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capable of storing regenerative energy regenerated from rotational energy of a vehicle wheel, when a remaining energy amount of the
energy supply source (20) falls below a determination reference value; and a modification unit (40) configured to modify a provision
condition that is a condition on which the provision control unit (40, 30) provides the energy replenishment information, so that after
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INFORMATION PROVISION APPARATUS AND INFORMATION PROVISION
METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]  The invention relates to an information provision apparatus and an
information provision method for providing a vehicle passenger with information relating

to eﬁergy replenishment of an energy supply source of a vehicle.

2. Description of Related Art
[0002) A conventional information provision apparatus provides a vehicle

passenger with information relating to a charging facility for charging a battery of an

electric vehicle (EV). Such information provision apparatuses are proposed in Japanese

Patent Application Publication No. 2003-262525 (JP-2003-262525 A), Japanese Patent
Application Publication No. 2011-102739 (JP-2011-102739 A), Japanese Patent
Application Publication No. 2011-188596 (JP-2011-188596 A), and so on, for example.
In this type of information provision apparatus, a charging facility existing on a periphery
of a current location of the vehicle is extracted, and the vehicle passenger is provided with
information (charging facility information) indicating a position, a use condition, and so on
of the charging facility. The charging facility information is provided using an in-vehicle
terminal such as a navigation apparatus when a remaining battery capacity falls below a
determination reference value. The vehicle passenger can therefore use the provided

information to determine a battery charging timing and locate a nearby charging facility.

SUMMARY OF THE INVENTION
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[0003])  When the EV travels on a downhill slope, for example, a motor for driving
a vehicle wheel generates power such that power regeneration is performed, and as a fesult,
the remaining capacity of the battery provided in the EV increases. Therefore, as shown

in FIG 12, for example, after the remaining battery capacity falls below a determination

reference value Xref (at time t1) and the charging facility information is once provided, the

remaining battery capacity may rise above the determination reference value Xref. In this
case, when the vehicle subsequently travels on a flat road after reaching the end of the
downhill slope, the remaining battery capacity may fall below the determination reference
value Xref again (at time t2). Accordingly, til'e charging facility information is provided
again at time t2. Hence, depending on a traveling condition of the vehicle, the charging

facility information is provided more times than necessary. Further, when the information

~provision apparatus configured to obtain the charging facility information by accessing a

server of an information center, the information provision apparatus have to access the
server many times.

[0004] The invention provides an information provision apparatus and an
informatjon provision method for providing information relat.ing to energy replenishment,
such as battery charging, appropriately.

[0005] A first aspect of the invention is an information provision apparatus
including: a provision control unit configured to provide a vehicle passenger with energy

replenishment information relating to energy replenishment of a vehicle-driving energy

supply source that is capable of storing regenerative energy regenerated from rotational

energy of a vehicle wheel, when a remaining energy amount of the energy supply source

. falls below a determination reference value; and a modification unit configured to modify a

provision condition that is a condition on which the provision control unit provides the
energy replenishment information, so that after the energy replenishment information is
once provided when the remaining energy amount falls below the determination reference
value, the energy replenishment information is less likely to be provided than before the
energy replenishment information is once provided.

[0006]  According to the configuration described above, the information relating
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3
to energy replenishment is not provided to the vehicle passenger more times than
necessary.

[0007]  The modification unit may be configured to modify the provision
condition so that after the energy replenishment information is once provided when the
rémaim’ng energy amount falls below the determination reference value, the energy
replenishment information is less likely to be provided in response to variation in the
remaining energy amount caused by the regenerative energy than before the energy
replenishmeﬁt information is once provided. Further, the modification unit may be
configured to modify the provision condition so that after the energy replenishment
information is once provided when the remaining energy amount falls below the
determination reference value, provision of the energy replenishment information is
suppressed. |

[0008]  Here, the modification unit may be configured to modify the provision
condition by reducing the determination reference value, or may modify the provision
condition such that provision of the energy replenishment information is prohibited for a
predetermined time after the energy replenishment information is provided initially when
the remaining energy amount falls below the determination reference value.

[0009] When the remaining energy amount falls below the determination
reference value, the provision control unit may be configured to obtain energy

replenishment facility information relating to an energy replenishment facility as the

. energy replenishment information by accessing an information server, and provide the

vehicle passenger with the obtained energy‘ replenishment facility information.

[0010]  According to the configurations described above, the vehicle passenger
can obtain the energy replenishment facility information at an appropriate timing. Further,
an increase in access to the information server caused by variation in the remaining energy
amount due to the regenerative energy can be suppressed. As a result, access to the
information server does not become overcrowded, and therefore the facility information
can be obtained from the information server quickly.

[0011]  The provision control unit may be configured to prohibit provision of the
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energy replenishment facility information when the energy replenishment facility is setas a
navigation destination of a vehicle, even if the provision condition is satisfied.

[0012]  According to the configuration described above, the energy replenishment |
facility information is not provided to the vehicle passenger more times than necessary.
Moreover, access to the information server can Be suppressed.

[0013] The provision control unit may be configured to provide the vehicle
passenger with the energy replenishment facility information when a power supply switch
of the vehicle is switched OFF and then switched ON after the energy replenishment
facility information ig provided. In this case, the provision control unit may be
configured to measure an OFF duration of the power supply switch, and when the

measured duration exceeds a reference time, the provision control unit may be configured

to obtain the energy replenishment facility information by accessing the information server

and provide the vehicle passenger with the obtained energy replenishment facility
information.

[0014]  According to the configurations described above, when the driver starts
the vehicle after stepping away from the vehicle, the driver can be reminded of the need for
energy teplenishment and provided with the energy replenishment facility information.

[0015]  The information provision apparatus may further include a replenishment
operation detection unit configured to detect an energy replenishment operation for
replenishing the energy supply source with energy, and the modification unit may be
configured to return the provision condition to an initial condition when the energy
replenishment operation is detected after the provision condition has been modified.

[0016]  According to the configuration described above, the vehicle passenger can
be provided with the energy replenishiment information appropriately even following
energy replenishment.

[0017] The modification unit may be configured to return the provision condition
to an initial condition when the remaining energy amount of the energy supply source
exceeds a resetting determination reference value that is larger than the determination -

reference value, after the provision condition has been modified.
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[0018]  According to the configuration described above, the vehicle passenger can

- be provided with the energy replenishment information appropriately even following

energy replenishment.

[0019] A second aspect of the invention is an information provision method
including: providing a vehicle passenger with energy replenishment information relating
to energy replenishment of a vehicle-driving energy supply source that is capable of storing
regenerative energy regenerated from rotational energy of a vehicle wheel, when a
remaining energy amount of the energy supply source: falls below a determination

reference value; and modifying a provision condition that is a condition on which the

energy replenishment information is provided, so that after the energy replenishment

information is once provided when the remaining energy amount falls below the
determination reference value, the energy replenishment information is less likely to be
provided than before the energy replenishment information is once provided.

[0020]  According to the configuration described above, similarly to the first
aspect, the information relating to energy replenishment is not provided to the vehicle

passenger more times than necessary.

BRIEF DESCRIPTION. OF THE DRAWINGS

[0021]  Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic view of a station information- provision system to which an
information provision apparatus according to an embodiment is applied;

FIG. 2 is a schematic view of an in-vehicle terminal,

FIG. 3 is a flowchart illustrating a remaining battery capacity reduction detection
routine;

FIG. 4A is a flowchart illustrating a station information acquisition routine;

FIG. 4B is a flowchart illustrating a station extraction routine;
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FIG. 5 is a display screen of the in-vehicle terminal,

FIG. 6 is a flowchart illustrating a history resetting routine;

FIG. 7 is a flowchart illustrating a first modified example of the history resetting
routine;

FIG. 8 is a flowchart illustrating a second modified example of the history resetting
routine;

FIG. 9 is a graph illustrating timings at which information relating to battery charging
ié provided,;

FIG. 10 is a flowchart illustrating a startup center access command routine;

FIG. 11 is a flowchart illustrating a modified example of the remaining battery
capacity reduction detection routine; and _

FIG. 12 is a graph illustrating timings at which the information relating to battery

charging is provided conventionally.

DETAILED DESCRIPTION OF EMBODIMENTS

[0022]  An information provision apparatus z}ccording' to an embodiment of the
invention will be described below using the drawings. FIG. 1 shows a station information
provision system. The information provision apparatus according to this embodiment is
applied to this station information provision system.

[0023] A vehicle 10 applied to the station information provision system is, in this
embodiment, an EV in which a travel motor is driven by poWer from a battery. The
vehicle 10 is not limited to an EV, and may be any vehicle having at least a battery as a
vehicle-driving energy source, such as a hybrid vehicle that uses both a battery and
gasoline fuel as vehicle-driving energy sources or a fuel cell vehicle that uses both a
battery and a fuel cell as vehicle-driving energy sources. The station information
provision system provides a vehicle passenger with station information relating to a battery

charging station. Hence, a plug-in vehicle having a battery that can be charged using an
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external power supply may be applied as the vehicle 10.
[0024]  The station information provision system includes an in-vehicle terminal
30 provided in the vehicle 10, a charging control unit 40 (to be referred to as a charging
ECU 40 hereafter), a center server 100 provided in a vehicle information center, a station

terminal 200 provided in an energy replenishment facility such as a charging station, and a

- communication network 300 such as the Internet. The communication network 300

connects the in-vehicle terminal 30, the center server 100, and the station terminal 200 to

each other communicably. A wireless base station 310 is connected to the communication
network 300, and the in-vehicle terminal 30 is connected fo the communication network
300 via the wireless base station 310.

[0025] A battery 20 of the vehicle 10 can be charged from a household outlet, and
when the vehicle 10 is outdoors, the battery 20 can be charged both at a charging station
and using a power feeding apparatus 210. The power feeding apparatus 210 is provided
in a parking lot of a store such as a convenience store or a shopping center, or a parking lot
of an entertainment facility or the like. Hereafter, a facility having the power feeding
apparatus 210 will also be referred to as a charging station. The power feeding apparatus
210 is connected to the vehicle 10 using a charging cable 110 in order to supply charging
power to the battery 20.

[0026]  As a configuration for charging the battery 20, the vehicle 10 includes a
power receiving port 50 serving as a connection port for a connection plug 111 of the
charging cable 110, a charger 60 that converts power supplied to the power receiving port
50 into charging power for the battery 20 and charges the battery 20 therewith, and the
charging ECU 40, which controls charging of the battery 20 by the charger 60. The
battery 20 includes a SOC détector 70 that detects a state of charge (SOC), which is a value
indicating a charging condition of the battery 20. The SOC detector 70 outputs a signal
indicating a charging ratio X (%) of the battery 20 to the charging ECU 40 as the SOC.
The charging ratio X of the battery 20 corresponds to a remaining capacity of the battery
20, and therefore the charging ratio X of the battery 20 will be referred to hereafter as a

rémaining battery capacity X. Note that the SOC detector 70 may be configured to detect
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[0027]  The power receiving port 50 is provided with a mechanical plug detection
switch 51 in which a condition of a contact is switched when the connection plug 111 of
the charging cable 110 is inserted. The plug detection switch 51 outputs a plug detection

signal to the charging ECU 40. For example, the plug detection switch 51 outputs an ON

~ signal when the connection plug 111 is inserted into the power receiving port 50 and

outputs an OFF signal when the connection plug 111 is removed from the power receiving
port 50.

[0028] As a configuration of a travel driving system, the vehicle 10 includes a
motor driver (an inverter, for example) 80 that converts direct current power output from
thé battery 20 into three-phase alternating current power, a travel motor 85 that is driven by
the three-phase alternating current power output from the motor driver 80 to rotate a
vehicle wheel W, and a motor control unit 90 (to be referred to hereafier as a motor ECU
90) that controls the output of the motor driver 80 in accordance with a driving operation
performed by a driver. When the vehicle wheel W is driven to rotate, the motor ECU 90
uses the power of the battery 20. During braking of the vehicle, on the other hand, the
motor ECU 90 controls the motor driver 80 such that the motor 85 is rotated by rotational
energy of the vehicle wheel W, and power generated by the motor 85 at this time is charged
to the battery 20. The vehicle is thus capable of generating regenérative braking force
corresponding to a brake operation. |

[0029]  The charging ECU 40 includes a microcomputer as a main component.
During charging of the battery 20, the charging ECU 40 operates the charger 60 to charge
the battery 20 until the remaining battery capacity X detected by the SOC detector 70
reaches a target value set by a user. The remaining battery capacity X detected by the
SOC detector 70 is also input into the charging ECU 40 during vehicle travel, and when
tﬁe remaining battery capacity X decreases so as to fall below a determination reference
value Xref, the charging ECU 40 executes processing in cooperation with the in-vehicle
terminal 30 to prompt a passenger to charge the battery 20 and provide the passenger with

informatjon relating to a charging station in the vicinity of the host vehicle. In this



10

15

20

26

WO 2013/117976 PCT/IB2013/000146

9
processing, the charging ECU 40 outputs a command to the in-vehicle terminal 30 to

access the center server 100. Accordingly, the in-vehicle terminal 30 requests

information relating to a station in the vicinity of the host vehicle from the center server

100. The in-vehicle terminal 30 then uses the station information transmitted by the
cénter server 100 to inform the passenger of a usable charging station.

[0030]  As shown in FIG. 2, the in-vehicle terminal 30 includes a main control unit
31 having a microcomputer as a main component, a display unit 32 and an operating unit
33 constituted by a touch panel display, a sound generation unit 34 including an amplifier
and a speaker for providing audio guidance, a wireless communication unit 35 for
communicating with the outside via the wireless base station 310, a vehicle position
detection unit 36 including a global positioning system (GPS) unit that detects current
position coordinates of the host vehicle on the basis of radio waves from a GPS satellite
and a gyro sensor that detects an advancement direction of the vehicle, and a storage unit
37 that stores map data, facility data such as charging stations, and so on.

[0031]  The vehicle 10 is provided with a plurality of electronic control units (to
be referred to hereafter as vehicle ECUs), not shown in the drawings, for controlling
conditions of the vehicle. The respective vehicle ECUs, including the charging ECU 40

and the motor ECU 90, are connected to a controller area network (CAN) communication

" line of a CAN communication system, and connected to the in-vehicle terminal 30 via the

CAN communication line. The vehicle ECUs transmit various vehicle information (for
example, traveled distance information, SOC information, vehicle diagnosis information,
various request information, and so on) to the center server 100 via the in-vehicle terminal
30 in accordance with preset procedures. On the basis of this vehicle information and
external information obtained from the outside, the center server 100 transmits service
information that is beneficial to the vehicle passenger to the in-vehicle terminal 30.

[0032]  Hereafter, with respect to the in-vehicle terminal 30 and the center servef
100, only configurations related to the invention, or in other words configurations related
to acquisition and provision of the station information, will be described.

[0033]  The main control unit 31 provided in the in-vehicle terminal 30 includes a
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navigation control unit 311 that guides the host vehicle to a destination, a vehicle
information transmission unit 312 that transmits information relating to the host vehicle (a
vehicle ID, current position information, SOC information, and so on) to the center server
100, and a station information provision unit 313 that obtains the station -information
transmitted from the center server 100 and provides the passenger therewith. The
respective function units 311 to 313 afe realized by executing a control program of the
microcomputer.

[0034]  The center server 100 is constituted mainly by a microcomputer and a
large capacity storage apparatus. As shown in FIG. 1, th¢ center server 100 includes a
communication control unit 101 that performs communication control while connected to
the communication network 300, a vehicle information management unit 102 that manages
the vehicle information together with user information, and a station information
management unit 103 that manages the station information.

[0035] The station terminal 200 is constituted mainly by a microcomputer. The
station terminal 200 is provided at each charging station. The station terminal 200 creates
availability information relating to the power feeding apparatus 210 on the basis of a use
condition and a reservation condition of the power feeding apparatus 210, and transmits the
station information, which is created by attaching a station ID (an ID specifying a charging
station) to the availability information, to the center server 100. The availability
information indicates the number of usable power feeding apparatuses 210 at a
corresponding charging station in each time slot according to a charging method (rapid
charging/normal charging). Every time the use condition and reservation condition of the
power feeding apparatus 210 change, the station terminal 200 transmits station information
updated to the latest availability information to the center server 100.’

[0036] Every time the station information is transmitted from -each station
terminal 200, the center server 100 updates the station information stored in the station

information management unit 103. The station information management unit 103 stores

- individual information (a name, an address, a map position, operating hours, and so on of

the charging station) corresponding to each station ID in advance such that the individual
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information can be obtained by specifying the station 1D.

[0037]  In this station information provision system, when the remaining battery
capacity X of the vehicle 10 falls below the determination reference value Xref, the
ih-vchicle terminal 30 accesses the center server 100 to obtain the station information
relating to a charging station provided in the vicinity of the vehicle 10 from the center
server 100, and provides the passenger with the station information in order to prompt the
passenger to charge the battery.

[0038]  When the vehicle travels on a downhill slope or the like, regenerative
braking is performed continuously, and therefore the remaining battery capacity X may
increase due to power regeneration. When, in this case, the remaining battery capacity X
increases due to power regeneration after falling below the determination reference value
Xref and the passenger is once provided with the station information, and then falls below
the determination reference value Xref again (i.e. when the remaining battery capacity X
straddles the determination reference value Xref), the in-vehicle terminal 30 accesses the
center server 100, and as a result, the passenger is provided with the station information
again.

[0039] Hence, the station information may be provided repeatedly, and in this

' case, the passenger may feel vexed and anxious. Moreover, access to the center server

100 may become overcrowded such that the station information cannot be obtained from
the center server 100 quickly. In this embodiment, therefore, excessive access to the

center and information provision to the passenger resulting from variation in the remaining

‘battery capacity X due to power regeneration is reduced.

[0040]  Processing relating to provision of the station information to the vehicle
passenger will be desclribed below. Provision of the station information doubles as
notification of a reduction in the remaining battery capacity. FIG. 3 shows a remaining
battery capacity reduction detection routine executed by the charging ECU 40. The
remaining battery capacity reduction detection routine is executed repeatedly at intervals of
a predetermined period.

[0041] When the routine is activated, first, in Step S11, the charging ECU 40
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determines whether or not a flag F is at “0”. The flag F is set at “1” when a reduction in
the remaining battery capacity is detected for a first time, and is thergfore set at “0” upon
activation of the routine. When the flag F is at “0”, or in other words when a reduction in
the remaining batteryl capacity has not yet been detected, the determination reference value
Xref of the remaining battery capacity is set at a first reference value X1 in Step S12.
When the flag F is at “1”, or in other words after a reduction in the remaining battery
cépacity has been detected, on the other hand, the determination reference value Xref of

the remaining battery capacity is set at a second reference value X2 in Step S13. The

~ second reference value X2 is set at a smaller value than the first reference value X1.

[0042]  Next, in Step S14, the charging ECU 40 reads the remaining battery
capacity X detected by the SOC detector 70, and determines whether or not the remaining
battery capacity X is smaller than the determination reference value Xref. Here, when the
remaining battery capacity X detected in a current calculation period is set as a remaining
battery capacity X (n) and the remaining battery capacity X detected in an immediately
preceding calculation period is set as a remaining battery capacity X (n-1), Step S14 is
used to determine whether or not the remaining battery capacity X (n-1) detected in the
innnediately preceding calculaﬁon period equals or exceeds the determination reference
value Xref and whether or not the remaining battery capacity X (n) detected in the current
calculation period is smaller than the determination reference value Xref.

[0043] When the charging ECU 40 does not determine that the remaining battery
capacity X is smaller than the determination reference value Xref (S14: No), the routine is
terminated. The processing described above is then repeated at predetermined calculation
period intervals. In the meantime, the remaining battery capacity gradually decreases.
When, after repeating the processing, the charging ECU 40 determines “Yes” in Step S14,
the charging ECU 40 determines whether or not the flag F is set at “0” in Step S15.
When the flag F is set at “0” (S15: Yes), the charging ECU 40 outputs a center access
command to the in-vehicle terminal 30 in Step S16, and sets the flag F at “1” in Step S17.

[0044]  The in-vehicle terminal 30 executes a station information acquisition

routine shown in FIG. 4A. In Step S21, the in-vehicle terminal 30 determines whether or
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not the center access command has been transmitted from the charging ECU 40. The
in-vehicle terminal 30 repeats this determination at predetermined period intervals until the
center access command is transmitted. After receiving the center access command (S21:
Yes), the in-vehicle terminal 30 transmits a statidn information request command to the
center server 100 in Step S22. In this case, the in-vebicle terminal 30 transmits the
position information indicating the position of the host vehicle, detected by the vehicle
position detection unit 36, and the vehicle ID together with the station information request
command. |

[0045] The center server 100 executes a station extraction routine shown in FIG.
4B. In Step S31, the center server 100 determines whether or not the station information

request command has been transmitted from the in-vehicle terminal 30. The center server

100 repeats this determination at predetermined period intervals until the station

information request command is transmitted. After receiving the station information

‘request command (S31: Yes), the center server 100 executes charging station retrieval in

Step S32. Charging station retrieval is executed by the station information management
unit 103.

[0046]  The center sérver 100 retrieves a usable charging station in the vicinity of
the host vehicle position on the basis of the latest stored station information. In this case,
a predetermined number of charging stations are preferably extracted, starting with the
charging station at which charging can practically be started most quickly. For example,
charging stations located within a predetermined distance range of the host vehicle position
n'may be extracted in order of a total time of a time required to reach the charging station (a
distance from the host vehicle to the charging station/an estimated vehicle speed) and a
required .wait time following arrival.  Alternatively, the predetermined number of
charging stations may be extracted by prioritizing the distance from the host vehicle
position to the charging station over the time required to start charging. Further, a
reachable range of the vehicle may be calculated by obtaining the SOC information (the
rémaining battery capacity X) of the vehicle, and charging stations located within the

reachable range may be used as retrieval subjects. In this case, when the station
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information request command is transmitted in Step S22, the in-vehicle terminal 30
preferably obtains the SOC information from the charging ECU 40 and transmits the SOC
information to the center server 100.

[0047]  Next, in Step S33, the center server 100 transmits the station information
relating to the extracted charging stations to the in-vehicle terminal 30. The station
information includes both the pbsition information specifying the positions of the charging
stations on a map and information indicating the names, charging methods (rapid
charging/normal charging), wait times, operating hours, and so on of the charging stations.

[0048]  After transmitting the station information request command in Step S22,
the in-vehicle terminal 30 waits to receive the station information from the center server
100 in Step S23. After receiving the station information transmitted from the center
server 100 (S23: Yes), the in-vehicle terminal 30 displays an icon 32b showing the
charging station positions and a message 32¢ recommending charging of the battery 20 (for
example, “Please charge the battery”) on a map display screen 32a of the display unit 32 in
Step S24, as shown in FIG. 5. The message recommending charging of the battery 20
may also be output by the sound generation unit 34 in the form of an audio announcement.
This display and output of the audio announcement will be referred to as provision of
battery charging information.

[0049]  The in-vehicle terminal 30 displays the charging method inside the icon
32b. For example, “Rapid” is displayed when a power feeding apparatus 210 employing
the rapid charging method can be used, “Normal” is displayed when a power feeding
apparatus 210 employing the normal charging method can be used, and “Rapid/Normal” is
displayed when a power feeding apparatus 210 employing both the rapid charging method
and the normal charging method can be used. When the charging method is not
dvetermined, the icon 32b is colored gray.

[0050]  Further, when a specific icon 32b is selected (tapped), the in-vehicle
terminal 30 sets the charging svtation existing in the position of the selected icon 32b as a
navigation destination. Furthermore, a list button icon 32d is displayed on the map

display screen 32a of the display unit 32, and when the list button icon 32d is tapped, the
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in-vehicle terminal 30 displays a charging station list screen. The in-vehicle terminal 30

~ displays information such as the names of the charging stations, distances to the charging

stations from the host vehicle, predicted arrival times, and charging wait times on the list
screen. When the user selects a charging station from the list screen, the in-vehicle
terminal 30 likewise sets the selected charging station as the navigation destination.

[0051]  The station information acquisition routine performed by the in-vehicle
terminal 30 is terminated following execution of the processing of Step S24 and executed
repeatedly thereafter at predetermined period intervals. In this case, the battery charging
information is displayed continuously on the display unit 32 for a predetermined time,
Further, the station extraction routine performed by the center server 100 is terminated
following execution 6f the processing of Step S33 and executed repeatedly thereafter at
predetermined period intervals.

[0052)  Returning to description of the remaining battery capacity reduction
detection routine of FIG. 3, after detecting that the remaining battery capacity X has fallen
below the determination reference value Xref and outputting the cénter access command to
the in-vehicle terminal 30, the charging ECU 40 sets the flag F at “1”.  Accordingly, the
determination reference value Xref is set at the second reference value X2 from a
following calculation period (S13). In other words, after the remaining battery capacity X
falls below the determination reference value Xref (X1), the remaining battery capacity X

is determined on the basis of the second reference value X2, which is smaller than the first

reference value X1, from the following calculation period. Hence, “No” is determined

initially in Step S14 after the determination reference value Xref is switched rather than
immediately determining *“Yes”, and as a result, the processing of Steps S11, S13, and S14
is repeated.

[0053] In this case, the vehicle passenger has already been provided with the
battery -charging information using the in-vehicle terminal 30. Therefore, “No” is
determined in Step S14 even when the remaining battery capacity X falls below the first
réference value X1 after increasing due to power regeneration performed as the vehicle

travels on a downhill slope or the like, and as a result, the information relating to battery
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charging is not provided again.

[0054] When, after repeating this processing, the charging ECU 40 determines
that the remaining battery capacity X has decreased further so as to fall below the
determination reference value Xref (in this case, X2), the charging ECU 40 checks the flag
F in Step S15. At this point in time, the flag I is set at “1”, and therefore the charging
ECU 40 advances the processing to Step S18 in order to determine whether or not a
charging station has been set as the navigation destination. This determination is made by
reading information indicating a navigation destinatiqn setting condition from the
in-vehicle terminal 30. When a charging station has not been set as the navigation
destination, the charging ECU 40 outputs the center access command to the in-vehicle
terminal 30 in Step S19. In response, the in-vehicle terminal 30 obtains the latest station
information from the center server 100 by executing t};e station information acquisition
routine described above, and provides the vehicle passenger with the battery charging
information.

[0055]  When, on the other hand, a charging station has been set as the navigation
destination, this means that the vehicle passenger intends to charge the battery at a specific
charging station, and there is therefore no need to provide the passenger with the
information relating to battery charging. Accordingly, the charging ECU 40 skips the
processing of Step S19.

[0056]  Hence, when the vehicle passenger does not take any action in response to
the initial provision of the battery charging information and, as a result, the remaining
battery capacity X falls below the second reference value X2, the battery charging
information is provided again.

[0057)  Next, processing for resetting a provision history of the battery charging
information will be described. FIG. 6 shows a history resetting routine. The history
resetting routine is executed by the charging ECU 40 repeatedly at predetermined period
intervals in parallel with the remaining battery capacity reduction detection routine
described above. In Step S41, the charging ECU 40 determines whether or not the flag F

is at “1”.  When the flag F is at “0”, history resetting is not necessary, and therefore the
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charging ECU 40 terminates the routine. When the flag F is at ““1”, on the other hand, the
charging ECU 40 determines in Step S42 whether or not an operation to attach or remove
the connection plug 111 of the charging cable 110 has been performed by reading the
signal outpuf by the plug detection switch 51, Step S42 may be any step for determining
whether or not an operation relating to charging of the battery 20 has been performed.
The determination as to whether or not an operation to attach or remove the connection
plug 111 has been performed may therefore be made by detecting either insertion of the
connection plug 111 into the power receiving port 50 (i.e. a switch in the plug detection
switch 51 from an OFF condition to an ON condition) or removal of the connection plug
111 (i.e. a switch in the plug detection switch 51 from the ON condition to the OFF
condition).

[0058]  The charging ECU 40 repeats the determination processing of Steps 541
and S42 until an operation to attach or remove the connection plug 111 is performed.
After detecting an operation to attach or rexhove the connection plug 111 (S42: Yes), the
charging ECU 40 resets the flag F to “0” in Step S43.

[0059] As a result, the determination reference value Xref of the remaining
battery capacity reduction detection routine is returned to the first reference value X1
serving as an initial value (S12). The battery 20 is charged by inserting the connection
plug 111 of the charging cable 110 into the power receiving port 50. Therefore, by
detecting insertion or removal of the connection plug 111 into or from the power receiving
port 50, the start or the end of charging of the battery 20 can be estimated, and accordingly,
the determination reference value Xref can be returned to its initial condition.

[0060)]  When the battery 20 is charged, a charging amount thereof may be small,
and as a result, the remaining battery capacity X may either not reach the first reference
value X1 or exceed the first reference value X1 by a narrow width. A first modified
example of the history resetting routine, in which the vehicle passenger is provided with
the battery charging information even in such a case, will now be described. FIG 7
shows the first modified example of the history resetting routine. This history resetting

routine is executed by the charging ECU 40 repeatedly at predetermined period intervals in
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parallel with the remaining battery capacity reduction detection routine described above.
In Step S51, the charging ECU 40 determines whether or not the flag F is at “1”.  When
the flag F is at “0”, history resetting is not necessary, and therefore the charging ECU 40
terminates the routine.

[0061]  When the flag F is at “1”, on the other hand, the charging ECU 40
determines in Step S52 Whether or not the connection plug 111 of the charging cable 110
has been removed from the power receiving port 50 by reading the signal output by the
plug detection switch 51. In this case, a determination is made as to whether or not the
plug detection switch 51 has been switched from the ON condition to the OFF condition.
The charging ECU 40 repeats the determination processing of Steps S51 and S52 until the
connection plug 111 is removed from the power receiving port 50. After determining that
the connection plug 111 has been removed from the power receiving port 50 (S52: Yes),
the charging ECU 40 determines in Step S53 whether or not the remaining battery capacity
X detected by the SOC detector 70 equals or exceeds a reset reference value X0. When
the remaining battery capacity X equals or exceeds tﬁe reset reference value X0 (S53: Yes),
the charging ECU 40 resets the flag F to “0” in Step S54.  The reset reference value X0 is
set at a larger value than the first reference value X1.

[0062]  When the remaining battery capacity X is smaller than the reset reference
value X0 (553: No), on the other hand, the charging ECU 40 transmits the center access
command to the in-vehicle terminal 30 in Step S55. In response, the in-vehicle terminal
30 obtains the latest station information from the center server 100 by executing the station
information acquisition routine described above, and provides the vehicle passenger with
the battery charging information. Hence, according to the first modified example, in a
case where the battery is charged insufficiently, the battery cﬁaxging information is
prow)ided again when the connection plug 111 is removed, and therefore the battery 20 can
be charged again if necessary, enabling an improvement in user-friendliness. Note that in
Step S55 in this case, a message indicating that the battery has been charged insufficiently
may simply be issued instead of performing center access,

[0063]  Further, the history resetting processing may be implemented regardless of
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the operations performed on the connection plug 111. For example, the charging ECU 40
may execute a second modified example of the history resetting routine, shown in FIG, 8.
In the second modified example of the history resetting routine, Step S421 is implemented
in place of Step S42 in the history resetting routine shown in FIG. 6. The processing of
Steps S41 and S43, meanwhile, is identical to that of the embodiment shoWn in FIG, 6. In
Step S421, the charging ECU 40 determines whether or not the remaining battery capacity
X equals or exceeds the reset reference value X0. The reset reference value X0 is set in
advance at a larger value than the first reference value X1. To ensure that center access is
not performed repeatedly, the reset reference value is set at a value estimated to be.
impossible for the remaining battery capacity X to reach as a result of power regeneration
after falling below the first reference value X1.

[0064]  After determining in Step S421 that the remaining battery capacit_y X
equals or exceedé the reset reference value X0, the charging ECU 40 resets the flag F at
“0” in Step S43. Hence, when the battery 20 is charged from an external power supply
such as the power feeding apparatus 210, the provision history of the battery charging
information is reset. This example can be implemented even on a vehicle not including a
configuration for detecting attachment and removal of the connection plug 111.

[0065]  Next, timings at which the battery charging information is provided
(information provision is performed) will be described using FIG. 9. FIG. 9 is an image
diagram illustrating transitions of the remaining battery capacity X according to the
e'mbodimem described above and timings at which center access and information provision
are performed. At a time tl, when the remaining battery capacity X falls below the first
réference value X1, center access and information provisién are performed for the first
time. At this time, the flag F is set at “1”.  When the vehicle 10 travels on a downhill
slope, regenerative power is stored in the battery 20. As a result, the remaining battery
capacity X increases beyond the first reference value X1. When the downhill slope ends,
the remaining battery capacity X starts to decrease, and at a time 12, the remaining battery
capacity X falls below the first reference value X1. However, the determination reference

value Xref has been switched to the second reference value X2 (X2 < X1), and therefore
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center access and information provision are not performed at this time.

{0066]  The connection plug 111 of the charging cable 110 is then inserted into the
power receiving port 50 to start charging the battery 20, and at either a time t31 when the
comnection plug 111 is removed (or a time when the connection plug 111 is inserted) or a
time t32 when the remaining battery capacity X reaches the reset reference value X0, the
flag F is set at “0”. As a result, the information provision history is reset and the
determination reference value Xref is returned to the first reference value X1.

[0067]  When the remaining battery capacity X decreases below the first reference
value X1 thereafter (time t4), center access and information provision are performed for
the first time, and when the remaining battery capacity X falls below the second reference
value X2 before the battery is charged (time t5), center access and information provision
are pérformed for a second time.

[0068] NeXt, a modified example of the battery charging information provision
processing will be described. In the embodiment described above, the battery charging
information is provided when the remaining battery capacity X falls below the
determination reference value Xref, but in this modified example, the following processing
is executed additionally. When a driver returns to the vehicle after stepping away, the
driver may forget that the remaining battery capacity is low. Hence, in this modified
example, the driver is prevented from forgetting to charge the battery by providing the
driver with the battery charging information in such a case.

[0069] FIG. 10 shows a startup center access command routine executed by the
charging ECU 40. The startup center access command routine is executed repeatedly at
predetermined period intervals in parallel with the remaining battery capacity reduction
detection routine and the history resetting routine described above. When the startup
center access command routine is activated, the charging ECU 40 determines in Step S61
whether or not the flag F is at “1”. In other words, the charging ECU 40 determines
whether or not the battery charging information has been provided in response to a
«wp

reduction in the remaining battery capacity. When the flag F is not at “1”, the routine is

terminated. When the flag F is at “1”, the charging ECU 40 determines in Step S62
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whether or not an accessory switch (not shown) serving as a power supply switch of the
vehicle is in an OFF condition. When the accessory switch is in the OFF condition (S62:
Yes), the charging ECU 40 increments a time measuring timer value T by a value of 1 in
Step S63, and then terminates the routine.  The time measuring timer value T is set at zero
when the routine is activated. The routine is executed repeatedly at predetermined period
intervals, and therefore, when the accessory switch is switched OFF after the battery
charging information has been provided, measurement of an OFF duration thereof is
started.

{0070] When, after repeating this processing, the charging ECU 40 detects the
ON condition of the accessory switch in Step $62, the charging ECU 40 determines in Step
S64 whether or not the accessory switch has been switched from the OFF condition to the
ON condition in the immediate past, or in other words whether or not the condition of the
accessory switch detected in an immediately preceding calculation period was the OFF
condition. When the accessory switch has been switched from the OFF condition to the
ON condition in the immediate past (S64: Yes), the charging ECU 40 determines in Step
S65 whether or not the time measuring timer value T exceeds a reference time Tref.
When the time measuring timer value T exceeds the reference time Tref, the driver may
have forgotten that the remaining‘ battery capacity has decreased. Moreover, it is likely
that the station information has been updated. Therefore, in Step S66, the charging ECU
40 oﬁtputs the center access command. - In response, the in-vehicle terminal 30 obtains the
Jatest station information from the center server 100 by executing the station information
acquisition routine described above, and provides the vehicle passenger with the battery
charging information. Further, in Step 867, the charging ECU 40 resets the time
measuring timer value T.

[0071]  When, on the other hand, the time measuring timer value T does not
exceed the reference time Tref in Step S65, the charging ECU 40 determines in Step 568
whether or not the remaining battery capacity X detected by the SOC detector 70 is smaller
than a reference value X12. The reference value X12 is set at a value that is smaller than

the first reference value X1 and larger than the second reference value X2, for example.
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When the remaining battery capacity X is smaller than the reference value X12, the
charging ECU 40 advances to Step S66 and outputs the center access command to remind
the driver forcefully of the reduction in the remaining battery capacity, even if the OFF
duration of the accessory switch is short. When the remaining battery capacity X equals
or exceeds the reference value X12, on the other hand, the charging ECU 40 skips the
processing of Step S66 and resets the time measuring timer value T in Step S67.

.{0072] Further, when the accessory switch has not been switched from the OFF
condition to the ON condition in the immediate past in Step S64, the charging ECU 40
terminates the routine.

[0073]  Hence, according to the startup center access command routine, when the

driver starts the vehicle after stepping away from the vehicle for a long time or when the

‘remaining battery capacity X is low, the driver can be reminded of the reduction in the

remaining battery capacity and provided with the latest station information.

[0074)  Likewise in this modified example, the center access command is
preferably not output in a case where a charging station has already been set as the
navigation destixlatioxl when the accessory switch is switched from the OFF condition to
the ON condition. For example, processing for determining whether or not a navigation
destination has been set may be provided between Step S64 and Step S65 such that when a
charging station has been set as the navigation destination, the processing is advanced to
Step S67, and when a charging station has not been set as the navigation destination, the
processing is advanced to Step S65. ‘

[0075]  Further, in this modified example, the duration of the OFF condition of the
accessory switch is measured, but instead, a time extending from a point at which the
passenger was most recently provided with the station information obtained from the
center server 100 to a point at which the accessory switch is switched ON (OFF — ON)
may be measured, and the center access command may be output when this measured time
exceeds the reference time Tref.

[0076])  With the information provision apparatus according to the embodiment

described above, after the battery charging information has been once provided in response
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to a reduction in the remaining battery capacity, the determination reference value Xref is
reduced from the initial first reference value X1 to the second reference ;lalue X2 so0 that
center access and provision of the battery charging information are less likely to be
performed than before the battery charging information is once provided. That is, after
the battery charging information has been once provided in response to a reduction in the
remaining battery capacity, centér access and provision of the battery charging information
are suppressed. Accordingly, center access and provision of the battery charging
ihformation are not performed in response to variation in the remaining battery capacity
due to power regeneration. As a result, provision of the battery charging information
more times than necessary can be suppressed. Further, a frequency with which the
information provision apparatus accesses the center server 100 can be reduced, and
therefore communication is less likely to become overcrowded, meaning that the station
information can be obtained quickly when required.

[0077]  Moreover, when a charging station has been set as the navigation
destination, center access and provision of the battery charging information are prohibited
thereafter. As a result, information provision is not performed unnecessarily, and
therefore an information provision apparatus that is even more user-friendly for the vehicle
passenger can be provided.

[0078]  Furthermore, in the modified example, when the driver starts the vehicle
after stepping away from the vehicle following provision of the battery charging
information, the battery charging information is provided again, ahd therefore the driver
can be reminded that the remaining battery capacity has decreased. Further, information
provision during vehicle startup is performed when the OFF duration of the accessory
switch exceeds the reference time or the remaining battery capacity X is smaller than the
reference value X12, and therefore information provision can be performed at an even
more appropriate timing.

[0079]  Moreover, the processing to reset the provision history of the battery
charging information is performed by detecting an operation to attach or remove the

connection plug 111, and therefore the provision history can be reset at an appropriate
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timing. As a result, the véhicle passenger can be provided with the battery charging
information appropriately even after the battery has been charged. Furthermore, with the
configuration whereby the battery charging information is provided upon removal of the
connection plug 111 when the battery has not been charged sufficiently, the passenger can
b.e alerted that the battery has not been charged sufficiently, leading to an increase in
convenience,

[0080]  Note that the charging ECU 40 and the in-vehicle terminal 30 according to
this embodiment function as the information provision apparatus according to the
invention.

[0081] The »infomlation provision apparatus according to this embodiment was
described above, but the invention is not limited to the above embodiment, and various
modifications may be implemented within a scope that does not depart from the object of
the invention.

[0082]  For example, the various set values (the first reference value X1, the
second reference value X2, the reference value X12, the reset reference value X0, the
reference time Tref) may be set at desired values by the user by operating the operating
unit 33 of the in-vehicle terminal 30. Alternatively, the various set values may be set by
the center server 100.

[0083]  Further, in the above embodiment, after the battery charging information
has been provided initially, provision of the battery charging information and center access
are made less likely by modifying the determination reference value Xref, but instead, for
example, provision of the battery charging information and center access may be made less
likely by providing a prohibition period during which provision of the battery charging
information and center access are prohibited for a predetermined time after the battery
charging information has been provided initially. As an example of this configuration,
FIG. 11 shows a modified example of the remaining battery capacity reduction detection
routine executed by the charging ECU 40.

[0084]  When this routine is activated, the charging ECU 40 determines in Step
S71 whether or not the flag F is at “0”. “When the flag F is at “0”, the charging ECU 40
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determines in Step S72 whether or not the remaining battery capacity X is smaller than the
determination reference value Xref (X1). When the remaining battery capacity X equals
or exceeds the determination reference value Xref, the charging ECU 40 terminates the
routine. When, after repeating this processing, the charging ECU 40 determines that the
remaining battery capacity X is smaller than the determination reference value Xref (S72:
Yes), the charging ECU 40 outputs the center access comme\md to the in-vehicle terminal
30 in Step 873, and sets the flag F at “1” in Step S74.  Accordingly, “No” is determined in
Step S71 in the following calculation period, and therefore the charging ECU 40 advances
the processing to Step S75.

[0085]  When the flag F is not at “0”, on the other hand, the charging ECU 40
increm;ents the time measuring timer value T by a value of 1 in Step S75, and then
determines whether or not the time measuring timer value T exceeds the reference time
Tref. When the time measuring timer value T does not exceed the reference.time Tref, the
routine is terminated. When, afler repeating this processing, the charging ECU 40
determines that the time measuring timer value T exceeds the reference time Tref (S76:
Yes), the charging ECU 40 determines in Step S77 whether or not the remaining battery
capacity X is smaller than the determination reference value Xref (X1). When the
remaining battery capacity X is smaller than the determination reference value Xref, the
charging ECU 40 outputs the center access command to the in-vehicle terminal 30 in Step
S78, and resets the time measuring timer value T in Step S79. When the remaining
battery capacity X equals or exceeds the determination reference value Xref, the charging
ECU 40 skips the processing of Steps S78 to 5§79, The reference time Tref is set such that
the information relating to battery charging is less likely to be provided in response to
variation in the remaining battery capacity X due to power regeneration.

[0086]  According to this modified example, following initial access to the center
sérver 100 and provision of the battery charging information to the vehicle passenger,
center access is prohibited until the reference time Tref elapses, and therefore the battery
charging information is not provided. Further, every time the reference time Tref elapses,

the remaining battery capacity X is compared to the determination reference value Xref,
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and when the remaining battery capacity X is smaller than the determination reference
value Xref, center access is performed and the battery charging information is provided.
Thus, center access and provision of the battery charging information are less likely to be
performed in response to variation in the remaining battery capacity X due to power
regeneration. As a result, provision of the battery charging information more times than
necessary can be suppressed. Further, the frequency with which the center server 100 is
accessed can be reduced, and therefore communication is less likely to become
overcrowded, meaning that the station information can be obtained quickly when required.

[0087]  As another method of making the provision of information relating to
energy replenishment less likely, provision of the information relating to energy
replenishment may be prohibited when charging of an energy supply source (the battery
20) using regenerative energy is detected. For example, when it is determined that a
remaining energy amount has increased beyond a determination reference value after
falling below the determination reference value, provision of the information relating to

energy replenishment may be prohibited even if the remaining energy amount falls below

'the determination reference value thereafter. Note that the “remaining energy amount”

may directly represent an amount of energy, but is not limited thereto, and may also be a
value that serves as an index for determining a degree of energy consumption, suéh as a
ratio between an amount of stored energy in the energy supply source and a capacity of the
energy supply source,

{0088]  Further, in this embodiment, the information provision apparatus is
constituted by the in-vehicle terminal 30 and the charging ECU 40. However, the
rémaining battery capacity reduction detection routine executed by the charging ECU 40
may be performed by the in-vehicle terminal 30, for exér'nple, and in this case, the
information provision apparatus may be constituted by the in-vehicle terminal 30 alone.

[0089]  Furthermore, this embodiment may be applied to an EV, which is a vehicle

in which the battery 20 can be charged externally, or a plug-in type hybrid vehicle or the

like. However, the invention is not limited to a plug-in vehicle, and may be applied to

any vehicle having a vehicle-driving energy supply source that is capable of storing
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regenerative energy regenerated from rotational energy of a vehicle wheel. For example,
the invention may be applied to a non-plug-in type hybrid vehicle that uses both a battery
and fuel as vehicle-driving energy supply sources. In this case, a sum of an index 11
representing the remaining battery capacity and an index 12 representing a remaining fuel
amount is set as an index I (I = I1 + 12) of the remaining energy amount, and the
information relating to energy replenishment of the energy supply source is provided when
the index I of the remaining energy amount falls below a determination reference value Iref.
When the vehicle travels on a downhill slope or the like, the index I of the remaining
energy amount may increase due to energy regeneration (power regeneration to the battery).
Hence, provision of the information relating to energy replenishment can be made less
likely by reducing the determination reference value Iref or prohibiting center access for a
reference time, for example, after the index 1 of the remaining energy amount falls below
the determination reference value Iref initially such that center access is performed and the
information (gas station information, for example) relating to energy replenishment (fuel
replenishment) is provided.

[0090]  The invention may also be applied to a non-plug-in type fuel cell vehicle
that uses both a battery and a fuel cell as vehicle-driving energy supply sources. In this
case, a sum of the index 11 representing the remaining battery capacity and an index I2
representing a remaining fuel amount of the fuel cell may be set as the index I (I =11 +12)
of the remaining energy amount, whereupon similar processing to that of the hybrid
vehicle described above is performed.

[0091] Moreover, in the above embodiment, the vehicle passenger is both
prompted to charge the battery and provided with the charging station information (facility
information), but the charging station information may be omitted so that the vehicle
passenger is simply prompted to charge the battery.

[0092]  Furthermore, as regards the history resetting processing, the history
resetting processing based on detection of the charging operation (FIG. 6 or FIG. 7) may be
combined with the history resetting pr