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POWER SUPPLY DEVICE AND POWER
SUPPLY SYSTEM

TECHNICAL FIELD

[0001] The disclosure of the present specification relates
to power supply devices which transmit a power signal to a
power receiving device to supply electrical power thereto
and which transmit or receive data related to the signal
transmission, and also relates to power supply systems
including the power supply devices.

BACKGROUND ART

[0002] With the deregulation of retail electrical power, the
active use of renewable sources of electrical power is
progressing. In order to further promote use thereof, systems
that allow consumers to freely choose power suppliers may
be required. Accordingly, specifying power supply sources
(power transmission sources) is an important technical issue
when producing such systems.

[0003] However, when electrical power from different
transmission sources is sent to an electrical power network
for supply to consumers, the electrical power of these
different transmission sources is pooled together. Therefore,
consumers cannot specify the transmission sources of the
electrical power.

[0004] As measures against this, there has been proposed
an electrical power transaction platform (e.g., see NPTL 1).
According to this, a token that is a digital certificate is issued
to certify generated electrical energy and consumed electri-
cal energy, and the transaction history between the power
producer and the consumer is recorded on a blockchain
ledger, so that, by referring to the ledger, the electrical power
source from which the consumer procured the electrical
power and the consumer to which the power producer
supplied the electrical power can be confirmed.

[0005] In recent power supply technology, attention is
being drawn to contactless power supply using wireless
power transmission. Discussions for system designs com-
patible with wireless electrical appliances, that is, wireless
power receiving devices, are underway in the Ministry of
Internal Affairs and Communications, and it is expected that
the number of power receiving devices compatible with
contactless power supply will increase in the future. Taking
an example in which a power receiving device is located on
the boundary between the regions (power supply areas)
where a plurality of power supply devices can supply
electrical power, in such a situation, it is necessary to adopt
a system enabling the power receiving device to properly
choose any one of the plurality of power supply devices
according to the power supply conditions and the power
receiving conditions.

[0006] In this regard, there has been proposed a contact-
less power supply system (e.g., see PTL 1). According to this
system, a power receiving device transmits the required
quantity of power, that is, electrical power required by the
power receiving device, to a plurality of power supply
devices. When the required quantity of power is received
from the power receiving device, each power supply device
prepares criteria information based on the received required
quantity of power so that the power receiving device can use
the information as criteria when selecting a power supply
device, and transmits the prepared criteria information to the
power receiving device. The power receiving device
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receives such criteria information from the plurality of
power supply devices and selects a power supply device
from which the power receiving device receives supply
power, based on the criteria information, and transmits a
power supply start request to the selected power supply
device. When the power supply start request is received, the
selected power supply device starts power supply to the
power receiving device.

[0007] Deregulation of electrical power and progress of
the wireless power transmission technology mentioned
above are expected to accelerate diversification of the ter-
minals of the power transmission sources and power receiv-
ing destinations. In the information and communication
field, spread spectrum modulation is performed for multiple
access of both transmission and reception terminals in order
to eliminate interference with other users that would occur
during demodulation on the receiving side. It is known, in
particular, that use of constant-power chaotic spreading
codes can ensure perfect orthogonality and good autocorre-
lation characteristics (e.g., see PTL 2).

[0008] Furthermore, orthogonal frequency division multi-
plex (OFDM) has been known as a multicarrier modulation
system which, however, is likely to cause amplification
saturation due to the large amplitude fluctuations or occur-
rence of large peaks in specific time periods because many
different frequencies are synthesized. Therefore, it has been
an important issue to reduce the ratio between a peak value
and an average value (peak to average power ratio (PAPR)).
In this regard, it is known that an ultra-frequency multiplex-
ing method using an almost periodic frequency arrangement
is effective from the perspective of signal processing (e.g.,
see NPTL 2).

[0009] It is known that high efficiency and high power are
achieved when a large air gap is formed in a magnetic field
resonance coupling method among contactless power supply
methods, that is, a method using an L.C resonator provided
with a coil (L) and a capacitor (C) having matched resonance
frequencies, for both the power supply device and the power
receiving device (e.g., see NPTL 3).
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SUMMARY OF THE INVENTION

Technical Problem

[0015] However, the electrical power transaction platform
mentioned above is a system for virtually confirming
whether power consumption matches power generation.
Therefore, the recorded data in the ledger and the supplied
power are processed in different systems using different
transmission lines. This raises an issue that there is no
guarantee that they will both be associated with each other
in real time, and that the system configuration becomes
complicated.

[0016] Furthermore, according to the technique proposed
by PTL 1, when power supply is requested to a plurality of
power supply devices from a power receiving device, each
power supply device calculates a distance from the current
position of the power receiving device to the power supply
device and also calculates a transmission efficiency of trans-
mitting power to the power receiving device based on the
calculated distance, and transmits the calculated transmis-
sion efficiency to the power receiving device. It is configured
so that the power receiving device receives the transmission
efficiency as criteria information, selects a power supply
device presenting good transmission efficiency, and trans-
mits a power supply start request to the selected power
supply device, and then power supply is started by the
selected power supply device. Thus, selection of a power
supply device is in the range limited by the criteria infor-
mation which is based on the transmission efficiency, and
accordingly consumers cannot freely choose a desired power
transmission source. Also, as in the case of the electrical
power transaction platform, the power supply process and
the transmission/reception processing of the criteria infor-
mation are performed using different systems. Therefore,
issues similar to the above arise.

[0017] Furthermore, as mentioned above and as in the
information and communication field, diversification of the
power receiving terminals may require a system in which the
parties involved in power transactions (i.e., the power sup-
ply side and the power receiving side) can reliably and safely
perform transactions.

[0018] The disclosure of the present specification is to
eliminate the above issues and aims to provide a power
supply device and a power supply system with which
consumers can freely choose electrical power and specify
power supply sources when receiving power, and with
which the parties involved in transactions (the power supply
side and the power receiving side) can reliably and safely
perform transactions.

Solution to Problem

[0019] To achieve the aim set forth above, a power supply
device according to the disclosure of the present specifica-
tion has included

[0020] a baseband unit that generates a power signal to
supply electrical power to a power receiving device,
[0021] a modulation processing unit that modulates the
power signal generated by the baseband unit to impart a code
thereto for specifying a transmission source of the power
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signal, and generates a modulated signal that can be
demodulated by the power receiving device, and

[0022] a transmission unit that transmits a modulated
signal generated by the modulation processing unit.

[0023] According to this configuration, a power signal can
be encoded and modulated in advance and can be transmit-
ted to a power receiving device together with information
for specifying a transmission source.

[0024] For the encoding processing, for example, a chaotic
spreading code or an almost periodic function code can be
used.

[0025] The modulation processing unit generates the
modulated signal using the almost periodic function code
that specifies a power signal of at least one transmission
source, and the transmission unit allocates the modulated
signal, in a predetermined frequency band, to a plurality of
subcarriers different from each other, for transmission as a
multicarrier signal.

Advantageous Effects of the Invention

[0026] The power supply device and the power supply
system according to the disclosure of the present specifica-
tion enable consumers to freely choose suppliers of electri-
cal power and specify transmission sources when receiving
electrical power. The present disclosure also has an advan-
tageous effect of promoting the active use of renewable
sources of electrical power and encouraging broad use of
electrical power of contactless power supply.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a set of diagrams in which (A) is a block
diagram illustrating a power supply device and (B) is a block
diagram illustrating a power receiving device configuring a
power supply system according to the disclosure of the
present specification.

[0028] FIG. 2 s a set of diagrams illustrating a modulation
processing unit and a demodulation processing unit of a
power supply device and a power receiving device using
spread spectrum modulation, in which (A) is a block dia-
gram illustrating a modulation processing unit of a power
supply device and (B) is a block diagram illustrating a
demodulation processing unit of a power receiving device.

[0029] FIG. 3 is a set of diagrams illustrating a modulation
processing unit and demodulation processing unit of a power
supply device and a power receiving device each using a
multicarrier frequency arrangement that is an almost peri-
odic frequency arrangement in which subcarriers are asyn-
chronous therebetween and frequency intervals are uneven,
in which (A) is a block diagram illustrating a modulation
processing unit of a power supply device and (B) is a block
diagram illustrating a demodulation processing unit of a
power receiving device.

[0030] FIG. 4 is a set of diagrams illustrating the case in
which an almost periodic frequency is transmitted as a
magnetic field resonance type resonance frequency using a
multicarrier signal corresponding to a power signal, in
which (A) is a basic circuit configuration diagram and (B) is
an equivalent circuit diagram of the basic configuration
circuit.

[0031] FIG. 5 is a diagram illustrating a power supply
device which transmits a plurality of almost periodic fre-
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quencies, and a plurality of power receiving devices which
include resonance circuits matching the respective almost
periodic frequencies.

[0032] FIG. 6 is a block diagram illustrating a power
supply system according to a first embodiment.

[0033] FIG. 7 is a set of diagrams illustrating specific
examples of the first embodiment, in which (A) is a sche-
matic diagram illustrating a state of power supply using
smartphones including a power supply device and a power
receiving device, (B) is a schematic diagram illustrating a
state of power supply using vehicles including a power
supply device and a power receiving device and (C) is a
schematic diagram illustrating a state of power supply using
an unmanned aerial vehicle (drone) including a power
supply device and a power receiving device.

[0034] FIG. 8 is a set of schematic diagrams each illus-
trating a state of power supply in the case where the power
supply device and the power receiving device according to
the first embodiment are vehicles, in which (A) illustrates
the case where there are multiple moving objects on the
power supply side and there is a single moving object on the
power receiving side, (B) illustrates the case where there is
a single moving object on the power supply side and there
are multiple moving objects on the power receiving side and
(C) illustrates the case where the power receiving side
moving objects continuously move to an adjacent cell.
[0035] FIG. 9 is a block diagram illustrating a power
supply system according to a second embodiment.

[0036] FIG. 10 is a schematic diagram illustrating com-
munication data transmitted to a power receiving device
according to the second embodiment.

[0037] FIG. 11 is a block diagram illustrating a power
supply system according to a third embodiment.

[0038] FIG. 12 is a diagram illustrating an example of a
screen display of a display unit of a power receiving device
according to the third embodiment.

[0039] FIG. 13 is a block diagram illustrating a power
supply system according to a fourth embodiment.

[0040] FIG. 14 is a block diagram illustrating a power
supply system according to a fifth embodiment.

[0041] FIG. 15 is a schematic diagram illustrating a state
in which electrical power is received only from a power
supply device set by a setting unit of a power receiving
device according to the fourth embodiment.

[0042] FIG. 16 is a block diagram illustrating a power
supply system according to a sixth embodiment.

[0043] FIG. 17 is a diagram illustrating a specific example
in which the power supply system according to the sixth
embodiment is applied to a portable vital data measuring
instrument.

[0044] FIG. 18 is a block diagram illustrating a power
supply system according to a seventh embodiment.

[0045] FIG. 19 is a block diagram illustrating a power
supply system according to an eighth embodiment.

[0046] FIG. 20 is a set of diagrams each illustrating a state
in which electrical power is supplied to power receiving
devices having different power supply conditions using a
power supply condition processing unit of the power supply
system according to the eighth embodiment, in which (A) is
a diagram illustrating a state in which electrical power is
supplied to a vehicle passing a predetermined place by
varying the electrical energy between an authenticated
vehicle and an unauthenticated vehicle and (B) is a diagram
illustrating a state in which power receiving devices are
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prioritized and electrical power is supplied by varying the
electrical energy according to the prioritization.

[0047] FIG. 21 is a block diagram illustrating a power
supply system according to the eighth embodiment.

[0048] FIG. 22 is a schematic diagram illustrating a state
in which a power supply target is selected by a selection unit
of the power supply device of the power supply system of
the eighth embodiment according to a status information
signal received from a power receiving unit to supply
electrical power thereto.

[0049] FIG. 23 is a block diagram illustrating a power
supply system according to a ninth embodiment.

[0050] FIG. 24 is a block diagram illustrating a power
supply system according to a tenth embodiment.

[0051] FIG. 25 is a diagram illustrating processing per-
formed by a power storage unit, a log information generation
unit, and a calculation unit when performing power recep-
tion/supply and performing power supply in the power
supply system according the tenth embodiment.

[0052] FIG. 26 is a block diagram illustrating a modifi-
cation of the power supply system according to the tenth
embodiment.

[0053] FIG. 27 is a schematic diagram illustrating a spe-
cific example in which the power supply system according
to the tenth embodiment is applied to a smart home.
[0054] FIG. 28 is a block diagram illustrating a power
supply system according to an eleventh embodiment.
[0055] FIG. 29 is a schematic diagram illustrating a spe-
cific example in which the power supply system according
to the eleventh embodiment is applied to a smart city.
[0056] FIG. 30 is a schematic diagram illustrating a supply
system based on selection of a shortest path of a power
supply system.

[0057] FIG. 31 is a set of schematic diagrams each illus-
trating a power supply system based on selection of dynamic
paths of the power supply system, in which (A) illustrates
path selection at time t1, (B) illustrates path selection at time
12 and (C) illustrates path selection at time t3.

[0058] FIG. 32 is a set of schematic diagrams each illus-
trating a supply system based on path selection according to
priority conditions of the power supply system, in which (A)
illustrates path selection according to power receiving
device side priority conditions and (B) illustrates path selec-
tion according to power supply device side priority condi-
tions.

DESCRIPTION OF THE EMBODIMENTS

[0059] Hereinafter, various embodiments for implement-
ing the disclosure of the present specification will be
described with reference to the drawings. Components of
embodiments previously described that are included in
embodiments subsequently described will be designated
with the same reference signs to omit repeated description.
If only a part of a configuration is described in each
embodiment, other parts of the configuration may be des-
ignated with reference signs used in previously described
embodiments. Even when possible specific combinations
between embodiments are not explicitly shown, the embodi-
ments can be partially combined unless the combinations
pose any particular problems. The embodiments described
below are only examples and the present disclosure is not
limited to the following embodiments but can be variously
modified unless the modifications depart from the gist of the
disclosure of the present specification.
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[0060] In general, information and communication field,
data can be transmitted to only a specified terminal by
encrypting the data even when high frequency media physi-
cally reach an unspecified number of receiving terminals. On
the other hand, for example, in the case of contactless power
transmission using a radio wave radiation method, the
transmission is unmodulated narrow-spectrum continuous
radiation that may cause interference. Thus, it has been
difficult to transmit data to only a specified terminal as in the
information and communication field mentioned above. In
view of the above, the disclosure of the present specification
has unprecedented features in which electrical power is
encoded in advance using digital processing before being
transmitted.

[0061] FIG. 1 is a set of block diagrams illustrating a
power supply device and a power receiving device config-
uring a power supply system, according to the disclosure of
the present specification. The block diagrams of FIG. 1 are
schematic diagrams each illustrating a configuration includ-
ing only required components, omitting general components
required for power transmission/reception, in order to
describe features of the disclosure of the present specifica-
tion. As will be described later, the power supply device and
the power receiving device may be provided not only as
those configured as dedicated devices, but may also be
provided as moving object terminals having power supply
and power reception functions and other functions than these
functions.

[0062] FIG. 1(A) is a block diagram illustrating a power
supply device. A power supply device 1 includes a baseband
unit 11, a modulation processing unit 12, and a transmission
unit 13. The baseband unit 11 generates a baseband signal,
i.e., apower signal, before being modulated. The modulation
processing unit 12 modulates the power signal generated by
the baseband unit 11 to impart a code thereto for specitying
a transmission source of the power signal, and generates a
modulated signal that can be demodulated by a power
receiving device which will be described later. The trans-
mission unit 13 transmits the modulated signal generated by
the modulation processing unit 12.

[0063] FIG. 1(B) is a block diagram illustrating a power
receiving device. A power receiving device 2 includes a
reception unit 21, a demodulation processing unit 22, and a
loading unit 23. The reception unit 21 receives a modulated
signal generated by the power supply device 1 via a prede-
termined transmission line. The demodulation processing
unit 22 demodulates the received modulated signal. The
loading unit 23 receives the power signal obtained through
the demodulation processing.

[0064] The transmission line between the power supply
device 1 and the power receiving device 2 may not only be
a contactless (wireless) transmission line but may also be a
transmission line via a power line that uses power line
communication (PLC) or broadband over power line (BPL)
communication. In the case of the wireless transmission line
as well, the power transmission method is not particularly
limited. Specifically, the transmission line may be formed
via any power line based on non-radiative magnetic field
coupling (electromagnetic induction or magnetic field reso-
nance), electric field coupling, evanescent waves, or radiated
radio waves (microwaves, etc.), lasers, or the like.
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<Power Supply Device>

First Embodiment

[0065] FIG. 2 is a set of diagrams illustrating the modu-
lation processing unit 12 and the demodulation processing
unit 22 of the power supply device and the power receiving
device performing spread spectrum modulation. Specifi-
cally, a spreading code is imparted to a power signal through
the spread spectrum modulation for multiplication with the
power signal to thereby generate a modulated signal. As
shown in FIG. 2(A), the modulation processing unit 12
includes a transmission side code generation unit 121 that
generates a spreading code using a high speed code
sequence, and a complex spreading unit 122 that performs
complex spreading for the spreading code using two code
sequences. As shown in FIG. 2(B), the demodulation pro-
cessing unit 22 includes a reception side code generation
unit 221 that generates a spreading code as in the transmis-
sion side code generation unit 121, and a complex despread-
ing unit 222 that despreads the modulated signal transmitted
from the transmission unit 13 of the power supply device 1
and received by the reception unit 21 shown in FIG. 1(B).

[0066] In the first embodiment, a mode using a constant-
power chaotic spreading code as the spreading code will be
described. The constant-power chaotic spreading code has a
high SN ratio for received signals, significantly increases the
amount of information carried on radio waves more than any
other spreading codes, and has high fading resistance, and
accordingly, is also suitable for transmitting the power
signal.

[0067] In general, the number of primitive roots q of a
prime number p is given by ¢(p-1) using Euler’s totient
function ¢(-). Accordingly, the transmission side code gen-
eration unit 121 receives any of ¢(p—1) primitive roots q,
Qys - - - 5 Qep.1y COrresponding to a prime number p as a
primitive root q for generating a spreading code, and at the
same time receives any of integers 0, 1, 2, . . ., p-1 as a
number k for generating a spreading code, apart from
reception of the primitive root q.

[0068] Next, using a predetermined angle 6 and based on
the received primitive root q and the received number k, the
transmission side code generation unit 121 generates a
complex spreading code of length p, as b(q, k)=(exp(if),
exp(2mixg™/p), exp(2mixg ¥ /p), exp2mixq®/p), . . .,
exp(2mixq?>**/p)), where k=0, 1, 2, . . ., p-2.

[0069] On the other hand, the transmission side code
generation unit 121 generates a complex spreading code of
length p, as b(q, k)=(exp(i0), 1, 1, . . ., 1), where k=p-1.

[0070] Specifically, the transmission side code generation
unit 121 generates one complex spreading code b(q, k) using
the primitive root q as a primitive root for generating a
chaotic spreading code and using the integer k as an iden-
tification number for generating a chaotic spreading code.

[0071] Next, the complex spreading unit 122 spreads one
power signal to be transmitted using the complex spreading
code b(q, k) generated for the integer k.

[0072] The reception side code generation unit 221 of the
demodulation processing unit 22 also generates a complex
spreading code using the primitive root q as a primitive root
for generating a spreading code and using the integer k as an
identification number for generating a spreading code. Spe-
cifically, since the power supply device 1 and the power
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receiving device 2 share the primitive root q and the iden-
tification number k, they share a complex spreading code
b(q, k) of length p.
[0073] When the reception unit 21 of the power receiving
unit 2 described referring to FIG. 1 receives a power signal
transmitted from the power supply device 1, the complex
despreading unit 222 of the demodulation processing unit 22
despreads the power signal using the spreading code b(q, k)
generated for the integer k to obtain the power signal.
[0074] As described above, in the present embodiment, the
power supply device 1 and the power receiving device 2
share a primitive root q among 4 (p-1) primitive roots q, g,
- s Qgp-1y, ANy integer k among integers 0, 1, 2, .. ., p-1,
and a predetermined angle 0 (typically, 6=0). The complex
spreading code b(q, k) is a code having perfect orthogonality
and good autocorrelation characteristics.

Second Embodiment

[0075] In the second embodiment, a mode using an almost
periodic function code as the spreading code will be
described.

[0076] In the present embodiment, a parameter for deter-
mining each of K almost periodic function codes is
expressed by d+(k-1)/K, where k is an integer from 1 to K
and is an identifier for identifying each of the K almost
periodic function codes. Of the K almost periodic function
codes, a number of codes corresponding to the number of
users or the number of channels are used for modulation.
[0077] It is preferred that K is N or 2N (N is the length of
an almost periodic function code) and 9 is a real number that
is greater than O and less than 1/N.

[0078] As shown in FIG. 1(A), the power supply device 1
that uses the almost periodic function code in the spread
spectrum modulation includes the modulation processing
unit 12 that modulates a power signal. The modulation
processing unit 12 applies an almost periodic function code
to a power signal to output a modulated signal. The modu-
lated signal (transmission data) transmitted from the trans-
mission unit 13 may be one to which primary modulation,
such as BPSK, QPSK or 16QAM, has been applied. The
modulated signal outputted from the modulation processing
unit 12 is received by the power receiving device 2 via a
transmission line, and demodulated by the demodulation
processing unit 22, so that electrical power is supplied from
the loading unit 23.

Third Embodiment

[0079] The third embodiment describes multicarrier trans-
mission, that is, a mode in which a multicarrier frequency
arrangement is an almost periodic frequency arrangement in
which subcarriers are asynchronous therebetween and fre-
quency intervals are uneven. The almost periodic frequency
arrangement refers to a frequency arrangement in which
subcarriers are asynchronous therebetween with respect to a
frame duration as a delimiter of a signal string, with uneven
intervals therebetween. The almost periodic frequency refers
to the frequency of each subcarrier on the almost periodic
frequency arrangement.

[0080] In general, in orthogonal frequency division mul-
tiplexing (OFDM) that is a multicarrier modulation method,
reducing a peak to average power ratio (PARR), which is a
ratio of peak value to average value, is an important issue.
Since the present embodiment uses an almost periodic
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frequency arrangement in which subcarriers are asynchro-
nous therebetween with respect to a frame duration, increase
of PAPR can be prevented even when the number of
multiplexed carriers increases.

[0081] FIG. 3 is a set of diagrams illustrating a modulation
processing unit 12 and a demodulation processing unit 22 of
a power supply device and a power receiving device in
which the multicarrier frequency arrangement is an almost
periodic frequency arrangement.

[0082] Inresponse to reception of a power signal from the
baseband unit 11 shown in FIG. 1(A), the modulation
processing unit 12 causes a serial/parallel conversion unit
124 to convert the power signal (serial code) to a parallel
code having a parallel number corresponding to multiplex
code length N. The parallel code with code length N
becomes a transmission code. A subcarrier modulation unit
125 performs almost periodic frequency multiplex modula-
tion using Formula 1.

Transmission code: (didads ... dy_1dy) [Math. 1]
Code string transmitted from
transmission system: (yiy2y3 ... YN—1Yn)

Input/output relational expression

b1 ar az -+ ay-1 ay Y di
y2 by by - by by || 42
MY pt P2 v Pn-1 Pv Ndw

[0083] An almost periodic frequency expression on the
frequency axis is incorporated herein as follows.

I
@ =Ake'\1/”dk’*’9k O=i<T)

1
by = Bre VP (T <1 <07

where,
[0084] A, B, Amplitude of k™ subcarrier in almost
periodic frequency

[0085] Pd,: k” prime value in almost periodic fre-
quency
[0086] n: n” root
[0087] I=Imaginary unit
[0088] T: Duration of signal processing
[0089] The subcarrier modulation unit 125 performs sub-

carrier modulation for the transmission code (d;d,d; . . .
d,. ,d,) having code length N to output a multicarrier signal
with an almost periodic frequency arrangement indicated by
a code string (y,¥,Y5 - - - Ya., Ya)- The subcarrier modulation
unit 125 performs multicarrier modulation, based on a
multicarrier signal supplied by an almost periodic frequency
arrangement generation unit 123.

[0090] The almost periodic frequency arrangement gen-
eration unit 123 may be one that includes, for example, a
prime number group storage unit, an almost periodic fre-
quency group calculation/storage unit, a reference frequency
arrangement calculation/storage unit, and an almost periodic
frequency arrangement search/storage unit, which are not
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shown. The prime number group storage unit stores a great
number (e.g., 10 million) of prime numbers used for calcu-
lating an almost periodic frequency. The almost periodic
frequency group calculation/storage unit calculates an
almost periodic frequency for storage therein, using the
prime numbers stored in the prime number group storage
unit. The reference frequency arrangement calculation/stor-
age unit calculates a reference frequency arrangement for
storage therein, for use in determining the almost periodic
frequency arrangement. The almost periodic frequency
arrangement search/storage unit searches and selects an
almost periodic frequency approximate to the reference
carrier frequency in the reference frequency arrangement
from the almost periodic frequency groups, determines an
almost periodic frequency arrangement, and stores the deter-
mined almost periodic frequency arrangement.

[0091] In the input/output relational expression shown in
Formula 1, the matrix having elements a;b, . . . p, (1=k=N)
is an NxN matrix. Also, in Formula 1, p is a prime number
used for generating a k” frequency in an almost periodic
frequency arrangement having N carriers. Furthermore, in
Formula 1, 0, is an arbitrary real number and may be 0.

[0092] In the input/output relational expression shown in
Formula 1, the definition of elements C, . . . p, other than the
elements a,b, is not explicitly indicated; however, A,, B,
included in the definition of the elements a,b, may be
replaced with C, . . . P,. C, . . . P, are each an amplitude of
a k™ carrier, similarly to A,, B,.

[0093] Subcarrier signals outputted from the subcarrier
modulation unit 125 are provided to the transmission unit 13
shown in FIG. 1(A) and transmitted to the power receiving
device 2 as an almost periodic subcarrier output signal
(almost periodic frequency subcarrier synthesized signal).
The serial/parallel conversion unit 124, the subcarrier modu-
lation unit 125, and the transmission unit 13 operate accord-
ing to a synchronization signal provided from a synchroni-
zation signal generation unit 126.

[0094] The demodulation processing unit 22 includes a
subcarrier demodulation unit 224, an almost periodic fre-
quency arrangement generation unit 223, a parallel/serial
conversion unit 225, and a synchronization signal generation
unit 226.

[0095]
input of the received modulated signal (almost periodic

The reception unit 21 shown in FIG. 1(B) receives

frequency subcarrier synthesized signal) and provides it to
the subcarrier demodulation unit 224. The subcarrier
demodulation unit 224 performs demodulation by calculat-
ing a cross-correlation value (complex cross-correlation
value) between the almost periodic frequency (almost peri-
odic frequency arrangement for demodulation; almost peri-
odic complex carrier waves) of the received modulated
signal used on the transmission side, and the received
modulated signal. The frequency of the almost periodic
frequency arrangement for demodulation is provided from
the almost periodic frequency arrangement generation unit
223. For calculation of a cross-correlation value of a signal,
for example, a method of Formula 2 in which the value is
calculated on a time axis, or a method of Formula 3 in which
the value is calculated from a cross spectrum may be used.
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[0096] The signal outputted from the subcarrier demodu-
lation unit 224 is converted to serial data by the parallel/
serial conversion unit 225. The serial data is outputted to the
loading unit 23 shown in FIG. 1(B) as a demodulated power
signal, and electrical power is supplied therefrom.

[0097] The reception unit 21 shown in FIG. 1(B), the
subcarrier demodulation unit 224, the almost periodic fre-
quency arrangement generation unit 223, and the parallel/
serial conversion unit 225 operate according to a synchro-
nization signal provided from the synchronization signal
generation unit 226.

Fourth Embodiment

[0098] FIG. 4(A) is a diagram illustrating a basic circuit
configuration in which an almost periodic frequency is
transmitted as a magnetic field resonance coupling type
(magnetic field resonance type) resonance frequency, using
the multicarrier signal corresponding to a power signal,
described referring to FIG. 3. Specifically, as shown by this
circuit diagram of a primary series secondary series capaci-
tor system (SS system), the modulation processing unit 12 of
the power supply device 1 has a primary side circuit and the
demodulation processing unit 22 of the power receiving
device 2 has a secondary side circuit. Modulation (of signals
with different frequencies corresponding to respective trans-
mission sources) by an almost periodic frequency arrange-
ment can be realized by matching the frequencies to the
magnetic field resonance type resonance frequency. Accord-
ingly, a power signal can be transmitted through a known
basic circuit. As shown in FIG. 4(A), the primary side circuit
and the secondary side circuit both have a configuration of
an RLC series circuit. In this configuration, C, is a resonance
capacitance of the primary side circuit, r, is a line resistance
of the primary side circuit, L., is a coil reactance of the
primary side circuit, C, is a resonance capacitance of the
secondary side circuit, r, is a line resistance of the secondary
side circuit, L, is a coil reactance of the secondary side
circuit, R; is a load of the secondary side circuit, and L., is
a mutual inductance between the [, and L,.

[0099] FIG. 4(B) is an equivalent circuit diagram of the
basic circuit configuration diagram. In general, in an equiva-
lent circuit, a leakage inductance, as -L,,, is illustrated as
being included within L,,; however, in FIG. 4(B), -L,, is
explicitly illustrated. The voltage of the primary side circuit
and the voltage of the secondary side circuit are respectively
expressed by Formulas 4 and 5 which may be modulated as
Formulas 6 and 7. In these formulas, V is a primary circuit
side (source side) voltage, V, is a secondary circuit side
(load R, side) voltage, V., is a voltage applied to the
resonance capacitance C, of the primary side circuit, V,, is
a voltage applied to the coil reactance L., of the primary side
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circuit, V,, is a voltage applied to the line resistance r; of the
primary side circuit, V, is a voltage applied to the reso-
nance capacitance C, of the secondary side circuit, V,, is a
voltage applied to the coil reactance L, of the secondary side
circuit, V,, is a voltage applied to the line resistance r, of the
secondary side circuit, V,,, is an output voltage of the
primary side circuit, and V,,, is an input voltage of the
secondary side circuit.

Vi=Vu+Ver+Va + Vo [Math. 4]
O0=Vo+Va+Va+Vo+ Vi [Math. 5]
) 1 ) [Math. 6]
Vi = jwlil + = I+ I + joL,b
JoCy
) ) Math. 7]
0=jwlh+ - L+ L, — LRy + jwL,l
JwCs
[0100] The resonance condition of the secondary side

circuit is expressed by Formula 8, and the resonance fre-
quency of the primary side circuit is expressed by Formula
9.

. 1 [Math. §]
Viza+Ver = [le/z + = ]12 =0
jae

[Eq. 9]

1
Vi + Ve :[ij1+ n ]11:0
JwCy

[0101] When the resonance frequencies of the primary
side circuit and the secondary side circuit match, the reso-
nance frequency is as shown in Formula 10.

[Math. 10]

[0102] If Formula 10 is satisfied, a predetermined power
signal having an almost periodic frequency transmitted from
the power supply device 1 having a primary side circuit can
be received only by the power receiving device 2 having a
secondary side circuit which resonates with the power signal
having the almost periodic frequency.

[0103] FIG. 5 is a diagram illustrating a state in which
power signals having a plurality of almost periodic frequen-
cies (f}, f,, f5 . . . £,) are transmitted from the power supply
device 1 and received by a plurality of receiving devices 2a,
2b, 2¢ and 2m having respective resonance circuits matching
the almost periodic frequencies. Even when the power
supply device 1 transmits power signals having a plurality of
almost periodic frequencies (f}, f,, f; . . . f,,) after modu-
lating them with an almost periodic frequency arrangement,
the power receiving devices 2a, 2b, 2¢ and 2m, which are
provided in advance with respective secondary side circuits
(resonance circuits) resonating only with specific almost
predetermined frequencies among the power signals, can
allow the respective demodulation processing units to
receive only the power signals having the specific almost
periodic frequencies (in FIG. 4, the receiving device 2a
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receives ), the receiving device 25 receives f,, the receiving
device 2¢ receives f;, and the receiving device 2m receives
£.).

[0104] As described above, the magnetic field resonance
type resonance frequency also enables discrimination and
selective reception of only a desired power signal on the
power receiving device 2 side.

<Power Supply System>

[0105] Referring now to FIGS. 6 to 32, configurations of
the power supply system disclosed by the present specifi-
cation will be described.

First Embodiment

[0106] FIG. 6 shows a basic configuration of the power
supply system. The power supply system is provided with a
transmission line 3 between the power supply device 1
shown in FIG. 1(A) and the power receiving device 2 shown
in FIG. 1(B) to transmit power signals from the former to the
latter. The present embodiment describes a power supply
system using wireless transmission, and therefore the trans-
mission line 3 indicates a frequency band.

[0107] The power supply system disclosed by the present
specification will be described taking an example in which
the power supply device 1 and the power receiving device 2
are moving objects. FIG. 7(A) shows an example in which
the moving objects are smartphones. Specifically, in the
example, a modulated signal, i.e., a power signal, is trans-
mitted from a power supply smartphone Ms to a power
receiving smartphone Mr via a power supply base station B.
It should be noted that as a modification of the present
embodiment (not shown), a smartphone Ms connected to an
information and communication base station on an informa-
tion and communication network may transmit power sup-
ply instruction data to a distant smartphone Mr via this
information and communication base station, and the smart-
phone Mr may cause a power supply base station B, which
is located in a range where the smartphone Mr can receive
electrical power, to supply electrical power based on the
power supply instruction data. In this case, the power supply
base station B is also connected to the information and
communication network so that the power supply instruction
data can be received. Alternatively, a plurality of power
supply base stations B may be connected to the information
and communication network so that all of the base stations
B can receive the power supply instruction data, and elec-
trical power may be supplied to a smartphone Mr as a power
receiving target from an optimum power supply base station
B (usually, a power supply base station B located nearest the
smartphone Mr). FIG. 7(B) shows an example in which the
moving objects are vehicles. Specifically, in the example, a
power signal is transmitted from a moving power supply
vehicle Cs to a power receiving vehicle Cr moving in the
same direction. FIG. 7(C) shows an example in which the
moving object is an unmanned aerial vehicle (drone). Spe-
cifically, in the example, a power signal is transmitted from
a power generator G to a drone Fr. In the case where
electrical power is supplied to a moving object, there is a
high risk of crosstalk occurring, i.e., power hacking by
so-called spoofing, or other risks. However, as shown in the
present examples, power supply based on a power signal
according to the disclosure of the present specification has



US 2022/0149670 Al

fading resistance due to use of a chaotic spreading code and
ensures high security so that precise power supply can be
performed.

[0108] As shown in FIG. 8, electrical power can be
supplied to moving objects using various power supply
patterns. The following description will be given using an
example in which the moving objects are vehicles. FIG.
8(A) shows power supply from power supply vehicles Cs1,
Sc2 and Cs3 (three vehicles) to a power receiving vehicle
Crl via a power supply base station B. Specifically, electri-
cal power can be supplied to a single power receiving
vehicle from a plurality of power supply vehicles. In this
case, a “multiple-to-one” power supply relationship is estab-
lished.

[0109] FIG. 8(B) shows power supply from a power
supply vehicle Cs4 (one vehicle) to power receiving vehicles
Cr2, Cr3 and Cr4 (three vehicles) via a power supply base
station B. Specifically, electrical power can be supplied to a
plurality of power receiving vehicles from a single power
supply vehicle. In this case, a “one-to-multiple” power
supply relationship is established.

[0110] Furthermore, a “multiple-to-multiple” relationship,
although it is not shown, including both the “multiple-to-
one” and “one-to-multiple” relationships may be estab-
lished. The disclosure of the present specification enables
conversion of electrical power to be supplied into a signal
for transmission of the converted signal together with an
information signal, and thus achieves an unprecedented
advantageous effect of simultaneously supplying electrical
power from a plurality of moving vehicles (moving objects)
to a plurality of moving vehicles (moving objects).

[0111] FIG. 8(C) is a schematic diagram illustrating the
case where a power supply vehicle Cs5 supplies electrical
power to a moving power receiving vehicle Cr5 via a power
supply base station B1. At the start of power supply from the
power supply vehicle Cs5 to the power receiving vehicle
Cr5, the vehicle Cr5 travels in a cell R1 of the power supply
base station B1. However, when the vehicle Cr5 moves into
a cell R2 of a power supply base station B2 during power
supply, the modulated signal is transferred from the power
supply base station B1 to the power supply base station B2
by so-called soft handover, and power supply to the power
receiving vehicle Cr5 is continuously performed. Continu-
ous power supply is also performed by soft handover in the
case where the power supply vehicle Cs5 supplies electrical
power to the power receiving vehicle Cr5 while moving
from the cell R1 into the cell R2 during the power supply,
although this is not shown.

Second Embodiment

[0112] FIG. 9 is a block diagram illustrating a second
embodiment of the power supply system. The power supply
device 1 includes an information generation unit 14 that
generates an information signal related to the power signal.
An information signal generated by the information genera-
tion unit 14 is multiplexed with a power signal generated by
the baseband unit 11, and generated as a modulated signal by
the modulation processing unit 12.

[0113] Communication data d of the modulated signal that
is generated from the power signal and the information
signal has a structure shown in FIG. 10. Specifically, the
communication data d is formed of a fixed-length header
section d1 which includes transmission source information,
transmission destination information, length information,
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and the like, and a data section d2 which includes informa-
tion data d21 and power data d22.

Third Embodiment

[0114] FIG. 11 is a block diagram illustrating a third
embodiment of the power supply system. The power receiv-
ing device 2 includes a display unit 24. The power receiving
device 2 that has received the modulated signal causes the
demodulation processing unit 22 to perform demodulation
processing and causes the display unit 24 to display the
information signal obtained with the power signal in the
form of at least visible or audible information. The display
device 24 may be, for example, a display, a speaker, or the
like.

[0115] As shown in FIG. 12, the display unit 24 displays
predetermined information related to the power signal based
on the information signal. FIG. 12 shows, as an example,
receiver information 24a, transmission source information
24p, environmental value information 24c, electrical energy
information 24d, and billing information 24e. Herein, the
environmental value information will be explained. For
example, an environmental additional value of electrical
power generated by natural energy is certified by a third
party certification organization, securitized by a security
issuance business operator, and the security is issued as an
environmental value certificate. The environmental value
information indicates acquisition of this certificate or may
indicate other information.

Fourth Embodiment

[0116] FIG. 13 is a block diagram illustrating a fourth
embodiment of the power supply system. As shown in FIG.
13, an encrypted signal is generated in the information
generation unit 14 of the power supply device 1, and an
encrypted modulated signal is generated in the modulation
processing unit 12. In the power receiving device 2, the
encrypted modulated signal is demodulated by the demodu-
lation processing unit, while being decrypted and deciphered
by a decryption processing unit 25. By adding such pro-
cessing, so-called power hacking can be prevented.

Fifth Embodiment

[0117] FIG. 14 is a block diagram illustrating a fifth
embodiment of the power supply system. As shown in FIG.
14, the power receiving device 2 includes a setting unit 26
for receiving only a power signal in advance, which is based
on predetermined power supply condition information. The
information signals generated by the information generation
unit 14 of the power supply device 1 include a power supply
condition information signal. If the reception unit 21 of the
power receiving device 2 receives the power supply condi-
tion information signal, it is determined whether the power
supply condition information signal is a power signal based
on the power supply conditions set by the setting unit 26.
Only when the power signal is one based on the set power
supply conditions, the received modulated signal is demodu-
lated in the demodulation processing unit 22. The power
supply condition information refers to, for example, power
source certification information certifying that the electrical
power to be supplied has been generated by renewable
energy or fossil energy (power supply condition information
for receiving only electrical power of a predetermined power
source), power rate information (power supply condition
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information for receiving only electrical power of a prede-
termined power rate), and the like. In other words, the power
supply condition information may only have to contribute to
the consumer’s determination as to whether the electrical
power from the power supply device 1 should be received.
[0118] As shown in FIG. 15, let us assume a situation, for
example, in which a vehicle C1 as a power receiving device
receives power source certification information signals from
both a power plant G1 and a power plant G2 as power supply
devices, and the power source certification information of
the power plant G1 shows the source as being fossil energy
while that of the power plant G2 shows the source as being
renewable energy (e.g., solar energy). In this situation, if the
setting unit 26 of the vehicle C 1 has been set to accept only
renewable energy-derived power signals, the power signals
from the power plant G1 are rejected and only the power
signals from the power plant G2 are received.

Sixth Embodiment

[0119] FIG. 16 is a block diagram illustrating a sixth
embodiment of the power supply system. The power receiv-
ing device 2 includes a power receiving side transmission
unit 27 that transmits a power supply request signal to a
predetermined power supply device 1, and the power supply
device 1 includes a power supply side reception unit 15 that
receives the power supply request signal.

[0120] If a power supply request signal is received by the
power supply side reception unit 15 transmitted from the
power receiving side transmission unit 27 via a communi-
cation transmission line, such as the Internet, an oscillation
circuit, for example, not shown, is started triggered by
reception of the power supply request signal and a power
signal is generated by the baseband unit 11.

[0121] The power supply request signal may be transmit-
ted from the power receiving side transmission unit 27 in
response to a predetermined threshold being reached in the
power receiving device 2. The predetermined threshold may
be at least a threshold of a state of charge of the power
receiving device 2, an operating time of the power receiving
device 2, or the like. For example, if the load connected to
the power receiving device 2 corresponds to that of devices
that are required to be constantly in operation, the state of
charge, the operating time corresponding to the amount of
charge, or the like is measured and a predetermined state of
charge or a predetermined cumulative operating time is set
in advance as a threshold, so that a power supply request
signal can be transmitted when it is detected that the
threshold has been reached.

[0122] FIG. 17 illustrates a portable vital data measuring
instrument V which is worn, for example, on the arm of a
person to be measured. If the person to be measured is
indoors, the charging unit of the portable vital data measur-
ing instrument V is connected to a power receiving device
(not shown) and the state of charge or the cumulative
operating time of the charging unit is detected. When the
detected value has reached a predetermined threshold, a
power supply request signal Ds1 is transmitted to an indoor
power supply device 1A. Similarly, if the person to be
measured is outdoors, a power supply request signal Ds2 is
transmitted to an outdoor power supply device 1B when a
detected value has reached a predetermined threshold.
[0123] The vital data (e.g., blood sugar level, blood pres-
sure level, etc.) can be continuously measured to obtain their
variation with environmental changes, so that the data can be
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used for correct medical diagnosis. However, it may be
extremely cumbersome for a moving person to be measured
to constantly confirm the state of charge of the portable vital
data measuring instrument V. Even if an alert is set to be
issued when a predetermined state of charge or cumulative
operating time has been reached, without an available charg-
ing facility, the instrument cannot be charged and the
continuous measurement is interrupted. In this regard, as
shown in the present embodiment, continuous measurement
can be achieved if the instrument can be automatically
charged without the need for operation by the person being
measured. FIG. 17 shows the case where there is only one
person to be measured. However, for example, electrical
power may be supplied to a plurality of persons being
measured by linking the power supply request signals to the
1D signals of the respective persons, so that these persons
can be identified and electrical power can be supplied to
them from one power supply device.

[0124] Furthermore, since electrical power can be fre-
quently supplied to various devices, the charging facilities of
the respective devices can be reduced in size (reduced in
weight). For example, if the devices are smartphones, the
operating time can be extended even if they are smaller in
size. If the devices are moving objects, such as motor cars
or unmanned aerial vehicles, their range can be extended.

Seventh Embodiment

[0125] FIG. 18 is a block diagram illustrating a seventh
embodiment of the power supply system. The power supply
side reception unit 15 of the power supply device 1 receives
a power supply request signal from the power receiving
device 2 as described referring to FIG. 16. When such a
power supply request signal is received, the power supply
side reception unit 15 causes an authentication processing
unit 16 to perform authentication processing to determine
whether to supply electrical power to the power receiving
device 2 which has transmitted the power supply request
signal. Accordingly, the power receiving device 2 transmits
authentication information (e.g., ID, password, etc.)
required for the authentication processing together with the
power supply request signal (not shown).

[0126] Other than performing the authentication process-
ing in response to a power supply request signal from the
power receiving device 2, it may be configured so that a
transmission request for authentication information is sent to
the power receiving device 2 whose reception unit 21 has
received a modulated signal from the transmission unit 13 of
the power supply device 1, and the authentication processing
is performed when such authentication information has been
received by the power supply side reception unit 15 (not
shown).

Eighth Embodiment

[0127] FIG. 19 is a block diagram illustrating an eighth
embodiment of the power supply system. The power supply
device 1 includes a power supply condition processing unit
17 that changes power supply conditions depending on
whether the power supply device 2 has been authenticated or
not authenticated by the authentication processing unit 16
described referring to FIG. 18. The power supply condition
processing unit 17 causes the baseband unit 11 to generate
power signals based on different power supply conditions
according to approval or rejection of the authentication. For
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example, if power signals are transmitted to all the vehicles
that pass through a predetermined place, such as a drive-
through, the authentication processing unit 16 may identify
members and non-members of the store that offers the
drive-through, and the power supply condition processing
unit 17 may change the amount of electrical energy supply
to the vehicles or may perform other processing.

[0128] FIG. 20 is a set of diagrams illustrating examples
of processing performed by the power supply condition
processing unit 17. FIG. 20(A) is a diagram illustrating a
situation in which electrical power is supplied from a solar
power generator group G3, as a power supply device,
established in a predetermined passage area (road R) to a
vehicle C1 that always uses the road R and a vehicle C2 that
happens to use the road R, as power receiving devices, while
performing processing for changing power supply condi-
tions to change billing among these vehicles for the electri-
cal power supplied from the solar power generator group
(3. Specifically, the vehicle C1, which signed a continuing
contract and has an ID as a customer, is authenticated by the
authentication processing unit 16 and is billed by the power
supply condition processing unit 17 at a discounted rate
under the continuing contract. On the other hand, the vehicle
C2, which has no ID as a customer, is not authenticated by
the authentication processing unit 16 and is billed by the
power supply condition processing unit 17 at a regular rate.
[0129] FIG. 20(B) is a diagram illustrating a situation in
which electrical power is supplied from a solar power
generator G4, as a power supply device, to power receiving
devices (vehicle C1, vehicle C2, fixed equipment Ul, and
fixed equipment U2) as power supply destinations. In this
case, the authentication processing unit 16 performs authen-
tication processing for these power receiving devices to
individually identify them, and the power supply condition
processing unit 17 prioritizes the power receiving devices in
terms of supply power to change the amounts of electrical
energy to be supplied to them. Specifically, instead of evenly
dividing a total amount of supply power of the solar power
generator G4 at some point of time between the four power
receiving devices as power supply destinations, electrical
power is supplied to them with different amounts according
to the prioritization. The present embodiment shows that, of
the total amount of supply power of the solar power gen-
erator G4, 10% is supplied to the vehicle C1, 20% is
supplied to the vehicle C2, 40% is supplied to the fixed
equipment U1, and 30% is supplied to the fixed equipment
U2.

Ninth Embodiment

[0130] FIG. 21 is a block diagram illustrating a ninth
embodiment of the power supply system. The power supply
device 1 includes a selection unit 18 that checks power
receiving side status information received from the power
receiving side transmission unit 27 of each power receiving
device 2 against power supply side status information held
by the power supply device 1, and selects a power receiving
device 2 as a power supply destination if the power receiving
side status information transmitted from this power receiv-
ing device 2 has a predetermined relation with the power
supply side status information. The status information refers
to, for example, information that changes with time, such as
positions of moving objects (distance between the power
supply device 1 and the power receiving device 2), time
(e.g., daylight hours if the power supply means uses renew-
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able energy), and amount of change in positions (traveling
speeds if the power supply device 1 and the power receiving
device 2 are moving objects). The predetermined relation
refers to, for example, a relation enabling efficient power
supply such as the case in which the power supply device 1
and the power receiving device are moving objects and their
moving directions are the same or approximated.

[0131] FIG. 22 is a diagram illustrating an example in
which the predetermined relation of the status information is
moving directions of moving objects. Specifically, FIG. 22
illustrates a situation in which a power supply vehicle C1
travels in a predetermined direction, and there are a power
receiving vehicle C2 traveling in the same direction as the
power supply vehicle C1 and a power receiving vehicle C3
traveling in an opposite direction to the power supply
vehicle C1. In this case, the selection unit 18 of the power
supply side vehicle C1 receives power receiving side status
information from the power receiving vehicle C2 indicating
traveling in the same direction, while receiving power
receiving side status information from the power receiving
vehicle C3 indicating traveling in an opposite direction. The
selection unit 18 checks the power supply side status infor-
mation of its own against the two pieces of power receiving
side status information, determines that the power receiving
side status information of the power receiving vehicle C2
has a predetermined relation of traveling in the same direc-
tion, and selects the power receiving vehicle C2 as a power
supply destination. The power receiving vehicle C3 that has
transmitted the power receiving side status information
indicating traveling in an opposite direction is determined to
be in a status not suitable for being selected as a power
supply destination, from the perspective of efficiency when
compared to the relation with the power receiving vehicle
C2, and therefore the power supply vehicle C1 rejects power
supply to the power receiving vehicle C3.

Tenth Embodiment

[0132] FIG. 23 is a block diagram illustrating a power
receiving and supply device 4 configuring a tenth embodi-
ment of the power supply system. The power receiving and
supply device 4 is capable of receiving electrical power from
the power supply device 1 and supplying electrical power to
the power receiving device 2. The power receiving and
supply device 4 mainly serves as a relay device (node) in a
power supply network described later. The power receiving
and supply device 4 has a configuration that is a combination
of the configurations of the power supply device 1 and the
power receiving device 2. Specifically, the power receiving
and supply device 4 includes a power receiving unit 41
including a reception unit 413, a demodulation processing
unit 412, and a loading unit 411, and includes a power
supply unit 42 including a baseband unit 421, a modulation
processing unit 422, and a transmission unit 423 (The
present embodiment shows the same mode as the first
embodiment; however, the mode may be the same as any of
the second to ninth embodiments.)

[0133] The power receiving and supply device 4 of the
present embodiment may include a storage unit 43 which
stores a part or all of the received electricity. Electrical
power received by the power receiving and supply device 4
can be stored in the storage unit 43 and can be supplied to
another power receiving device 2 or power receiving and
supply device 4 at desired timing.
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[0134] FIG. 24 is a first modification of the power receiv-
ing and supply device 4 according to the tenth embodiment.
The present modification includes at least a log information
generation unit that generates power reception source infor-
mation, an amount of received power, power supply desti-
nation information, and an amount of supplied power at
predetermined time intervals, and a calculation unit that
calculates a difference between the amount of received
power and the amount of supplied power. Specifically, as
shown in FIG. 25, if the power receiving and supply device
4 receives power Pil and power Pi2 at some time (t3) and
stores these powers in the storage unit 43 and at the same
time supplies power Pol and power Po2, the log information
generation unit 44 generates log information related to
power reception and power supply, and the calculation unit
45 calculates a difference between the amount of received
power and the amount of supplied power. Thus, the power
receiving and supply device 4, which sequentially calculates
the amounts of received and supplied power as a node of a
power supply network described later, can supply data that
contributes to dynamic measurements of power supply effi-
ciency of the entire power supply network.

[0135] FIG. 26 shows a second modification of the power
receiving and supply device 4. The power receiving and
supply device 4 includes a control unit 46 that distributes
received electrical power to a plurality of loads as necessary
from the power receiving and supply device 4. The control
unit 46 distributes electrical power to complement the
electrical power distributed from existing distribution plants
other than the power receiving and supply device 4 to the
plurality of loads.

[0136] FIG. 27 is a diagram illustrating a specific example
of the second modification. The power receiving and supply
device 4 is installed in a smart home H. The control unit 46
of the power receiving and supply device 4 supplies elec-
trical power to loads L1 to L3 (L1 is a refrigerator, .2 is a
television set, and [.3 is an air conditioner in the present
modification) used in the smart home. Also, the control unit
46 distributes electrical power to complement the electrical
power distributed to the loads [.1 to 1.3 from existing power
distribution plants (solar panels Sp or existing distribution
plants supplying electrical power from the distribution line
of an electrical power company via a distribution board db).
For example, the control unit 46 may monitor excess of an
ampere capacity according to an existing power contract
and, if there is a possible excess, may switch only prede-
termined loads to receive power supply from the power
receiving and supply device 4.

[0137] Alternatively, the control unit 46 may monitor
power consumption of the entire smart home H to control
standby power of the loads. Furthermore, the control unit 46
may monitor power consumption of the entire smart home H
and activate the power supply unit 42 to sell surplus elec-
trical power. In this case, information of power sales desti-
nations can be obtained by the log information generation
unit 44 and the calculation unit 45.

[0138] The power receiving and supply device 4 may have
a form in which the power receiving unit 41 is integrated
with the power supply unit 42 or may have a form in which
the power receiving unit 41 and the power supply unit 42 are
separately formed and connected to each other.
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Eleventh Embodiment

[0139] FIG. 28 is a block diagram illustrating an eleventh
embodiment of the power supply system. In the present
embodiment, a plurality of power supply devices 1, power
receiving devices 2, and power receiving and supply devices
4 in a predetermined area are formed as a cluster CL.1. The
present embodiment includes a collection/distribution server
6 which includes a collection unit 61 that collects supply
power from the cluster CL1, and a distribution control unit
62 that supplies the collected supply power to other clusters
CL2 and CL3.

[0140] As shown in FIG. 28, the power supply device 1,
the power receiving device 2, and the power receiving and
supply device 4 each include a weather detection unit 5 to
detect various weather data in the respective locations. The
weather data include, for example, but are not limited to,
temperature data, moisture data, atmospheric pressure data,
wind direction data, daylight hours data, and crustal move-
ment data. The weather detection units 5 are each provided
with electrical power by the power supply device 1 or the
power receiving and supply device 4 so as to be constantly
in operation. The collection/distribution server 6 includes a
storage unit 63 that stores weather data detected by the
weather detection units 5, and a power demand prediction
unit 64 that predicts excess/deficiency data of electrical
power of other cluster units based on the stored weather
data. The power demand prediction unit 64 may, for
example, predict power demand of each cluster unit using
past data showing correlation between change of weather
data and power consumption.

[0141] The distribution control unit 62 calculates excess/
deficiency data based on the power demand predicted by the
power demand prediction unit 64, and supplies electrical
power to the cluster expected to be short of electrical power.

[0142] In the present embodiment, the collection unit 61,
the distribution control unit 62, the storage unit 63, and the
power demand prediction unit 64 are described as being
elements configuring the collection/distribution server 6;
however, these elements may be formed as separate devices
and connected to each other. Also, the present embodiment
has been described using an example in which weather data
is detected by each weather detection unit 5; however, it may
be configured so that, without being limited to weather data,
satellite data or other data contributing to power demand
prediction is detected (data detection unit).

[0143] FIG. 29 shows a specific example in which the
power supply system shown in FIG. 28 is formed in a smart
city. As shown, clusters CL.1 to CL4 are formed. The power
supply device 1, the power receiving device 2, or the power
receiving and supply device 4 forming each cluster may be
not only a smart home as illustrated in FIG. 27, but also a
moving object, such as a vehicle, temporarily present in the
cluster. If a smart city is formed as in the present embodi-
ment, each area (cluster) unit is able to effectively and timely
support other areas (clusters) for power supply if any of
them suffers a disaster. The present embodiment shows that
the clusters CL.1 to CL3 support the cluster CL4 for power
supply. As does the cluster CL3, electrical power may be
directly supplied to the cluster CL.4 without going through
the collection/distribution server 6.

[0144] The present embodiment, with which micro-level
weather data can be acquired in bulk, is expected to con-
tribute to improving accuracy of weather forecast.
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[0145] In the present embodiment, the collection/distribu-
tion server 6 is located in an area that belongs to none of the
clusters, but may be located in any of the clusters. In any
case, it may be designed so that various devices (moving
objects, in particular) can be provided with electrical power
in areas around the site where the collection/distribution
server 6 is established.

[0146] Furthermore, data obtained from portable vital data
measuring instruments V described referring to FIG. 17 can
be tallied for each cluster unit. By acquiring and tallying
vital data of inhabitants for each area, area characteristics
related to health can be identified, and this is expected to
contribute to providing medical services to the area.

Twelfth Embodiment

[0147] FIGS. 30 to 32 are schematic diagrams each illus-
trating a twelfth embodiment of the power supply system.
The power supply system of the present embodiment
includes an arithmetic unit that calculates a route to form a
power supply network in which electrical power is supplied
from a power supply device to a power receiving device via
a plurality of power receiving and supply devices (nodes).
The arithmetic unit may have a dedicated server, or may be
a unit that performs calculation using P2P communication
(the arithmetic unit is not shown in the present embodiment).
[0148] FIG. 30 is a schematic diagram illustrating a supply
system Snl based on selection of a shortest path of the
power supply system. The arithmetic unit calculates a route
having a shortest distance among the power supply routes
from a power supply device 1A to a power receiving device
2A. The shortest distance may be calculated using a known
algorithm (e.g., Dijkstra’s algorithm). The shortest distance
may dynamically change due to installation of a new node;
however, the shortest distance can be fixedly set in advance
because a power supply route can basically be confirmed
prior to power supply. In the present embodiment, a shortest
distance power supply network Sn1 is formed by paths W1,
W2, W3 and W4 between the power supply device 1A and
the power receiving device 2A via power receiving and
supply devices 41A, 42A and 43 A. The power receiving and
supply devices 41A to 43A can receive transaction fees
involved in the power supply (the same applies to the modes
shown in FIGS. 31 and 32). In this mode, a long-distance
power supply route can be formed by short-distance units to
improve power supply efficiency.

[0149] FIG. 31 shows a mode in which paths in a power
supply network Sn2 dynamically change. The arithmetic
unit selects a path W1 from a power supply device 11B as
an optimum power supply route to the power receiving
device 2A at time t1 (FIG. 31(A)), selects paths W2 and W3
via the power receiving and supply devices 41B and 42B as
an optimum power supply route at time t2 (FIG. 31(B)), and
selects paths W4, W5, W2 and W3 via a power supply
device 12B and the power receiving and supply devices 43B,
41B and 42B as an optimum power supply route at time t3.
[0150] In the present embodiment, the arithmetic unit
measures power consumption in the plurality of routes of the
power supply network Sn2 and dynamically changes route
based on data on available supply power. Therefore, routes
are dynamically changed as time passes from time t1 to time
3. In the present embodiment, at least power receiving and
supply devices located on a route are brought into a standby
state as nodes and therefore include respective storage units.
In particular, if demand prediction of the entire power supply
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network is improved, an optimum amount of electrical
power can be stored and power supply efficiency can be
improved. In particular, power supply efficiency can be
improved when performing multiple-to-multiple power sup-
ply.

[0151] FIG. 32 is a set of schematic diagrams each illus-
trating a supply network based on route selection according
to the priority requirements of the power supply system.
FIG. 32(A) is a schematic diagram illustrating a power
supply network Sn3 for route selection according to the
priority requirement on the power receiving device 2A side.
For example, if the priority requirement on the power
receiving device 2A side is to prioritize power supply of a
renewable energy promotion company, the arithmetic unit
performs route selection according to this priority require-
ment (This is an application of the configuration described
referring to FIGS. 14 and 15 to the route selection of the
entire power supply network.). In the present embodiment,
when the power receiving device 2A sets a predetermined
priority requirement, the arithmetic unit selects paths Wpl,
Wp2, Wp3 and Wpd via a power supply device 1C and
power receiving and supply devices 41C, 42C, 43C and 44C.
[0152] FIG. 32(B) is a schematic diagram illustrating a
power supply network Sn4 for route selection according to
the priority requirement on a power supply device 1D side.
For example, if the power supply device 1D is connected to
a weather forecast server 7 via the Internet I, and informa-
tion (a signal) related to a disaster forecast for the area where
the power receiving device 2A is located is received from the
server 7, the arithmetic unit is triggered by the signal
reception and calculates an optimal route from the power
supply device 1D to the power receiving device 2A. In the
present embodiment, when the power supply device 1D sets
a predetermined priority requirement, the arithmetic unit
selects paths Wp6, Wp7, Wp8, Wp9 and Wp10 via a power
supply device 1D and power receiving and supply devices
41D, 42D, 43D and 44D.

[0153] In the present embodiment, the signal from the
server 7 is used as a trigger for starting the arithmetic unit;
however, the arithmetic unit may be started without relying
on a signal from an external device to set the priority
requirement. It should be noted that the power receiving and
supply device 44D may be, for example, a device installed
in a medical facility or disaster headquarters, or may be a
device installed in a public shelter, or in other places.
[0154] As described above, the power supply device and
the power supply system according to the disclosure of the
present specification transmit an electrical signal after being
encoded, and therefore have high robustness, and can per-
form power supply at a high SN ratio. Furthermore, the
encoding enables transmission of a plurality of electrical
signals without interference, and therefore the power supply
device and the power supply system according to the dis-
closure of the present specification can enhance fading
resistance and thus is suitable for radiative wireless power
transmission between a plurality of moving objects (mul-
tiple-to-one, one-to-multiple, or multiple-to-multiple).

REFERENCE SIGNS LIST

[0155] 1 Power supply device

[0156] 2 Power receiving device
[0157] 11 Baseband unit

[0158] 12 Modulation processing unit
[0159] 13 Transmission unit
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[0160] 14 Information generation unit

[0161] 15 Power supply side reception unit
[0162] 21 Reception unit

[0163] 22 Demodulation processing unit

[0164] 23 Loading unit

[0165] 24 Display unit

[0166] 25 Decryption processing unit

[0167] 26 Setting unit

[0168] 27 Power receiving side transmission unit

1. A power supply device configured to transmit a power
signal to a power receiving device to supply electrical power
thereto and perform transmission and reception of data
related to the power signal transmission, comprising:

a baseband unit that generates the power signal;

a modulation processing unit that modulates the power
signal generated by the baseband unit to impart a code
thereto for specifying a transmission source of the
power signal, and generates a modulated signal that can
be demodulated by the power receiving device; and

a transmission unit that transmits a modulated signal
generated by the modulation processing unit to the
power receiving device using contactless transmission,
wherein

the modulation processing unit includes,

a transmission side code generation unit that generates a
complex spreading code to be shared with the power
receiving unit, from a primitive root of a predetermined
prime number and an identification number of an
integer for generating a constant-power chaotic spread-
ing code, and multiplies the complex spreading code
with the power signal to generate a constant-power
chaotic spreading code as the code for specifying a
transmission source through spread spectrum modula-
tion processing; and

a complex spreading unit that spreads the power signal
using the complex spreading code.

2. (canceled)

3. (canceled)

4. The power supply device according to claim 1, wherein

the modulation processing unit imparts a spreading code,
as the spreading code, to the power signal generated by
the baseband unit, the spreading code using K almost
periodic frequencies each determined by a parameter
expressed by 0+(k-1)/K, for multiplication with the
power signal and generates a modulated signal that can
be demodulated by the power receiving device; and

the transmission unit transmits the modulated signal gen-
erated by the modulation processing unit to the power
receiving device using contactless transmission,

where, k is an integer from 1 to K serving as an identifier
for identifying K almost periodic function codes, and K
is N or 2N (N is a code length of an almost periodic
function code), and 9 is a real number that is more than
0 and less than 1/N.

5. The power supply device according to claim 1 that
causes the modulation processing unit to perform transmis-
sion using a multicarrier signal having an almost periodic
function arrangement as a frequency arrangement to gener-
ate the modulated signal by an almost periodic function for
specifying a power signal 34 of at least one transmission
source, the modulation processing unit including
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a serial/parallel conversion unit that converts the power
signal that is a serial code into a parallel code having a
parallel number corresponding to predetermined mul-
tiplex code length;

a subcarrier conversion unit that performs subcarrier
modulation for the parallel code having predetermined
multiplex code length, and outputs a multicarrier signal
having an almost periodic frequency arrangement indi-
cated by a code string transmitted by the transmission
unit; and

an almost periodic function arrangement generation unit
that provides a multicarrier signal to the subcarrier
modulation unit, wherein

the transmission unit allocates subcarrier signals, in a
predetermined frequency band, to a plurality of sub-
carriers different from each other to transmit the mul-
ticarrier signal as an almost periodic frequency subcar-
rier synthesized signal.

6. The power supply device according to claim 5, wherein
the power signal has a predetermined almost periodic fre-
quency that is a magnetic field resonance type resonance
frequency in the modulation processing unit.

7. The power supply device according to claim 1, com-
prising a power supply side reception unit that receives a
power supply request signal from the power receiving
device, wherein a circuit for issuing the power supply signal
generated by the baseband unit commences in response to
the power supply request signal being received.

8. A power supply system comprising:

the power supply device according to claim 1, the power
supply device including a baseband unit that generates
a power signal, a modulation processing unit that
modulates the power signal generated by the baseband
unit to impart a code thereto for specifying a transmis-
sion source of the power signal and generates a modu-
lated signal that can be demodulated by a power
receiving device, and a transmission unit that transmits
a modulated signal generated by the modulation pro-
cessing unit; and

a power receiving device including a reception unit that
receives the modulated signal via a predetermined
transmission line, a demodulation processing unit that
performs demodulation processing for the received
modulated signal, and a loading unit that receives the
power signal obtained through the demodulation pro-
cessing.

9. (canceled)

10. The power supply system according to claim 8,
wherein the power supply device and the power receiving
device is a moving object, and the power supply device
simultaneously transmits power signals to a plurality of
moving objects including the similar moving object travel-
ing.

11. (canceled)

12. The power supply system according to claim 10,
comprising a plurality of power supply base stations located
between the power supply device and the similar moving
object, the plurality of power supply base stations being
mutually capable of transmission and reception of the power
signal and being connected to each other via an information
and communication network.

13. (canceled)

14. (canceled)

15. (canceled)
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16. The power supply system according to claim 10,
wherein

the power supply device includes an information genera-

tion unit that generates a predetermined information
signal related to the power signal;

the power receiving device includes a display unity that

displays the information signal;

the information signal includes at least any one of a

transmission source information signal, an electrical
energy information signal, a billing information signal,
and an environmental value information signal and
includes an encrypted signal; and

the power receiving device that has received the

encrypted signal includes a decryption processing unit
that decrypts the encrypted signal.

the power receiving device that has received the

encrypted signal includes a decryption processing unit
that decrypts the encrypted signal.

17. The power supply system according to claim 16,
wherein

the information signal includes a power supply condition

information signal; and

the power receiving device that has received the power

supply condition information signal includes a setting
unit that receives only a power signal transmitted with
a predetermined power supply condition information
signal.

18. The power supply system according to claim 12,
wherein

the power receiving device includes a power receiving

side transmission unit that transmits a power supply
request signal to the power supply device;

the power supply device includes a power supply side

reception unit that receives the power supply request
signal; and

a circuit for issuing the power supply signal generated by

the baseband unit commences in response to the power
supply side reception unit receiving the power supply
request signal.

19. (canceled)

20. The power supply system according to claim 18,
wherein the power supply request signal is transmitted in
response to at least a state of charge of the power receiving
device or a predetermined operating time of the power
receiving device having reached a predetermined threshold.

21. (canceled)

22. The power supply system according to claim 8,
wherein the power supply device includes

an authentication processing unit that requests the power

receiving device to issue authentication information for
power reception and performs authentication process-
ing in response to the authentication information being
received from the power receiving device; and

a power supply condition processing unit that changes

power supply conditions among power receiving
devices depending on whether the power receiving
devices are authenticated or not authenticated as a
result of the authentication processing.

23. The power supply system according to claim 10,
wherein the power supply device includes a selection unit
which, in response to reception of power receiving side
status information transmitted from the power receiving
device, checks the power receiving side status information
against power supply side status information held by the
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power supply device, and selects a power receiving device
that has transmitted the power receiving side status infor-
mation having a predetermined relation with the power
supply side status information, to transmit the power signal
to the selected power receiving device.

24. The power supply system according to claim 10,
comprising a power receiving and supply device that is
configured to receive electrical power from the power sup-
ply device and supply received electrical power to another
power receiving device.

25. (canceled)

26. The power supply system according to claim 24,
wherein,

the power receiving and supply device includes a storage

unit that stores a part or all of the received electrical
power, and includes at least

a log information generation unit that generates power

receiving source information, an amount of received
power, power supply destination information, and an
amount of supplied power at predetermined time inter-
vals; and

a calculation unit that calculates a difference between the

amount of received power and the amount of supplied
power.

27. (canceled)
28. The power supply system according to claim 24,
wherein

a plurality of clusters are formed for each predetermined
area, each cluster including a plurality of power supply
devices, power receiving devices, and power receiving
and supply devices; and

the power supply system includes a collection unit that
collects supply power from each cluster unit, and a
distribution control unit that supplies the collected
supply power to other clusters.

29. The power supply system according to claim 28,

comprising

a storage unit that supplies electrical power to data
detection units installed in respective power supply
devices, power receiving devices, and power receiving
and supply devices forming the clusters so that the data
detection units are constantly in operation, and stores
data detected by the data detection units; and

a power demand prediction unit that predicts excess/
deficiency data of electrical power of a cluster unit
based on the stored data, wherein

the distribution control unit supplies electrical power to
the clusters based on the excess/deficiency data pre-
dicted by the power demand prediction unit.

30. (canceled)

31. The power supply system according to claim 24,
comprising an arithmetic unit that calculates a route to form
a power supply network in which electrical power is sup-
plied from the power supply device to the power receiving
device via the plurality of power receiving and supply
devices.

32. (canceled)

33. The power supply system according to claim 31,
wherein the arithmetic unit calculates a route of a shortest
distance from the power supply device to the power receiv-
ing device for the power supply network, measures power
consumption for each of a plurality of routes of the power
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supply network, and dynamically changes routes based on
data on available supply power.

34. (canceled)

35. (canceled)
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