and
a gain control unit configured to control a gain of the variable gain amplifier in accordance with an amplitude
of an output signal from the differential amplifier and an amplitude of the signal from the other of the reception
electrodes; and

causing, by a transmitter, a voltage to be applied to the pair of transmission electrodes to be changed and
transmit data.

(14) A communication system, including:

a transmitting device including

a pair of transmission electrodes, and
a transmitter configured to cause a voltage to be applied to the pair of transmission electrodes to be changed
and transmit data; and



EP 3 358 763 A1

12

5

10

15

20

25

30

35

40

45

50

55

a receiving device including

a pair of reception electrodes configured to receive a signal of a peripheral electric field varied by the
transmitting device,
a variable gain amplifier configured to amplify a signal from one of the reception electrodes,
a differential amplifier configured to output a difference between a signal from the other of the reception
electrodes and a signal from the variable gain amplifier, and
a gain control unit configured to control a gain of the variable gain amplifier in accordance with an amplitude
of an output signal from the differential amplifier and an amplitude of the signal from the other of the reception
electrodes.

Reference Signs List

[0107]

11 electric field communication system
21 transmitting device
22 receiving device
23 human body
31-1, 31-2 transmission electrode
32-1, 32-2 reception electrode
41 differential amplifier
42 determinator
101 electric field communication system
111 receiving device
121 transmission driver
131 amplitude control circuit
132 variable gain amplifier
141 multiplier
142 integrator
143 amplifier

Claims

1. A receiving device, comprising:

a pair of reception electrodes configured to receive a signal of a peripheral electric field varied by a transmitting
device configured to cause a voltage to be applied to a pair of transmission electrodes to be changed and
transmit data;
a variable gain amplifier configured to amplify a signal from one of the reception electrodes;
a differential amplifier configured to output a difference between a signal from the other of the reception electrodes
and a signal from the variable gain amplifier; and
a gain control unit configured to control a gain of the variable gain amplifier in accordance with an amplitude of
an output signal from the differential amplifier and an amplitude of the signal from the other of the reception
electrodes.

2. The receiving device according to claim 1,
wherein the gain control unit controls the gain of the variable gain amplifier in an interval in which there is no signal
according to communication.

3. The receiving device according to claim 2,
wherein the gain control unit controls the gain of the variable gain amplifier in an interval in which there is no signal
according to communication before communication is performed.

4. The receiving device according to claim 1,
wherein the gain control unit includes an integrator.
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5. The receiving device according to claim 1,
wherein the gain control unit controls the gain of the variable gain amplifier through signal processing.

6. The receiving device according to claim 1,
wherein the gain control unit controls the gain of the variable gain amplifier such that the amplitude of the output
signal from the differential amplifier is minimized.

7. The receiving device according to claim 1,
wherein one of the pair of reception electrodes receives the signal of the peripheral electric field varied by the
transmitting device in a state in which the one of the pair of reception electrodes is close to or comes into close
contact with one of the pair of transmission electrodes and a human body.

8. The receiving device according to claim 1,
wherein the pair of reception electrodes receives the signal of the peripheral electric field varied by the transmitting
device in a state in which the pair of reception electrodes is close to the pair of transmission electrodes.

9. A receiving method, comprising:

receiving, by a pair of reception electrodes, a signal of a peripheral electric field varied by a transmitting device
configured to cause a voltage to be applied to a pair of transmission electrodes to be changed and transmit data;
amplifying, by a variable gain amplifier, a signal from one of the reception electrodes;
outputting, by a differential amplifier, a difference between a signal from the other of the reception electrodes
and a signal from the variable gain amplifier; and
controlling, by a gain control unit, a gain of the variable gain amplifier in accordance with an amplitude of an
output signal from the differential amplifier and an amplitude of the signal from the other of the reception elec-
trodes.

10. A transmitting device, comprising:

a pair of transmission electrodes configured to cause a peripheral electric field to vary, the peripheral electric
field enabling a pair of reception electrodes of a receiving device to receive a signal, the receiving device including

the pair of reception electrodes configured to receive a signal of the peripheral electric field,
a variable gain amplifier configured to amplify a signal from one of the reception electrodes,
a differential amplifier configured to output a difference between a signal from the other of the reception
electrodes and a signal from the variable gain amplifier, and
a gain control unit configured to control a gain of the variable gain amplifier in accordance with an amplitude
of an output signal from the differential amplifier and an amplitude of the signal from the other of the reception
electrodes; and

a transmitter configured to cause a voltage to be applied to the pair of transmission electrodes to be changed
and transmit data.

11. The transmitting device according to claim 10,
wherein one of the pair of transmission electrodes causes the peripheral electric field to vary, the peripheral electric
field enabling the pair of reception electrodes to receive a signal, in a state in which the one of the pair of transmission
electrodes is close to or comes into close contact with one of the pair of reception electrodes and a human body.

12. The transmitting device according to claim 10,
wherein the pair of transmission electrodes causes the peripheral electric field to vary, the peripheral electric field
enabling the pair of reception electrodes to receive a signal, in a state in which the pair of transmission electrodes
is close to the pair of reception electrodes.

13. A transmitting method, comprising:

causing, by a pair of transmission electrodes, a peripheral electric field to vary, the peripheral electric field
enabling a pair of reception electrodes of a receiving device to receive a signal, the receiving device including
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the pair of reception electrodes configured to receive a signal of the peripheral electric field,
a variable gain amplifier configured to amplify a signal from one of the reception electrodes,
a differential amplifier configured to output a difference between a signal from the other of the reception
electrodes and a signal from the variable gain amplifier, and
a gain control unit configured to control a gain of the variable gain amplifier in accordance with an amplitude
of an output signal from the differential amplifier and an amplitude of the signal from the other of the reception
electrodes; and

causing, by a transmitter, a voltage to be applied to the pair of transmission electrodes to be changed and
transmit data.

14. A communication system, comprising:

a transmitting device including

a pair of transmission electrodes, and
a transmitter configured to cause a voltage to be applied to the pair of transmission electrodes to be changed
and transmit data; and

a receiving device including

a pair of reception electrodes configured to receive a signal of a peripheral electric field varied by the
transmitting device,
a variable gain amplifier configured to amplify a signal from one of the reception electrodes,
a differential amplifier configured to output a difference between a signal from the other of the reception
electrodes and a signal from the variable gain amplifier, and
a gain control unit configured to control a gain of the variable gain amplifier in accordance with an amplitude
of an output signal from the differential amplifier and an amplitude of the signal from the other of the reception
electrodes.



EP 3 358 763 A1

15



EP 3 358 763 A1

16



EP 3 358 763 A1

17



EP 3 358 763 A1

18



EP 3 358 763 A1

19



EP 3 358 763 A1

20



EP 3 358 763 A1

21



EP 3 358 763 A1

22



EP 3 358 763 A1

23



EP 3 358 763 A1

24



EP 3 358 763 A1

25

5

10

15

20

25

30

35

40

45

50

55



EP 3 358 763 A1

26

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 4501073 B [0009]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

