woO 2011/114208 A2 I 10KV 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

oo o
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization /g5 1IN VAN A0 ANV OO OO 1
International Bureau W U
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
22 September 2011 (22.09.2011) PCT WO 2011/114208 A2
(51) International Patent Classification: Not classitied CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
. .. DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN. HR. HU. ID. IL. IN. IS. KE. KG. KM. KN. KP. KR
PCT/IB2011/000502 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
9 March 2011 (09.03.2011) NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,
. . S@G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,
(25) Filing Language: English TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
2010-058793 16 March 2010 (16.03.2010) P GM, KE, LR, LS, MW, MZ, NA, SD, SL, 82, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(71) Applicant (for all designated States except US). TOY- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
OTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Toyota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(72) Inventor; and SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
(75) Inventor/Applicant (for US only): ICHIKAWA, Shinji GW, ML, MR, NE, SN, TD, TG).
[JP/JP]; ¢/o Toyota Jidosha Kabushiki Kaisha, of 1, Toy- Published:
ota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP). —  without international search report and to be republished
(81) Designated States (unless otherwise indicated, for every upon receipt of that report (Rule 48.2(g))

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(54) Title: VEHICLE

102

220

(57) Abstract: An electric vehicle (100) receives electric power, in a non-contact mannet, from an electric power transmitting coil
(220) provided externally to the vehicle. The electric vehicle (100) includes an electric power receiving unit (110) that is disposed
at a bottom (102) of the vehicle (100) and receives electric power from the electric power transmitting unit (220) via electromag-
netic field resonance; a camera (120) that captures an image of the outside; and a display unit that displays an outside view from
the vehicle (100) that is captured by the camera (120). The electric power receiving unit (110) is disposed at a position that is off-
set toward a peripheral face, on which the camera (120) is disposed, with respect to the center of the bottom in the longitudinal di-
rection of the vehicle (110).



10

15

20

25

30

35

WO 2011/114208 PCT/IB2011/000502

VEHICLE

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The invention relates to a vehicle and in particular to a vehicle that
receives electric power, in a non-contact manner, from an electric power transmitting

coil provided externally to the venicle.

2. Description of the Related Art

[0002]  Various charging systems, such as a charging system that wirelessly
charges a battery mounted on a vehicle, have been proposed.

[0003] In Japanese Patent Application Publication No. 2004-229425
(JP-A-2004-229425), a vehicle parking system is described that charges a battery
mounted on a venicle with the use of radio waves, such as microwaves.

[0004] In this vehicle parking system, an energy supply facility installed at a
parking lot, or car park, or an energy station, transmits microwaves to the vehicle while
the vehicle is parked. A microwave generator generates microwaves that are higher
in intensity than the microwaves that is supplied to the vehicle while the vehicle is
running. The vehicle receives microwaves and converts the microwaves to electric
energy to charge a battery.

[0005] Japanese Patent Application Publication No. 2007-97345
(JP-A-2007-97345) describes a parking assist system that is used to charge a battery
mounted on a venicle. The vehicle assist system includes: a display portion that
displays an image viewed from the vehicle; an image capturing device that captures the
image viewed from the vehicle; an input portion that receives the target parking
position of the vehicle; and a control portion that calculates the path according to the
target parking position to perform parking assist control. When an indicator that
indicates the position of a facility-side electric power exchange portion is present near
the target parking position, the control portion recognizes the position of the indicator
and performs control to align a vehicle-side electric power exchange portion installed
in the vehicle and the facility-side electric power exchange portion.

[0006] Japanese Patent  Application Publication No. 9-102329
(JP-A-9-102329) describes a charging system that charges an electric vehicle. The
charging system includes a primary coil that is provided on the parking lot side, a

secondary coil that is provided on the electric vehicle side, and a vehicle position
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detecting means for detecting whether the primary coil and the secondary coil are
positioned so that these coils can be magnetically coupled to each other. In addition,
this charging system further includes a charging control circuit that excites the primary
coil by a charging power supply when the vehicle position detecting means detects that
the electric vehicle is positioned at a proper position.

[0007] The electric vehicle described in Japanese Patent Application
Publication No. 2009-106136 (JP-A-2009-106136) receives charging electric power
wirelessly from a power source provided externally to the venicle and charges a
charging device mounted on the vehicle.

[0008] In order to charge the battery mounted on the vehicle, it is necessary to
align the coil mounted on the vehicle and the coil provided on the charging facility side.
Meanwhile, a vehicle equipped with a camera that captures an image near the vehicle
when the vehicle is backed, and a display unit that displays the image captured by the
camera, is already available.

[0009] Thus, a method is conceivable, in which when a coil mounted on a
vehicle and a coil provided for a charging facility are aligned, the alignment of the coil
installed in the vehicle and the coil provided for the charging facility is performed
while viewing the coil provided for the charging facility via a camera.

[0010]  When the coil mounted on the vehicle is disposed at the bottom of the
vehicle, however, it is difficult to view the coil mounted on the vehicle on the display
unit via the camera that is provided on a side face of the vehicle.

[0011] In addition, when the coil mounted on the vehicle is disposed at the
bottom of the vehicle, the coil on the charging facility side also becomes positioned
under the vehicle when the coils are aligned.

[0012] Thus, mounting a camera on a vehicle does not necessarily facilitate
the alignment of the coil mounted on the vehicle and the coil on the charging facility
side.

[0013] Note that the above conventional vehicle parking system or the like
has no device that facilitates the alignment of the coil mounted on the vehicle and the
coil on the charging facility side when the coil mounted on the vehicle is disposed at
the bottom of the vehicle.

SUMMARY OF THE INVENTION

[0014]  The invention provides a vehicle, in which an electric power receiving

coil that receives electric power from an electric power transmitting coil provided

externally to the venicle is disposed at the bottom of the vehicle, and which vehicle
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facilitates the alighment of the electric power transmitting coil and the electric power
receiving coil.

[0015] A vehicle according to an aspect of the invention is a vehicle that
receives electric power, in a non-contact manner, from an electric power transmitting
coil provided externally to the vehicle. The vehicle includes: an electric power
receiving coil that is disposed at a bottom of the vehicle and receives electric power
from the electric power transmitting coil via electromagnetic field resonance; an image
capturing device that captures an image of an outside viewed from the vehicle; and a
display unit that displays an outside view from the vehicle that is captured by the
image capturing device. The electric power receiving coil is disposed at a position
that is offset toward a peripheral face, on which the image capturing device is disposed,
with respect to a center of the bottom in a longitudinal direction of the vehicle.

[0016] The image capturing device may be disposed at a back face of the
vehicle and the electric power receiving coil may be disposed at the position that is
offset toward the back face with respect to the center of the bottom in the longitudinal
direction of the vehicle. The vehicle may further include a pair of rear wheels that are
spaced apart from each other in a width direction of the vehicle, wherein the electric
power receiving coil is disposed between the rear wheels. The vehicle may further
include: a hollow bobbin fitted with the electric power receiving coil; and an electrical
device disposed inside the bobbin.

[0017] The vehicle may further include a first side frame and a second side
frame, each extending in the longitudinal direction of the vehicle, that are arranged
along the width direction of the vehicle. In this case, the electric power receiving coil
is disposed between the first and second side frames. The vehicle may further include
a battery mounted in the vehicle. The battery is disposed above the electric power
receiving coil. The battery may be disposed so as to, at least partially, overlap the
electric power receiving coil when viewed from above. The electric power receiving
coil may be disposed so as to be spaced from a side periphery of the vehicle. The
electric power receiving coil is positioned at a center of the vehicle in a width direction
of the vehicle. The vehicle may further include an engine; and an exhaust pipe
connected to the engine, wherein the exhaust pipe is disposed at the bottom and is
disposed on one lateral side of the vehicle, and the electric power receiving coil is
disposed on the other lateral side of the vehicle. The vehicle may further include a
first detecting portion that detects a positional relation between an electric power

transmitting unit including the electric power transmitting coil and an electric power
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receiving unit including the electric power receiving coil; a first guiding control
portion that controls the vehicle based on a result of detection by the first detecting
portion so that the vehicle is guided to the electric power transmitting unit; a second
detecting portion that detects a distance between the electric power transmitting unit
and the electric power receiving unit based on a status of power supply from the
electric power transmitting unit to the electric power receiving unit; and a second
guiding control portion that, when the vehicle is caused to approach the electric power
transmitting unit within a predetermined distance of the electric power transmitting
unit by the first guiding control portion, controls the vehicle based on a result of
detection by the second detecting portion so that the electric power transmitting unit
and the electric power receiving unit are aligned.

[0018]  According to the vehicle of the invention, the alignment of an electric
power transmitting coil and an electric power receiving coil is facilitated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The foregoing and further objects, features and advantages of the
invention will become apparent from the following description of example
embodiments with reference to the accompanying drawings, wherein like numerals are
used to represent like elements and wherein:

FIG. 1 is an overall configuration diagram of a vehicle power supply system
according to an embodiment of the invention;

FIG. 2 is a schematic diagram showing a process of movement of an electric
vehicle;

FIG. 3 is a schematic diagram showing a state where the electric vehicle has been
moved and an electric power receiving unit and an electric power transmitting unit face
each other;

FIG. 4 is a plan view showing a positional relation between the electric power
receiving unit and the electric power transmitting unit in the process of moving the
electric vehicle;

FIG. 5 is a perspective view showing a state where the electric power receiving
unit and the electric power transmitting unit face each other;

FIG. 6 is a sectional view of the electric power receiving unit;

FIG. 7 is a partially sectional side view of the electric power receiving unit;

FIG. 8 is a sectional view of the electric power transmitting unit;

FIG. 9 is a partially sectional side view of the electric power transmitting unit;

FIG. 10 is a plan view schematically showing a leakage area, in which the



10

15

20

25

30

35

WO 2011/114208 PCT/IB2011/000502

electromagnetic field leaks from the electric power receiving unit, the electric power
receiving unit, etc.;

FIG. 11 is a plan view schematically showing a positional relation between pieces
of on-board equipment, such as an electricity storage device mounted on the vehicle,
the electric power receiving unit, rear wheels, etc.;

FIG. 12 is a rear view of the electric vehicle schematically showing the positional
relation between the electricity storage device, the electric power receiving unit, the
rear wheels, etc.;

FIG. 13 is a plan view showing a first modification concerning the position at
which the electric power receiving unit is mounted,;

FIG. 14 is a plan view showing a modification concerning the positions, at which
the electric power receiving unit and a camera are mounted;

FIG. 15 is a diagram for explaining the principle of electric power transmission
using the resonance method,;

FIG. 16 is a diagram showing relations between the distance from the electric
current source (magnetic current source) and the intensity of the electromagnetic field;

FIG. 17 is a configuration diagram showing details of the electric vehicle shown
in FIG. 1;

FIG. 18 is a functional block diagram of a controller shown in FIG. 17;

FIG. 19 is a diagram showing a relation between the distance between the electric
power transmitting unit and the electric power receiving unit and primary side voltage;

FIG. 20 is a diagram showing a relation between the distance between the electric
power transmitting unit and the electric power receiving unit and secondary side
voltage;

FIG. 21 is a diagram showing a relation between the distance between the electric
power transmitting unit and the electric power receiving unit and primary side current;

FIG. 22 is a diagram showing variations of the distance between the electric
power transmitting unit and the electric power receiving unit and the derivative
thereof;

FIG. 23 is a functional block diagram of a power supply facility shown in FIG. 1;
and

FIGS. 24A and B are flow charts for explaining vehicle guiding control that is
performed by the controller of the electric vehicle and an ECU of the power supply
facility.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0020] Embodiments of the invention will be described in detail below with
reference to the drawings. Note that the same or corresponding portions in the
drawings are designated by the same reference numeral and the description thereof is
not repeated.

[0021] FIG. 1 is an overall configuration diagram of a vehicle power supply
system according to the embodiment of the invention. Referring to FIG. 1, the
vehicle power supply system 10 includes an electric vehicle 100 and a power supply
facility 200. The electric vehicle 100 includes an electric power receiving unit 110, a
camera 120, and a communication unit 130.

[0022] The electric power receiving unit 110 is fixed at the bottom of a
vehicle body and is configured to receive, in a non-contact manner, electric power sent
from an electric power transmitting unit 220 of the power supply facility 200. The
electric power receiving unit 110 includes a secondary self-resonant coil and receives,
in a non-contact manner, electric power from the electric power transmitting unit 220
by resonating with a primary self-resonant coil included in the electric power
transmitting unit 220 via electromagnetic field. The camera 120 is provided to detect
the positional relation between the electric power receiving unit 110 and the electric
power transmitting unit 220 and is installed on the vehicle body so as to be able to
capture an image of a rear view from the vehicle, for example. The communication
unit 130 is a communication interface for communication between the electric vehicle
100 and the power supply facility 200.

[0023]  The electric power receiving unit 110 is disposed at the bottom of the
electric vehicle 100 and the camera 120 is disposed at a back face 101 of the electric
vehicle 100. The camera 120 captures an image of the outside viewed from the
electric vehicle 100. A display unit 121 is provided in the electric vehicle 100 and
displays an outside view from the electric vehicle 100 that is captured by the camera
120. The electric power receiving unit 110 is disposed on the back face 101 side with
respect to the center of a bottom face 102 of the electric vehicle 100 in the longitudinal
direction of the electric vehicle 100. The electric vehicle 100 is equipped with an
electricity storage device 150.

[0024] The camera 120 is located above the bottom face 102 of the electric
vehicle 100 and the electric power receiving unit 110. A rear bumper 122 is provided
at a lower part of the back face 101. The camera 120 captures part of the outer

peripheral portion of the rear bumper 122 and captures an image of an area to the rear
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of the electric vehicle 100 from the rear bumper 122.

[0025] Note that, although a view area R of the camera 120 is set so as to
shift rearward with respect to the electric vehicle 100 in the downward drection from
the camera 120, the camera 120 may be disposed so as to be able to capture an image
of an area directly below the camera 120.

[0026]  When the electricity storage device 150 is charged, in order to secure a
high charging efficiency, it is necessary to make the electric power receiving unit 110
and the electric power transmitting unit 220 face each other. In the situation shown in
FIG. 1, it is required to back the electric vehicle 100.

[0027]  The driver backs the electric vehicle 100 while viewing the image on
the display unit 121 that is captured by the camera 120. In the situation shown in FIG.
1, the electric power transmitting unit 220 is positioned in the view area R of the
camera 120 and the display unit 121 shows the electric power transmitting unit 220.

[0028] The driver moves the electric vehicle 100 so as to make the electric
power transmitting unit 220 face the electric power receiving unit 110. FIG. 2 is a
schematic diagram showing a process of movement of the electric vehicle 100. FIG.
3 is a schematic diagram showing a state where the electric vehicle 100 has been
moved and the electric power receiving unit 110 and the electric power transmitting
unit 220 face each other.

[0029] As shown in FIG. 2, the electric power transmitting unit 220 becomes
positioned under the electric vehicle 100 and out of the view area R in the process of
backing the electric vehicle 100 to make the electric power receiving unit 110 and the
electric power transmitting unit 220 face each other. When this occurs, the driver
becomes unable to view the electric power transmitting unit 220 on the display unit
121. Meanwhile, the electric power receiving unit 110 is located in an area of the
bottom face 102 near the back face 101.

[0030] Thus, the distance, by which the electric vehicle 100 needs to be
backed from when the electric power transmitting unit 220 becomes out of the view
area R to when the electric power receiving unit 110 and the electric power
transmitting unit 220 face each other, is small.

[0031]  As a result, as shown in FIG. 3, immediately after the electric power
transmitting unit 220 becomes out of the view area R, the electric power transmitting
unit 220 and the electric power receiving unit 110 face each other such that a charging
operation between the electric power transmitting unit 220 and the electric power

receiving unit 110 can be carried out.
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[0032] FIG. 4 is a plan view showing a positional relation between the electric
power receiving unit 110 and the electric power transmitting unit 220 in the process of
moving the electric vehicle 100.

[0033]  The character "D" shown in FIG. 4 indicates a blind spot area in the
view area R that appears due to the rear bumper 122. The electric power transmitting
unit 220 that is expressed by the solid line is positioned in the area that is in the view
area R and that is away from the blind spot area D. Thus, the driver or the like can
view the electric power transmitting unit 220 on the display unit 121.

[0034] Thereafter, when the electric vehicle 100 is backed in a backward
direction B, the electric power transmitting unit 220 approaches the blind spot area D.
When the electric vehicle 100 is further backed in the backward direction B, the
electric power transmitting unit 220 becomes positioned in the blind spot area D and
then becomes positioned under the rear bumper 122 and the bottom face 102.

[0035]  The part of the electric power transmitting unit 220 that has become
positioned in the blind spot area D and the part of the electric power transmitting unit
220 that has become positioned under the rear bumper 122 and the bottom face 102 are
out of the view area R and cannot be viewed on the display unit 121.

[0036] When the electric vehicle 100 is further backed in the backward
direction B, as shown by the chain double-dashed line in FIG. 4, the electric power
transmitting unit 220 becomes positioned completely in the blind spot area D or in the
area under the rear bumper 122 or the bottom face 102 and thus out of the view area R.

[0037]  The most rear part of the electric power transmitting unit 220 that is
expressed by the chain double-dashed line is positioned on the boundary of the blind
spot area D. When the electric vehicle 100 is further backed in the backward
direction B, the electric power transmitting unit 220 and the electric power receiving
unit 110 are aligned along the vertical direction.

[0038] FIG. 5 is a perspective view showing a state where the electric power
receiving unit 110 and the electric power transmitting unit 220 face each other.
Electric power is transferred between the primary self-resonant coil housed in the
electric power transmitting unit 220 and the secondary self-resonant coil housed in the
electric power receiving unit 110 in a state where the electric power receiving unit 110
and the electric power transmitting unit 220 face each other.

[0039] In FIG. 4, the distance L, by which the electric vehicle 100 is moved
from when the driver becomes unable to view the electric power transmitting unit 220

on the display unit 121 to when the electric power transmitting unit 220 becomes
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postioned so as to face the electric power receiving unit 110, is small. In particular, as
shown by the chain double-dashed line in FIG. 4, part of the electric power transmitting
unit 220 and part of the electric power receiving unit 110 face each other when the
electric power transmitting unit 220 becomes positioned outside the view area R.

[0040] Thus, the driver can make the electric power receiving unit 110 and
the electric power transmitting unit 220 face each other by stopping the electric vehicle
100 after a short period of time has elapsed since the electric power transmitting unit
220 disappears from the display unit 121.

[0041] Even when the electric power transmitting unit 220 and the electric
power receiving unit 110 are misaligned when the electric vehicle 100 is stopped, the
amount of misalignment between the electric power transmitting unit 220 and the
electric power receiving unit 110 is minimized. Then, it is possible to make the
electric power receiving unit 110 and the electric power transmitting unit 220 face each
other with accuracy by slightly moving the electric vehicle 100 in the longitudinal
direction thereof, so that it is possible to reduce the work load required to make the
electric power receiving unit 110 and the electric power transmitting unit 220 face each
other.

[0042] FIG. 6 is a sectional view of the electric power receiving unit 110.
FIG. 7 is a partially sectional side view of the electric power receiving unit 110.

[0043]  As shown in FIG. 6, the electric power receiving unit 110 includes a
case 129, a bobbin 128 disposed in the case 129, and a capacitor 111 disposed in the
bobbin 128.

[0044] As shown in FIG 7, the secondary self-resonant coil 112 and a
secondary coil 114 are installed on the outer peripheral surface of the bobbin 128.

[0045]  The secondary coil 114 is disposed on the electric vehicle 100 side
with respect to the secondary self-resonant coil 112, and the secondary coil 114 and the
secondary self-resonant coil 112 are arranged with a space interposed therebetween in
the vertical direction. A capacitor 111 is connected across both ends of the secondary
self-resonant coil 112.

[0046] The case 129 includes a resin case 132 and a shield 131 formed on the
inner face of the resin case 132. The shield 131 is formed so as to cover the inner
circumferential surface and the inner top face of the resin case 132 and so as to be open
downward. As a material for the shield 131, in general, a material, such as ferrite or
permalloy, that contains a high-permeability ferromagnetic is used, for example. On

the other hand, as a material for the electric field shield that shields the electric field, in
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general, a material, such as copper or aluminum, that contains a conductor having a
low electric resistance is used.

[0047]  The shield 131 suppresses the leakage of the electromagnetic field that
occurs around the secondary self-resonant coil 112, to the outside of the vehicle and/or
into the vehicle. Although, in an example shown in FIG. 7, the resin case 132 has a
bottom that closes the opening of the shield 131, the resin case 132 may have an
opening at the bottom thereof.

[0048] The secondary coil 114 is connected, via various devices, to a battery
mounted on the electric vehicle 100. FIG. 8 is a sectional view of the electric power
transmitting unit 220. FIG. 9 is a partially sectional side view of the electric power
transmitting unit 220.

[0049]  As shown in FIGS. 8 and 9, the electric power transmitting unit 220
also includes a case 229, a cylindrical bobbin 228 disposed in the bobbin 228.

[0050]  The primary coil 222 and a primary self-resonant coil 224 are installed
on the outer peripheral surface of the bobbin 128 with a space interposed between the
primary coil 222 and the primary self-resonant coil 224 in the vertical direction, and
the primary self-resonant coil 224 is located above the primary coil 222. The case
229 includes a resin case 232 and a shield 231 formed so as to cover the inner
circumferential surface and the inner bottom face of the resin case 232. The shield
231 is formed so as to be open upward. A capacitor 211 is connected across both
ends of the primary self-resonant coil 224. The primary coil 222 is connected, via
various devices, to an external power source.

[0051] When electric power is transmitted from the electric power
transmitting unit 220 to the electric power receiving unit 110, the electric power is
supplied from the external power source to the primary coil 222 and then, the electric
power is transmitted from the primary coil 222 to the primary self-resonant coil 224
via electromagnetic induction.

[0052] Between the primary self-resonant coil 224 and the secondary
self-resonant coil 112 shown in FIG. 7, the electric power is transmitted from the
primary self-resonant coil 224 to the secondary self-resonant coil 112 via
electromagnetic field resonance. The electric power transmitted to the secondary
self-resonant coil 112 is transmitted to the secondary coil 114 via electromagnetic
induction. The electric power transmitted to the secondary coil 114 is supplied, via
various devices, to the battery mounted on the electric vehicle 100. The outline of the

mechanism of the electric power transmission is as described above and the details
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thereof will be described later.

[0053] When the electric power is transmitted from the electric power
transmitting unit 220 to the electric power receiving unit 110 in a non-contact manner,
an electromagnetic field occurs around the secondary self-resonant coil 112.

[0054] FIG. 10 is a plan view schematically showing a leakage area, in which
the electromagnetic field leaks from the electric power receiving unit 110, the electric
power receiving unit 110, etc. In FIG. 10, the characters "R2" indicate the leakage
area, in which the electromagnetic field leaks from the electric power receiving unit
110 when the electric power is transmitted from the electric power transmitting unit
220 to the electric power receiving unit 110.

[0055] As shown in FIG. 10, the electric power receiving unit 110 is disposed
s0 as to be spaced from the back face 101 and side faces 105 and 106 of the electric
vehicle 100. For example, the electric power receiving unit 110 is disposed so as to
be spaced from the back face 101 and the side faces 105 and 106 by, for example, 30
cm.

[0056] Because the electric power receiving unit 110 is disposed so as to be
spaced from the back face 101 and the side faces 105 and 106, the leakage area R2 is
positioned in the electric vehicle 100 when the electric vehicle 100 and the electric
power receiving unit 110 are viewed from above. Thus, it is possible to suppress the
leakage of the electromagnetic field to the outside of the electric vehicle 100 when the
electric power is transmitted from the electric power transmitting unit 220 to the
electric power receiving unit 110. Specifically, the occurrence of the situation, in
which the electromagnetic field leaking from the electric power receiving unit 110
leaks to the outside of the electric vehicle 100 from between the ground and the rear
bumper 122 and between the ground and the lower part of the side face 105 and/or the
lower part of the side face 106, is suppressed. Thus, it is possible to suppress the
influence of the electromagnetic field that leaks from the electric power receiving unit
110, outside the electric vehicle 100.

[0057] FIG. 11 is a plan view schematically showing the positional relation
between pieces of on-board equipment, such as the electricity storage device 150
mounted on the vehicle, the electric power receiving unit 110, rear wheels 103 and 104,
etc. FIG. 12 is a rear view of the electric vehicle 100 schematically showing the
positional relation between the electricity storage device 150, the electric power
receiving unit 110, the rear wheels 103 and 104, etc.

[0058] As shown in FIGS. 11 and 12, the electric vehicle 100 includes the
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rear wheels 103 and 104 that are arranged along the width direction of the electric
vehicle 100. The rear wheel 103 is disposed on the side face 105 side and the rear
wheel 104 is disposed on the side face 106 side. The electric power receiving unit
110 is disposed between the rear wheels 103 and 104 and protected by the rear wheels
103 and 104 when there is a side impact with another vehicle or the like.

[0059] In addition, as shown in FIG. 6, the electric power receiving unit 110
has electrical devices, such as the capacitor 11, and these electrical devices are also
protected.

[0060] In FIG. 12, the electric vehicle 100 includes a floor panel 125, on the
lower surface of which frames 126 and 127 are provided that are spaced apart in the
width direction of the vehicle. Specifically, the frames 126 and 127 are rear floor
members and formed so as to extend in the longitudinal direction of the electric vehicle
100.

[0061] The electric power receiving unit 110 is fixed on the lower surface of
the floor panel 125 and disposed between the the frames 126 and 127. Thus, the
electric power receiving unit 110 is protected when there is a side impact with another
vehicle or the like.

[0062] There is no difference between the height of the electric power
receiving unit 110 and the height of the frames 126 and 127, so that the side face of the
electric power receiving unit 110 is covered by the frames 126 and 127. Thus, even
when a stone on the road or the like is flung by the tire while the electric vehicle 100 is
running, it is possible to reduce the possibility that the flung stone or the like hits the
electric power receiving unit 110.

[0063]  The electricity storage device 150 is disposed on the upper surface of
the floor panel 125. The electricity storage device 150 is positioned above the
electric power receiving unit 110.  As shown in FIG. 11, when viewed from above, the
electric power receiving unit 110 and the electricity storage device 150 are disposed so
as to, at least partially, overlap each other.

[0064]  Because the electricity storage device 150 is disposed directly above
the electric power receiving unit 110, it is possible to reduce the length of the cable 123
that connects between the electric power receiving unit 110 and the electricity storage
device 150. By recuding the length of the cable 123, it is possible to reduce the
electrical loss in the cable 123 and improve the charging efficiency.

[0065] In an example shown in FIG. 12, the electric power receiving unit 110

is disposed at the center of the vehicle in the width direction thereof. Thus, when the
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alignment of the electric power receiving unit 110 and the electric power transmitting

unit 220 is performed, the driver backs the electric vehicle 100 so that the electric

power transmitting unit 220 is positioned to be aligned with the center of the electric

vehicle 100 in the width direction thereof while viewing the display unit 121. In this
way, it is possible to suppress the misalignment of the electric power receiving unit 110
and the electric power transmitting unit 220 in the width direction of the vehicle.

[0066] FIG. 13 is a plan view showing a first modification concerning the
position at which the electric power receiving unit 110 is mounted. As shown in FIG.
13, the electric vehicle 100 includes an engine 176, which is installed in an engine
compartment formed in the front of the vehicle.

[0067]  An exhaust pipe 179 is connected to the engine 176 and extends
toward the rear of the vehicle. A muffler, or silencer, 173 is connected to the rear end
of the exhaust pipe 179. The rear end of the exhaust pipe 179 and the muffler 173 are
positioned offset to the side face 105 side with respect to the center of the vehicle in
the width direction thereof.

[0068]  On the other hand, the electric power receiving unit 110 is disposed so
that the the center of the electric power receiving unit 110 in the width direction of the
vehicle is offset to the side face 106 side with respect to the center of the electric
vehicle 100 in the width direction thereof. Because the muffler 173 and the exhaust
pipe 179 are disposed on the side face 105 side and the electric power receiving unit
110 is disposed on the side face 106 side, the heat is difficult to be transfered from the
muffler 173 and the exhaust pipe 179 to the electric power receiving unit 110. In
particular, it is preferable that the electric power receiving unit 110 be disposed offset
to the side face 106 side between the frames 126 and 127 shown in FIG. 12.

[0069] FIG. 14 is a plan view showing a modification concerning the
positions, at which the electric power receiving unit 110 and the camera 120 are
mounted. In the example shown in FIG. 14, the electric vehicle 100 inicludes a front
face 107 and the engine compartment 169, in which various pieces of equipment are
housed.

[0070]  The electric power receiving unit 110 is disposed offset to the front
face 107 side with respect to the center of the electric vehicle 100 in the longitudinal
direction (fore-and-aft direction). Thus, it is possible to minimize the distance
between the position of the electric power transmitting unit 220 at the time that the
electric power transmitting unit 220 becomes positioned under the electric vehicle 100

and it therefore bocomes impossible to view the electric power transmitting unit 220
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via the camera 120 and the position of the electric power transmitting unit 220 at the
time that the electric power receiving unit 110 and the electric power transmitting unit
220 face each other.

[0071]  Thus, the example shown in FIG. 14 also makes it possible to reduce
the work load required to make the electric power receiving unit 110 and the electric
power transmitting unit 220 face each other. The electric vehicle 100 includes a
driving wheel (front wheel) 181 and a driving wheel (front wheel) 182 that are
arranged along the width direction of the electric vehicle 100.

[0072]  The electric power receiving unit 110 is disposed between the driving
wheels 181 and 182. Thus, the electric power receiving unit 110 is protected when
there is a side impact with another vehicle or the like.

[0073] The electric vehicle 100 includes a side member 133 and a side
member 134 that are arranged along the width direction of the electric vehicle 100, and
the electric power receiving unit 110 is disposed between the side members 133 and
134. Thus, the electric power receiving unit 110 is protected when there is a side
impact with another vehicle or the like.

[0074] When the electric vehicle 100 is viewed from above, the electric
power receiving unit 110 is positioned within the area of the engine compartment 169.
Installed in the engine compartment 169 are a transaxle 170, a power control unit
(PCU) case 171, and the engine 176.

[0075]  In the example shown in FIG. 14, the electric power receiving unit 110
and the PCU case 171 are connected by the cable 135.

[0076] Specifically, an inverter is installed in the PCU case 171, and the cable
135 connects between the inverter and the secondary coil 114 in the electric power
receiving unit 110. The inverter converts the alternating current (AC current)
supplied from the secondary coil 114 to a direct current (DC current) to charge the
electricity storage device 150.

[0077] Because both the electric power receiving unit 110 and the PCU case
171 are installed in the engine compartment 169, it is possible to minimize the length
of the cable 123. Thus, it is possible to reduce the electrical loss in the cable 135 and
improve the charging efficiency. ,

[0078]  The vehicle charging system for charging the electric vehicle 100 with
the use of the power supply facility 200 and the charging mechanism will be described
with reference to FIGS. 1 and 15 to 24B. Note that although the alignment of the

electric power receiving unit 110 and the electric power transmitting unit 220 is
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performed through the operation by the driver in the example described above, the
alignment of the electric power receiving unit 110 and the electric power transmitting
unit 220 may be performed by guiding control as described below.

[0079]  Referring to FIG. 1, the vehicle power supply system 10 includes the
electric vehicle 100 and the power supply facility 200. The electric vehicle 100
includes the electric power receiving unit 110, the camera 120, and the communication
unit 130. The communication unit 130 is a communication interface for
communication between the electric vehicle 100 and the power supply facility 200.

[0080]  The power supply facility 200 includes a power supply device 210, the
electric power transmitting unit 220, a luminous portion 230, and a communication
unit 240. The power supply device 210 converts commercial AC power supplied
from the system power supply into a high-frequency electric power and outputs the
high-frequency electric power to the electric power transmitting unit 220. The
frequency of the high-frequency AC power generated by the power supply device 210
is, for example, one megahertz to a dozen or so megahertz.

[0081] The electric power transmitting unit 220 is fixed on a floor of a
parking lot, or car park, and is configured to transmit, to the electric power receiving
unit 110 of the electric vehicle 100 in a non-contact manner, the high-frequency AC
power supplied from the power supply device 210. A plurality of the luminous
portions 230 are provided on the electric power transmitting unit 220 so as to indicate
the position of the electric power transmitting unit 220. Examples of the luminous
portion 230 include light emitting diodes (LEDs). The communication unit 240 is a
communication interface for communication between the power supply facility 200
and the electric vehicle 100.

[0082]  When the electric power is supplied from the power supply facility
200 to the electric vehicle 100, it is necessary to align the electric power receiving unit
110 of the electric vehicle 100 and the electric power transmitting unit 220 of the
power supply facility 200 by guiding the electric vehicle 100 to the power supply
facility 200. In the example shown in FIGS. 15 to 24B, the parking control, in which
the electric vehicle 100 is guided to the power supply facility 200, is performed in two
steps.

[0083] In the first step, the positional relationship between the electric power
receiving unit 110 of the electric vehicle 100 and the electric power transmitting unit
220 of the power supply facility 200 is detected based on the image captured by the

camera 120, and the vehicle is controlled, based on the detection result, so that the
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electric vehicle 100 is guided to the electric power transmitting unit 220. More
specifically, the plurality of luminous portions 230 provided on the electric power
transmitting unit 220 are captured by the camera 120 and the positions and the
orientations of the plurality of luminous portions 230 are recognized by image
recognition. Then, based on the result of the image recognition, the relative position
and orientation between the electric power transmitting unit 220 and the vehicle are
recognized and the vehicle is guided to the electric power transmitting unit 220 based
on the result of recognition.

[0084] The area in which the electric power receiving unit 110 and the
electric power transmitting unit 220 face each other is smaller than the area of the
bottom surface of the vehicle body. When the electric power transmitting unit 220
becomes positioned under the vehicle body and it becomes impossible to capture the
image of the electric power transmitting unit 220 via the camera 120, the parking
control switches from the first step to the second step. In the second step, electric
power is supplied from the electric power transmitting unit 220 to the electric power
receiving unit 110 and the distance between the electric power transmitting unit 220
and the electric power receiving unit 110 is detected based on the power supply status.
Based on this distance information, the vehicle is controlled so that the electric power
transmitting unit 220 and the electric power receiving unit 110 are aligned with each
other.

[0085] The magnitude of the electric power transmitted from the electric
power transmitting unit 220 in the second step is set smaller than the electric power
that is supplied from the electric power transmitting unit 220 to the electric power
receiving unit 110 after the completion of the alignment of the electric power
transmitting unit 220 with the electric power receiving unit 110. The reason why the
electric power is transmitted from the electric power transmitting unit 220 in the
second step is to detect the distance between the electric power transmitting unit 220
and the electric power receiving unit 110 and for this purpose, a high electric power to
be used when the main power supply operation is performed is not needed.

[0086] Next,-a non-contact power supply method used in the vehicle power
supply system 10 according to this embodiment will be described. In the vehicle
power supply system 10 according to this embodiment, electric power is supplied from
the power supply facility 200 to the electric vehicle 100 by the resonance method.

[0087] FIG. 15 is a diagram for explaining the principle of electric power

transmission using the resonance method. Referring to FIG. 15, in the resonance
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method, as in the case of the resonance of two tuning forks, electric power is
transmitted from one coil to the other coil via electromagnetic field due to the
resonance of two LC resonant coils having the same eigenfrequency in the
electromagnetic field (near field).

[0088]  Specifically, a primary coil 320 is connected to a high-frequency AC
power supply 310 and the high-frequency AC power of one megahertz to a dozen or so
megahertz is supplied, via electromagnetic induction, to a primary self-resonant coil
330 that is magnetically coupled to the primary coil 320. The primary self-resonant
coil 330 is an LC resonator using the inductance of the coil itself and the stray
capacitance and the primary self-resonant coil 330 resonates with a secondary
self-resonant coil 340 having the resonance frequency the same as that of the primary
self-resonant coil 330 via electromagnetic field (near field). As a result, energy
(electric power) is transferred from the primary self-resonant coil 330 to the secondary
self-resonant coil 340 via electromagnetic field. The energy (electric power)
transferred to the secondary self-resonant coil 340 is received, via electromagnetic
induction, by a secondary coil 350 that is magnetically coupled to the secondary
self-resonant coil 340, and is then supplied to a load 360. The electric power
transmission by the resonance method is performed when the Q factor that indicates
the intensity of resonance of the primary self-resonant coil 330 and the secondary
self-resonant coil 340 is greater than 100, for example.

[0089] With regard to the correspondences between FIG. 1 and FIG. 15, the
electric power receiving unit 110 in FIG. 1 corresponds to the secondary self-resonant
coil 340 and the secondary coil 350, and the electric power transmitting unit 220 in FIG.
1 corresponds to the primary coil 320 and the primary self-resonant coil 330.

[0090] FIG. 16 is a diagram showing relations between the distance from the
electric current source (magnetic current source) and the intensity of the
electromagnetic field. Referring to FIG. 16, the electromagnetic field includes three
components. The curve k1 represents a component that is inversely proportional to
the distance from the electromagnetic wave source and is called "radiation field".
The curve k2 represents a component that is inversely proportional to the square of the
distance from the electromagnetic wave source and is called "induction field". The
curve k3 represents a component that is inversely proportional to the cube of the
distance from the electromagnetic wave source and is called "static field".

[0091] These components have the region, in which the intensity of the

electromagnetic wave steeply decreases with the distance from the electromagnetic
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wave source, and this near field (evanescent field) is used to transmit the energy
(electric power) in the resonance method. Specifically, with the use of the near field,
by causing a pair of resonators (a pair of LC resonant coils, for example) having the
same eigenfrequency to resonate with each other, energy (electric power) is transmitted
from one resonator (primary self-resonant coil) to the other resonator (secondary
self-resonant coil). Because the near field does not transmit energy (electric power)
far away, the resonance method can transmit energy with lower energy loss as
compared to the case where electromagnetic waves are used that transmit energy
(electric power) with the use of the "radiation field" that transmits energy far away.

[0092] FIG. 17 is a configuration diagram showing details of the electric
vehicle 100 shown in FIG. 1. Referring to FIG. 17, the electric vehicle 100 includes
the electricity storage device 150, a system main relay SMR1, a step-up converter 162,
inverters 164 and 166, motor generators 172 and 174, the engine 176, a power
distributing mechanism 177, and a driving wheel 178. The electric vehicle 100
further includes the secondary self-resonant coil 112, the secondary coil 114, a rectifier
140, a DC/DC converter 142, a system main relay SMR2, and a voltage sensor 190.
The electric vehicle 100 further includes a controller 180, the camera 120, and the
communication unit 130.

[0093] The electric vehicle 100 is equipped with the engine 176 and the
motor generator 174 as the motive power sources. The engine 176 and the motor
generators 172 and 174 are connected to the power distributing mechanism 177. The
electric vehicle 100 is driven by the driving force generated by at least one of the
engine 176 and the motor generator 174. The motive power generated by the engine
176 is distributed to two paths by the power distributing mechanism 177.  Specifically,
one path is the path of power transmission to the driving wheel 178 and the other path
is the path of power transmission to the motor generator 172.

[0094] The motor generator 172 is an AC rotary electric machine and
examples thereof include a three-phase AC synchronous motor, in which permanent
magnets are embedded in the rotor. The motor generator 172 generates electricity
with the use of the kinetic energy supplied from the engine 176 that is distributed by
the power distributing mechanism 177. When the state of charge (SOC) of the
electricity storage device 150 falls below a predetermined value, the engine 176 starts
and causes the motor generator 172 to generate electricity, thereby charging the
electricity storage device 150.

[0095]  The motor generator 174 is also an AC rotary electric machine and, as
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in the case of the motor generator 172, examples thereof include a three-phase AC
synchronous motor, in which permanent magnets are embedded in the rotor. The
motor generator 174 generates the driving force with the use of at least one of the
electric power stored in the electricity storage device 150 and the electric power
generated by the motor generator 172. The driving force generated by the motor
generator 174 is transmitted to the driving wheel 178.

[0096]  When the vehicle is braked or the acceleration thereof on a downslope
is reduced, the mechanical energy stored in the vehicle in the form of the kinetic
energy and the potential energy is used to rotate the motor generator 174 via the
driving wheel 178 and the motor generator 174 functions as an electric generator. In
this way, the motor generator 174 functions as a regenerative brake that generates a
braking force by converting the mechanical energy to electric power. The electric
power generated by the motor generator 174 is stored in the electricity storage device
150.

[0097] The power distributing mechanism 177 includes a planetary gear
having a sun gear, pinions, a carrier, and a ring gear. The pinions engage with the sun
gear and the ring gear. The carrier rotatably supports the pinions and is connected to
the crankshaft of the engine 176. The sun gear is connected to the rotary shaft of the
motor generator 172. The ring gear is connected to the rotary shaft of the motor
generator 174 and the driving wheel 178.

[0098]  The electricity storage device 150 is a rechargeable, DC power source
and examples thereof include secondary batteries, such as lithium ion batteries and
nickel hydrogen batteries. The electricity storage device 150 stores the electric power
supplied from the DC/DC converter 142 and stores the electric power that is generated
by the motor generators 172 and 174. The electricity storage device 150 supplies the
stored electric power to the step-up converter 162. A large-capacitance capacitor can
be used as the electricity storage device 150. The electricity storage device 150 is not
limited as long as it functions as an electric power buffer that can temporarily store the
electric power supplied from the power supply facility 200 (FIG. 1) and the electric
power generated by the motor generators 172 and 174 and can supply the stored
electric power to the step-up converter 162.

[0099]  The system main relay SMR1 is placed between the electricity storage
device 150 and the step-up converter 162. When a signal SE1 from the controller 180
is activated, the system main relay SMR1 electrically connects the electricity storage

device 150 to the step-up converter 162, and when the signal SE1 is deactivated, the
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system main relay SMR1 disconnects the electric line between the electricity storage
device 150 and the step-up converter 162. The step-up converter 162 steps up the
voltage of the positive line PL2 to a voltage equal to or higher than the voltage output
from the electricity storage device 150, based on a signal PWC from the controller 180.
Examples of the step-up converter 162 include a DC chopper circuit. The inverters
164 and 166 are provided for the motor generators 172 and 174, respectively. The
inverter 164 drives the motor generator 172 according to a signal PWIIl from the
controller 180, and the inverter 166 drives the motor generator 174 according to a
signal PWI2 from the controller 180. Examples of the inverters 164 and 166 include
three-phase bridge circuits.

[0100] The secondary self-resonant coil 112 is an LC resonant coil and
receives electric power from the power supply facility 200 by resonating with the
primary self-resonant coil of the power supply facility 200 via electromagnetic field.
The capacitive component of the secondary self-resonant coil 112 is a capacitor
connected across the coil. The number of turns of the secondary self-resonant coil
112 is appropriately set based on the distance between the secondary self-resonant coil
112 and the primary self-resonant coil of the power supply facility 200, the resonance
frequency of the primary self-resonant coil and the secondary self-resonant coil 112,
etc. so that the Q factor (Q > 100, for example) that indicates the intensity of resonance
of the primary self-resonant coil and the secondary self-resonant coil 112, kappa that
indicates the degree of coupling therebetween, etc. become large.

[0101] The secondary coil 114 is disposed coaxially with the secondary
self-resonant coil 112 and can be magnetically coupled to the secondary self-resonant
coil 112 via electromagnetic induction. The secondary coil 114 receives, via
electromagnetic induction, electric power received by the secondary self-resonant coil
112 to output the electric power to the rectifier 140. The secondary self-resonant coil
112 and the secondary coil 114 form the electric power receiving unit 110 shown in
FIG. 1.

[0102]  The rectifier 140 rectifies the AC power received by the secondary
coil 114. Based on a signal PWD from the controller 180, the DC/DC converter 142
converts the electric power rectified by the rectifier 140 to a voltage level of the
electricity storage device 150 and outputs the electric power to the electricity storage
device 150. The system main relay SMR2 is placed between the DC/DC converter
142 and the electricity storage device 150. When a signal SE2 from the controller

180 is activated, the system main relay SMR2 electrically connects the electricity
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storage device 150 to the DC/DC converter 142, and when the signal SE2 is
deactivated, the system main relay SMR2 disconnects the electric line between the
electricity storage device 150 and the DC/DC converter 142. The voltage sensor 190
detects a voltage VH between the rectifier 140 and the DC/DC converter 142 and
outputs the detected value to the controller 180.

[0103] The controller 180 generates the signals PWC, PWI1, and PWI2 for
driving the step-up converter 162, and the motor generators 172 and 174, respectively,
based on the amount of operation of the accelerator, the vehicle speed, and signals
from other various sensors. The controller 180 outputs the generated signals PWC,
PWI1, and PWI2 to the step-up converter 162, and the inverters 164 and 166,
respectively. When the vehicle is running, the controller 180 activates the signal SE1
to turn on the system main relay SMR1, and deactivates the signal SE2 to turn off the
system main relay SMR2.

[0104] When electric power is supplied from the power supply facility 200
(FIG. 1) to the electric vehicle 100, the controller 180 receives the image captured by
the camera 120 from the camera 120. In addition, the controller 180 receives, from
the power supply facility 200 via the communication unit 130, the information on the
electric power (voltage and current) output from the power supply facility 200 and
receives, from the voltage sensor 190, the detected value of the voltage VH that is
detected by the voltage sensor 190. The controller 180 performs parking control of
the vehicle by the method to be described later so that the vehicle is guided to the
electric power transmitting unit 220 (FIG. 1) of the power supply facility 200, based on
these data.

[0105] When the parking control for guidance to the electric power
transmitting unit 220 is completed, the controller 180 transmits, to the power supply
facility 200 via the communication unit 130, an instruction to supply electric power
and activates the signal SE2 to turn on the system main relay SMR2. The controller
180 then generates the signal PWD for driving the DC/DC converter 142 and outputs
the generated signal PWD to the DC/DC converter 142,

[0106] FIG. 18 is a functional block diagram of the controller 180 shown in
FIG. 17. Referring to FIG. 18, the controller 180 includes an intelligent parking assist
(IPA)-electronic control unit (ECU) 410, an electric power steering (EPS) 420, a motor
generator (MG)-ECU 430, an electronically controlled brake (ECB) 440, an electric
parking brake (EPB) 450, a resonance ECU 460, and a hybrid vehicle (HV)-ECU 470.

[0107]  The IPA-ECU 410 performs guiding control to guide the vehicle to the
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electric power transmitting unit 220 (FIG. 1) of the power supply facility 200 based on
the image information received from the camera 120 when the operation mode of the
vehicle is the charging mode (first guiding control). Specifically, the IPA-ECU 410
recognizes the electric power transmitting unit 220 based on the image information
received from the camera 120. The electric power transmitting unit 220 is provided
with the plurality of luminous portions 230 that show the position and orientation of
the electric power transmitting unit 220. The IPA-ECU 410 recognizes the positional
relation between the vehicle and the electric power transmitting unit 220 (roughly
estimated distance and orientation) based on the image of the plurality of luminous
portions 230 captured by the camera 120. Based on the result of recognition, the
IPA-ECU 410 outputs an instruction to the EPS 420 so as to guide the vehicle to the
electric power transmitting unit 220 in a proper direction.

[0108] The IPA-ECU 410 provides, to the HV-ECU 470, the notification of
end of the guiding control (first guiding control) based on the image information
received from the camera 120 when the vehicle approaches the electric power
transmitting unit 220 to cause the electric power transmitting unit 220 to be positioned
under the vehicle body and it becomes impossible for the camera 120 to capture the
electric power transmitting unit 220. The EPS 420 performs automatic control of the
steering according to the instructions sent from the IPA-ECU 410 during the first
guiding control.

[0109] The MG-ECU 430 controls the motor generators 172 and 174, and the
step-up converter 162 according to the instructions sent from the HV-ECU 470.
Specifically, the MG-ECU 430 generates signals for driving the motor generators 172
and 174 and the step-up converter 162 and outputs the signals to the inverters 164 and
166 and the step-up converter 162.

[0110] The ECB 440 controls braking of the vehicle according to the
instructions sent from the HV-ECU 470. Specifically, the ECB 440 controls the
hydraulic brake according to the instructions sent from the HV-ECU 470, and performs
cooperative control of the hydraulic brake and the regenerative brake using the motor
generator 174. The EPB 450 controls the electric parking brake according to the
instructions sent from the HV-ECU 470.

[0111] The resonance ECU 460 receives, from the power supply facility 200
via the communication unit 130, information on the electric power output from the
powér supply facility 200 (FIG. 1). The resonance ECU 460 receives, from the
voltage sensor 190 (FIG. 17), the detected value of the voltage VH indicating the
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voltage of the electric power received by the vehicle. The resonance ECU 460
detects the distance between the electric power transmitting unit 220 of the power
supply facility 200 and the electric power receiving unit 110 of the vehicle by, for
example, comparing the voltage VH and the voltage of the electric power transmitted
from the power supply facility 200.

[0112] Specifically, while the primary side voltage (voltage output from the
power supply facility 200) is constant as shown in FIG. 19, the secondary side voltage
(voltage of the electric power received by the electric vehicle 100) varies depending on
the distance L between the electric power transmitting unit 220 of the power supply
facility 200 and the electric power receiving unit 110 of the electric vehicle 100 as
shown in FIG. 20. Thus, it is possible to prepare a map, or the like, by measuring, in
advance, the relation between the primary side voltage and the secondary side voltage
shown in FIGS. 19 and 20, for example, to detect the distance between the electric
power transmitting unit 220 and the electric power receiving unit 110 based on the
detected value of the voltage VH indicating the secondary side voltage.

[0113] Note that, as shown in FIG 21, the primary side current (electric
current output from the power supply facility 200) also varies depending on the
distance L between the electric power transmitting unit 220 and the electric power
receiving unit 110 and therefore, the distance between the electric power transmitting
unit 220 and the electric power receiving unit 110 may be detected based on the
detected value of the electric current output from the power supply facility 200 with
the use of this relation.

[0114]  Referring again to FIG. 18, when the resonance ECU 460 detects the
distance between the electric power transmitting unit 220 and the electric power
receiving unit 110, the resonance ECU 460 outputs the distance information to the
HV-ECU 470. When the resonance ECU 460 receives the instruction to start
charging from the HV-ECU 470, the resonance ECU 460 turns on the system main
relay SMR2 by activating the signal SE2 that is output to the system main relay SMR2.
The resonance ECU 460 then generates the signal for driving the DC/DC converter
142 and outputs the generated signal to the DC/DC converter 142.

[0115] The HV-ECU 470 outputs control instructions to the MG-ECU 430
and the ECB 440 according to the status of operation of the accelerator pedal and/or
the brake pedal, the drive status of the vehicle, etc. when the operation mode of the
vehicle is the driving mode. When the driver provides the instruction to activate the

parking brake by, for example, operating a parking brake switch, the HV-ECU 470



10

15

20

25

30

35

WO 2011/114208 PCT/IB2011/000502

24

outputs an instruction to operate to the EPB 450.

[0116] On the other hand, when the operation mode of the vehicle is the
charging mode, the HV-ECU 470 establishes communication with the power supply
facility 200 (FIG. 1) via the communication unit 130 and outputs an activation
instruction to activate the power supply facility 200 to the power supply facility 200
via the communication unit 130. When the power supply facility 200 is activated, the
HV-ECU 470 outputs an instruction to turn on the luminous portions 230 provided on
the electric power transmitting unit 220 of the power supply facility 200 to the power
supply facility 200 via the communication unit 130. When the luminous portions 230
are turned on, the HV-ECU 470 outputs, to the power supply facility 200 via the
communication unit 130, a guiding control indication signal indicating that the guiding
control to guide the electric vehicle 100 to the electric power transmitting unit 220 is
being performed, and in addition, the HV-ECU 470 outputs, to the [PA-ECU 410, an
instruction to perform a guiding control (first guiding control) using the image
information provided from the camera 120.

[0117] In addition, when the HV-ECU 470 receives a notice of end of the first
guiding control from the IPA-ECU 410, the HV-ECU 470 performs a guiding control
(second guiding control) using the information on the distance between the electric
power transmitting unit 220 and the electric power receiving unit 110. Specifically,
the HV-ECU 470 receives the information on the distance between the electric power
transmitting unit 220 of the power supply facility 200 and the electric power receiving
unit 110 of the vehicle from the resonance ECU 460, and based on the distance
information, the HV-ECU 470 outputs instructions to the MG-ECU 430 and the ECB
440 that control driving and braking, respectively, of the vehicle so that the distance
between the electric power transmitting unit 220 and the electric power receiving unit
110 is minimized.

[0118]  Note that whether the distance between the electric power transmitting
unit 220 and the electric power receiving unit 110 is minimized is determined, for
example, based on the fact that the derivative of the distance L between the electric
power transmitting unit 220 and the electric power receiving unit 110 that is received
from the resonance ECU 460 becomes zero as shown in FIG. 22.

[0119] Referring again to FIG. 18, when the alignment of the electric power
transmitting unit 220 and the electric power receiving unit 110 is completed, the
HV-ECU 470 outputs an instruction to operate to the EPB 450 and thereafter, the
HV-ECU 470 outputs, to the power supply facility 200 via the communication unit 130,
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the instruction to start supplying electric power from the power supply facility 200 and
outputs the instruction to start charging to the resonance ECU 460.

[0120] In the controller 180, when the operation mode of the vehicle becomes
the charging mode, the HV-ECU 470 establishes communication with the power
supply facility 200 via the communication unit 130 and transmits an activation
instruction to activate the power supply facility 200 to the power supply facility 200
via the communication unit 130. When the power supply facility 200 is activated
according to the activation instruction, the HV-ECU 470 transmits an instruction to
turn on the luminous portions 230 to the power supply facility 200 via the
communication unit 130. When the luminous portions 230 on the electric power
transmitting unit 220 are turned on, the HV-ECU 470 transmits a guiding control
indication signal to the power supply facility 200 via the communication unit 130, and
in addition, the HV-ECU 470 outputs, to the IPA-ECU 410, an instruction to perform a
guiding control (first guiding control) using the image information provided from the
camera 120. ‘

[0121] When the IPA-ECU 410 receives an instruction from the HV-ECU 470,
the IPA-ECU 410 performs guiding control based on the image information received
from the camera 120 (first guiding control) and outputs an instruction to perform
automatic control of the steering to the EPS 420. The IPA-ECU 410 provides, to the
HV-ECU 470, the notification of end of the first guiding control when the vehicle
approaches the electric power transmitting unit 220 to cause the electric power
transmitting unit 220 to be positioned under the vehicle body and it becomes
impossible to recognize the electric power transmitting unit 220 via the camera 120.

[0122] Meanwhile, the resonance ECU 460 receives, from the power supply
facility 200 via the communication unit 130, the information on the electric power
output from the power supply facility 200 according to the guiding control indication
signal (the electric power is lower than the electric power supplied after the parking
control is completed as described above), and the resonance ECU 460 receives, from
the voltage sensor 190, the detected value of the voltage VH indicating the voltage of
the electric power received by the electric vehicle 100. The resonance ECU 460 then
estimates the distance between the electric power transmitting unit 220 and the electric
power receiving unit 110 based on the status of the power supply from the power
supply facility 200 to the electric vehicle 100 and outputs the distance information to
the HV-ECU 470. When the HV-ECU 470 receives, from the IPA-ECU 410, a notice

of end of the first guiding control performed based on the image information provided
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from the camera 120, the HV-ECU 470 performs a guiding control (second guiding
control) based on the information on the distance between the electric power
transmitting unit 220 and the electric power receiving unit 110 received from the
resonance ECU 460 and outputs instructions to perform automatic control of driving
and braking of the vehicle, to the MG-ECU 430 and the ECB 440.

[0123] When the second guiding control completes the alignment of the
electric power transmitting unit 220 and the electric power receiving unit 110, the
HV-ECU 470 outputs the instruction to operate to the EPB 450 and thereafter, the
HV-ECU 470 outputs, to the power supply facility 200 via the communication unit 130,
the instruction to start supplying electric power and outputs the instruction to start
charging to the resonance ECU 460. In this way, the substantial power supply from
the power supply facility 200 to the electric vehicle 100 is started.

[0124]  FIG. 23 is a functional block diagram of the power supply facility 200
shown in FIG. 1. Referring to FIG. 23, the power supply facility 200 includes an AC
power supply 250, a high-frequency AC power driver 260, the primary coil 222, the

primary self-resonant coil 224, a voltage sensor 272, a current sensor 274, the

luminous portion 230, the communication unit 240, and an ECU 270.

[0125]  The AC power supply 250 is a power supply provided externally to the
vehicle, which is, for example, a system power supply. The high-frequency AC
power driver 260 converts the electric power received from the AC power supply 250
to a high-frequency AC power and supplies the high-frequency AC power to the
primary coil 222. The frequency of the high-frequency AC power generated by the
high-frequency AC power driver 260 is, for example, one megahertz to a dozen or so
megahertz.

[0126] The primary coil 222 is provided coaxially with the primary
self-resonant coil 224 and can be magnetically coupled to the primary self-resonant
coil 224 via electromagnetic induction. The primary coil 222 supplies, to the primary
self-resonant coil 224 via electromagnetic induction, the high-frequency AC power
supplied from the high-frequency AC power driver 260.

[0127]  The primary self-resonant coil 224 is an LC resonant coil as in the
case of the secondary self-resonant coil 112 of the electric vehicle 100 and transmits
electric power to the electric vehicle 100 by resonating with the secondary
self-resonant coil 112 of the electric vehicle 100 via electromagnetic field. The
capacitive component of the primary self-resonant coil 224 is also a capacitor

connected across the coil. The number of turns of the primary self-resonant coil 224
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is also appropriately set based on the distance between the primary self-resonant coil
224 and the secondary self-resonant coil 112 of the electric vehicle 100, the resonance
frequency of the primary self-resonant coil 224 and the secondary self-resonant coil
112, etc. so that the Q factor (Q > 100, for example), the degree of coupling, K, etc.
become large.

[0128]  The primary self-resonant coil 224 and the primary coil 222 form the
electric power transmitting unit 220 shown in FIG. 1. The luminous portion 230 and
the communication unit 240 are as described with reference to FIG. 1. The voltage
sensor 272 detects a voltage VS output from the high-frequency AC power driver 260
and outputs the detected value to the ECU 270. The current sensor 274 detects an
electric current IS output from the high-frequency AC power driver 260 and outputs
the detected value to the ECU 270.

[0129] When the ECU 270 receives an activation instruction from the electric
vehicle 100 via the communication unit 240, the ECU 270 activates the power supply
facility 200. When the ECU 270 receives a turn-on instruction to turn on the
luminous portion 230 from the electric vehicle 100 via the communication unit 240,
the ECU 270 turns on the luminous portion 230. When the ECU 270 receives, from
the electric vehicle 100 via the communication unit 240, an instruction to supply
electric power, the ECU 270 controls the output of the high-frequency AC power driver
260 so that the electric power supplied from the power supply facility 200 to the
electric vehicle 100 becomes equal to a target value.

[0130])  While the ECU 270 receives the guiding control indication signal from
the electric vehicle 100 via the communication unit 240, the ECU 270 transmits, to the
electric vehicle 100 via the communication unit 240, the electric power information of
the power supply facility 200 that includes the detected value of a voltage VS sent
from the voltage sensor 272 and the detected value of an electric current IS sent from
the current sensor 274. While the ECU 270 receives the guiding control indication
signal, the ECU 270 controls the output of the high-frequency AC power driver 260 so
that a predetermined electric power lower than the electric power supplied during a
power supply operation according to the instruction to supply electric power is output.

[0131]  FIGS. 24A and 24B are flow charts for explaining the vehicle guiding
control that is performed by the controller 180 of the electric vehicle 100 and the ECU
270 of the power supply facility 200. The process of these flow charts is executed at
predetermined intervals or every time a predetermined condition(s) is/are satisfied.

[0132] Referring to FIGS. 24A and 24B, in the electric vehicle 100, the
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controller 180 determines whether the operation mode of the vehicle is the charging
mode (step S10). When the operation mode is the non-charging mode, that is, the
driving mode (NO in step S10), the controller 180 proceeds to step S120 without
executing the subsequent series of steps.

[0133] When it is determined in step S10 that the operation mode is the
charging mode (YES in step S10), the controller 180 establishes the communication
between the communication unit 130 of the vehicle and the communication unit 240 of
the power supply facility 200 and transmits the activation instruction to activate the
power supply facility 200 to the power supply facility 200 via the communication unit
130 (step S20). Subsequently, when there is a request to turn on the luminous portion
230 provided on the electric power transmitting unit 220 of the power supply facility
200 (YES in step S25), the controller 180 transmits the instruction to turn on the
luminous portion 230 to the power supply facility 200 via the communication unit 130
(step S30). The controller 180 then transmits, to the power supply facility 200 via the
communication unit 130, the guiding control indication signal indicating that the
guiding control to guide the vehicle to the electric power transmitting unit 220 is being
performed, and the controller 180 continues transmiting the guiding control indication
signal until the alignment of the electric power transmitting unit 220 and the electric
power receiving unit 110 is completed (step S40).

[0134] The controller 180 then performs the guiding control (first guiding
control) based on the image information provided from the camera 120 by the above
method (step S50). This first guiding control is continued until the electric vehicle
100 approaches the power supply facility 200 to cause the electric power transmitting
unit 220 to be positioned under the vehicle body and it becomes impossible to
recognize the electric power transmitting unit 220 based on the image information
provided from the camera 120 (step S60).

[0135] When it becomes impossible to recognize the electric power
transmitting unit 220 based on the image information provided from the camera 120
(YES in step S60), the controller 180 estimates the distance between the electric power
transmitting unit 220 and the electric power receiving unit 110 by the above method
based on the electric power information transmitted from the power supply facility 200
(voltage and electric current output from the power supply facility 200). The
controller 180 performs the guiding control (second guiding control) based on the
distance information obtained by estimation based on the status of the power supply

from the electric power transmitting unit 220 to the electric power receiving unit 110
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(step S70).

[0136] During the second guiding control, the controller 180 determines
whether the distance between the electric power transmitting unit 220 and the electric
power receiving unit 110 has been minimized by the above-described method, based
on the derivative of the distance between the electric power transmitting unit 220 and
the electric power receiving unit 110 (step S80). When it is determined that the
distance between the electric power receiving unit 220 and the electric power receiving
unit 110 has been minimized (YES in step S80), the controller 180 stops the vehicle
and activates the electric parking brake (step S90).

[0137]  The controller 180 then transmits, to the power supply facility 200 via
the communication unit 130, the instruction to perform the substantial power supply
from the power supply facility 200 to the electric vehicle 100 (step S100). The
controller 180 also turns on the system main relay SMR2 and drives the DC/DC
converter 142 to perform the charging control to charge the electricity storage device
150 (step S110).

[0138] On the other hand, in the power supply facility 200, when the
communication unit 240 receives the activation instruction transmitted from the
electric vehicle 100 (YES in step S200), the ECU 270 activates the power supply
facility 200 (step S210). Subsequently, when the communication unit 240 receives
the instruction to turn on the luminous portion 230 transmitted from the electric vehicle
100 (YES in step S220), the ECU 270 turns on the luminous portion 230 (step S230).
Next, when the communication unit 240 receives the guiding control indication signal
transmitted from the electric vehicle 100 (YES in step S240), the ECU 270 controls the
output of the high-frequency AC power driver 260 so that the predetermined electric
power lower than the electric power output during the charging operation is output
(step S250).

[0139]  While the ECU 270 receives the guiding control indication signal, the
ECU 270 transmits, as the electric power information of the power supply facility 200,
the detected value of the voltage VS sent from the voltage sensor 272 that indicates the
magnitude of the voltage output from the power supply facility 200 and the detected
value of the electric current IS sent from the current sensor 274 that indicates the
magnitude of the electric current output from the power supply facility 200, to the
electric vehicle 100 via the communication unit 240 (step S260).

[0140] When the communication unit 240 receives the instruction to supply

electric power transmitted from the electric vehicle 100 (YES in step S270), the ECU
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270 controls the output of the high-frequency AC power driver 260 so that the vehicle
charging electric power is output (step S280).

[0141] As described above, in the guiding control shown in FIGS. 15 to 24B,
the parking control of the electric vehicle 100 is performed in two steps. In the first
step, the positional relation between the electric power transmitting unit 220 and the
electric power receiving unit 110 is detected based on the image information provided
from the camera 120 mounted on the vehicle, and the vehicle is controlled, based on
the detection result, so that the vehicle is guided to the electric power transmitting unit
220 (first guiding control). In the second step, the distance L between the electric
power transmitting unit 220 and the electric power receiving unit 110 is detected based
on the status of the power supply from the electric power transmitting unit 220 to the
electric power receiving unit 110. 'When the vehicle approaches the electric power
transmitting unit 220 so close that the electric power transmitting unit 220 becomes
positioned under the vehicle body and it becomes impossible for the camera 120 to
capture the electric power transmitting unit 220, the vehicle is controlled so that the
alignment of the electric power transmitting unit 220 and the electric power receiving
unit 110 is performed based on the information on the distance between the electric
power transmitting unit 220 and the electric power receiving unit 110 that is detected
based on the status of the power supply from the electric power transmitting unit 220
to the electric power receiving unit 110 (second guiding control). This makes it
possible to perform the alignment of the electric power transmitting unit 220 of the
power supply facility 200 and the electric power receiving unit 110 mounted on the
vehicle without installing a large scale facility. Thus, according to the guiding control
shown in FIGS. 15 to 24B, the vehicle power supply system 10 that is simple in
configuration can be obtained while securing the accuracy in parking the vehicle at the
power supply facility 200.

[0142] In addition, in the guiding control shown in FIGS. 15 to 24B, when the
distance between the power supply facility 200 and the electric vehicle 100 is large, the
guiding control (first guiding control) using the image information is performed, and,
after the distance between the power supply facility 200 and the electric vehicle 100
becomes small, the guiding control (second guiding control) using the distance
information that requires electric power transmission from the electric power
transmitting unit 220 is performed. The electric power output through the electric
power transmitting unit 220 during the second guiding control is lower than the electric

power output after the charging control is started. Thus, according to the guiding
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control shown in FIGS. 15 to 24B, it is possible to minimize the electric power
consumption. In particular, according to the electric vehicle 100 of the embodiment,
the distance traveled from when the electric power transmitting unit 220 becomes out
of the view area R to when the electric power transmitting unit 220 and the electric
power receiving unit 110 face each other is small, so that the period of time, during
which the guiding control using the distance information is performed, is reduced and
it is possible to minimize the electric power used during the guiding control performed
using the distance information.

[0143] According to the electric vehicle 100 of the embodiment, the period of
time, during which the electric power transmitting unit 220 is out of the view area R of
the camera 120, in the process of aligning the electric power receiving unit 110 and the
electric power transmitting unit 220 is minimized. The guiding accuracy of the
guiding control (first guiding control) using the image information is higher than the
guiding accuracy of the guiding control (second guiding control) using the distance
information.  For this reason, according to the electric vehicle 100 of the embodiment,
the period of time, during which the guiding control using the image information is
performed, in the process of aligning the electric power receiving unit 110 and the
electric power transmitting unit 220 is increased, so that it is possible to obtain a high
alignment accuracy.

[0144] In addition, when the guiding control using the distance information is
started, the electric power receiving unit 110 and the electric power transmitting unit
220 partially overlap each other when viewed from above, so that it is also possible to
improve the guiding accuracy of the guiding control using the distance information.

[0145]  In addition, according to the guiding control shown in FIGS. 15 to
24B, the power supply facility 200 is activated by the instruction transmitted from the
electric vehicle 100 that receives electric power from the power supply facility 200,
and the luminous portion 230 is turned on by the instruction transmitted from the
electric vehicle 100. Thus, according to the guiding control shown in FIGS. 15 to
24B, the waste of the electric power while the charging is not performed is suppressed.

[0146]  Although the control is switched from the first guiding control using
the image information provided from the camera 120 to the second guiding control
using the distance information when the electric power transmitting unit 220 becomes
positioned in the blind spot of the camera 120 in the guiding control shown in FIGS.
15 to 24B, the control may be switched from the first guiding control to the second

guiding control when the vehicle approaches the electric power transmitting unit 220



10

15

20

25

30

35

WO 2011/114208 PCT/IB2011/000502

32

within a predetermined distance of the electric power transmitting unit 220. The
above predetermined distance may be set to the distance, within which the electric
power receiving unit 110 can receive electric power from the electric power
transmitting unit 220, for example.

[0147]  Although the electric power information of the power supply facility
200 is transmitted to the electric vehicle 100 and the distance information is generated
on the vehicle side based on the electric power information in the guiding control
shown in FIGS. 15 to 24B, the distance information may be generated on the power
supply facility 200 side based on the electric current output from the power supply
facility 200 or by transmitting, from the electric vehicle 100 to the power supply
facility 200, the electric power received by the vehicle, and the distance information
may be then transmitted to the electric vehicle 100. Alternatively, the power supply
facility 200 may have the distance information and the determination as to whether the
second guiding control is completed based on the distance information may be made
on the power supply facility 200 side.

[0148]  Although the driver operates the accelerator and the brake during the
first guiding control and the accelerator and the brake are automatically operated
during the second guiding control in the guiding control shown in FIGS. 15 to 24B, the
accelerator and the brake may be automatically operated also during the first guiding
control, or alternatively, the accelerator and the brake may be operated by the driver
also during the second guiding control.

[0149]  Although the camera 120 is disposed at the rear of the vehicle in the
guiding control shown in FIGS. 15 to 24B, the position, at which the camera 120 is
disposed, is not limited to the rear of the vehicle.

[0150]  Although the electric power is transmitted from the power supply
facility 200 to the electric vehicle 100 in a non-contact manner by the resonance
method in the guiding control shown in FIGS. 15 to 24B, the method of transmitting
electric power from the power supply facility 200 to the electric vehicle 100 is not
limited to the resonance method but may be another non-contact electric power
transmitting method, such as an electric power transmitting method using
electromagnetic induction or an electric power transmitting method using microwaves.
Also in these electric power transmitting methods, it is possible to estimate the distance
between an electric power transmitting unit and an electric power receiving unit based
on the status of the power supply from a power supply facility to a vehicle.

[0151])  Although the position and the orientation of the electric power
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transmitting unit 220 are recognized by image recognition using the luminous portion
230 in the guiding control shown in FIGS. 15 to 24B, the profile or the like of the
electric power transmitting unit 220 may be recognized by image recognition without
providing the luminous portion 230. When the luminous portion 230 is provided as
in the case of the guiding control shown in FIGS. 15 to 24B, it is possible to recognize
the position and the orientation of the electric power transmitting unit 220 even at
night.

[0152]  Although the electric power is transmitted by causing a pair of
self-resonant coils to resonate with each other in the guiding control shown in FIGS.
15 to 24B, a high-dielectric constant material disc made of a high-dielectric constant
material may be used as the resonator instead of the self-resonant coil.

[0153]  Although the description of the guiding control shown in FIGS. 15 to
24B is made in the case where the electric vehicle is a series-parallel hybrid vehicle, in
which the motive power from the engine 176 is distributed by the power distributing
mechanism 177 to be transmitted to the driving wheel 178 and the motor generator 172,
the invention can be applied to other types of hybrid vehicles. Specifically, for
example, the invention can be applied to what is called a series hybrid vehicle, in
which the engine 176 is used only to drive the motor generator 172 and the driving
force to drive the vehicle is generated by the motor generator 174 only, to a hybrid
vehicle, in which, out of the Kkinetic energy generated by the engine 176, the
regenerated energy only is recovered as the electric energy, and to a motor-assisted
hybrid vehicle, in which the engine functions as the primary motive power source and
the motor assists the engine as needed.

[0154] The invention can also be applied to a pure electric vehicle that is
equipped with no engine 176 and runs on electric power only and to a fuel cell vehicle
that further includes a fuel cell as the DC power source in addition to the electricity
storage device 150. The invention can also be applied to an electric vehicle equipped
with no step-up converter 162 and to an electric vehicle equipped with no DC/DC
converter 142.

[0155] In the guiding control shown in FIGS. 15 to 24B, the camera 120 and
the IPA-ECU 410 form the "first detecting means" (first detecting portion) of the
invention, and the [PA-ECU 410 and the EPS 420 form the "first guiding control
means" (first guiding control portion) of the invention. The resonance ECU 460
functions as the "second detecting means" (second detecting portion) of the invention
and the HV-ECU 470, the MG-ECU 430, and the ECB 440 form the "second guiding
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control means" (second guiding control portion) of the invention.

[0156) The camera 120 functions as the "image capturing device" of the
invention and the IPA-ECU 410 functions as the "image recognition portion" of the
invention. The communication units 130 and 240 form the "communication means"
of the invention and the primary self-resonant coil 224 functions as the "electric power
transmitting coil" of the invention. The secondary self-resonant coil 112 functions as
the "electric power receiving coil" of the invention and the resonance ECU 460
functions as the "distance estimating portion" of the invention. The EPS 420
functions as the "first control portion” of the invention and the MG-ECU 430 and the
ECB 440 form the "second control portion” of the invention. The high-frequency AC
power driver 260 and the ECU 270 form the "electric power control portion" of the
invention.

[0157] It should be understood that the embodiment discribed in this
description is not restrictive but is merely an example. The scope of the invention is
determined not by the above description of the embodiment but by the claims and it is
intended to embrace all the modifications made within the scope of the claims and the
equivalent thereof.

[0158] The invention can be applied to electric vehicles and in particular,
suitably applied to an electric vehicle that receives, in a non-contact manner, electric

power from an electric power transmitting coil provided externally to the vehicle.
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CLAIMS

1. A vehicle that receives electric power, in a non-contact manner, from an
electric power transmitting coil provided externally to the vehicle, the vehicle
characterized by comprising:

an electric power receiving coil that is disposed at a bottom of the vehicle and
receives electric power from the electric power transmitting coil via electromagnetic
field resonance;

an image capturing device that captures an image of an outside viewed from the
vehicle; and

a display unit that displays an outside view from the vehicle that is captured by
the image capturing device,

wherein the electric power receiving coil is disposed at a position that is offset
toward a peripheral face, on which the image capturing device is disposed, with respect
to a center of the bottom in a longitudinal direction of the vehicle.

2. The vehicle according to claim 1, wherein

the image capturing device is disposed at a back face of the vehicle, and

the electric power receiving coil is disposed at the position that is offset toward
the back face with respect to the center of the bottom in the longitudinal direction of
the vehicle.

3. The vehicle according to claim 2, further comprising a pair of rear wheels
that are spaced apart from each other in a width direction of the vehicle,

wherein the electric power receiving coil is disposed between the rear wheels.

4. The vehicle according to claim 3, further comprising:

a hollow bobbin fitted with the electric power receiving coil; and

an electrical device disposed inside the bobbin.

5. The vehicle according to any one of claims 1 to 4, further comprising a first
side frame and a second side frame, each extending in the longitudinal direction of the
vehicle, that are arranged along the width direction of the vehicle,

wherein the electric power receiving coil is disposed between the first and second
side frames.

6. The vehicle according to any one of claims 1 to 5, further comprising a
battery mounted in the vehicle,

wherein the battery is disposed above the electric power receiving coil.
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7. The vehicle according to any one of claims 1 to 6, wherein the electric power
receiving coil is disposed so as to be spaced from a side periphery of the vehicle.

8. The vehicle according to any one of claims 1 to 7, wherein the electric power
receiving coil is positioned at a center of the vehicle in a width direction of the vehicle.

9. The vehicle according to any one of claims 1 to 7, further comprising:

an engine; and

an exhaust pipe connected to the engine,

wherein the exhaust pipe is disposed at the bottom and is disposed on one laterial
side of the vehicle, and the electric power receiving coil is disposed on the other lateral
side of the vehicle.

10. The vehicle according to any one of claims 1 to 9, further comprising:

a first detecting portion that detects a positional relation between an electric
power transmitting unit including the electric power transmitting coil and an electric
power receiving unit including the electric power receiving coil;

a first guiding control portion that controls the vehicle based on a result of
detection by the first detecting portion so that the vehicle is guided to the electric
power transmitting unit;

a second detecting portion that detects a distance between the electric power
transmitting unit and the electric power receiving unit based on a status of power
supply from the electric power transmitting unit to the electric power receiving unit;
and

a second guiding control portion that, when the vehicle is caused to approach the
electric power transmitting unit within a predetermined distance of the electric power
transmitting unit by the first guiding control portion, controls the vehicle based on a
result of detection by the second detecting portion so that the electric power

transmitting unit and the electric power receiving unit are aligned.



WO 2011/114208 PCT/IB2011/000502

1/19

240
—
~210
FIG.?2
10
(o 100 130 |2J40
\\\\\\ ~ 210
O B, O = S :

. ) 7
102 110 /;30 ‘
290 122



WO 2011/114208 PCT/IB2011/000502

2/19

FIG.3




WO 2011/114208

3/19

PCT/IB2011/000502

220

N

far S
“"*m-...._
s

..---
.——-—""

———

FIG.4

’’’’’
/"’
P

-
~-
-~

\_‘~
ha

”’
)




WO 2011/114208 PCT/IB2011/000502

4/ 19

FIG.DS

110

-
S|

220



WO 2011/114208

128

111

FIG.

PCT/IB2011/000502

]

129

132 131

>

FIIZII T I I L ZELI T T LI LI ZZZ
A ANV
: .

&

K




WO 2011/114208 PCT/IB2011/000502

211

220

b

V72 2 2 222222227 2222222227772
& 224

228— ————)— T /]
< 222

r Y
AN T N N N N N N . N N N V20, . . G, N . N, N
TP Z 222227227277 Z27Z 22722724
§ J
v

229



WO 2011/114208 PCT/IB2011/000502

7/19




PCT/IB2011/000502

WO 2011/114208

8/19

FIG. 11

IIIII

1501?3 110

[

-

e ——

-

—————————

A

105
/

//I
S—

-

- -
e

-
——

102

106



WO 2011/114208 PCT/IB2011/000502

9/19
FIG.12
104 150 123 103
' 125 | 5 ‘
| 127-R ( \-126
)
110

\\k\\\\\\\\\\\/\\\\\\\\\\\\\‘
220



PCT/IB2011/000502

WO 2011/114208

10/ 19

-t
)= ——

]

|

¢0lL 901

~
N -

e e s s o o A B

EL1

o

it bt
———— ]

D

( | 9L1
6L1 GOl 6L1

€l "OI4d



WO 2011/114208

PCT/IB2011/000502
11/ 19
100
181 L 169 105 133

LR 176 \ e

{ 7

“. -__._L::‘_:'__-___-_:::__-__'\_

| T ]
120«[{
107 n

‘."‘ "r::.‘_'_::'_l-_ '::___.‘.:1".'.—_::,

! /'

; ] z

! 171 135 7 ( 0 3

170 182 102 110 134 106



WO 2011/114208 PCT/IB2011/000502

12/ 19

FIG.15

T

B W < o m <K—d> O:LOAD
- 330 340 -

ELECTROMAGNETIC ELECTROMAGNETIC
INDUCTION INDUCTION

L ) N J
POWER SUPPLY FACILITY VEHICLE (SECONDARY SIDE)
(PRIMARY SIDE)

FIG.16

k1

ELECTROMAGNETIC
FIELD INTENSITY

k2
k3

DISTANCE FROM ELECTRIC
CURRENT SOURCE
(MAGNETIC CURRENT SOURCE)



PCT/IB2011/000502

WO 2011/114208

13/ 19

8LI

vl

LL1~

WSINVHO3IN
ONLLNgRLSIA
d3IMod

¢l

9L1 —

3INION3

ow I ow I -
/1 ||va3anvo|  HA %&g\\( ¢t
) " m ‘id
y y v —~— P11
Ow _. - - 1 - \gaj
- ¥3TIOYLNOO |
m . I R IR L-E Eliker Sl o1 4
ZIMd | i “ !
y | i HA=-—1-
HILYIANI L , 061
091 j I N e
M | N OMd] W 13S)TEEsT J ol oS
¥ \ Y, L J
T T
¥3LYIANOD ! m
T
91 Zd 291 11d  IHWS

L1

Ol4d



WO 2011/114208

PCT/IB2011/000502

e DL
| 430 _ 440 /4551i
i MG-ECU ECB EPB |
| 470 .- ]
~120] P d (U {7130
CAMERA |-} IPA-ECU |<--—->| HV-ECU [e—-}-={ I/F

| 420 Yas0 i

| { v T

| EPS RESQNANGE |

| |
I _

FIG.19

PRIMARY SIDE
VOLTAGE

A

> DISTANCE L

SMALL «=— = LARGE



WO 2011/114208 PCT/IB2011/000502

15/ 19

FIG.20

SECONDARY
SIDE VOLTAGE

A

0 > DISTANCE L
SMALL =— > LARGE

FIG. 21

PRIMARY SIDE
CURRENT

A

0 > DISTANCE L
SMALL «<— LARGE




WO 2011/114208 PCT/IB2011/000502

16 / 19

FIG. 22

DISTANCE L -

du/dt{ O

— TIME

STOP



WO 2011/114208 PCT/IB2011/000502

17 /19

FIG. 23

200

990 I/F ~240

222 ) vs
_________________ IS |
212 574 ¥y
HIGH-FREQUENCY
260 ~| POWER SUPPLY |e--------- ECU 270
APPARATUS
LUMINOUS
PORTION [~230

250



WO 2011/114208 PCT/IB2011/000502

18/ 19

FIG. 24A
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FIG.24B
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