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(57) Abstract: An air-conditioning unit (300) performs pre-air conditioning due to operating in accordance with a day and time set
by a user, even if the user gets in a vehicle (100). The user is able to set periodic pre-air conditioning by inputting a set day and time
including a day of the week designated and/or a workday/weekend or holiday designated. The ECU (20) uses an information output
unit (26) to output information for prompting a user to cancel or correct a periodic pre-air conditioning setting on the basis of that no
user gets in the vehicle (100) even when a prescribed time period elapses atter pre-air conditioning and periodic pre-air conditioning
is performed.
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VEHICLE
BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] This invention relates to a vehicle, and more particularly, a vehicle
capa'ble of so-called “pre-air conditioning” in which an air conditioner is operated before a

user gets in the vehicle.

2. Description of Related Art

[00021 In a vehicle which is COnfiguréd to be able to generate vehicle drive power
by an electric motor, such as aﬁ electric vehicle, a hybrid vehiclé or a fuel cell Vehicle; an
electric storage device having.a relatively large capacity is installed in order to store
électric power for driving the motor. In a vehicle of this ’kind, the air-conditioner is
g'enerally~ operated. by electric power from the electric storage device, regardless of the
driving of the engine. Therefore, it is possible to carry out a cboling operation or a
warming operation by the ‘éir-conditioner using electric power from the electric storage
device, even before the user gets in the vehicle, in other words, to éarry out the pre-air
conditioning. | , |

[0003] Japanese Patent  Application Publication | No. 2008-308114 (JP
2008-308114 A) describes an air-conditioning control device for a Vehicle. having a pre-aif
conditioning‘ function such as that described above, in which the pre-air éonditioning is
performed on the basis of a predicted departure time input by the user.

’ '[0004]' However, in a case where a user does not get in the vehicle even thought a
prescribed time elapses after start of‘ the pre-air conditioning based on the user’s settings,
then the energy for pre-air-conditioning will be“consumed wastefully. In particular, when
regular pre-air conditioning is performed by specifying a day of the week, for example,

then there isa risk of repeated operation of wasteful pre-air conditioning.
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SUMMARY OF THE INVENTION

[0005] The object of this invéntion is to avoid consumption of energy by repeated

wasteful operation of an air-conditioner before a user gets in a vehicle, in accordance with

the user’s Settihgs.

- [0006] The vehicle according to one aspeét of the invention inc}udés: aﬁ
air-conditionér éonfigured to adjust thé\ temperature inside' a vehicle cabin; a boarding
detector configured to detect that a user gets in the vehicle; a setting unit configured to set
a periodic operatioﬁ day and time for the air-conditioner on the basis of a user input; a
controller configured to operate fhe air-conditioner iﬁ accordance with the periodic,
operation day and time ‘set by the user input; and an output unit. The output unit is
configured to output information to the user, the information prompting cancellation or
correction of the periodic operation date and time, whén the boardihg detectof detects that
no user gets in the vehicle within a prescribed time period from the periodic operation day
and time and the controller operates the air-conditioner in accordance with the periodic
operation day and time. |

[0007] . Accordfng to the‘vehicle‘described above, it is possible to provide the user -
automatically with an opportunity to cancel or correct the periodic setting, when the
boarding detector detects that no user ‘gets in the vehicle even thought a prescribéd time
period elapSes after start of periodic pre-:air conditibning set by the user.  Therefore, it is
possibie to avoid useless energy consumption due to repeated 0pération of wasteful pre-air
conditioning based on av periodic operation day and time setfing, without the user being
aware. | | |

[0008] The output unit may output information to the user, when the boarding

detector detects that no user gets in the vehicle within a prescribed time period from the

operation day and time for the prescribed number of times in succession and when the
air-conditioner is operated in accordance with the periodic operation day and time.-

[0009] By adopting this configuréltion,‘it is possible to prevent information for

’prompting cancellation or correction of the periodic operatiori day and time from being
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‘output with excessive frequency to'the user, and therefore it is possible to prevent causing

a sense of unease in the user. .

[0016] The periodic operation day and time may include a day of the week and a
time at which the air-conditioner is operated. o ' bl ‘

[0011] According to this invention, in a VehicleEhaVinga fur_lction which enables

an air-conditioner to operate before a user gets in the vehicle, it is possible to avoid

- consumption of enyergy by repeated wasteful operation of the air-conditioner before the

user gets in the vehicle, in accordance with the user's settings.

- BRIEF DESCRIPTION OF THE DRAWINGS :
[0012] 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 block diagram for illustrating the approximate configuration of a vehicle
having a pre-air conditioning function according to an embodiment of this invention; -

FIG. 2 is a chart showing an example of periodic setting of pré-éir éondition\ing;

FIG. 3 shows a flowchart for describing a control process relating to the pre-air
conditioning which is set periodically in a vehicle according to this invention;

FIG. 4 is a flowchart for showing control processing when the user gets in the vehicle
according to this embodiment; | |

FIG. 5 is a flowchart for showing control processing r'elating‘ to '_the pre-air
conditioning when starting operation in the vehicle according to this embodiment; and

FIG.61isa diagram showing one example of information output to the user.

DETAILED DESCRIPTION OF EMBODIMENTS

'10013] Below,. embodiments of this invention are described in detail with

reference to the éccompanying drawings. The same or equivalent portions in the

drawings below are labelled with the same reference numerals and description thereof is

not repeated, in principle.
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[0014]  FIG. 1 is a block diagram for illustrating the approximate configuration of
a vehicle having a pre-air Conditioning function according to an embodiment of this
invention.

[0015] Referring to FIG. 1, the vehicle 100 according to embodiment of this

invention includes: an electric storage device BAT, a drive unit 200, and an

air-conditioning unit 300.

. [0016]  The ,electric storage device BAT is configured by an electricity storage
element' which can be recharged_. . For example, the electric storage device can be a
secondar_y battery, such as a nickel hydrogen or a lithium ion battery. Below, the electric

storage device BAT is referred to simply as the “battery BAT™ The electric storage

- device installed in the vehicle 100 is not limited to a Secondary battery, and may also use

an electrical dual -layer capacitor, for example

[0017) The battery BAT supplies DC power to the drive unit 200 and the
air-conditioning unit 300 via a positive line PL1 and a negative line NL1. Furthermore,
the battery BAT is charged with DC power from the drive unit 200.

[0018]  The drive unit 200 is configured to be able to generate drive power for the
\tehicle 100 by DC power supplied from the battery BAT. More spec1f1eally, the drive
unit 200 comprises an engine 2, motor-generators MG1, MG2, a power split mechanism 4, -
a speed reduction mechanism 6, invertets 8, 10, a capacitor Cl and a conveiter 12.

[0019] | The engine 2 generates drive force by causing a crank shaft (not
illustrated) to rotate by burning a mixture of fuel and air. The drive power generated by
the engine 2 is divided into two paths by the power split mechanism 4. One of these two
paths is a path for driving vehicle wheels (not illustrated, same applies below) via the
speed reduction mechanism 6, and the other path is a path for driving the motor-generator
MGH. | | |

[0020] " The motor-generators MGl, MG?2 are each three-phase alternating current
(AC) rotary motors, for example. vThe rhotor-generator MG1 generates three-phase AC
voltage using the motive power of the engine 2, and outputs this AC voltage to the inverter

8.  Furthermore, the motor-generator MG is driven by the inverter 8 and starts the engine
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2. The motor-generator MG2 is driven by the inverter 10 and generates a drive force for
driving the vehicle wheels. | Furthermore, during regenerative braking of the vehicle 100,
the motor-genefator MG?2 generates électricity from the rotational force of the vehicle, and
outputs a tnreesphase AC voltage produced by this electricity generation, to the inverter 10.
| [0021] = The inverter 8 is connected to a positive line PLZ and a negative line NL2,
and performs power conversion from DC to AC, or from AC to DC, between the converter
12 and the motor-generator ‘MGl. More - specifically, the inverter 8 ineludes a 3-phase
arm circuit consisting of a plurality of “switching elements which are ‘respeetivelyy

connected in series. The switching elements perform a periodic switching operation in

accordance with a switching command PWMI1. Consequently, the abovementioned

power conversion is achieved.

[0022] The invefter 10 is connected to the positive line PL2 and the negative line
NL2, and nerforms power conversion from DC to AC, or from AC to DC, between the
converter 12 and the motor-generater MG?2. ' More specifically, the inverter 10 includes a
3-phase arm circuit consisting of a plurality of switching elements which are respectively
connected in series. The switching\elernents perform a periodic switching operation in
accordance with a switcning command PWM2. Consequently, the abovementioned
| power conversion is achieved. o

[0023]  The capacitof C1 is connected to the positive line PL2 and the negative
line NL2 and smoothen's the Voltnge between the posiﬁve line PL2 and the negatiVe line
NL2. | | |

[0024] The converter 12 raises the\ DC voltage output from'the bétte‘ry BAT in |
~respons‘e to a switching command PWC, and outputs this raised voltage to the positive line
PL2. Furthermore, the conVerter 12, in response to the switching cornmand PWC,
reduces the DC power supplied from the inverters 8, 10 via the positive line PL2, to the
Voltage level of the battery BAT, and eupplies the DC power to the battery BAT.

[0025] The air-conditioning unit 300 is configured to operate by the DC power
from the battery BAT. More specifically, the air-cOHditioning unit 300 includes a

eompression unit 70 and a blower 82.
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- [0026] The compression unit 70 includes an A/C inverter 72 and a compressor
(COMP) 74. The A/C inverter 72 converts the DC. power from the battery BAT into AC
power and supplies this AC power to the COMP 74.  The compressor 74 compresses a
coolant due to receiving a supply’ of AC power. A blower 82 blows air of which the
temperature has been adjusted by the operation. of the éompressor 74, into the vehicle
cabin. / |

[0027]  The vehicle 100 is also provided with a DC/DC converter 80 and a battery
SB for supplying power for an auxi'liary equ‘ipmentv system. |

[0028]  The DC/DC converter 80 is connected to the positive line PL1 and the

“negative line NL1. The DC/DC converter ‘80, in response to a control command CH,

converts the voltage of the battery BAT to the operating voltage of the auxiliary equipment
system'(for_example, DC 12V).
[0029] The battery SB is mounted in a vehicle 100 as a subsidiary electric storage

device (sub-battery) which is used as a power source for the auxiliary equipment system.

- The battery SB is a lead battery, for example, and is charged by DC power from the

DC/DC converter 80. Furthermore, the battery SB supplies the electric power stored .
thérein, to' the blower 82, or auxiliary equipment such as audio devices, cabin interior
lighting, indicators, or the like ‘(nonve illustrated). " In this way, the DC power from the
DC/DC converter 80 is supplied to an auxiliary equipment group, principally, the battery
SB and the blower 82. | | o

[0030] The vehicle 100 also includes system main relays SMR1, SMR2, SMR3,

an electronic control unit (ECU) 20, a limit resistance R1, a power switch 22, a door sensor

24, a sitting sensor 25, an information output unit 26, a reception antenna 32 and a setting

switch 36.

[0031] | vThe'system main relay SMR1 and the limit resistance R1 are connected in
Vseries between the positive terminal of thé battery BAT and thé positive line PL1. The
system main relay SMR2 is prbvided iﬁ parallel to the vserially connected system main
relay SMR1 and the limit resistance R1, and is connected between the positive terminal of

the baftery BAT and the positive line PL1. The systém main relay SMR3 is connected
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between the negative terminal of the battery BAT and the negative line. NL1. The system

main relays SMR1 to SMR3 are placed in a conductive state (on state) or a non-conducting

state (off state) in response to a control command SE.

[0032] »When.the battery BAT is connected electrically to the drive unit 200 and
the air-conditioning unit 300, then the ‘syétem main relays SMR1, SMR3 are placed in an
on state first,/ .and then the system main relay SMR2 is placed in an on ‘state.
Consequently, it is possible to restrict the inrush current produced when the battery BAT is

electrically connected, by means of the limit resistance R1. - After the inrush current is

~ limited, the system main relay SMR1 is placed in an off state.

[0033] . The .pOWer,switch 22 is an operating switch for thé user to start and stop
operation of' the vehicle. When the power ‘svﬁtch 22 is operated by the user, a power
source input command ACC for the auxiliary equipment grouf), a command IGON for
starting up the vehiéle system shown in FIG. 1 (and in particular, the drive unit 200)., ora -
comﬁand IiGOFF. for stopping the wvehicle system, are outputi to the ECU 20.
Consequently the ECU 20 éan‘detect that a user (occupant) 'gets‘vin the vehicle 100, in
response to the output of the powér switch 22 in accordance with the‘operation by the user.

[0034] For example, a command ACC is generated when the power switch 22 is

~ operated with the power source of the vehicle 100 in an off state, whereby the supply of the

power source to the auxiliary equipment ‘gro‘up is started, and furthermbre when the power
switch 22 is operated further from this state, an IGON command is issued and the vehicle
system is staftcd up (IG on state). On the other hand, if the power switch 22 is operated
with the vehicle system in an operating state (IG on state), then the command IGOFF is
geherated. Desirably, the oﬁerations ‘for starting aﬁd stopping the Veﬁicle 100, in other
words, the commands IGON and IGOFF, are issued by Combining the operation of the
power switch 22 with another operation‘(fo‘r instance, depression of the brake pedal by the
user).

[0035] | The door sensor 24 detects opening and closing of a doovr (not illustrated)

of the vehicle 100. The ECU 20 can detect that a user (occupant) gets in the vehicle 100,
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in response to opening of the door in the IG off state (the vehicle system stopped state), by
the door sensor 24. |

[0036] A sitting sensor 25 detects the user who sits on a seat, by detecting the
application of a load to an occup%lnt seat (not illustrated) of the vehicle 100. The ECU 20
can detect that a user (occupant) gets in the vehicle 100, on the basis of the output from the
sitting sensor 25. B \

[0037]' In this way, the ECU 20 can detect that a user gets in the_vehicle iOO By
the output froﬁl the power switch 22, the door sernsor'24 and the sitting sensor 25. In
other words, the power switch 22, the door sensor 24 and the sitting sensor 25 correspond
to one embodiment of a v“boarding detector”. The “boardiﬂg detector” can be configured
by any device, provided‘. that the device is capable of defecting the fact that a user
.((‘)cc‘;upént)_'gets. in the vehicle 100.

[0038] - The information output unit 26 Vis configured to output a visual and/or
audible message to the user, in -accOrdaﬁce witﬁ a command from the ECU 20. Thereby,
it is possible to .reporvt information to the user. Typically, the information output unit 26
can be configured by a Hquid crystal touch panel (instru’m.e-nt panel) and/or an audio
speaker “inside vth'e vehicle cabin. Alternatively, it is also possible to configure the
information output unit 26 by a screen ahd/br audio speaker of a communication device 34.

[0039] The ECU 20 executes a stored prograrh in response to the command I_GO»N.
Accordingly, the vehicle system shown in FIG. 1 is stér’ted, and the vehicle 100 is placed in
a state in which the vehicle 100 can travel. In other words, the vehicle 100 is placed in a
state in which the vehicle 100 can start tra\}elling by means of an operation by the user.
For exafnple, the vehicle is in a state in which the drive unit 200 can generate drive powef

for the vehicle 100, if the user releases the brake and depresses the accelerator pedal (not

illustrated).

[0040] The ECU 20 executes calculation processing on the basis of signals
transmitted from respective sensors which are not illustrated (for example, a vehicle speed

sensor, etc.), the state of travel, the accelerator depreséion amount, the state of charge

(SOC) of the battery BAT, a map stored in the ECU 20, and so on. The ECU 20
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generates a control command SE and switching commands PWC, PWM1, PWM2, etc. for
performing control of the vehicle in accordance with operations performed by the driver.
Furthermore, the ECUi 20 sends a control command CH to the DC/DC converter 80 in
order to drive the auxiliary equipment. : _ |

[0041] The ECU 20 is connected to a setting switch 36 and a reception antenna 32. .
The ECU 20 performs control for conditioning the air of the interior of the vehicle cabin,

in response to an air-conditioning request CTL1 from the setting switch 36 or the

air-conditioning request CTL 2 from the reception antenna 32.

[0042] The reception antenna 32 receives an air-conditioning request CTL1 sent
by wireless or wired cornmunication from a communication device 34." The

communication device 34 is not limited in particular, and may be a special remote control

device or a portable information terminal, for example. The setting switch 36 is disposed

on the instrument panel, for instance, and is operated by the user. ’

[0043] | The ECU_2O can control air-conditioning of -the -interior of the vehicle
cabin, by operating the air-conditioning unit 300 in accordance with the - air-conditioning
requests CTL1, CTL2, even if no user is in the vehicle 100. in other words, the vehicle
100 is configured to be able to execute a pre-air conditioning. |

V\ [0044] To give a concrete description, when the pre-air conditioning is
performed, the ECU 20 flrstly outputs a control command SE to the system main relays
SMR1 to SMR3, and then connects the battery BAT to the positive line PL1 and the
negative line NL1. As described above, firstly, the system main relays SMR1, SMR3
switch on and then the systern-main relay SMR2 switches on. Thereupon, the system

main relay SMR1 switches off. Accordingly, the battery BAT can supply DC power to

the air-conditioning unit 300.

[0045]  The ECU 20 does not output’the switching commands PWM1, PWM2,
PWC during operation of the pre-air conditioning.‘ Therefore, the inverters 8, 10 and the
converter i2 remain stopped. Moreover, the ECU 20 supi)lies a control command CMP
to the compression unit 70 (A/C inverter 72). -~ Thereby, the compression unit 70 is

operated. Moreover, the ECU 20 respectively supplies control commands CH and BL to
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the DC/DC converter 80 and the blower 82, to operate the DC/DC converter 80 and the

_ blower 82.

[0046] - The ECU 20 has a clock (timer) function, and is able to operate the

air-conditioning unit 300 in accordance with an operation day and time for the pre-air

conditioning which has been set previously by the user. In other words, the “controller”

is configured by the ECU 20. By sending the air-conditioning requests CTL1, CTL2

- corresponding to the user inputs to the communication device 34 or the setting switch 36,

tb the ECU 20, the ECU 20 is able to set the operation day and time of the air-conditioning
unit 300 for the pre-air conditioning (hereinafter, simply called the operation day/time) in
accordance wiih the input by thé user. Consequentiy, a pre-air conditiéning, function is
achieved. For example, the ECU 20 starts the pre-air cohditioning in accordance with the
operating day/time set by the user, and furthermore, when the temperature of the vehicle
cabin reaches a prescribed temperature (for example, a user set temperature) after starting
the pre-air conditioning, or when-a prescribed. air-conditioning time has elapsed, then the
ECU ‘20 terminatés the pre-air conditioning by stopping the air-conditioning unit 300.

[0047] In one mode of the pre-aif conditioning, the user is able to instruct

- periodic operation of the pre-air conditioning on a plurality of occasions which match the -

operating day/time, by one ﬁser setting, by designating an operating day/time including a
designétion bf a day of the week. Here, the designation of a day of the week méy‘ include
selecting several days of the week, either by directly selectihg each day from Sunday to
Saturday, or by specifying weekdays or rest days (which may vinc.lude festival days).
Setting an operation day/time which is linked to the operation of pre-air conditioning fhe
number of times set by the user may be called “periodic setting” below. | Periodic setting
is also set by é user input to the corﬁmunjcation device 34 or the setting switch 36. In
other words, the communication device 34 and setting swiich 36 correspond to one '
embodiment of a “setting unit”.

[0048] FIG. 2.is a chart showing an example of périodic setting of pre-air
conditioning. Referring to FIG. 2, the operation day/time in the periodic setting by the

user includes a day of the week designated (a designation of Sunday to Saturday, weekdays
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(Monday to Friday), and so on), and a tiﬁle (hour, minute). For instance, the example in
FIG. 3 shows a state where n periodi‘c’ settihgs have been input by the user (where n is a
natural number). According to the first 'pe;iodic setting, the pre-air conditioning is
performed at 6 p.m. every weekday, in other words, evefy dally.from Monday to Friday,
until the periodic setting is cancelled.
| [0049] The pre-air conditioning setting also includes the user set temperature or
the air-conditioning time. The user set tefnperature and the air-conditioning time may be
~ designated for each operatidn day/time, or a common temperature may be designated for
each operation day/time. |

[0050]  Alternatively, the user may deSignate a départure'day and time of the
vehicle 100, rather than direétly inputting the operation day/time, in other words, the
pre-air conditioning time. In this case, the operation day/time for pre-air conditioning is
derived by the ECU 20 by rev%:rse calculation from the departure day and time. . |

[0051] | The count value is defined in accordance with the respectivve periodic
settings of the pre-air conditioning. In other words, the.‘courit value CNT(i) is defined in
accordance with the ith periodic settirig. For instance, in the éxample in FIG. 2, the count
values CNT(l) to CNT(n) are assigned respectively to the n periodic settings (where i is a
natural number Satisfying l=i=n).

| [0052] As described above, the air-conditioning unit 300 operates by using the
stored electric power in the battery BAT. Consequently, if no user gets in the vehicle
even thought a prescribed time period elapses after the pre-air conditioning is started, the
energy is consumed Wastefully. Therefore, if periodic pre-air conditioning is performed
| in accordance wifh the periodic éettings, thefc is a risk that Wasteful pre-air cbnditidning
will be performed repeatedly.

[0053] Therefore, in a vehicle _according to. this embodiment, control of the
following kind is performed so as to avoid repeated bperation of wasteful pre-air
conditioning, in .acc.ordance with a periodic pre-air conditioning instruction by the user.

[0054] FIG. 3 is a flowchart for describing a control process relating to the pre-air

conditioning which has been set periodically.



10

15

20

25

WO 2015/036834 PCT/IB2014/001776
12

[0055] The control process according to the flowchart shown in FIG. 3 is
perforrhed cyclically by the ECU 20 in FIG. 1.

[0056] | The ECU 20 confirms whether or not a periodic setting for the pre-air
conditioning has been set, in step SlOO. For example, if the operation day/time of the
pre-air conditioning that has. ‘beex‘l set by the user includes a plurality of days and times
based on a day. of the week desigﬁatien, or the like, then step S100 issues\an affirmative
determination (YES). The ECU 20 skips steps S110 to S130 and terminates processing, if
a periodic setting for th\e pre-air condiﬁoning has not been set (NO in S100).

- [0057] The ECU 20 determines whether or not a periodically set operation
day/time hae been feached, in step S110, if a periodic setting for the pre-air'/eonditioning
has been set (YES ih S100). If the periodically set operation day/time has not been
reached (NO in S110), then the ECU 20 skipg steps S120 and S130 and terminates
processing. |

: [0058] If a pefiodic setting for -the pre-air conditiorﬁng has been made, and the
periodically set day/time has been feéched (YES in S110), then the ECU 20 advances the
processing to step SlZO‘anld opefates the air-conditioning unit 300. Accordingly, the
pre-air conditiening is performed. As described above, the pre-air conditioning WhiCh has
i)een started is terminafed if the‘ temperature of the vehicle cabin reaches a prescribed
temperature, er if a prescribed air-conditioning time has elapsed. | |

[0059] Moreover, the ECU 20 advances processing to step S130, and stores

~ setting information relatlng to the pre-air conditioning performed by step S120. For

example the ECU 20 stores 1nformat10n for 1dent1fy1ng the perlodlc setting by the user
which corresponds to the pre-air conditioning that has been performed, as well as

switching on a flag which indicates that the pre-air conditioning has been performed on the -

" basisof a perlodlc setting.

[0060] = FIG. 4 is a flowchart for showing control processmg when the user gets in
the vehicle, in a vehicle according to this embodiment.
[0061] Referfing to FIG. 4, the ECU 20 determines, by step S200, whefher or not

detection that a user gets in the vehicle 100 has been made on the basis of the output of at
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least one of the power switch 22; the door sensof 24 and the sitting sensor 25 illustrated in
FIG. 1.
' [0062) The ECU 20 starts up the processing by steps S210 to S290 described
below, if the fact thl'at a user gets in the vehicle is detected (YES in S200). On the other
hand, if the fact that no user g‘et‘s in the vehicle (NO in S200), then the processing by steps
$210 to $290 is not started up. R |

[0063] In step S210, the ECU 20 reads out information relating to the periodic .

‘settings for the pre-air éonditioning stored in step S130 (FIG. 3)., Consequently, \it 1s

possible to identify whether or not the pre-air conditioning based on a periodic setting has

been performed since the last time the user left the‘ vehicle or ended driving, and before the
next time thaf the user gets in the vehicle, and whether the preh-\a‘ir‘ conditiohing has been
carried-out in accordance with any one of the n periodic settings input by thé user. | Here,
it is supposed that the pre-air conditioning is performed in accordance with the kth periodic
sqtting (where k is a natural number satisfying 1 < k < n).

| [0064]. In step S215, the ECU 20 determines whether or nof the pre-air
conditioning has been performed on the basis of a periodic setting before the user gets in
the vehicle. If the pfe-air conditioning based on a periodic setting has not been performed :

(NO . in S215), then the following steps $S220 to S290 ‘are skipped and processing is

" terminated.

[0065]  If the pre-air conditioning based‘ on a peri'odic setting has been performed
(YES in $215), thén in step S220, the ECU 20 calculates the elapsed time AT from the
pre-aif conditioning based on a periodic setting until the user gets in t.he vehiclé.
MoreoVer,‘in step S230, the ECU 20 compares the elapsed time AT calgulated in step S220
with the reference time Tt. |

[00661 . If the elapsed time AT is longer than the reference time Tt, in other words,
if no user | gets in the vehicle even thought the reference time Tt has elapsed after pre-air |
ccmditionfng (YES in S230), then the ECU 20 advances the proceSsing to step S240, and
increménts the count value CNT(k) of the kth periodic setting corresponding té thé

performed pre-air conditioning by 1.
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[0067] ‘Moreover, in step S250, the ECU 20 compares the count value CNT(k)

counted in step S240 with a .re_ference value ‘Ct. Thereupon, when the count value

. CNT(k) reaches the reference value Ct, then in step S260, the ECU‘ 20 switches on a flag

FLG(k) eorreéponding to the periodic setting in question, and then advances the pfocessing
to step $290. o | |

[0068] | Qn the other hand, in step 5260, the ECU 20 clears the count value
CNT(k) corresponding to the kthv'peric')dic,v setting, to zero, if the elapsed ‘time AT calculated
in step S220 is less than or equal to the reference time Tt, in othef' words, if a us.er gets in
the vehicle befere the reference time Tt has,elaf)sed after pre-air conditioning. Moreover,
the ECU 20 switches off the flag FLG(k) in step S280, and then advances processing to
step $290; |

[0069] Furthermore the ECU 20 sw1tches off the flag FLG(k) in step S280, and
then advances processing to step S290 if there is a negatlve determination (NO) in step
S250, in other words, if the count value CNT(k) counted by step S240 has not reached the
referenee value Ct. In this case, the count value CNT(k) is maintained at the value after
the counting in step S240. |

[0070]  When the processmg relatmg to the count value CNT(k) and the flag
FLG(k) of the kth periodic setting correspondlng to the pre-air conditioning that has been

performed terminates (S240 to 8280), then in step S290, the ECU 20 clears the memory

contents relating to the periodic setting of the pre-air conditioning that has been performed.

' Accordingly, when the pre-air conditioning based on a periodic setting _islperformed

subsequently, it is possible to store new information relating to that periodie setting.

[0071] In this way, the elapsed time AT from the pre-air conditioning based on
the periodic setting in question until a user actually gets in the vehicle vis managed
respectiVely for each of the periodic settings for the pre-air. conditioning made by the user
as shown in FIG. 2. If the elapsed time AT is longer than the reference time Tt, in other
words‘ the fact that a user gets in the vehicle is not detected even thought the refefence '

time Tt has elapsed after start of perlodlcally set pre-air condmonmg, consecutlvely for the

reference number of times Ct, then 1t is determined that wasteful pre-air condltlonmg based. -
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on a periodic setting is being carried out, and the flag corresponding to that periodic setting -
is switched on. It is also possible to set Ct=1. In this case, if the fact that the user gets

in the vehicle is not detected even thought the reference time Tt has elapsed after start of a

~periodically set the pre-air conditioning, then the pre-air conditioning based on that

periodic setting can be determined to be wasteful and the corresponding flag can be

switched on, immediately.

[0072] FIG. 5 is a flowchart for describing control processing relating‘ to the

pre-air conditioning when driving is started in the vehicle according to this-embodiment of

" the invention, in other words, when a command IGON is generated. In other words, the

control processing illustrated in FIG. 5 is performed when the control proeessing shown in

: FIG. 4 has terminated, during the series of operations for starting operation of the vehicle

by the user’s getting in the vehicle and'also operating the power switch 22.
[0073] Referring to FIG. 5, upon generation of the‘command IGON in step S300
(YES in S300), the ECU 20 performs a series of processing by steps $310 to S390. On

‘the other hand, if command IGON is not generated (NO in S300), then the ECU 20 does

not start up‘ the processing by steps S310 to S390. _
[0074] In step S310, the ECU 20 sets parameter i to an initial value 1 (i = 1), and |
also advances the processrng to step S320 |

[0075] In step S320, the ECU 20 determlnes whether or not the ﬂag FLG(1)

‘ corresponding to the ith periodic setting is on, in accordance with the current value of the

parameter i. If FLG() is on (YES in S320), then the ECU 20 advances processing to step
S330, and outputs information for prompting the user to correct or cancel the ith periodic
setting, from the information output unit 26, to the user

[0076] FIG. 6 shows one example of output information in a case where step
S330 is performed when i = 1. More specifically, using the 1nformat10n output unit 26

shown in FIG. 1, screen information is output to the user to report that wasteful energy

- consumption has occurred due to a pre-air conditioning specifying “weekdays 6 p.m.”

which corresponds to a first periodic setting illustrated in FIG. 2. Moreover, screen .
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information 1is output to the user to request the user to input an instruction regarding
whether or not to switch off thie periodic setting in question. | |

10077] The user can select whether or not to canoel‘ the periodic' settjhg of the
displayed pre-air conditioning shown in the screenb>information, by operating a touch panel,
or the like. In this way, it is possible to output,. to the user, information for prompting
cancellation or correction of the periodic setting in qoestion, in respect of the ith periodic
setting for which the corresponding }'?LG(i) has been switched on.

[0078] Referring again to FIG. 5, in step S340, the ECU 20 confirms the inpﬁt\'Of
an instruction from the user in respect of the information output in step S330. If the user
inputs a correction or cancellation instruction in respect of the i‘th periodic setting, for

instance, if the user clicks “Yes” on the screen in FIG. 6, then the ECU 20 advzinces

' processing to step S350 and performs correction/cancellation of the periodic setting in

question.

[0079] On the other hand, if the user does not input a correction/cancellation

' instruction (NO in S340), for instance, if the user selects “No” on the screen in FIG. 6, then

the ECU 20 maintains the ith periodic setting in step S360.

- [0080] Moreover after step S350 or S360 is performed then in step S370, the .
ECU 20 switches off the flag FL.G(i) corresponding to the ith perlodrc setting for which
correctlon/cancellatlon has been prompted to the user.

[0081] When the processing . relatrng to the flag FLG(i) based on steps S320 to

S360 terminates, the ECU 20 advances processing to step S380 and increments parameter i

by 1. In step S390, the ECU 20 then compares the parameter i incremented in step S380

with the nrrmber of periodic settings for the pre-air conditioning (rr).
[0082] The.ECU 20 repeatedly performs the processing in_steps S$320 to S380, |
while i = n (NO Verdrct in S390). On the other hand, the ECU 20 terminates processing
when i > n (YES in S390).
[0083] Consequently, it is possible to 'corrfirrrr whether or not the corresponding

flag is switched on, for each of the n periodic settings for the pre-air conditioning which

4
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- have been set by the user, and furthermore to output information for prompting the user to

correct/cancel the periodic setting in question, if the flag is on.
f0084] Consequently,:in the vehicle according to this cmbodiinent, it is possible
to motivate the user to correct or cancel a periodic setting, in accordance with the fact that
a user gets in the vehicle is not detected even thought a prescribed time (reference time Tt)
has elapsed after a -periodically set pre-air conditioning is started. Therefore, it is
possible to avoid.usele‘ss energy consumption due toi repeated operation of wasteful pre-air
conditioning based on a periodic setting, without the user beihg aware. |
[0085] Furthérmore, by adopting a mode in which information for prompting a
user to correct/cancel a periodic setting is output when wasteful pre-air conditioning based
with the reference value Ct shown in FIG. 4, then it is possible to avoid causing the us;r
concern due to this information beiﬁg output with excessive frequency. - |
,4[0086] ~If, after completion of the pre-air conditioning, the operation day/time for

pre-air conditioning based on another periodic setting is reached before it is detected that a

“user gets in the vehicle (step S110 in FIG. 3), then desirably, the operation of pre-air

conditioning is masked in step S120 (FIG. 3). This is in order to avoid repeated operation
of wasteful pre-air conditioning in cases where no user gets in the vehicle 100 for a long

period of time, for instance, when the user is away travelling. In this case, in step S130

(FIG. 3), if the setting information for the masked pre-air conditioning is not stored, then it

is possible to detect the pre-air conditioning which is useless, in respect of the pre-air
conditioning that' has actually been performed.

'[0087]  If the day and time set by the user for the pre-air conditioning is changed
after completion of the pre-air conditioning and before detecting that the user gets in the
vehicle, then desirably, the pre-air conditioning corresponding to the changed day/time
setting is performed without masking, even before the user gets in the vehicle. This is in
order fo ,prioritiz.e the wishes of the user in changing the settings.

[0088] The configuration of the drive unit 200 iﬁ the vehicle 100 is one example,

which serves to assert the applicability of this invention, without limiting the configuration
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of the vehicle drive system. Furthermore, it is also possible add a composition for
charging the battery BAT (vehicle-mounted electric storage device) by a power source
external to the vehicle, to the configuration of the vehicle 100 shown in FIG. 1. In a

vehicle that can be externally charged in this way, it is possible to charge the battery BAT,

by power from an external power source electrically connected to the vehicle 100 via a

charging cable, or an external power source which supplies electricity to the vehicle 100 by
a non- contact method via electromagnetic coupling using a coil, or the like. In a vehicle
which can have an external electric power source, there is a possibility that the pre air
conditioning will be performed during external charging, in other words, during the supply
of electricity from an external power source. In this case, unlike the vehicle in FIG. 1, the
‘pre-air conditioning is performed by using power from an external power source, but by
applying this invention, it is possible to avoid useless consumption. of energy. from an
external power source due to wasteful pre-air conditioning based on periodic settings. In
this Way, it is possible to apply this invention commonly to vehicles equipped with a
pre-air conditioning function, withont any limitation on the configuration of the vehicle
drive system or the presence/absence of the external charging function, etc. -

[0089] - Furthermore, in a vehicle having an external charging function, a mode
can be envisaged in which the vehicle is incorporated into a househoid energy management
system and external charging is performed or a charging day/time.is set, from thé control

panel provided in the household, but in a systern of this kind, the communication device 34

-and the information output unit 26 shown in FIG. 1 may be provided on the control panel

described above.

[0090] The embodiment disclosed here is exem‘plary in all respects and Snould
not be regarded as‘restrictive. The scope of this invention is indicated by the scope of the
claims and not by the de’scription given above, and is intended to include all‘ modifications

within the same sense and scope as the claims.
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CLAIMS:

1. ..Avvehicle, comprising:

an air—conditipner cbnfigursd to adjust a temperature inside a vehicle cabin;

a boarding detector configured to detect that a ﬁseri gets in the vehicle;

.é setting unit configured to set a periodic operation day aﬂd time for the
air-conditioner on the basis of a user input;

a controller configured to operate the air-conditioner in accordance with the pevri(:)dic
operation day and timé,set by the user input; and " |

an ohtput unit cohfigured to. output information to the usef, the i_nformation‘
prompting‘cancellation or correction of the periodic'operation day and time, when the
boarding detector detects that no user gets in the vghicle within a prescribed time period
from the periodic opgeratibn day and time and the _controller dpérates the aif-conditionef in
acc_ordahce with the periodic operation day and time.

2. - The vehicle.accordirig to claim 1, wherein the output unit is c‘on‘figl.lred to
.ou.t,put_t’he information to the user, when the boarding dgtqctor detects that nb user gets in
the vehicle ‘within the prescribed-time period from the periodic operation day and time for
thé prescribed number of times in succession and when the air-conditioner is-operated in

accordance with the pe"riodic operation day and time.

3. The vehicle according to claim 1 or 2, wherein the periodic operatidn day and

time includes a day of the week and a time at which the air-conditioner is operated.
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FIG. 2

DAY OF WEEK TIME ~ COUNT VALUE
WEEKDAYS PM 6:00 CNT(1)
~ MONDAY AM 10:00 CNT(2)
FRIDAY AM 10:00 CNT(3)

SUNDAY PM 1:00 CNT(n)
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FIG, 3
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