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WIRELESS POWER SUPPLY SYSTEM AND
NON-TRANSITORY TANGIBLE
COMPUTER-READABLE STORAGE
MEDIUM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation applica-
tion of International Patent Application No. PCT/JP2017/
031397 filed on Aug. 31, 2017, which designated the United
States and claims the benefit of priority from Japanese
Patent Application No. 2016-228962 filed on Nov. 25, 2016.
The entire disclosures of all of the above applications are
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a wireless power
supply system and a non-transitory tangible computer-read-
able storage medium.

BACKGROUND

[0003] There is conventionally provided a system that
monitors the state of a driver and performs warning and/or
driving assistance when detecting the deterioration in the
driving ability of the driver, and prevents the occurrence of
traffic accidents. For example, a configuration is disclosed
which detects, as a detected driver’s activity, the line of sight
of a driver with a sight line sensor and the rotation angle of
the steering wheel with a rotation angle sensor to monitor the
state of the driver.

[0004] According to an example of the present disclosure,
a wireless power supply system is provided to include a
headset and a vehicle-side system. The headset, which is
attached to a head of a driver of a vehicle, is configured (i)
to generate an electric power by using a received electro-
magnetic wave, (ii) to actuate a sensor with the generated
electric power to measure an activity of the driver, and (ii1)
to transmit activity measurement data indicating a measure-
ment result. The vehicle-side system, which is provided to
the vehicle, is configured (i) to transmit the electromagnetic
wave, (ii) to receive the activity measurement data from the
headset, and (iii) to monitor the activity of the driver based
on the received measurement data.

[0005] The transmitting or receiving state of the electro-
magnetic wave is monitored to provide a monitoring result,
which is to be notified.

BRIEF DESCRIPTION OF DRAWINGS

[0006] The above and other objects, features and advan-
tages of the present disclosure will become more apparent
from the following detailed description made with reference
to the accompanying drawings.

[0007] FIG. 1 is a functional block diagram showing an
embodiment of the present disclosure;

[0008] FIG. 2 is a diagram showing functions of a micro-
computer;
[0009] FIG. 3 is a diagram (part 1) showing a configura-

tion of a headset;

[0010] FIG. 4 is a diagram (part 2) showing a configura-
tion of a headset;

[0011] FIG. 5 is a diagram (part 1) showing a configura-
tion in which a driver wearing a headset is seated in a
driver’s seat;

Aug. 29,2019

[0012] FIG. 6 is a diagram (part 2) showing a configura-
tion in which a driver wearing a headset is seated in a
driver’s seat;

[0013] FIG. 7 is a diagram showing a configuration of a
vehicle-side system;

[0014] FIG. 8 is a sequence diagram (part 1);

[0015] FIG. 9 is a sequence diagram (part 2);

[0016] FIG. 10 is a sequence diagram (part 3);

[0017] FIG. 11 is a sequence diagram (part 4);

[0018] FIG. 12 is a sequence diagram (part 5);

[0019] FIG. 13 is a diagram (part 1) showing a notifying
screen;

[0020] FIG. 14 is a diagram (part 2) showing a notifying
screen; and

[0021] FIG. 15 is a diagram (part 3) showing a notifying
screen.

DETAILED DESCRIPTION

[0022] The following will describe a wireless power sup-
ply system 1 mounted in a vehicle according to an embodi-
ment of the present disclosure with reference to the draw-
ings. The wireless power supply system 1 includes a headset
2 attached on the head of a driver of the vehicle and a
vehicle-side system 3 mounted in the vehicle. The headset 2
includes a power receiving antenna 4, a power receiver 5, a
power generator 6, a control circuit 7, a plurality of brain
sensors 8a to 8x, a plurality of temperature sensors 9a to 9z,
and a communicator 10.

[0023] The power receiving antenna 4 is, for example, a
coil antenna including an annular coil, electromagnetically
coupled to the power transmitting antenna of the vehicle-
side system 3, and receives the electromagnetic wave trans-
mitted from the power transmitting antenna. Note that the
power receiving antenna 4 need not be a coil antenna, but
may be a plane antenna or a chip antenna. Further, in order
to increase the power receiving efficiency, the coil may be
held by a material enabled to adjust permeability and/or
dielectric constant.

[0024] The power receiver 5 includes a rectifying circuit
to rectify an electromagnetic wave received by the power
receiving antenna 4, generate a DC current, and output the
generated DC current to the power generator 6. When
receiving a DC current from the power receiver 5, the power
generator 6 generates operating power from the input DC
current and supplies the generated operating power to the
control circuit 7, the plurality of brain sensors 8a to 8#, the
plurality of temperature sensors 9a to 9», and the commu-
nicator 10. The power generator 6 selectively supplies
operating power to any one of the plurality of brain sensors
8a to 8n and the plurality of temperature sensors 9a to 9n;
thereby, the plurality of brain sensors 8a to 8» and the
plurality of temperature sensors 9a to 9z may be selectively
actuated or driven in accordance with the drive signal. The
power generator 6 also functions as a capacitor and also has
a function of accumulating or storing the generated operat-
ing power. That is, by providing a capacitor having a
relatively large storage capacity, the period of time during
which the brain sensors 8a to 87 be driven in the non-
powered state may be made relatively long.

[0025] The control circuit 7 controls the operation of the
headset 2 when receiving the operating power from the
power generator 6. As one of examples of the present
embodiment, the control circuit 7 is configured by using a
well-known microcomputer containing a CPU; a non-tran-
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sitory tangible storage medium such as a ROM, a RAM; 1/O
interfaces; and a bus. The control circuit 7 (i.e., the micro-
computer 7) executes a control program stored in the ROM
to provide a plurality of functions for controlling the opera-
tion of the headset 2.

[0026] The brain sensors 8a to 8r are driven by receiving
the operating power from the power generator 6, and mea-
sure the brain activity of the driver using the NIRS (Near
Infra-Red Spectroscopy) technique. In the information pro-
cessing of the brain, it is thought that the two systems (i.e.,
the signaling system played by neuronal activity and the
energy supply system supporting nerve activity) are closely
related. When nerve activity occurs, blood vessels around it
expand and an adjustment mechanism works to supply a
large amount of arterial blood including oxygen and glucose,
which are energy sources. In tissues in the vicinity of the
active nerve, it is assumed that the blood flow rate and the
blood volume increase, and the oxidation state of blood (that
is, the ratio of oxyhemoglobin concentration to deoxyhemo-
globin concentration) changes. The relationship between
such neural activity and cerebral blood reaction is called
neurovascular coupling; in the NIRS technique, local hemo-
globin concentration in the brain is detected based on the
assumption that neurovascular coupling exists, to measure
the brain activity of a person.

[0027] Specifically, each of the brain sensors 8a to 8»
includes a radiator that radiates near-infrared light on the
scalp of the driver and a light receiver that receives dif-
fusedly reflected light of near-infrared light radiated from
the radiator. When near-infrared light is radiated onto the
scalp of the driver from the radiator, the light component of
the near-infrared light diffuses into the brain tissue due to
high bio-permeability that permeates the skin and bone,
thereby reaching the cerebral cortex deep in about 20-30
mm. Then, due to the property that the oxyhemoglobin
concentration and the deoxyhemoglobin concentration in the
blood have different optical absorption characteristics, the
light component diffusely reflected at a position several cm
away from the irradiated point is detected by the light
receiver. In this manner, the brain sensors 8a to 8» detect the
light component, estimate changes in oxyhemoglobin con-
centration and deoxyhemoglobin concentration in the cere-
bral cortex, and measure the brain activity of the driver. The
brain sensors 8a to 8» may estimate the change in the total
hemoglobin concentration, which is the aggregate of both
the oxyhemoglobin concentration and deoxyhemoglobin
concentration of the cerebral cortex, as well as the brain
activity of the driver. Then, the brain sensors 8a to 8z output
brain activity measurement data indicating the measurement
result to the control circuit 7.

[0028] The temperature sensors 9a to 9 are provided to
correspond to the brain sensors 8a to 8z, measure the
temperatures of the brain sensors 8a to 8n, and output
temperature measurement data indicating the measured
results to the control circuit 7. Incidentally, one temperature
sensor may be provided for all of the plurality of brain
sensors 8a to 8n. When receiving the brain activity mea-
surement data from the brain sensors 8a to 8z and receiving
the temperature measurement data from the temperature
sensors 9a to 9n, the control circuit 7 transmits a sensor
signal including the received brain activity measurement
data and temperature measurement data via the communi-
cator 10 to the vehicle-side system 3 by wireless commu-
nication. Further, the control circuit 7 transmits the reception
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intensity signal including the reception intensity of the
electromagnetic wave in the power receiving antenna 4 to
the vehicle-side system 3 via the communicator 10 by
wireless communication.

[0029] The vehicle-side system 3 includes a control circuit
11, a power transmitter 12, a power transmitting antenna 13,
a monitoring power receiving antenna 14, a monitoring
power receiver 15, a communicator 16, a notification appa-
ratus 17, a driver monitoring system 18, a vehicle travel
monitoring system 19, and an air conditioning system 20.
[0030] The control circuit 11 controls the operation of the
vehicle-side system 3. The power transmitter 12 transmits
electromagnetic waves from the power transmitting antenna
13. The power transmitting antenna 13, which is fixedly
provided in the passenger compartment, is a coil antenna
composed of an annular coil, for instance; the power trans-
mitting antenna 13 is electromagnetically coupled with the
power receiving antenna 4 of the above-described headset 2,
thereby transmitting the electromagnetic waves to the power
receiving antenna 4. Note that the power transmitting
antenna 13 need not be a coil antenna but may be a planar
antenna or a chip antenna. Further, in order to increase the
power transmission efficiency, the coil may be held by a
material enabled to adjust permeability and/or dielectric
constant.

[0031] The monitoring power receiving antenna 14, which
1s fixedly provided in the vicinity of the power transmitting
antenna 13 in the passenger compartment, is a coil antenna
composed of an annular coil, for instance; the monitoring
power receiving antenna 14 is electromagnetically coupled
with the above power transmitting antenna 13, thereby
receiving electromagnetic wave transmitted from the power
transmitting antenna 13. Note that the monitoring power
receiving antenna 14 need not necessarily be a coil antenna
but may be a planar antenna or a chip antenna. Further, in
order to increase the power receiving efficiency, the coil may
be held by a material enabled to adjust permeability and/or
dielectric constant.

[0032] The monitoring power receiver 15, which includes
a rectifying circuit, rectifies the electromagnetic wave
received by the monitoring power receiving antenna 14,
generates a DC current, and outputs the generated DC
current to the control circuit 11. Upon receiving the sensor
signal from the headset 2, the communicator 16 outputs the
received sensor signal to the control circuit 11.

[0033] The notification apparatus 17 includes a display
and a speaker, for instance; when receiving a notification
command signal from the control circuit 11, the notification
apparatus 17 performs a notifying operation according to the
received notification command signal. The driver monitor-
ing system 18 is a system including a camera or the like for
photographing the face of the driver, monitors the state of
the driver, and outputs a monitoring signal including the
monitoring result to the control circuit 11. The vehicle travel
monitoring system 19 is a system for detecting acceleration
control accompanying accelerator operation, deceleration
control accompanying brake operation, steering control
accompanying steering operation, monitors the state of
vehicle travel, and outputs a monitoring signal including the
monitoring result to the control circuit 11. When receiving
the air conditioning control signal from the control circuit
11, the air conditioning system 20 performs air conditioning
control in the passenger compartment according to the
received air conditioning control signal.
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[0034] As shown in FIG. 2, the control circuit 11 includes
a plurality of sections as follows: a transmission control
section 1la, a power reception monitoring section 115, a
power transmission monitoring section 11¢, a notification
control section 114, a posture detection section 11e, a normal
posture storage section 117, a driver monitoring section 1lg,
a vehicle travel monitoring section 11%, a brain activity
determination section 11i, a temperature determination sec-
tion 11j, and an air conditioning control section 114, to
achieve respective functions.

[0035] As one of examples of the present embodiment, in
the present embodiment, each of these sections 11a to 11k is
configured by the control circuit 11 executing a control
program stored in a storage in a software manner. That is, the
control circuit 11 is configured by using a well-known
microcomputer containing a CPU; a non-transitory tangible
storage medium such as a ROM, a RAM; I/O interfaces; and
a bus. The control circuit 11 (i.e., the microcomputer 11)
executes a control program (e.g., a power transmission and
reception monitoring program) stored in the ROM to pro-
vide a plurality of functions by using the sections.

[0036] The transmission control section 1la controls
transmission of electromagnetic waves from the power
transmitting antenna 13. When the reception intensity signal
transmitted from the headset 2 is received by the commu-
nicator 16, the power reception monitoring section 115
acquires and determines the reception intensity of the elec-
tromagnetic wave in the power receiving antenna 4, and
monitors the receiving state of the electromagnetic wave by
the power receiving antenna 4. That is, the power transmit-
ting antenna 13 is fixedly provided in the passenger com-
partment and the power receiving antenna 4 is provided in
the headset 2. When the driver wearing the headset 2 moves
their head, the relative position between the power trans-
mitting antenna 13 and the power receiving antenna 4 thus
changes while the reception intensity of the electromagnetic
wave in the power receiving antenna 4 thus changes. When
the reception intensity of the electromagnetic wave in the
power receiving antenna 4 is equal to or lower than a
predetermined intensity for a predetermined period of time,
the power reception monitoring section 115 determines that
the receiving state of the electromagnetic wave by the power
receiving antenna 4 is unstable.

[0037] The power transmission monitoring section 11c¢
acquires and determines the reception intensity of electro-
magnetic waves in the monitoring power receiving antenna
14 and monitors the transmitting state of electromagnetic
waves from the power transmitting antenna 13. That is, both
the power transmitting antenna 13 and the monitoring power
receiving antenna 14 are fixedly provided in the passenger
compartment; as long as the transmission intensity of the
electromagnetic wave from the power transmitting antenna
13 does not change, the reception intensity of the electro-
magnetic wave at the monitoring power receiving antenna
14 is constant. When the transmission intensity of the
electromagnetic wave from the power transmitting antenna
13 changes, the reception intensity of the electromagnetic
wave in the monitoring power receiving antenna 14 thus
changes. The power transmission monitoring section 11¢
determines that the transmission state of the electromagnetic
wave from the power transmitting antenna 13 is unstable
when a state in which the reception intensity of the electro-
magnetic wave in the monitoring power receiving antenna
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14 is equal to or less than a predetermined intensity contin-
ues for a predetermined period of time.

[0038] Upon receiving a notification command signal, the
notification control section 11d notifies (i) the monitoring
result of the power reception monitoring section 115 and/or
(i1) the monitoring result of the power transmission moni-
toring section 1le, from the notification apparatus 17
according to the received notification command signal. That
is, when determining that the receiving state of the electro-
magnetic wave by the power receiving antenna 4 or the
transmitting state of the electromagnetic wave from the
power transmitting antenna 13 is unstable, the notification
control section 114 notifies the fact from the notification
apparatus 17 by displaying images or announcing speeches.
[0039] The posture detection section 11e detects the pos-
ture of the driver. The normal posture storage section 111
stores in a storage, as a normal posture, the posture of the
driver when the power reception monitoring section 114
determines that the receiving state of the electromagnetic
wave is stable. When the power reception monitoring sec-
tion 115 determines that the receiving state of the electro-
magnetic wave is unstable, the notification control section
11d notifies the notification information prompting to return
the current posture to the normal posture. That is, for
example, suppose cases that the current posture of the driver
is inclined to the right from the normal posture and the
receiving state of the electromagnetic wave is unstable due
to the inappropriate position of the power receiving antenna
4 with respect to the power transmitting antenna 13. In such
cases, the notification control section 11d notifies the noti-
fication information prompting to return the current posture
to the normal posture.

[0040] The driver monitoring section 11g monitors the
state of the driver using the monitoring signal input from the
driver monitoring system 18. The driver monitoring section
11g monitors whether or not the state of the driver is in a
normal state in which safe driving may be maintained, for
example, from a change in the pupil of the driver or the sight
line direction of the driver. The driver monitoring section
11g creates a database by digitizing changes in the pupil of
the driver and the sight line direction, for example, when the
driver is in a normal state. When the numerical values such
as changes in the pupil of the driver and the sight line
direction deviate from the numerical values in the database,
it is determined that the state or condition of the driver is
abnormal.

[0041] The vehicle travel monitoring section 11% uses the
monitoring signal input from the vehicle travel monitoring
system 19 to monitor the state of vehicle travel. The vehicle
travel monitoring section 11%2 monitors whether or not the
travel state of vehicle is in a normal state where safe driving
can be maintained, for example, from the changes in accel-
eration control, deceleration control, steering control, or the
like. For example, the vehicle travel monitoring section 11/
creates a database by digitalizing the changes in the accel-
eration control, the deceleration control, the steering control,
etc. in the normal state. When numerical values of the
changes in the acceleration control, deceleration control,
steering control, etc. deviate from the numerical values in
the database, it is determined that the travel state of the
vehicle is abnormal.

[0042] When the sensor signal transmitted from the head-
set 2 is received by the communicator 16, the brain activity
determination section 11i determines whether the brain
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activity of the driver is normal or abnormal based on the
brain activity measurement data included in the sensor
signal. When determining the abnormality of the brain
activity of the driver, the brain activity determination section
11i performs a process for the abnormality of the brain
activity. For example, when determining that the driver is in
a non-awake state, the brain activity determination section
11i performs a process to awaken the driver such as giving
a stimulus to the driver as a process for the abnormality of
the brain activity. A method for giving a stimulus to the
driver includes, for example, changing the transmission
output of the electromagnetic wave from the power trans-
mitting antenna 13 to change the intensity of the near
infrared light radiated on the scalp of the driver from the
brain sensors 8a to 8x.

[0043] When the sensor signal transmitted from the head-
set 2 1s received by the communicator 16, the temperature
determination section 11j determines the presence or
absence of the abnormality of the temperature of the brain
sensors 8a to 8z based on the temperature measurement data
included in the sensor signal. When determining the pres-
ence of the abnormality, the temperature determination
section 11/ performs a process for the abnormality of the
temperature. For example, when determining that the tem-
peratures of the brain sensors 8a to 8» each have reached a
predetermined temperature, the temperature determination
section 11; controls the air conditioning system 20 by using
the air conditioning control section 11% as a process for the
abnormality of the temperature to allow the temperature to
be less than the predetermined temperature.

[0044] The following will describe a mechanical configu-
ration of the headset 2. The headset 2 includes (i) a type that
receives electromagnetic waves from the above and (ii) a
type that receives electromagnetic waves from the side. As
shown in FIG. 3, the headset 2 for receiving electromagnetic
waves from the above includes a controller box 22 attached
to the upper portion of a curved main body 21 along the
shape of a human head. The main body 21 is made of a
flexible material and is deformable according to the shape of
a human head. The main body 21 functions as a sensor
holder which holds the brain sensors 8a to 8z. On the inner
surface of the main body 21 contacting the scalp of a person,
a plurality of brain sensors 8a to 8z are embedded in
substantially the same intervals as shown in FIG. 3. Though
not shown in FIG. 3, a plurality of temperature sensors 9a to
9n are also disposed at substantially equal intervals corre-
sponding to a plurality of brain sensors 8a to 8n.

[0045] The controller box 22 includes or incorporates the
above-described power receiving antenna 4, the power
receiver 5, the power generator 6, the control circuit 7, and
the communicator 10. The brain sensors 8a to 8» and the
temperature sensors 9a to 9., which are individually con-
nected to the controller box 22 with power supply lines and
signal lines (not shown), receive the operating power sup-
plied from the power generator 6 via the power supply lines,
and output the brain activity measurement data and tem-
perature measurement data to the control circuit 7 via the
signal lines. The main body 21 is integrally provided with a
front holding portion 23 for holding the front side of the
human head and a rear holding portion 24 for holding the
rear side of the human head. The front holding portion 23
and the rear holding portion 24 are each made of a flexible
material to be deformed according to the shape of the human
head. The main body 21 is integrally provided with a jaw
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string 25 as an attachment assisting tool for hooking on the
ear or neck so that the main body 21 is not detached from the
head due to impact or the like.

[0046] As shown in FIG. 4, the headset 2 of a type
receiving electromagnetic waves from the side is different
from that of a type receiving the electromagnetic waves
from the above in that two controller boxes 22 are provided
to be attached to the left and right side portions of the main
body 21, the other configuration is almost the same.
[0047] When the driver wearing the headset 2 of the type
that receives the electromagnetic waves from the above is
seated in the driver’s seat, as shown in FIG. 5, the power
receiving antenna 4 is located to be close to the power
transmitting antenna 13 embedded in the ceiling of the
vehicle interior of the vehicle. When the power receiving
antenna 4 is located to be close to the power transmitting
antenna 13, the power receiving antenna 4 receives the
electromagnetic wave transmitted from the power transmit-
ting antenna 13, to be supplied with the power from the
above. When the driver wearing the headset 2 of the type
that receives the electromagnetic waves from the side is
seated in the driver’s seat, the power receiving antenna 4 is
located to be close to the power transmitting antenna 13
embedded in the head-rest 26 of the driver’s seat, with
respect to each of the right side and the left side of the driver
or the main body 21, as shown in FIG. 6. When the power
receiving antenna 4 is located to be close to the power
transmitting antenna 13, the power receiving antenna 4
receives the electromagnetic wave transmitted from the
power transmitting antenna 13, to be supplied with the
power from the side. The above describes the headset 2 of
a type that receives electromagnetic waves from the side
including two controller boxes 22 attached to the left and
right side portions of the main body 21. The controller box
22 may alternatively be attached to only one of the left side
and the right side of the main body 21. Further, three
controller boxes 22 may be attached to the upper portion and
the left and right side portions of the main body 21.
[0048] The following will describe a mechanical configu-
ration of the vehicle-side system 3. As shown in FIG. 7, in
the vehicle-side system 3, the power is supplied from a
battery 27 mounted on the vehicle to the power transmitting
antenna 13 via two power supply lines 28, 29. That is, the
power is supplied to the power transmitting antenna 13 from
the battery 27 via the front power supply line 28 attached to
the front of the vehicle, and the power is supplied to the
power transmitting antenna 13 via the rear power supply line
29 attached to the rear of the vehicle from the battery 27.
Bven if either one of the front side of the vehicle and the rear
side of the vehicle is damaged due to a vehicle accident or
the like to damage one of the front power supply line 28 and
the rear power supply line 29, the power supply via the other
is secured to increase redundancy. FIG. 7 illustrates a
configuration in which the power is supplied to the power
transmitting antenna 13 arranged on the ceiling of the
passenger compartment of the vehicle. The power transmit-
ting antenna 13 embedded in the head-rest 26 in the pas-
senger compartment may be supplied with power via the two
power supply lines 28, 29.

[0049] The following will describe operations or sequence
including sections (expressed as S), with reference to FIGS.
8 to 15. In the vehicle-side system 3, the operations or
sequence may be mainly controlled by the control circuit 11,
in the headset 2, the operations or sequence may be mainly
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controlled by the control circuit 7. In the vehicle-side system
3, the control circuit 11 uses the monitoring signal input
from the driver monitoring system 18 to monitor the state of
the driver (SA1). For example, suppose cases that the
change in the pupil or the sight line direction of the driver
is stable so that the driver is in a normal state enabled to
maintain safe driving. In such cases, the control circuit 11
determines that it is not necessary to measure the brain
activity (SA3: NO), then, monitoring of the state of the
driver is continued. The control circuit 11 uses the moni-
toring signal input from the vehicle travel monitoring system
19 to monitor the state of vehicle travel (SA2). For example,
suppose cases that the change in the acceleration control, the
deceleration control, or the steering control is stable so that
the vehicle travel is in a normal state enabled to maintain
safe driving. In such cases, the control circuit 11 determines
that it is not necessary to measure the brain activity (SA3:
NO); then, monitoring of the state of the vehicle travel is
continued.

[0050] On the other hand, suppose cases that the driver is
in an abnormal state, such as frequent inattentiveness of the
driver, disabled to maintain safe driving, or that the vehicle
travel is in an abnormal state, such as a high frequency of
rapid acceleration or sudden deceleration, disabled to main-
tain safe driving. In such cases, the control circuit 11
determines that it is necessary to measure the brain activity
(SA3: YES); then, transmission of electromagnetic waves
from the power transmitting antenna 13 is started (SA4).

[0051] The headset 2 (i.e., the control circuit 7) starts the
reception of the electromagnetic wave transmitted from the
power transmitting antenna 13, by using the power receiving
antenna 4 (SB1). The received electromagnetic wave is
rectified to generate a direct current; operating electric
power is generated from the generated direct current; and the
generated operating electric power is supplied to the control
circuit 7, a plurality of brain sensors 8a to 8r, a plurality of
temperature sensors 9a to 9x, and the communicator 10. In
response to that the operating electric power is generated,
the headset 2 is activated to transmit a sensor signal includ-
ing the brain activity measurement data from the brain
sensors 8a to 8x and the temperature measurement data from
the temperature sensors 9a to 9 to the vehicle-side system
3

[0052] In the vehicle-side system 3, upon receiving the
sensor signal and the reception intensity signal from the
headset 2, the control circuit 11 performs the following:
determining whether the receiving state of the electromag-
netic wave by the power receiving antenna 4 is stable (SAS,
power transmission monitoring procedure); determining
whether the transmitting state of the electromagnetic wave
from the power transmitting antenna 13 is stable (SA6,
power transmission monitoring procedure); determining
whether the driver’s brain activity is normal (SA7); and
determining whether the temperatures of the brain sensors
8a 10 8r are normal (SAS).

[0053] Here, with reference to FIG. 9, suppose a case
where the position of the head of the driver wearing the
headset 2 changes; the reception intensity of the electro-
magnetic wave in the power receiving antenna 4 changes;
and the state where the reception intensity of the electro-
magnetic wave in the power receiving antenna 4 is lower
than a predetermined intensity continues for a predetermined
period of time. In such a case. the control circuit 11
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determines that the receiving state of the electromagnetic
wave by the power receiving antenna 4 has become unstable
(SA5: NO).

[0054] When determining that the receiving state of the
electromagnetic wave by the power receiving antenna 4
becomes unstable, the control circuit 11 specifies the normal
posture which is a posture of the driver when the receiving
state of the electromagnetic wave is stable (SA11), and
specifies the deviation between the current posture of the
driver and the normal posture (SA12). Upon specifying the
deviation, the control circuit 11 outputs a notification com-
mand signal to the notification apparatus 17 and notifies the
notification information prompting to return the current
posture to the normal posture (SA13, notification control
procedure). For example, if the posture of the driver is
inclined to the right side from the normal posture, the control
circuit 11 displays a message such as “Head is shifted to the
right. Please return to the left slightly” on the display or the
notifying screen, as shown in FIG. 13, to notify the driver of
the notification information prompting to return the current
posture to the normal posture. As a result, the driver can
grasp that their head is shifted to the right, and move it a
little to the left to respond appropriately.

[0055] The control circuit 11 again determines whether the
electromagnetic wave receiving state by the power receiving
antenna 4 is stable (SA14). When determining that the
receiving state of the electromagnetic wave by the power
receiving antenna 4 is unstable (i.e., determines that it has
not returned from the unstable state to the stable state (SA14:
NO), the control circuit 11 outputs the notification command
signal indicating that the reception is abnormal from the
notification apparatus 17 (SA15, notification control proce-
dure). As shown in FIG. 14, the control circuit 11 displays
a message such as “Power reception is abnormal” on the
display or notifying screen and notifies the driver of the
notification information indicating that the power reception
is abnormal. Thus, the driver can grasp that the power
reception is abnormal.

[0056] Also, with reference to FIG. 10, suppose a case that
the reception intensity of the electromagnetic wave in the
monitoring power receiving antenna 14 changes; and the
state in which the reception intensity of the electromagnetic
wave in the monitoring power receiving antenna 14 is equal
to or less than a predetermined intensity continues for a
predetermined period of time. In such a case, the control
circuit 11 determines that the transmitting state of the
electromagnetic wave from the power transmitting antenna
13 has become unstable (SA6: NO). When determining that
the transmitting state of the electromagnetic wave from the
power transmitting antenna 13 has become unstable, the
control circuit 11 outputs a notification command signal
from the notification apparatus 17 so as to notify the
notification information indicating that the power transmis-
sion is abnormal (SA21, notification control procedure). As
shown in FIG. 15, the control circuit 11 displays a message
such as “transmission is abnormal”, as shown in FIG. 15, on
the display or notifying screen and notifies the notification
information indicating that the power transmission is abnor-
mal. Thus, the driver can grasp that the power transmission
is abnormal.

[0057] Also, as shown in FIG. 11, when determining that
the brain activity of the driver is abnormal (SA7: NO), the
control circuit 11 performs a process for the abnormality of
the brain activity (SA31). For example, when determining
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that the driver is in a non-awake state, the control circuit 11
performs a process of awakening the driver such as giving
a stimulus to the driver as a process for the abnormality of
the brain activity.

[0058] Further, as shown in FIG. 12, when determining
that the temperatures of the brain sensors 8a to 8n are
abnormal (SA8: NO), the control circuit 11 performs a
process for abnormality in temperature of the brain sensors
8a to 8n (SA41). Upon determining that the temperatures of
the brain sensors 8a to 8x have reached a predetermined
temperature, the control circuit 11 controls the air condi-
tioning system 20 as a process for the abnormality of the
temperature so as to lower the temperature to less than the
predetermined temperature (SA41).

[0059] The configuration described in the present embodi-
ment can provide advantages below. In the wireless power
supply system 1, the transmitting and receiving state of
electromagnetic waves transmitted from the power trans-
mitting antenna 13 of the vehicle-side system 3 to the power
receiving antenna 4 of the headset 2 is monitored, and the
monitoring result is notified. Thereby, the driver can ascer-
tain whether or not the transmission and reception of the
electromagnetic waves is stable. Even when the transmitting
or receiving state of the electromagnetic wave becomes
unstable, it is possible for the driver to grasp the fact and
stabilize the transmitting or receiving state of the electro-
magnetic waves, and to measure the brain activity of the
driver stably. In addition, the wireless power supplying from
the vehicle-side system 3 to the headset 2 eliminates the
necessity of mounting a battery in the headset 2, the weight
of the headset 2 can be reduced, and practicality can be
enhanced.

[0060] When the reception intensity of the electromag-
netic wave in the power receiving antenna 4 changes and the
state in which the reception intensity of the electromagnetic
wave in the power receiving antenna 4 is equal to or lower
than a predetermined intensity continues for a predetermined
period of time, it is determined that the receiving state of the
electromagnetic wave by the power receiving antenna 4
becomes unstable. It is possible to determine whether or not
to notify that the reception of the electromagnetic waves has
become unstable based on the period of time during which
the state where the reception intensity in the power receiving
antenna 4 is kept at a predetermined intensity or less
continues.

[0061] The posture of the driver when the receiving state
of the electromagnetic wave is stable is stored as a normal
posture in a storage. When it is determined that the receiving
state of electromagnetic waves is unstable, notification
information prompting to return the current posture to the
normal posture stored in the storage is notified. The receiv-
ing state of the electromagnetic wave can be thus promptly
stabilized.

[0062] When the reception intensity of the electromag-
netic wave in the monitoring power receiving antenna 14
changes and the state where the reception intensity of the
electromagnetic wave in the monitoring power receiving
antenna 14 is equal to or less than a predetermined intensity
continues for a predetermined period of time, it is deter-
mined that the transmission state of the electromagnetic
wave from the power transmitting antenna 13 becomes
unstable. It is possible to determine whether or not to notify
that the transmission of electromagnetic waves has become
unstable based on the period of time during which the state
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where the reception intensity in the monitoring power
receiving antenna 14 is kept at a predetermined intensity or
less continues.

[0063] When it is determined that the driver is in a
non-awake state as an abnormality of the brain activity of the
driver, a process of awakening the driver such as giving a
stimulus to the driver is performed. It is possible to appro-
priately deal with the driver’s being in a non-awake state; it
is possible to prevent occurrence of a trouble due to the
driver’s non-awake state in advance.

[0064] When it is determined that the temperature has
reached a predetermined temperature as the abnormality of
the temperature of the brain sensors 8a to 8n, the air
conditioning system 20 is controlled to perform the process
of lowering the temperature to less than a predetermined
temperature. It is possible to appropriately deal with the fact
that the temperature has reached the predetermined tempera-
ture and occurrence of troubles due to the temperature rise
of the brain sensors 8¢ to 8z can be avoided in advance.
[0065] Although the present disclosure has been described
in accordance with the embodiment, it is understood that the
present disclosure is not limited to the embodiment and its
configuration. The present disclosure may cover the various
modification examples or variations within the equivalent
scope. In addition, while the various elements are shown in
various combinations or configurations, which are just
examples, other combinations or configurations, including
more, less or only a single element, are also within the spirit
and scope of the present disclosure.

[0066] Both of or one of the brain activity measurement
data and the temperature measurement data may be trans-
ferred, e.g., from the vehicle-side system 3, to an external
device or instrument such as a portable terminal that be
brought into the vehicle by the driver of the vehicle; the
brain activity of the driver and/or the temperature of the
brain sensors 8a to 8n may be managed by the external
device or instrument. That is, the portable terminal may be
provided with a control circuit that includes all or part of the
sections in the control circuit 11 in the vehicle-side system
3.

[0067] When it is determined that the driver is in a
non-awake state as an abnormality in brain activity of the
driver, a process of awakening the driver is performed. In
addition thereto, the vehicle may be forcibly stopped in a
safe area by cooperating with a vehicle control system that
controls acceleration, deceleration, or steering.

[0068] Furthermore, the headset 2 may measure, detect, or
sense any other activity of the driver by installing or using
a corresponding sensor that is actuated using the received
electromagnetic wave.

[0069] It is noted that additional description relating to a
configuration of a control circuit is made below. Although
the above embodiment describes a configuration of a control
circuit (i.e., each of the control circuit 7 and the control
circuit 11), another configuration of such a control circuit
may be employed, as summarized below.

[0070] A control circuit, which may be also referred to as
a controller or an electronic control unit, may further include
an interface communicating with an external apparatus, a
storage, and an internal communication line connecting the
foregoing components to each other and may be combined
with another control circuit.

[0071] Such a control circuit provides a plurality of func-
tions and may include sections to provide the respective
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functions In addition, the sequence (described above)
executed by a control circuit similarly includes sections,
e.g., each represented as SA1, SA2, SB1, or the like. Such
sections may be included in not only one control circuit but
also may be divided to be included in two or more control
circuits (i.e., included in at least one control circuit). Several
sections may be combined into a single section; one section
may be divided into several sections. Each section may be
also referred to or achieved as a processor, controller,
device, module, or the like.

[0072] Furthermore, an individual one of the sections,
processors, or the like included in at least one control circuit,
or an individual control circuit of the at least one control
circuit may be achieved by using or by including (i) at least
one hardware circuit including analog circuit and/or digital
circuit, or (i1) at least one processing unit such as a CPU in
a computer along with memory storing instructions as a
non-transitory tangible computer-readable storage medium
storing instructions of program executed by the CPU; or (iii)
a combination of the at least one hardware circuit and the at
least one processing unit along with memory storing instruc-
tion, to thereby provide the functions.

[0073] For reference to further explain features of the
present disclosure, a comparative technique is described as
follows. There is provided a system that monitors the state
of a driver and performs warning and/or driving assistance
when detecting the deterioration in the driving ability of the
driver, and prevents the occurrence of traffic accidents. For
example, a configuration is disclosed which detects the line
of sight of a driver with a sight line sensor and the rotation
angle of the steering wheel with a rotation angle sensor to
monitor the state of the driver.

[0074] There is assumed a technique measuring the brain
activity while the driver is driving and utilizing the mea-
surement result for safe driving. In such a configuration, a
headset having a brain sensor is attached to the head of the
driver to transmit a brain activity measurement data indi-
cating the measurement result of the brain activity of the
driver, while upon receiving the measurement result, the
vehicle-side system analyzes it to monitor driver’s brain
activity. In this case, since the headset is attached to the head
of the driver, it is desirable to wirelessly perform (i) power
supply to the brain sensor and (ii) transmission and reception
of brain activity measurement data, in consideration of
wearability of the driver. The configuration wirelessly sup-
plying the power to the brain sensor may be achieved by
providing a power transmitting antenna that transmits elec-
tromagnetic waves in the vehicle-side system, and providing
a power receiving antenna that receives the electromagnetic
waves in the headset, under the state stabilizing the trans-
mission and reception of electromagnetic waves.

[0075] Since the power receiving antenna is provided in
the headset, when the driver moves their head, the relative
position between the power transmitting antenna and the
power receiving antenna changes; this may cause the receiv-
ing state of the electromagnetic wave by the power receiving
antenna to become unstable. Also, an abnormality occurring
on the power transmission side (i.e., the vehicle-side system)
may cause the transmitting state of the electromagnetic wave
from the power transmitting antenna to become unstable. As
a result, when the transmitting or receiving state of the
electromagnetic waves becomes unstable, there is a concern
that it may be difficult to stably measure the brain activity of
the driver.
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[0076] 1t is thus desired to provide a wireless power
supply system that enables the driver to appropriately
respond to measure stably the brain activity of the driver
even if the transmitting or receiving state of electromagnetic
waves becomes unstable.

[0077] Aspects of the disclosure described herein are set
forth in the following clauses.

[0078] According to a first aspect of the present disclo-
sure, a wireless power supply system is provided to include
a headset, a vehicle-side system, a transmission control
section, a power transmission and reception monitoring
section, and a notification control section. The headset,
which is attached to a head of a driver of a vehicle, is
configured (i) to generate an electric power by using an
electromagnetic wave received by a power receiving
antenna, (ii) to actuate a brain sensor with the generated
electric power to measure a brain activity of the driver, and
(i) to wirelessly transmit brain activity measurement data
indicating a measurement result. The vehicle-side system,
which is provided to the vehicle, is configured (i) to transmit
the electromagnetic wave from a power transmitting antenna
fixedly provided to the vehicle, (ii) to wirelessly receive the
brain activity measurement data from the headset, and (iii)
to monitor a brain activity of the driver by using the received
brain activity measurement data. The transmission control
section is configured to control transmission of the electro-
magnetic wave from the power transmitting antenna. The
power transmission and reception monitoring section is
configured to monitor a transmitting state or a receiving state
of the electromagnetic wave to provide a monitoring result.
The notification control section configured to notify the
monitoring result of the transmitting or receiving state of the
electromagnetic wave by the power transmission and recep-
tion monitoring section by using a notification apparatus.
[0079] Since the transmitting or receiving state of the
electromagnetic wave from the power transmitting antenna
of the vehicle-side system to the power receiving antenna of
the headset has been monitored; the monitoring result of the
transmitting or receiving state of the electromagnetic wave
is notified, the driver can grasp whether the transmitting or
receiving state of the electromagnetic wave is stable or not.
As a result, even when the transmitting or receiving state of
the electromagnetic wave becomes unstable, the driver can
grasp the fact so as to stabilize the transmitting or receiving
state of the electromagnetic wave, thereby stably measuring
the brain activity of the driver (i.e., predetermined measured,
sensed, or detected driver’s activity).

[0080] In addition, as a second aspect, a wireless power
supply system is provided to include the headset of the first
aspect, the vehicle-side system of the first aspect, and at least
one control circuit. The at least one control circuit is
configured to control transmission of the electromagnetic
wave from the power transmitting antenna in the vehicle-
side system, to monitor a transmitting state of the electro-
magnetic wave in the power transmitting antenna in the
vehicle-side system or a receiving state of the electromag-
netic wave in the power receiving antenna in the headset, to
provide a monitoring result, and to notify the monitoring
result of the transmitting state or the receiving state of the
electromagnetic wave by using a notification apparatus to
the driver who is enabled to respond based on the notified
monitoring result.

[0081] Further, as an optional aspect of the second aspect,
in the wireless power supply system, an individual control



US 2019/0267847 A1l

circuit of the at least one control circuit may be configured
to include (1) at least one hardware circuit, or (ii) at least one
central processing unit along with memory storing instruc-
tions, or (iii) a combination of (a) the at least one hardware
circuit and (b) the at least one central processing unit along
with memory.

[0082] Furthermore, as another optional aspect of the
second aspect, in the wireless power supply system, the at
least one control circuit may be configured by using at least
one processor, wherein an individual processor of the at least
one processor may be configured to include (i) at least one
hardware circuit, or (ii) at least one central processing unit
along with memory storing instructions, or (iii) a combina-
tion of (a) the at least one hardware circuit and (b) the at least
one central processing unit along with memory.

What is claimed is:

1. A wireless power supply system comprising:

a headset attached to a head of a driver of a vehicle, the
headset being configured (i) to generate an electric
power by using an electromagnetic wave received by a
power receiving antenna, (ii) to actuate a brain sensor
with the generated electric power to measure a brain
activity of the driver, and (iii) to transmit brain activity
measurement data indicating a measurement result;

a vehicle-side system provided to the vehicle, the vehicle-
side system being configured (i) to transmit the elec-
tromagnetic wave from a power transmitting antenna
fixedly provided to the vehicle, (ii) to receive the brain
activity measurement data from the headset, and (iii) to
monitor a brain activity of the driver by using the
received brain activity measurement data;

a transmission control section configured to control trans-
mission of the electromagnetic wave from the power
transmitting antenna;

a power transmission and reception monitoring section
configured to monitor a transmitting state or a receiving
state of the electromagnetic wave to provide a moni-
toring result; and

a notification control section configured to notify the
monitoring result of the transmitting state or the receiv-
ing state of the electromagnetic wave by the power
transmission and reception monitoring section by using
a notification apparatus.

2. The wireless power supply system according to claim

1, wherein:

the power transmission and reception monitoring section
includes a power reception monitoring section config-
ured to monitor a receiving state of the electromagnetic
wave by the power receiving antenna, to provide a
monitoring result; and

the notification control section notifies the monitoring
result of the receiving state of the electromagnetic wave
by using the notification apparatus.

3. The wireless power supply system according to claim

2, wherein

in response to that a state where a reception intensity of
the electromagnetic wave is less than or equal to a
predetermined intensity continues for a predetermined
period of time, the power reception monitoring section
determines that the receiving state of the electromag-
netic wave is unstable.

4. The wireless power supply system according to claim

3, further comprising:
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a posture detection section configured to detect a posture
of the driver; and

a normal posture storage section configured to store, as a
normal posture, a posture of the driver when the power
reception monitoring section determines that the
receiving state of the electromagnetic wave is stable,
wherein

in response to that the power reception monitoring section
determines that the receiving state of the electromag-
netic wave is unstable, the notification control section
notifies notification information that prompts to return
a current posture to the normal posture by using the
notification apparatus.

5. The wireless power supply system according to claim

1, wherein:

the power transmission and reception monitoring section
includes a power transmission monitoring section con-
figured to monitor a transmitting state of the electro-
magnetic wave by the power transmitting antenna to
provide a monitoring result; and

the notification control section notifies the monitoring
result of the transmitting state of the electromagnetic
wave by using the notification apparatus.

6. The wireless power supply system according to claim

5, further comprising:

a monitoring power receiving antenna fixedly provided to
the vehicle, wherein

the power transmission monitoring section determines
that the transmitting state of the electromagnetic wave
is unstable in response to that a state where a reception
intensity of the electromagnetic wave received by the
monitoring power receiving antenna is equal to or less
than a predetermined intensity continues for a prede-
termined period of time.

7. The wireless power supply system according to claim

1, further comprising:

a driver monitoring section configured to monitor a state
of the driver to provide a monitoring result, wherein

the transmission control section controls a transmission of
the electromagnetic wave from the power transmitting
antenna based on the monitoring result by the driver
monitoring section.

8. The wireless power supply system according to claim

1, further comprising:

a vehicle travel monitoring section configured to monitor
a travel state of the vehicle to provide a monitoring
result, wherein

the transmission control section controls a transmission of
the electromagnetic wave from the power transmitting
antenna based on the monitoring result of the vehicle
travel monitoring section.

9. The wireless power supply system according to claim

1, further comprising:

a brain activity determination section configured (i) to
determine a brain activity of the driver based on the
brain activity measurement data and (ii) to perform a
process for an abnormality of the brain activity of the
driver in response to determining an abnormality of the
brain activity of the driver.

10. The wireless power supply system according to claim

1, wherein:

in response to determining a non-awake state of the driver

as an abnormality of the brain activity of the driver, the
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brain activity determination section performs a process
to awake the driver as a process for the abnormality of
the brain activity.

11. The wireless power supply system according to claim

1, further comprising;

a temperature determination section configured to deter-
mine an abnormality of a temperature of the brain
sensor, wherein:

the headset measures a temperature of the brain sensor
using a temperature sensor to provide a measurement
result and transmits a temperature measurement data
indicating the measurement result;

upon receiving the temperature measurement data from
the headset, the vehicle-side system monitors the tem-
perature of the brain sensor based on the received
temperature measurement data to provide a monitoring
result, and

in response to determining the abnormality of the tem-
perature of the brain sensor based on the monitoring
result, the temperature determination section performs
a process for the abnormality of the temperature.

12. The wireless power supply system according to claim

11, further comprising:

an air conditioning control section configured to control
air conditioning, wherein

when determining the temperature of the brain sensor
reaching a predetermined temperature as a temperature
abnormality, the temperature determination section per-
forms a process for lowering the temperature of the
brain sensor to less than a predetermined temperature
by using the air conditioning control section as the
process for the abnormality of the temperature.

13. The wireless power supply system according to claim

1, wherein

the headset includes a plurality of the brain sensors and
selectively actuates the plurality of the brain sensors.

14. A non-transitory tangible computer-readable storage

medium containing instructions executed by a computer for
a vehicle-side system that is included in a wireless power
supply system together with a headset, the headset being
attached to a head of a driver of a vehicle, the headset being
configured (i) to generate an electric power by using an
electromagnetic wave received by a power receiving
antenna, (ii) to actuate a brain sensor with the generated
electric power to measure a brain activity of the driver, and
(iii) to transmit a brain activity measurement data indicating
a measurement result,

the vehicle-side system being provided to the vehicle, the
vehicle-side system being configured (i) to transmit the
electromagnetic wave from a power transmitting
antenna fixedly provided to the vehicle, (ii) to receive
the brain activity measurement data from the headset,
and (iii) to monitor a brain activity of the driver by
using the received brain activity measurement data,
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the instructions for implementing:
monitoring a transmitting state or a receiving state of an
electromagnetic wave to provide a monitoring result;
and
notifying the monitoring result of the transmitting state or
the receiving state of an electromagnetic wave by using
a notification apparatus.
15. A wireless power supply system comprising;
a headset attached to a head of a driver of a vehicle, the
headset being configured (i) to generate an electric
power by using an electromagnetic wave received by a
power receiving antenna, (ii) to actuate a brain sensor
with the generated electric power to measure a brain
activity of the driver, and (iii) to wirelessly transmit a
brain activity measurement data indicating a measure-
ment result;
a vehicle-side system provided to the vehicle, the vehicle-
side system being configured (i) to transmit the elec-
tromagnetic wave from a power transmitting antenna
fixedly provided to the vehicle, (i) to wirelessly
receive the brain activity measurement data from the
headset, and (iii) to monitor a brain activity of the
driver by using the received brain activity measurement
data; and
at least one control circuit configured
to control transmission of the electromagnetic wave
from the power transmitting antenna in the vehicle-
side system,

to monitor a transmitting state of the electromagnetic
wave in the power transmitting antenna in the
vehicle-side system or a receiving state of the elec-
tromagnetic wave in the power receiving antenna in
the headset, to provide a monitoring result, and

to notify the monitoring result of the transmitting state
or the receiving state of the electromagnetic wave by
using a notification apparatus to the driver who is
enabled to respond based on the notified monitoring
result.

16. The wireless power supply system according to claim

15, wherein

the vehicle-side system comprises the at least one control
circuit.

17. The wireless power supply system according to claim

15, wherein

the at least one control circuit is provided in a portable
terminal brought into the vehicle by the driver of the
vehicle, the portable terminal being configured to com-
municate with the vehicle-side system.

18. The wireless power supply system according to claim

15, wherein

an individual control circuit of the at least one control
circuit is provided either (i) in the vehicle-side system
or (i) in a portable terminal brought into the vehicle by
the driver of the vehicle, the portable terminal being
configured to communicate with the vehicle-side sys-
tem.
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