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(57) ABSTRACT

12 Claims, 6 Drawing Sheets

An air-conditioning control method for dividing an indoor
space of a vehicle into a plurality of zones to perform indi-
vidual air-conditioning for each zone, may include selecting
boarding zones occupied by passengers from the plurality of
zones, checking whether the number of the boarding zones
occupied by the passengers may be one, correcting a detec-
tion temperature of an incar sensor into a temperature of the
boarding zone using a mixing ratio of air for air-conditioning
discharged from the corresponding boarding zone with air
existing in the boarding zone when the number of the board-
ing zones occupied by the passengers may be one, and per-
forming individual air-conditioning on the selected boarding
zones by determining a target discharge temperature based on
the corrected temperature of the boarding zone and using the
determined target discharge temperature.
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START
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DETERMINE DISCHARGE MODE S3
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CONTROL INDIVIDUAL AIR-CONDITIONING S6

RETURN

FIG.2



U.S. Patent Jun. 23, 2015 Sheet 3 of 6 US 9,061,567 B2

PA SEN
ZO E

, REAR
- -, ', ZONE

DRIV
ZON



U.S. Patent Jun. 23, 2015 Sheet 4 of 6 US 9,061,567 B2

36

33

35
33

PASSENGER'S SEAT

I

il

g

36

FIG.4 36

DRlVER'S SEAT

1c
REAR SEAT



U.S. Patent Jun. 23, 2015 Sheet 5 of 6 US 9,061,567 B2

0I- Z0 —LU

LU b 2JCLO
uJ cC N
Ch 0I

b
(hI-

D
Jo

LU LU N
&~euJI-u-z 2
cho —0—~.d

uJ
IX
cg

~0
CCI

2

02

b
I-0
Jo

UJ LUN I,.&~eo &-
I—u. 2 y
Ih 0 d I-

CJ: IX
ILI cC
Kl 0R (Q

O

ih

~ UJ Ch
LU CC IL.

LU~ J
LUI- ii &I-

ILI UJ I

Z 20 0 0 ~o
IC: N N
I- 0 0

CL
Ch Z Z- b b g)u- K IX
LU c( cC 0Chpoo
D ICI CCI K

O

g I-
Z+

LU

b Ih
CC: Ch

LU
0

LU~ IR )
c( d ~

I b
0 Ch
UJ LUJZ
Ch OON

Ih
K
U2 C"
LIJ I- &~

Ch cC

CC

b

EO

Ch

V

1
V'

NI
I-

I

I-
Ch
Kl

O2

Q2gb
b cC
CC: CJ +
cC Z uJ

gI U

OP0«
CC IC:

LU FLU
CC' I- a.
D cC g
~ IJ Lu

LIJ I-
CC CL
LU~U
CL uJZ
lU + I

IhI- Ch

J UJOD 2 ChOpz
LU

C NCh

CJ2
UJ

O
u
u.
UJ

02

Ch
CL

CC; UJ

0

N~2
I a
O~20
u + I=
0 u„ il

LU 0
IL: UJ
DKI- D
cC I
K cC
Iil CC
G. UJ
Q O.
UJ QI- UJ
uJ I-

Z0
N

O

I-
i

I

+
0

I-
II

X0
I-

I-
u.I-
0

I- I-
LIJ "
2 ~oo
NChgz g
—Ch I-
b
CC

CC:~

Oob
ICI I-
u. u. C

ooh
LLI LU g.
K K +
I- I- I-
IZ K 2
cC cC (g
LLJ UJ
CL. 0
X K I-
UJ UJ ul
I- I- Ih

LU

D0 J
0 LU

Z I-
UJ

Vo
u IQ
LU cC

C9
''

X~Ih
K cC



U.S. Patent Jun. 23, 2015 Sheet 6 of 6 US 9,061,567 B2

MIXING EFFICIENCY(%)

FLOOR
-- Bl-LEVEL

FACE

A I R-COND ITI ON IN G
BLOWER VOLTAGE(V)

FIG.6



US 9,061,567 B2
1

AIR-CONDITIONING CONTROL METHOD
FOR VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to Korean Patent
Application No. 10-2012-0059598 filed Jun. 4, 2012, the
entire contents of which is incorporated herein for all pur-

poses by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to an air-conditioning control

method for a vehicle. More particularly, the present invention
relates to an air-conditioning control method for a vehicle,
which can increase the driving distance ofelectric vehicles by
reducing the consumption of energy spent in unnecessary
air-conditioning for indoor spaces except spaces occupied by
passengers.

2. Description of Related Art
Generally, vehicles are equipped with Heating, Ventilation,

and Air-conditioning (HVAC) apparatuses used for control-
ling the indoor temperature ofvehicles and making the indoor
environment of vehicles more comfortable.

Recently manufactured vehicles include a Full Automatic
Temperature System (FATC) that can automatically control
the indoor temperature in accordance with a temperature set

by a driver or a passenger and maintains the indoor environ-
ment comfortable.

In the FATC system, when a user sets a temperature, in
order to control the indoor temperature, an air-conditioning
controller (FATC controller) receives sensor detection signals
from an insolation sensor for detecting the quantity of solar
radiation, an outcar sensor for detecting the outdoor tempera-
ture, and an incar sensor for detecting the indoor temperature
of a vehicle to calculate an indoor heat load based on the
detection values of each sensor and determine a discharge
mode, a discharge temperature, a discharge direction, and a
discharge air volume in consideration of an air-conditioning
load corresponding to the heat load.

Also, in order to control the indoor temperature and the
system operation, the air-conditioning controller receives
detection values from a discharge temperature sensor for
detecting the discharge temperature, a heater temperature
sensor for detecting the temperature of an electric heater (e.g. ,
PTC heater; used as an auxiliary heater in internal combustion
engine vehicles and as a main heater in electric vehicles), and
an evaporator temperature sensor for detecting the tempera-
ture of an evaporator, and controls operation components
such as a mode actuator, a temp door (temperature controlling
door) actuator, an air direction controlling door actuator, an
air-conditioning blower, a compressor, and an electric heat,
using the discharge mode, the discharge temperature, the
discharge direction, and the discharge air volume determined
as above.

Due to the increase of oil price and the strengthening of
environmental regulation, recent attention in the development
ofvehicles is being paid to improvement ofthe fuel efficiency
and eco-friendliness. Endeavors to develop pollution-free
and eco-friendly Electric Vehicles (EV) that use an electric
motor as a driving source are being extensively made.

Electric vehicles are equipped with an electric motor for
driving the vehicle and a battery that is an energy storage as a
power source for supplying power to the electric motor.
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Also, since electric vehicles have no typical engine that
serves as a source for heating and a source for driving a
compressor unlike internal combustion engine vehicles, elec-
tric vehicles have to use an electric heater and an electric
compressor. In this case, the consumption of power due to
actuation of an air-conditioning apparatus has a great influ-
ence on deterioration of the fuel efficiency.

Due to the consumption of battery power, the driving dis-
tance (hereinafter, driving distance per charging) of a vehicle
can be reduced by a maximum of 50%, compared to a case
where the air-conditioning apparatus is not actuated. In a case
where a high voltage electric heater has to be actuated for
heating, the consumption of the battery power rapidly
increases, and thus the driving distance significantly
decreases (relatively deficient in a waste heat source unlike
internal combustion engine vehicles using engine waste
heat).

Accordingly, the technological development for a high
efficiency air-conditioning apparatus differentiated for elec-
tric vehicles is an essential factor for promotion of the distri-
bution of electric vehicles. Also, the technological develop-
ment that can minimize the power consumption while
providing and maintaining a comfort desired by a driver or a
passenger as much as possible when the air-conditioning
apparatus is actuated is needed.

For this, various endeavors to develop heat pump systems,
high-efficiency heat-insulating technologies, glass heat-
shielding and heat-insulating technologies, remote reserva-
tion air-conditioning and indoor/outdoor air controlling tech-
nologies are being actively made, but there are many
limitations in cost saving and commercialization.

Particularly, the technological development for reducing
unnecessary energy consumption upon actuation of the air-
conditioning apparatus in a vehicle has to be together carried
out. However, since the air-conditioning apparatus is actuated
for the whole indoor space of a vehicle regardless of whether
a passenger occupies a certain indoor space of the vehicle,
unnecessary energy consumption is inevitable.

The information disclosed in this Background of the Inven-
tion section is only for enhancement of understanding of the
general background of the invention and should not be taken
as an acknowledgement or any form of suggestion that this
information forms the prior art already known to a person
skilled in the art.

BRIEF SUMMARY

Various aspects of the present invention are directed to
providing an air-conditioning control method for a vehicle,
which can increase the driving distance ofelectric vehicles by
reducing the consumption of energy spent in unnecessary
air-conditioning for indoor spaces except spaces occupied by
passengers while providing and maintaining a comfort
desired by a driver or a passenger as much as possible.

In one aspect, the present invention provides an air-condi-
tioning control method for dividing an indoor space of a
vehicle into a plurality of zones to perform individual air-
conditioning for each zone, the method including selecting
boarding zones occupied by passengers from the plurality of
zones, checking whether the number of the boarding zones
occupied by the passengers is one, correcting a detection
temperature of an incar sensor into a temperature of the
boarding zone using a mixing ratio of air for air-conditioning
discharged from the corresponding boarding zone with air
existing in the boarding zone when the number of the board-
ing zones occupied by the passengers is one, and performing
individual air-conditioning on the selected boarding zones by
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calculating a target discharge temperature based on the cor-
rected temperature of the boarding zone and using the calcu-
lated target discharge temperature.

In an exemplary embodiment, when a difference between
the detection temperature of the incar sensor and an air-
conditioning setting temperature set by a user is smaller than
a predetermined reference value, the correcting of the detec-
tion temperature of the incar sensor and the performing of the
individual air-conditioning may be performed.

In another exemplary embodiment, the difference between
the detection temperature of the incar sensor and the air-
conditioning setting temperature is equal to or greater than
the reference value, a target discharge temperature may be
calculated using the detection temperature ofthe incar sensor,
and the performing of the individual air-conditioning may be

performed using the target discharge temperature determined
from the detection temperature of the incar sensor.

In still another exemplary embodiment, when the selected
boarding zones may include a rear seat in addition to one of a
driver' seat and a passenger' s seat in a first row boarding zone,
the method may further may include correcting the detection
temperature of the incar sensor into a temperature of the
boarding zone using a mixing ratio of the first row boarding
zone, and performing air-conditioning on the selected board-
ing zones by calculating a target discharge temperature based
on the corrected temperature of the boarding zone using the
mixing ratio of the first row boarding zone and using the
calculated target discharge temperature.

In yet another exemplary embodiment, when a difference
between the detection temperature of the incar sensor and an
air-conditioning setting temperature set by a user is smaller
than a predetermined reference value, the correcting of the
detection temperature of the incar sensor using the mixing
ratio of the first row boarding zone and the performing of
air-conditioning on the selected boarding zones may be per-
formed.

In still yet another exemplary embodiment, when the dif-
ference between the detection temperature of the incar sensor
and the air-conditioning setting temperature is equal to or
greater than the reference value, the target discharge tempera-
ture may be calculated using the detection temperature of the
incar sensor, and the air-conditioning on the boarding zone
may be performed using the target discharge temperature
determined from the detection temperature of the incar sen-
sor.

In a further exemplary embodiment, when the selected
boarding zones are all in the first row, the target discharge
temperature may be calculated using the detection tempera-
ture of the incar sensor, and the air-conditioning on the board-
ing zone may be performed using the target discharge tem-
perature determined from the detection temperature of the
incar sensor.

In another further exemplary embodiment, the corrected
temperature of the boarding zone may be calculated from the
detection temperature of the incar sensor, the air-conditioning
setting temperature set by a user, and a mixing efficiency
through Equation (I) below

~ZONE ~INCAR+(~SE1 ~INCAR)+ 1,ZONE

where TzoNE, TINE», TEET, and q zoNE denote the cor-
rected temperature (temperature of boarding zone used in
actual air-conditioning) of the boarding zone, the detection
temperature of the incar sensor, the setting temperature, and
the mixing efficiency, respectively.

In still another further exemplary embodiment, the mixing
efficiency may be defined as a value according to a discharge
mode and a discharge air volume for each zone.
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In yet another further exemplary embodiment, when the
whole zone of the indoor space of the vehicle is the boarding
zone occupied by passengers, the method may further may
include performing air-conditioning on the whole boarding
zone by calculating a target discharge temperature using the
detection temperature of the incar sensor and using the target
discharge temperature determined from the detection tem-
perature of the incar sensor.

Other aspects and exemplary embodiments of the inven-
tion are discussed infra.

The methods and apparatuses of the present invention have
other features and advantages which will be apparent from or
are set forth in more detail in the accompanying drawings,
which are incorporated herein, and the following Detailed
Description, which together serve to explain certain prin-
ciples of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a view illustrating a configuration of an air-
conditioning apparatus performing an air-conditioning pro-
cess according to an exemplary embodiment of the present
invention.

FIG. 2 is a flowchart illustrating an air-conditioning pro-
cess according to an exemplary embodiment of the present
invention.

FIG. 3 is a view illustrating an exemplary three-zone indi-
vidual air-conditioning method according to an exemplary
embodiment of the present invention.

FIG. 4 is a view illustrating an exemplary configuration of
an air-conditioning apparatus that performs an air-condition-

ing process to supply air for heating and cooling to a selected
zone according to an exemplary embodiment of the present
invention.

FIG. 5 is a flowchart illustrating a process of performing a
temperature correction according to a boarding zone in an
air-conditioning process according to an exemplary embodi-
ment of the present invention.

FIG. 6 is a view illustrating an exemplary mixing efficiency
map that can be used upon selection of a specific boarding
zone according to an exemplary embodiment of the present
invention.

Reference numerals set forth in the Drawings includes
reference to the following elements as further discussed
below:

It should be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified repre-
sentation ofvarious preferred features illustrative of the basic
principles of the invention. The specific design features of the
present invention as disclosed herein, including, for example,
specific dimensions, orientations, locations, and shapes will
be determined in part by the particular intended application
and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the sev-
eral figures of the drawing.

DETAILED DESCRIPTION

Reference will now be made in detail to various embodi-
ments of the present invention(s), examples of which are
illustrated in the accompanying drawings and described
below. While the invention(s) will be described in conjunc-
tion with exemplary embodiments, it will be understood that
the present description is not intended to limit the invention(s)
to those exemplary embodiments. On the contrary, the inven-

tion(s) is/are intended to cover not only the exemplary
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embodiments, but also various alternatives, modifications,
equivalents and other embodiments, which may be included
within the spirit and scope of the invention as defined by the
appended claims.

It is understood that the term "vehicle" or "vehicular" or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercraft including a variety of boats and

ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g. ,

fuels derived from resources other than petroleum). As
referred to herein, a hybrid vehicle is a vehicle that has two or
more sources of power, for example both gasoline-powered
and electric-powered vehicles.

The above and other features of the invention are discussed
infra.

Hereinafter, exemplary embodiments of the present inven-

tion will be described in detail with reference to the accom-

panying drawings so that those skilled in the art can easily
carry out the present invention.

The present invention relates to a new air-conditioning
control method that can significantly increase the driving
distance that is a core performance for distribution of electric
vehicle by reducing the consumption of energy spent in
unnecessary air-conditioning for indoor spaces except spaces
occupied by passengers in electric vehicles.

Also, the present invention relates to an air-conditioning
control method for increasing the driving distance of electric
vehicles by reducing unnecessary power consumption of a
battery upon actuation of an air-conditioning apparatus in
electric vehicles, which can applied to an air-conditioning
apparatus that can be independently controlled for each zone
according to the temperature, direction and volume of air for
heating and cooling discharged into the interior of vehicles.

Particularly, the present invention focuses on a point that
individual air-conditioning is performed on the indoor space
of a vehicle that is divided into a plurality of zones, and the
air-conditioning apparatus is actuated only on zones that pas-
sengers are actually occupying to maintain a desired tempera-
ture while reducing unnecessary power consumption of a
battery.

Unlike a typical air-conditioning technology for vehicles in
which unnecessary energy consumption occurs because the
air-conditioning apparatus is actuated for the whole interior
of a vehicle, the present invention includes performing air-
conditioning only on zones actually occupied by passengers,
and for the individual air-conditioning for each zone, includes
a process of recognizing the boarding locations ofpassengers
and a process of controlling the temperature of zones occu-
pied by passengers.

Here, zones denote individual boarding spaces such as
driver zone, passenger zone, and rear zone into which the
indoor space of a vehicle is divided in advance for individual
air-conditioning for each zone.

Hereinafter, an air-conditioning control method according
to an exemplary embodiment of the present invention will be
described in detail with reference to the accompanying draw-
ings.

FIG. 1 is a view illustrating a configuration of an air-
conditioning apparatus performing an air-conditioning pro-
cess according to an exemplary embodiment of the present
invention. FIG. 2 is a flowchart illustrating an air-condition-
ing process according to an exemplary embodiment of the
present invention.
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FIG. 3 is a view illustrating an exemplary three-zone indi-
vidual air-conditioning method according to an exemplary
embodiment of the present invention. Here, the indoor space
of a vehicle may be divided into three zones such as a driver
zone, a passenger zone, and a rear zone. FIG. 3 illustrates an
air-conditioning method in which independent air-condition-
ing control is performed on the temperature, the direction and
the volume of air for heating and cooling (air for air-condi-
tioning) of each zone.

Referring to FIG. 3, the interior ofa vehicle may be divided
into three zones, i.e., a driver zone, a passenger zone, and a
rear zone that are preset for individual air-conditioning by
zone. Also, an incar sensor 13 may be disposed in the interior
of the vehicle to detect the temperature.

In the three-zone individual air-conditioning method of
FIG. 3, as shown in FIG. 2, a user (driver or passenger) turns
on an on/off switch 19a in a control panel 1S (air-conditioning
apparatus turned on), and then sets an air-conditioning target
temperature, i.e., a certain temperature via a temperature set
switch 19b of the control panel 1S, an air-conditioning con-
troller 20 may determine a zone occupied by a passenger (S1)
and also calculate a heat load of the vehicle interior based on
the indoor temperature, the insolation, and the outdoor tem-
perature of a vehicle, and then may determine a discharge
mode and a discharge air volume (air volume of an air-con-
ditioning blower) in consideration ofan air-conditioning load
corresponding to the heat load.

Here, the air-conditioning controller 20 may receive a
detection value ofa passenger detector 17, and may automati-
cally determine a zone (zone subject to air-conditioning
among the indoor space of the vehicle, hereinafter, referred as
'boarding zone') occupied by a passenger according to a
passenger location automatic check logic (automatic recog-
nition of the boarding zone), or may receive the manipulation
state ofa selection switch 19cin the control panel 1S,and then
recognize the boarding zone subject to the air-conditioning
(manual input of the boarding zone by a user)

In the case of the manual input, the boarding zone may be
a seat that needs air-condition, i.e., a zone selected by a user
because a user deems the seat occupied by a passenger, but
may not means all seats that are actually occupied by passen-
gers. Also, the selection switch 19c may be a switch for
manual setting and input of the boarding zone.

The passenger detector 17 may be a component for detect-
ing whether each seat of a vehicle is occupied by a driver or a
passenger, and may include piezoelectric sensors disposed in
each seat. In this case, the piezoelectric sensor may be dis-
posed at positions that are pressed when a driver or a passen-
ger sits on the seat. For example, the piezoelectric sensor may
be disposed at the seat cushions of a driver's seat, a passen-
ger's seat, and a rear seat.

When a driver or a passenger sits on a seat, the piezoelectric
sensor in the seat may output electrical signals to the air-
conditioning controller 20. When a driver or a passenger sits
on a seat cushion (seat cushions of driver's seat, passenger's
seat, and rear seat), the piezoelectric sensor may output elec-
trical signals by a physical pressure applied to the seat cush-
ion, and the air-conditioning controller 20 may receive the
electrical signals to detect whether each seat is occupied by
passengers.

The passenger detector 17 will not be limited to a specific
type ofunit. For example, instead of the piezoelectric sensor,
the passenger detector 17may include one ofvarious types of
well-known units as long as it can detect whether a passenger
sits on the driver's seat, the passenger's seat, or the rear seat.

When a driver's seat or a passenger's seat is occupied, the
air-conditioning controller 20 receiving signals of the pas sen-
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ger detector 17may automatically recognize the driver's seat
or the passenger's seat as a boarding zone. When a rear seat is
occupied, the air-conditioning controller 20 may automati-
cally recognize the driver's seat or the passenger's seat as a
boarding zone by signals of the passenger detector 17.

The discharge mode selected upon actuation of the air-
conditioning apparatus may be one ofa mode group including
a face mode (also referred to as vent mode), a floor mode, and
a bi-level mode, which are divided by an air discharging
method. For actuation of each mode, the air-conditioning
apparatus may include a mode door that changes an air flow
path (control of air direction) and an actuator thereof (mode
actuator) 34.

In this case, examples of vents of the air-conditioning
apparatus that are divided by discharge mode may include a
face vent that allows air to be discharged to the face and the
chest of a passenger at a location of each zone of the vehicle
interior and a floor vent that allows air to be discharged to the
floor and the foot of a driver (or a passenger sitting on the
passenger's seat). Here, each vent may be divergently con-
nected to ducts for supplying air.

The face mode and the floor mode may discharge air for
air-conditioning through the face vent and the floor vent. The
bi-level mode may discharge air for air-conditioning through
the face vent and the floor vent. After the determination of the
discharge mode, the air-conditioning controller 20 may drive
a mode actuator 34 and control the location of a mode door
such that air for air-conditioning can be supplied and dis-
charged in each discharge direction.

The discharge mode may be automatically determined
according to the air-conditioning load corresponding to the
heat load. However, when a driver or a passengermanipulates
the mode selection switch 19d of the control panel 1S, the
air-conditioning controller 20 may receive the manipulation
state of the mode selection switch 19d to determine the dis-
charge mode as a mode selected via the mode selection switch
19d.

Since the determination process ofthe discharge mode and
the control and actuation of the air-conditioning apparatus
according to the discharge mode correspond to well-known
technical matters that are currently being applied to the air-
conditioning ofvehicles, a detailed description thereof will be
omitted herein.

After the discharge mode and the discharge air volume are
determined, the target discharge temperature of the air-con-
ditioning apparatus may be determined based on the indoor
temperature, the heat load, and the air-conditioning setting
temperature set by a driver or a passenger (S5).Based on the
target discharge temperature, the actuation of the air-condi-
tioning apparatus such as the air-conditioning blower 31, the
compressor 32, the electric heater 33 (e.g. , PTC heater), the
temp door actuator 35, and the air direction controlling door
actuator 36 may be controlled (S6).

The air direction controlling door actuator 36 may be
driven according to whether each zone is occupied by a pas-
senger to control the location of an air direction controlling
door 6. In this case, Air for air-conditioning may be supplied
only to boarding zones (boarding zones automatically recog-
nized or manually selected), i.e., zones occupied by a driver
or passengers.

An exemplary configuration for controlling the discharge
air direction, in which air for air-conditioning is supplied only
to selected boarding zones, is shown in FIG. 4. As shown in
FIG. 4, branched ducts 1a, 1b and 1c branched from an
air-conditioning duct 1 equipped with an evaporator 3 and an
electric heater 33 and connected to locations ofeach zone, the
air direction controlling door 6 for controlling the air direc-
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tion of air for air-conditioning and the distribution amount to
each of branched ducts 1a, 1b and 1c, and an actuator 36
thereof may be provided.

The reference numeral 35 of FIG. 4 indicates a temp door
for controlling the temperature ofair for air-conditioning and
an actuator thereo f, respectively.

When the temperature of the boarding zone is controlled by
selectively supplying air for air-conditioning only to the
boarding zone, the air-conditioning controller 20 may control
the air volume of air for air-conditioning by controlling a

supply voltage (number of rotation) for driving of an air-
conditioning blower 31 according to the discharge air volume
determined as above.

The air-conditioning controller 20 may receive detection
values of a discharge temperature sensor 14 for detecting the
discharge temperature, a heater temperature sensor 15 for
detecting the temperature of the electric heater 33, and an
evaporator temperature sensor 16 for detecting the tempera-
ture of the evaporator 3, and may control the actuation of the
air-conditioning apparatus such that the actual discharge tem-
perature of air for air-conditioning keeps up with the target
discharge temperature of the boarding zone.

Except that air for air-conditioning is supplied to a board-
ing zone selected by a passenger, since the process of con-
trolling the discharge temperature and the actuation of the
air-conditioning apparatus to keep up with the target dis-
charge temperature corresponds to a well-known technical
matter that is currently being applied to the air-conditioning
for vehicles, a more detailed description thereof will be omit-
ted herein.

The air-conditioning control method according to the
exemplary embodiment of the present invention is character-
ized in that after the air-conditioning controller determines
the boarding zone, i.e., zones occupied by passengers, the
air-conditioning apparatus is actuated such that the indoor
temperature can be controlled with respect to the boarding
zone.

Thus, when air-conditioning for each zone, which targets
only spaces actually occupied by passengers, is performed,
unnecessary energy consumption can be minimized, and thus
the driving distance of electric vehicles can be significantly
increased, compared to a typical air-conditioning for vehicles
in which the air-conditioning apparatus is actuated for the
whole indoor space.

Also, when the heat load is calculated and the discharge
mode and the discharge air volume are determined based on
the detection values of the insolation sensor 11, the outcar
sensor 12, and the incar sensor 13, the air-conditioning con-
troller 20 may calculate the target discharge temperature for
each zone by correcting the detection value ofthe incar sensor
13 (S4 ofFIG. 2) to use the corrected value as the temperature
of the corresponding zone according to whether each zone is
occupied by a passenger instead of using the detection value
of the incar sensor 13 as the indoor temperature without a
change.

Thus, when the indoor temperature (temperature of a
selected boarding zone) is calculated by correcting the detec-
tion value of the incar sensor 13, the target discharge tem-
perature of the corresponding boarding zone may be calcu-
lated using the indoor temperature obtained by the correction,
and then individual air-conditioning that controls the actua-
tion of the air-conditioning apparatus with respect to the
boarding zone may be performed based on the calculated
target discharge temperature.

Here, the temperature of the boarding zone (zone occupied
by a passenger) obtained by correcting the detection value of
the incar sensor 13 may be determined according to whether



US 9,061,567 B2
10

each divided zone (driver's seat, passenger's seat, and rear
seat) of the indoor space of a vehicle is occupied by a passen-
ger or is selected as a boarding zone. The correcting of the
detection value of the incar sensor 13 according to whether
each zone is occupied by a passenger may be for using only
one incar sensor 13, which will be described in more detail
below.

In order to control the temperature of the whole indoor
space ofa vehicle in a related art, a detection value of the incar
sensor is used without a change to calculate a target discharge
temperature, and it is checked whether the temperature of the
whole indoor space is controlled to a temperature desired by
a driver.

However, when the indoor space is divided to perform the
individual air-conditioning, the temperature of each zone
actually occupied by a passenger has to be controlled instead
of the temperature of the whole indoor space. Accordingly, a
feedback for the temperature of each zone may be needed.

For an accurate feedback for the temperature ofeach zone,
inc ar sensors may be disposed at each zone that is divided into
a driver's seat, a passenger's seat, and a rear seat. However,
when incar sensors are disposed at all zones, the temperature
of each zone may not be represented according to the attach-
ment location of the sensor due to the layout of a vehicle, and
the manufacturing cost may also increase.

Accordingly, as shown in FIG. 3, the incar sensor 13 may
be disposed only at the central part of the first row (driver' s

seat and passenger's seat), and upon individual air-condition-

ing, the detection value of the incar sensor 13 may be cor-
rected such that the temperature of each zone can be reflected
according to the location of passengers.

For example, when the indoor space ofa vehicle is divided
into two or more zones, and air-conditioning is performed
according to whether each zone is occupied by a passenger,
the detection value of the incar sensor 13 may be corrected
such that the temperature of each zone selected can be accu-
rately controlled using only one incar sensor 13.In this case,
the detection value of the incar sensor 13 may be corrected
according to the boarding location of a passenger (whether
each zone is occupied by a passenger) or zones selected by a
user to control the temperature.

FIG. 5 is a flowchart illustrating a process of performing a
temperature correction according to a boarding zone in an
air-conditioning process according to an exemplary embodi-
ment of the present invention. Hereinafter, a method of cal-
culating the temperature to be applied to a selected boarding
zone by correcting the detection temperature of the incar
sensor in order to control the temperature of the selected
boarding zone will be described with reference to FIG. 5.

As describe above, the present invention may include a
process of correcting the temperature to use only one incar
sensor when individual air-conditioning is performed on a
selected boarding zone occupied by a passenger.

First, a boarding zone occupied by a passenger may be
automatically recognized by the passenger detector 17 via a
passenger location automatic check logic, or may be selected
by a user via the selection switch 19c.

When the boarding zones on which air-condition is to be
performed are selected, the air-conditioning controller 20
may check the number of the selected boarding zones in step
S11of FIG. 5. When the number of the selected zones is one,
the detection temperature of the incar sensor 13 may be com-
pared with the air-conditioning setting temperature to check
whether a difference therebetween is equal to or greater than
a predetermined reference value (e.g. , 10' C.) (S14).

Ifthe difference between the detection temperature and the
setting temperature is equal to or greater than the reference
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value, this corresponds to a case where indoor heating or
cooling is needed. In this case, the detection temperature of
the incar sensor may be used as the temperature of the board-
ing zone without a temperature correction to control the
actuation of the air-conditioning apparatus (S15).

In addition to the amount of solar radiation and the outer
temperature, the air-conditioning controller may use the
detection temperature of the incar sensor to calculate the
target discharge temperature, and may perform individual
air-conditioning control on the selected boarding zone based
on the calculated target discharge temperature. As described
above, the air-conditioning controller may control the actua-
tion of the air-conditioning apparatus such that the discharge
temperature of the corresponding boarding zone keeps up
with the target discharge temperature.

However, if the difference between the detection tempera-
ture of the incar sensor and the setting temperature is smaller
than the reference value (indoor temperature is in a stable
state), the air-conditioning controller may perform tempera-
ture correction that converts the detection temperature of the
incar sensor into a temperature corresponding to the boarding
zone (S16).Thereafter, the target discharge temperature may
be calculated using the corrected temperature of the boarding
zone, and then individual air-conditioning for temperature
control ofthe selected boarding zone may be performed using
the calculated target discharge temperature.

In this case, the corrected temperature, i.e., the temperature
of the selected boarding zone can be expressed as Equation

(2) below.

~ZONE ~INCAR+(~SE1 ~INCAR)X 1,ZONE

Here, TzoNE, TINE», TEEI, and q zoNE denote corrected
temperature (temperature of boarding zone used in actual
air-conditioning) of selected boarding zone, detection tem-
perature (sensed value of incar sensor) of incar sensor, setting
temperature, and mixing efficiency, respectively.

As shown in Equation (I), the detection temperature of the
incar sensor may be corrected into the temperature corre-
sponding to the selected boarding zone using a concept called
"the mixing efficiency".

Here, the mixing efficiency is a coefficient (%) that is
determined in proportion to a duration in which air discharged
by the air-conditioning apparatus stays in the corresponding
zone, and may be preset to a certain value according to each
divided zone of the indoor space of a vehicle, the discharge
mode, and the discharge air volume (air volume of the air-
conditioning blower).

Air for air-conditioning discharged into each zone by the
air-conditioning apparatus may not be completely mixed with
air existing in the corresponding zone and then move to
another zone, but may be mixed with air existing in the
corresponding zone in proportion to a duration in which air
stays in the corresponding zone and then remaining air may
move to another zone.

Accordingly, a mixing ratio of air for air-conditioning dis-
charged into the corresponding boarding zone and existing air
may be changed according to the selected boarding zone, the
discharge mode, and the air volume of the air-conditioning
blower. The mixing ratio may be defined as the mixing efft-

ciency, and may be used to correct the temperature of the
corresponding boarding zone after the mixing efficiencies
according to the selected boarding zone, the discharge mode,
and the air volume of the air-conditioning blower are pre-
defined.

The data form for obtaining the mixing efficiency from the
boarding zone, the discharge mode, and the air volume of the
air-conditioning blower may be a mixing efficiency map. The
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mixing efficiency map may be configured such that the mix-
ing efficiency of the corresponding boarding zone can be
calculated using the boarding zone, the discharge mode, and
the supply voltage (value corresponding to the air volume of
the air-conditioning blower) of the air-conditioning blower as
an input.

FIG. 6 is a view illustrating a mixing efficiency map usable
in the selection of a specific boarding zone (e.g. , driver' s

seat), which is provided with respect to the each ofthe driver' s

seat, the passenger's seat, and the rear seat, and is used to
calculate the mixing efficiency in a corresponding zone.

In steps S11 and S12 of FIG. 5, when the number of the
selected boarding zones is determined to be two, it is checked
whether the selected boarding zones are the driver' s seat and
the passenger's seat (S12 and S13).Here, when the boarding
zone are determined to be the driver' s seat and the passenger' s

seat (the boarding zones are "driver's seat+passenger's
seat"), the detection temperature of the incar sensor may be
used as the temperature of the boarding zone without a cor-
rection to perform air-conditioning as described above (S15).

On the other hand, when the number of the selected board-
ing zones is two but the selected boarding zones are not the
driver's seat and the passenger's seat, i.e., include the rear seat
(the boarding zones are "driver's seat+rear seat" or "passen-
ger's seat+rear seat"), priority may be given to the tempera-
ture ofa seat (driver's seat or passenger' s seat) in the first row,
and the processes of steps S14, S15 and S16 may be per-
formed similarly to the case where one boarding zone (driv-
er's seat or passenger's seat) is selected.

When the difference between the detection temperature of
the incar sensor and the setting temperature is equal to or
greater than the reference value, the detection temperature of
the incar sensor may be used without a correction to perform
air-conditioning. However, when the difference between the
detection temperature of the incar sensor and the setting tem-
perature is smaller than the reference value, the first row may
be selected as the boarding zone, and then the detection
temperature of the incar sensor may be corrected to the tem-
perature of the corresponding boarding zone based on Equa-
tion (I) using the mixing efficiency of the boarding zone in the
first row (driver' seat and passenger's seat). Thus, the air-
conditioning of the boarding zone may be performed using
the corrected temperature.

Also, when the selected boarding zones are the whole zone
including all of the driver's seat, the passenger' s seat, and the
rear seat, the detection temperature of the incar sensor may be
used without a correction to perform the air-conditioning as
described above.

Thus, since the air-conditioning control method includes a
process of correcting a detection temperature of an incar
sensor into the temperature of the boarding zone, effective
temperature control can be performed on a selected boarding
zone with only one incar sensor.

Also, this temperature correction may enable individual
temperature control for each zone while performing air-con-
ditioning on a plurality of boarding zones in a vehicle.

Thus, in an air-conditioning control method according to
an exemplary embodiment of the present invention, since
individual air-conditioning control is performed only on a
boarding zone in which a passenger actually rides, there is an
effect of increasing the driving distance of an electric vehicle
by reducing the consumption of energy spent in unnecessary
air-conditioning for indoor spaces except spaces occupied by
passengers while providing and maintaining a comfort
desired by a driver and a passenger as much as possible.

Also, since the air-conditioning control method includes a
process of correcting a detection temperature of an incar
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sensor into the temperature of the boarding zone, effective
temperature control can be performed on a selected boarding
zone with only one incar sensor.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for pur-
poses of illustration and description. They are not intended to
be exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations
are possible in light of the above teachings. The exemplary
embodiments were chosen and described in order to explain
certain principles of the invention and their practical applica-
tion, to thereby enable others skilled in the art to make and
utilize various exemplary embodiments of the present inven-

tion, as well as various alternatives and modifications thereof.
It is intended that the scope of the invention be defined by the
Claims appended hereto and their equivalents.

What is claimed is:
1. An air-conditioning control method for dividing an

indoor space of a vehicle into a plurality of zones to perform
individual air-conditioning for each zone, the method com-
prising:

selecting boarding zones occupied by passengers from the
plurality of zones;

checking whether the number of the boarding zones occu-
pied by the passengers is one;

correcting a detection temperature of an incar sensor into a
temperature of one selected boarding zone using a mix-
ing ratio of air for air-conditioning discharged from the
one selected boarding zone with air existing in the one
selected boarding zone when the number ofthe boarding
zones occupied by the passengers is one; and

performing individual air-conditioning on the selected
boarding zones by determining a target discharge tem-
perature based on the corrected temperature of the one
selected boarding zone and using the determined target
discharge temperature.

2. The air-conditioning control method ofclaim 1,wherein
when a difference between the detection temperature of the
incar sensor and an air-conditioning setting temperature set
by a user is smaller than a predetermined reference value, the
correcting ofthe detection temperature of the inc ar sensor and
the performing of the individual air-conditioning are per-
formed.

3.The air-conditioning control method ofclaim 2, wherein
the difference between the detection temperature of the incar
sensor and the air-conditioning setting temperature is equal to
or greater than the predetermined reference value, a target
discharge temperature is determined using the detection tem-
perature of the incar sensor, and the individual air-condition-
ing is performed using the target discharge temperature deter-
mined from the detection temperature of the incar sensor.

4. The air-conditioning control method of claim 1, when
the selected boarding zones include a rear seat in addition to
one of a driver's seat and a passenger's seat in a first row
boarding zone, further comprising:

correcting the detection temperature of the incar sensor
into a temperature of the one selected boarding zone
using a mixing ratio of the first row boarding zone; and

performing air-conditioning on the selected boarding
zones by determining a target discharge temperature
based on the corrected temperature of the one selected
boarding zone using the mixing ratio of the first row
boarding zone and using the determined target discharge
temperature.

5.The air-conditioning control method ofclaim 4, wherein
when a difference between the detection temperature of the
incar sensor and an air-conditioning setting temperature set
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by a user is smaller than a predetermined reference value, the
correcting of the detection temperature of the incar sensor
using the mixing ratio of the first row boarding zone and the
performing of air-conditioning on the selected boarding
zones are performed.

6. The air-conditioning control method ofclaim 5, wherein
when the difference between the detection temperature of the
incar sensor and the air-conditioning setting temperature is
equal to or greater than the predetermined reference value, the
target discharge temperature is determined using the detec-
tion temperature of the incar sensor, and the air-conditioning
on the one selected boarding zone is performed using the
target discharge temperature determined from the detection
temperature of the incar sensor.

7. The air-conditioning control method ofclaim 4, wherein
when the selected boarding zones are all in the first row, the
target discharge temperature is determined using the detec-
tion temperature of the incar sensor, and the air-conditioning
on the one selected boarding zone is performed using the
target discharge temperature determined from the detection
temperature of the incar sensor.

S.The air-conditioning control method ofclaim 4, wherein
the corrected temperature ofthe one selected boarding zone is
determined from the detection temperature of the incar sen-
sor, the air-conditioning setting temperature set by a user, and
a mixing efficiency through an equation of

TZONE=TINCAR+(TSEI —TINCAR)x 1XZONE

where TZONE, TINE», TEEING and qXZONE denote the cor-
rected temperature of the boarding zone, the detection
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temperature of the incar sensor, a setting temperature,
and a mixing efficiency, respectively.

9.The air-conditioning control method ofclaim S, wherein
the mixing efficiency is defined as a value according to a
discharge mode and a discharge air volume for each zone.

10. The air-conditioning control method of claim 1,
wherein the corrected temperature of the one selected board-

ing zone is determined from the detection temperature of the
incar sensor, the air-conditioning setting temperature set by a
user, and a mixing efficiency through an equation of

TZONE=TINCAR+(TSEI —TINCAR)x 1XZONE

where TzoNE, TINE», TEET, and qxzoNE denote the cor-
rected temperature of the boarding zone, the detection
temperature of the incar sensor, a setting temperature,
and a mixing efficiency, respectively.

11. The air-conditioning control method of claim 10,
wherein the mixing efficiency is defined as a value according
to a discharge mode and a discharge air volume for each zone.

12. The air-conditioning control method of claim 1, when
a whole zone ofthe indoor space ofthe vehicle is the boarding
zones occupied by passengers, further comprising perform-
ing air-conditioning on a whole boarding zone by determin-
ing a target discharge temperature using the detection tem-
perature of the incar sensor and using the target discharge
temperature determined from the detection temperature of the
incar sensor.
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