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range of. a passenger compar&ment The detection range
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air temperature, a second detection portion in which a
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sunhght amount entering &he pasvenger compartment. In the
veh&cle a&r cond&boner, a target temperature ol. a&r blown into
the passenger compartment is calculated based on a set
temperature and a surface temperature from the non-contact
tempcraturc sensor, while air-conrlitioning pcrformancc is
in&proved.
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VEHICLE AIR CONDITIONER WITH NON-
CONTACT TEMPERATURE SENSOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application is rclatcd to and claims prinrity from
Japancsc Patent Applications No. Hei. 11-240176 filed on
Au . 26, 1999, No. Hci. 11-274726 filed nn Scp. 28, 1999,
No Hei 11-320194 liled on Nov. 10, 1999, No. 2000-79357
filed on Mar. 16, 2000, aml No. 2000-1053S0 liled on Apr.
3, 20(kk the contents of which are herebv incorporated by
reference

IIACK(fROUNI) OI'IIL INVL'N 11ON
is

1. Field of the Invention
The present invention relates lo a vehicle air conditioner

whtch automatically controls temperature within a passen-
ger compartment to a set temperature by using a non-cnntact
temperature sensor. o

2. Dcscnption of Rclatcd Art
A conventional vehicle air conditinner described in JP-A-

S-1780Ci4 includes a temperature setting unit fnr setting
temperature of a passenger compartment tn a passenger*s
desirous tcmpcraturc, an inside air tenipcraturc sensor for
dctccting tcmpcraturc of inside air inside thc passcngcr
compartment, an outside air temperature sensor lor delecling
temperature of. outsule air outsule the passenger
compartment, a sunlight sensor for detecting an amount of
sunlight entering the passenger compartment, a skin tem- I)

perature sensor (non-contact temperature sensor) for detect-
ing skin tcmpcrature of a passenger. In thc conventional air
conditioner, a target tempcraturc of air l&lnwn into the
passenger compartment or a target voltage apphed lo a
blower is calculated based on signals from the temperature.
setting unit and the sensors 1'urther, tn actually detect the
skm temperature, the skin temperature sensnr is disposed to
only detect the head part of the passenger fin&sever, in the
conventional vehicle air conditioner, because four sensors
arc uscrl for calculating the target tcnipcraturc of blown air
or the target blower voltage, product cost becomes hi her.
When the number of the sensors is rumply rerfuced, control
performance of. Ihe temperature of lhe passenger compart-
ment may be greatly decreased

LS

SUMMARY OF THE INVEN11ON

In vtew of. the foregoing problems, it is an oblect of Ihe
present invention to provide a vehicle air comhuoner which
can accurately control temperature inside a passenger com-

sn
partment l&y effectively using a non-cnntact temperature
sensor cvcn when number of sensors is reduced.

It is an another object of thc present invention to provide
a vchiclc air conrlitioncr which controls temperature inside
lhe passenger compartment lo corresponrf lo I:mperalure.
feehng of a passenger, by effectively using a non-contact
temperature sensor.

It is a further another nl&ject of the present invention to
provide a vehicle air conditioner which prevents air-
conditiomng fccling for a passcngcr from being deteriorated „ti
duc to an error-dctcction.

According to a first aspect of the present invention, a
control unit of a vehicle air conditioner includes a tempera-
ture setting unit for setting a temperature of lhe passenger
compartment lo a sel temperature, and a non-contacl tern- 6&

perature sensor &vhich detects a surface temperature of a
predetermined detectinn range of the passenger compart-

ment. The predetermined detecuon range of Ihe non-contact
temperature sensor includes al least one of. a lirst detecuon
portion in which a surface tcmperaturc is changed to
approximately corresponrl to an inside air tcmpcraturc insirlc
the passenger compartment, a second detection portion in
&vhich a surface temperature is changed in accordance with
an oulside air Lemperalure ouuside the passenger
compartment, aml a third detection poruon in which a
surt'ace tcmpcrature is changed in accordance with a sunlight
amount entering thc passcngcr compartment In the air
cnnditioner, the control unit calculates the target air tem-
perature at least using thc sct tempcraturc from the tempcra-
turc setting unit anil a dctcction surface tcmperaturc dctcctcrl
from the non-contact temperature sensor. Accorilingly, it is
possible lo output an environment signal relative lo Lhe

insiile air temperature, the outside air temperature and the
sunlight amount entering the passenger compartment from
the nnn-contact temperature sensor; and therefnre, tempera-
ture of the passenger compartment is controlled to a suitable
tempcraturc corrcsponrling to thc insirlc air tempcraturc, thc
outside air tcmpcrature and thc sunlight amount. As a result,
even when the number of sensors is reduced in the vehicle
air conditioner, il can prevent air-comliuomng performance
from being deteriorated by using the non-contact tempera-
ture sensor.

Preferably, the non-contact temperature sensor is disposed
to detect a surface temperature of detection subjects of a
windshield, a clothed portion of a passen er, a seat and a
ceiling of thc passenger compartment. Further, each area
ratio of thc detection subjects to an entire dctcction arcs of
Ihe non-coniact lemperalure sensor is set so that Ihe area
rauo of the windshield is (25 10)airs lhe area rauo of the
clothed portion aml the seal is (35 10)f!&& Lhe area rauo of the
ceiling is (20 10)!'!o and the area ratio of the other portion is
(20 10)'7r, Thus, a variatinn amount of the detection surface
tcmpcraturc, chan cd relative to heat load such as thc insirlc
air tcmpcrature, thc outsirlc air tcmpcrature and thc sunlight
amount, can be made close lo a, target value. Accordingly,
control performance of. the passenger compartment
improved.

More preferably, each area rauo of lhe detection subtecls
lo Ihe enure delecuon area is set so that the area rauo of the
&vindshield is (&S 5)'7r& the area ratio of the clotherl portion
and the seat is (35 &)%, the area ratio of the ceiling is
(20 S)'7r, and the area ratio of the other portion is (20 S)'7r,

Accordin ly, control pcrformancc of thc passcngcr compart-
ment is further improved.

I'urther, the control unit includes temperature vanation
determining means for dctemiinin whcthcr or not a varia-
tion aniount of thc surface tempcraturc is larger than a sct
value, anil lhe control unit controls an air-condilionin ~

operauon based on a determination of. the temperature
variation determining means Therefore, the air-
cnnditioning operation is suitably controlled to correspond
to a variation of the detection surface temperature.

Preferably, the air cnnditinner further includes an air
amount adjustment unit for adjusting an air amount blown
into thc passenger compartment from an air rluct, the control
unit controls the air amount adjustment unit so that thc air
amount bio&vn into thc passcngcr compartment from thc air
duct becomes a target air amount, aml the control unit
corrects the target air amount based on the determination of
the temperature variation determining means. Therefore, it
can prevent an outer disturbance from heing affected to an
air-conditioning operation.

Alternatively, the control unit corrects the surface tem-
perature based nn a determination nf an outer disturbance



determining means. Therefore, il can prevent an outer dis-
turbance from being afiected lo an air-i:omhnomng opera-
tion For cxampic, when the outcr disturbance is determined
by thc outcr disturbance dctcrmining means, thc control unit
controls an air-conditioning operation based on a previous
surface temperature before being afFected by the outer
disturbance.

According to an another aspect of thc present inventinn,
a vehicle air conditinner includes a noir-col)tact temperature
sensor for detecting a subject surface temperature of a
detection subject of Ihe passenger compartment, operation
control means which controls operation of. the air condiuon-
ing unit based on thc subject surface temperature detected
from thc non-contact tcmpcraturc sensor, and nutput control
means ivhich contrnls an nutput timing for nutputting the
subject surface temperature into the operatinn cnntrol is

means. 'I'he output control means controls the output timing
in accnrdance with a variation nf the subject surface tem-
perature. Thus, even in a case where thc variatinn of the
subicct surface temperature is caused duc to an error-
deteclion, when the subiecl surface temperature is output to
the operation control means after a dillerence between Ihe.

temperature nf the passenger compartment and the subject
surface temperature becomes smaller, a deterioratinn nf the
air-cnnditioning feeling due to an errnr detectinn is
restrict)'ll

According to a further another aspect of the present
invention, a vchiclc air conditioner includes a non-cnntact
tcmpcraturc sensor for dctcctin temperature of a detection
subicct of thc passcngcr compartment, correction nieans for

l))
correcting the temperature detected by the non-contact tem-
perature sensor to a correction temperature, and control
means which cnntrnLs operation of an air conditioning unit
liased on the correction temperature from the correction
means. Thcrcforc, cvcn when the temperature is crror-
dctcctcd by thc non-contact temperature sensor, bccausc thr
tcmpcraturc dctcctcd by thc non-contact temperature sensor
is correcteil by Ihe correction means, a detenoration of Ihe
air-i:onihtioning feeling, due to an error detection is
restricted, anil an air-conditinning control correspnnding to

sn
a passenger*a feeling is performed

IIRIL'I'L)S('RIP l1ON OI'IIL'RAWINGS
Additional objects and advantages ot'he present inven-

tion will be more readily apparent from the fnllowing
detailed description of preferred embodiments when taken "s

togcthcr with thc accompanying drawings, in which:
I'IG. I is a schematic view shoiving an entire structure of

a vchiclc air conditioner according to a first prrfcrrcd
cmbothmcnt of thc present invention;

I'IG 2 is a rlisassembled perspective view of a surface sn

tcmpcraturc sensor according to thc first embodiment;
I'IG. 3 is a sectional view of the surface temperature

sensor according to the first embodiment;
I'IG 4 is a perspective view of a passenger compartment,

showing an attachment positinn of the surface temperature
sensor, according to thc first embodiment;

I'IG. 5 is an enlarged front view ot'n air-cnnditioning
operation panel according to the first embndiment;

I'IG 6 is a schematic perspective vieiv of a passenger
compartment, shnwing a detection range of the surface
temperature sensor, accnrding to the first embodiment;

I'IG. 7 is a characteristic vieiv when a cnnl-doivn opera-
tion is perfnrmed, accnrding tn the first embodiment;

FIG. 0 is a fiow ihagram showing a control process of. ss
LCU of the vehicle air conditioner, accnrding to the first
embodiment;

FIG. 9 is a characteristic view showing the relauonship
betiveen a liloiver voltage and a target air temperature 'I'AO,

according to the first embodiment;
IRG. 10 is a characteristic view showing the relationship

between an air suction mode and thc target air temperature
TAO, according to the first cmbotlimcnt;

FIG. 11 is a characteristic view showin thc relationship
between an air outlet mode anil Ihe target air temperature
TAO, according to Ihe lirst emboihmenl,

FIG. 12 is a schematic viciv showing an entire structure
of. a vehicle air comhuoner accoriling to a second preierred
embodiment of Ihe present invention;

FIG. 13 is a schematic view showing an entire structure
of a vehicle air comliuoner according to a third preierred
embodiment of. Ihe present invenuon;

FIG. 14 is a schematic view showing an entire structure
of. a vehicle air cond)boner aeeortling to a fourth preierred
embodiment of Ihe present invention;

FIG. 15 is a fiow ihagram showing a control process of
ECU of the vehicle air comhtioner, accorihng to the fourth
embodiment;

FIG. 16 is a fiow diagram showing a detail control of step
S135 in FIG. 15, accordmg lo Ihe fourth embodiment,

FIG. 17 is a characteristic view showing the relationship
between a vawalion amount of a suriace temperature aml a
correction amount of a blower voltage, according to the
fourth embodiment;

FIG. Ig is a schematic view showing an entire structure
of a vehicle air conditioner accordin to a fifth preferred
embodiment of the present invention;

FIG. 19 is a schematic view showing an entire structure
of a vehicle air conditioner according to a sixth preferred
embodiment of the present invention;

FIG. 20 is a view showing expewmental results of tem-
perature variation amounts of detection subjects, relative to
variation amounts of heat load, according to a seventh
prefcrrcd cmbotlimcnt of the present invention;

I'IG. 21 is a schematic plan view of a vehicle, showing an
attachment position of a surface temperature sensor accord-
ing to the scvcnth embodiment;

IRG. 22 is a view showing a detection range of the surface
temperature sensor in I'IG. 21;

I'IG. 23 is a view showing an area ratio of Ihe detection
subjects to the detection ran e, according to the seventh
cmbodinicnt;

IRG. 24 is a vieiv shoivin the area ratio of the rletection
subjects relative to the attachment position nf the surface
tcmpcraturc sensor, accordin to thc scvcnth embodiment;

I'IG. 25 is a vieiv showing the relationship between the
attachment position of the surface temperature sensor, and a
variation aniount of thc surface temperature relative to a
variation amount of an outsitlc air tcmpcrature, accordin to
Ihe seventh embodiment,

FIG. 26 is a view showing thc relationship bctwecn thc
attachment position of the surface temperature sensor, and a
vawalion amount of the surface temperature relanve to a
vawalion amount of a sunlight amount, according to the
seventh embodiment;

FIG. 27 is a view showing the relauonship between the
auachment position of the surface temperature sensor, and a
variation amount of the surface temperature relative to a
variation amount of an inside air temperature, accorrhng to
thc seventh embodiment;

I'IG. 20 is a vieiv showing the relationship between the
attachment position of the surface temperature sensor, the



outs)cia-air temperature ancf the surface temperature, accord-
ing to the seventh embodiment;

I'IG. 29 is a vieiv showing the relationship between the
attachment position of the surface temperature sensor, the
sunlight amount and thc surface temperature, according to
thc scvcnth cmbodimcnt;

FIG. 30 is a view showing measured variation amount of
the surface temperature, due to an outer disturbance, accord-
ing to the seventh embocfiment;

ioFIG. 31 is a view showing a detection range of a surface
temperature sensor according to an eighth preferred emfxidi-
ment nf the present invention;

I'IG 32 is a floiv diagram showing a cnntrof process of
ECU of a vchiclc air conditioner, according to a ninth

15
prcfcrrcd embodiment of thc present invention;

FIG. 33 is a time dia ram showing an output signal of a
surface temperature sensor according to Ihe mnth embodi-
ment;

FIG. 34 is a flow diagram shov:ing a detail control of.slap 6

S125 in I'IG 32, according to the ninth embodiment;
I'IG. 35 is a characteristic view of a stepped-up level of

a blower according to the ninth embodiment;
FIG. 36 is a characteristic view of a blower voltage

according to the ninth cmbodimcnt; as

FIG. 37 is a flow diagram showing a control program
accordtng lo a tenth preferred embodiment of Lhe present
inventton;

FIG. 38 is a flow cfiagram showing a control program
lo

according to an eleventh preferred embodiment nf the
present inventinn,

I'IG 39 is a flow diagram showing a control program
accordin to a twelfth preferred cnif&odinient of the present
invention;

FIG. 40 is a characteristic view showing the relationship
between a lixed lime of. a blower voltage aml heal losel, in
an atr-conchlioning initial period, accorcfing to Lhe twelfth
embodiment,

I'IG. 41 is a time diagram shoiving a surface temperature so
output frnm a surface temperature sensor ivhen a driver is in
a scatcd state or is in an absence state, according to a
thirtccnth prcfcrrcd embodiment of thc present invention;

FIG. 42 is a schematic view showing an entire structure
of a vehicle air comhuoner according to Ihe ihirteenih 65

embodiment,
FIG. 43 is a flow cfiagram showing a control program

according to the thirteenth embodiment;
I'IG 44 is a time diagram showing a surface temperature

50output from a surface temperature sensor according to a
fourtccnth prcfcrrcd cmbodimcnt of the present invention;

I'IG. 45 is a tloiv diagram shoiving a cnntrnl program
according to a fiftccnth preferred embodiment of the prcscnt
invention;

I'IG 46 is a time diagram shnwing a change of a target air
tcmpcraturc TAO according to the fifteenth embodiment of
thc prcscnt invention;

I'IG. 47 is a schematic view shnwing an entire structure
of a vehicle air conditioner according to a sixteenth prc- „,
fcrrccl cmbochment of thc present invention;

I'IG 48 is a front view nf an air-conditioning nperation
panel according to the sixteenth embodiment;

I'IG. 49 is a flow diagram nf L'CU of the vehicle air
conditioner accordin to thr sixteenth embodiment; 65

I'IG 50 is a flnw diagram showing a detail cnntrol of step
S420 in 11G. 49, according to the sixteenth embodiment;

FIG. 51 is a view showing the relauonship between a
deviation X of detection temperatures and a time, at step
S424 in I'IG. 50, according to the sixteenth embodiment;

11G. 52 is a characteristic view showing the relationship
between a tar et air tempcraturc TAO(i) and a blovur
voltage VA(i), according to thc sixteenth cmboclimcnt;

FIG. 53 is a characteristic viciv showin thc relationship
between an air outlet mode anil Ihe target air temperature
TAO(i), accordmg lo Ihe sixteenth embodiment;

FIG. 54 is a flow diagram showing a main control
according to a seventeenth preferred embodiment of the
present invention;

I'IG. 55A is a schematic diagram showing a temperature
detection state of an infrarccl sensor, and FIG. 55B is a view
for explaining a correction state of a person surface tem-
perature TI(i) relative Lo a temperature dilference of detec-
tion temperatures, according to an eighteenth preferred
embodiment of Ihe present invention;

11G. 56 is a schematic vieiv shnwing a temperature
detection state of an infrared sensor accordin to a nine-
tccnth preferred embodiment of thc prcscnt invention;

I'IG. 57 is a characteristic view showing the relationship
between a variation amount of a person surface temperature
and a time constant for delayin an output, according to a
twcnticth prcfcrred cmboclimcnt of thc present invention;
and

FIG. 58 is a characteristic viciv showin thc relationship
between an outside air temperature ancl a person surface
temperature, accorchng to a twenty-Iirst embodiment of Lhe

present invenuon.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
described hereinafter with reference to the accompanying
draw)i)gs.

A Iirst preferred embodiment of Ihe present invenuon will
be now described with reference to l)I(IS. I —11. A vehicle air
conditioner I includes an air conditioning unit disposed in
an air duct 5 which is positionecl at a front side of a
passen cr compartment 3. Within the air duct 5, an inside)
outside air switchin clamper 7, a blower 9, an evaporator
(i.e., coolin ~ heal exchanger) 11, an air mixing damper 13,
a heater core (i.e., heating heat exchanger) 15 anil an air
outlet switching damper 17 are disposed in order in an air
floiv direction.

W'hen the inside)outside air switching damper 7 is oper-
ated fiy a servomotor 19 to a first switching position (i e., the
position shown by the solid line in I'IG I), outside air
outside thc passenger compartment 3 is introducccl into thc
air duct 5 from an outside air introcluction port 5a On thc
other hand, when the insideioutsiclc air switching damper 7
is operated by the servomotor 19 to a second switching
position (i e., Ihe posiuon shown by Ihe chain line in FIG. I),
inside air inside the passenger compartment 3 is introduced
into the air duct 5 from an inside air introduction port 56

Outside air from the ou(side air introduction port Su or
inside air from the inside air introduction port 56 is bloivn
toward the evaporator 11 by the bloiver 9 which is operated
in accordance with a rotation speed of a blower motor 23
driven by a drivin circuit 21. The evaporator ll cools air
blown by the blower 9 by using refrigerant circulaung in a

refngeranl cycle ol. Ihe vehicle air conditioner In Lhe IirsL

embodiment, Ihe air amount blown into the passenger com-
partment 3 is adjusted by the driving circuit 21 and the
blower motor 23



The air mixing damper 13 is dnven by a servomotor 25.
Based nn an opening degree of the air mixing damper 13, a
ratio lietween an air amount passing through the heater core
15 and an air amount bypassing the heater core 15 is
acljustcd so that thc temperature of air blown into thc
passcngcr compartment 3 is adjusted. That is, thc air mixing
damper 13 and the servomotor 25 are used as a temperature
adtustment umi for rulfusiing temperature of. air blown into
the passenger compartment 3.

Thc air outlet switching damper 17 is driven by a servo-
motor 27. When a face mode is sct, the air outlet switching
damper 17 is operated io a lirsi operauon pomhon Io open a
face air outlet 5c and io close a foot air outlet Sd, so Ihai air
is blown toward Ihe herul portion of. a passenger in Ihe
passenger compartment 3 from the face air outlet 5c of the
air duct 5. When a font mode is set, the air nutlet switching
damper 17 is operated to a second operation position to close
thc face air outlet Sc and to open the foot air outlet Sd, so that
air is blown towarcf Ihe foot poruon of the passenger in Ihe.

passenger compartment 3 from the foot air outlet Srf of. Ihe.

air duct 5. Further, when a bi-level mode is set, ihe air outlet
switching damper 17 is operated to a third operatinn position
(i e, the solid pnsition in I'IG I) sn that air is blown from
both thc face air outlet Sc and the foot air, outlet Sd.

The servomotor 19 of Ihe inside/outside air switching
damper 7, Ihe clnving circuit 21 of Ihe blower 9, Ihe.

servomotor 25 of the air mixing damper 13 and the servo-
motor 27 of the air outlet sivitching damper 17 are driven
and operated liy control signals frnm an electronic control
unit (ECU) 30, respcctivcly.

Signals from a surface temperature sensor (non-contact
temperature sensor, range-cleiection temperature sensor) 31
which detects a surface teinperature Tir in a predetermined
range within the passenger compartment 3 in a non-contact
state, a water tcmpcraturc sensor 32 for detecting tempera-
ture Tw of cooling water of a vchicic engine, an evaporator
air-outlet temperature sensor 33 (post-evaporator sensor) for
detecting temperature of air immediately blown oui from Ihe
evaporator ll, an mr mixing damper opening degree sensor
(hereinafter, referred to as "AiM opening degree sensor'*) 34
for detecting an actual opening degree 0 of the air mixing
damper 13, a tcmpcrature setting unit 35 for setting a sct
tcmpcraturc Tact and the like arc input into thc ECU 30
through an A/D converter 3Ue. Here, the AcM opening
degree sensor 34 is accommodated into the servomotor 25 so
thai the actual opening degree 0 of Ihe air mixing damper 13
is detected I'urther, the temperature setting unit 35 may be
a manual operation unit which sets the temperature Tact by
a passen cr, or may bc a temperature sensing input unit.
When thc tcmpcraturc sensing input unit is used as thc
temperature setting unit 35, a hoi or a cold mgnal is input,
and the set temperature Tsei of Ihe passenger compartment
3 is sei in accordance with Ihe input hot or cold signal.

In the present invention, the surface temperature sensor
(non-contact tcmpcraturc sensor) 31 is used as a rangc-
dctcction tcmpcraturc sensor for detecting temperature of a
precleterminml cleteciion range arouncf a predetermined
detection posiuon.

The L'CU 30 performs an air-conditioning operation con- so
trot of thc vchiclc air conditioner based on thc abovc-
dcscribccl various signals. Thc ECU 30 includes a central
processing unit (hereinafter, referrecf to as "CPU') 3Un
whtch calculates operation amounts of the above-descmbecf
components of. the vehicle air conditioner I basecl on Ihe ss
signats from an A/D converter 30e, a ROM 30b for stnring
a proceeding of a control flow diagram described later, an

output poruon 30c which ouipuis control signals corre-
spomhng io the operation amounts calculated in the CPU
30a to the atiovc-dcscribcd components of thc vehick air
conditioner I, ancl a crystal oscillator 30d for performing a
digital, calculation proceeding of a softivare of the ('PU 30e

Electrical power is supplied from a bauery B to the ECU
30 when an i nition switch IG is turned on. In this state,
vvhcn an operation switch 36 for thc vehicle air conditioner
I is turned on, control operation of the L'CU 30 is started

Next, thc surt'ace tcmpcrature sensor 31 will bc now
dcscriticd in detail. In thc first cmtiocliment, the surface
temperature sensor 31 is an infrared sensor which cletects a
surface temperature of a detection sutiject m a non-contact
state. Specilically, the surface temperature sensor 31 uses
Ihermopile detecuon elements, which generates electncal
power in proportion to an infrared amount, in accordance
vvith an infrared aniount variation duc to a tcmperaturc
variation of the detection subject.

As shown in FIGS. Z,3, the surface temperature sensoir 31
includes a four-siclccl detection portion (dctcction ekmcnt)
3ln for clctcctin infrared rays. Thc clctcction portion 3la is
disposed on a base plate 3tb, and is covered by a cup-like
metal case 31c. A four-sided opening 31d is npened in a
bouom pornon ol: Ihe case 31c, anil a silicon cover 31e is
mserted into Ihe opemng 31d. By suitably setung a side
length Ll of thc dctcction portion 31e, a side tcn th L2 of
the opening 31d and a distance S between thc dctcction
portion 31a and the opening 3la, a detectable an le o can
be adjusted as shown in I'l(f. 3

FIGS. 4 and 5 show an arrangement position of thc
surface tcmpcrature sensor 31. An operation panel 41 of thc
vehicle air conditioner I, shoivn in I'l(f. 5, is disposed at an
approximate center of an instrument panel 40 shown in I IG
4 in a vehicle right-left direction 'I'he surface temperature
sensor 31 is provided on the operation panel 41 together with
the tcmperaturc setting unit 35 and thc operation switch 36,
as shown in FIG. 5. Thc surface tcmpcraturc sensor 31 is
disposed at a position in a vehicle up-down direcuon,
approximately equal Io ihe belly or Ihe chest of a dover 42

FIG. 6 shows a surf:ace temperature detectable area of ihe
surface temperature senvoir 31. For deiecung a surface
temperature in a detecuon range A shown by the chain line
in 11G. 6, the surface temperature sensor 31 is disposed on
the operation panel 41 to be inclined toward the clover 42
and to bc slightly inclined upwardly, and thc clctcctablc
angle a is further suitably acljustccl. The detection range A
includes thc upper body (clothccl portion) 42a of thc driver
4Z, Ihe head poruon 4Zb of. Ihe clnver 42, a part of a ceilin ~

43, a part of side wimlshield 44e of a front door 44 anil a pari
of rear glass 45 In I'IG 6, a front seat 46 and a rear seat 47
are also indicated

Amon ~ Ihe detection range A, the ceiling 43 is noi
affected by sunlight, and is hardly affected with the outside
air temperature Tam due to a heat-insulating material of the
ceiling 43. Thcrcforc, a surface tcmperaturc of thc ceiling 43
is chan ed to approximately corrcspond to the inside air
temperature. A surface temperature of Ihe side winclshiekl
4*t or Ihe rear glass 45 among ihe detection range A is
mainly changed in accorclance with the inside air tempera-
ture and the outside air temperature A surface temperature
of the upper body 42a is chan ed in accordance with a
sunlirht amount. Thus, thc surface temperature sensor 31
outputs a surface tcmperaturc si nal relative to an environ-
ment condition such as the inside air temperature, ihe
outside air temperature aml the sunlight amount. Because a
surface temperature of Ihe seats 46, 47 is changed by
sunlight, the seats 46, 47 may be added in the detection
range A
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Tao=rcsesxzser-Kss

Tsr+C'hcrcin,

Ksct and Kir are coefhcients, and C is a cor-
rection constant.

Next, at step S14U, a blower voltage Vb, applied io Ihe.

blower motor 23, corresponding lo a target air amount, is
determined based on the target temperature TAO calculated
at step S130 in accordance with the characteristic graph of
I I(f 9 beforehand stored in the ROM 30b

Next, at step S150, a target opening dcgrcc Uo of thc air
mixing damper 13 is calculated by using the following
formula (2) beforehancf sloreil in the ROM 30b, based on Ihe
target temperature TAO calculated al step SI30, the water
temperature Tw of Ihe engine-cooling water and the evapo-
rator outlet temperature 'I'e nf air immediately from the
evaporatnr 11

Oe=[(TIO— T*),'(Ti -Tei] lUll (z)

Thc water tcmpcraturc Tw of thc engine-cooling ivater is ..
input from Ihe water temperature sensor 32, and lhe outlet
temperature Te of air immecfiately from the evaporator 11 is
input from Ihe post-evaporator temperature sensor 33.

Next, at step S160, the air suction mode is determined
based nn the target temperature TAO of bloivn air in
accordance with thc characteristic view of FIG. 10 bcforc-
hand stored in the ROM 30h. That is, as shown in FIG. 10,
as the air suction mode, an ouL&ide mr mode, a half.-inside air
mode or an inside air mode is selected based on ihe target
temperature TAO. Al step SI7U, an air outlet mode is as
determined based nn the target temperature I'AO of blown
air in accordance with the characteristic vieiv of IIG 11

FIG. 7 is a charactenslic graph when a cooling (cool
down) is performed, in a cnndition ivhere the outside air
temperature is 30', the sunlight amount is SSO W/m and
an inside air temperature at the front seat side in an initial
time ts 53' In FIG. 7, graph "a'hoivs thc output
tcmpcraturc from the surface temperature sensor 31 which is
sel to detect the surface temperature in the detection range
A of FIG. 6, graph "b" shows the temperature of. Lhe ceiling
43, and graph "c'* shows the inside air temperature at the
front seat side. As shown in FIG 7, the temperature of the in

ceihng 43 is hardly affected by the sunlight or the outside air
tcmpcraturc, and approximately corresponds to thc inside air
tcmpcraturc at the front scat side. On thc other hand, because
the surface temperature sensor 31 detects Ihe surface tem-
perature of the detection range A, including Ihe environment
condition such as the sunlight amount and the outside air
temperature, the surface temperature sensor 31 outputs a
signal of temperature higher than the temperature nf the
cmling 43 and the inside air tcmpcrature at the front seat
st(lit o

Next, air-conihlioning control operauon of the ECU 30
according to the tirst embodiment of the present invention
will f&e now described. As shnwn in I)IG g, firstly, an
initialization is pcrformcd at step SIUU ivhen the control
operation of the ECU 30 starts. Next, thc set temperature
Tsel is input through Ihe temperature selling unit 35 at slap
SIIU, aml signals from the sensors 31—34 are input at slap
S120. That is, al slap SI2U, Ihe surface lemperauire Tir
detected by the surface temperature sensor 31 and signals
from the sensors 32—34 are input.

At step S130, a target temperature (TAO) of air l&loivn into
the passenger compartment ts calcuhited based on ihe Tact
input al step SIIU and the surface temperature Tir input at
step S120, m accordance with the follniving formula (I)
stored beforehand in the ROM 30b

beforehand stored in ihe ROM 3Uh. That ig as shown &n FIG
11, as the air outlet mode, a face mode (FACE), a bi-level
mode (B/E) or a foot niode (FOOT) is sclectcd based on thc
target tcmpcrature TAO.

Next, at step SIUU, control signals corresponding to the
calculation results at steps S140 5170 are output to the
drivin ~ circuit 21, lhe servomotor 25, the servomotor 19 and
Ihe servomotor 27, respectively. Next, al slap S19(l, it is
determined whether or not a prcdctermmccl time "t'asses.
After thc prcdctcrmincd time passes, thc control routine
returns at step S110

According to the hrst embodiment of the present
mvenuon, the surface temperature sensor 31 detects the
surface temperature of the detection range A including. Lhe

ceiling 43 in which thc surface tempcraturc is changer( to
approximately corresponcl lo the in&itic air temperature, the
side windshield 44a and ihe rear glass 45 in which the
surface temperature is changed by the nutside air
temperature, and the upper body portion 42n in which the
surface temperature is chan ed by the sunlight. I'herefore,
thc surt'ace temperature sensor 31 output thc surface tcm-
peraturc si nal including thc cnvironmcnt conclitions such as
Ihe inside air temperature, the outside air temperature, and
Ihe sunlight amount. Thus, by Ihe surface temperature sensor
31, the temperature of. the passenger compartment can be
controlled suitably to correspond to the insicle air
temperature, the outside air temperature and the sunlight
amount. As a result, the tcmperaturc of thc passenger
compartment can bc accurately control(cd without adrlition-
ally using an inside air temperature senso&r, an outside air
temperature sensor and a sunlight sensor.

Further, the target temperature TAO can be simply cal-
culated based on the simple formula (I) ivithout usin an
inside air temperature sensor, an outside air temperature
sensor and a sunlight sensor. Further, thc tar ct temperature
TAO calculated in the formula (I) is approximate equal to a
comparison iar et temperature calculated using lhe inside air
Lemperalure sensor, Ihe outside air temperature sensor and
Ihe sunlight-sensor. Theregire, Ihe characteoslic graphs
shown in I'IGS. 9— 11 can be readily set

A second preferred embodiment of the present invention
will be now described with reference to FIG 12. In thc
second cmbodinicnt, a sunli ht sensor 37 for clctcctin a
sunhght amount Ts entering into the passenger compartment
3 is added as compared with the above-de&cubed first
embodiment. With the addition of Ihe sunlighl sensor 37, the
detectable angle o of the surface temperature sensor 31 is
adjusted so that the detection ran e of the surface tempera-
ture sensor 31 is rcstrictcd to thc ceiling 43 (inside air
corresponding position), and both thc side glass 44a and thc
rear glass 45 (outside air corresponcfing position). Thus, lhe
surface temperature sensor 31 outputs a surface Lemperalure
signal relative to an environmeni condition of Lhe &nside air
temperature and the outside air temperature Accordingly,
the target temperature (TAO) of air bloivn into the passenger
compartment is calculate(I based on thc sct tcmpcrature Tsct,
the surface tempcraturc Tir and thc sunlight amount Ts, in
accordance with the Rillowmg formula (3) stored before-
hand in the ROM 30b.

TIO=TC er Tsei-Kul rir-l s Ts+C (4)

Wherein, Ksct, Kiri and Ks arc cocfficicnts, and C is a
correction constant. I)crc, since thc correction of thc sun-
light amount Ts is added in the formula (3), the coeihcienl
Ktrf is smaller than Ktr described in the above-descwbed
lirsl embodiment.

According to the second embodiment of the present
invention, the surface temperature sensor 31 detects the



surface temperature of the detection range including. Ihe.

ceiling 43 in which the surface temperature is changed to
approximately correspnnd to the inside air temperature, and
the side winrhshield 44n and the rear glass 45 in ivhich the
surface tcmpcraturc is changed by thc outside air tempera-
ture. Thcrcforc, thc surface temperature sensor 31 outputs
the surface temperature signal incluihng the environment
condittons of the inside air temperature and the oultude air
temperature. I'hus, based nn signals from the sunlight sensor
37 and the surface temperature sensnr 31, the temperature of
the passenger compartment 3 can be suitably controlled to
corrcspond to thc inside air temperature, thc outside air
tcmpcraturc and thc sunlight amount. As a result, thc teni-
peralure of Ihe passenger compartmenl can be accurately
controllerl without using an outsxle air temperature sensor
and an inside air temperature sensor

I'urther, in the second embodiment, because the sunlight
sensor 37 is provided, heat load due to the sunlight can be
accurately dctcctcd, and temperature control performance of
thc passcngcr compartment 3 is improved. Thus, when ac
sunlight enters to a passenger during a lace mode in a
cooling operation, Ihe amount of cool air is increased so that
air-conditioning performance for the passenger is improved

A third preferred embodiment ot'he present invention
will he now descnhed with reference to I'IG 13 In the third 23

cmbodimcnt, an outside air tempo raturc sensor 38 for

detecti-

ngg an outside air tcmpcraturc Tam is added as compared
with the above-descnbed lirst embodiment. With Ihe addi-
tion of the outside air temperature sensor 38, the detectable.
angle o of the surface temperature sensor 31 is adjusted so
that the detection range of the surface temperature sensor 31
is restricted tn the ceiling 43 (inside air corresponding
position), anti thc upper body part (sunlight corresponding
position) 42a Thus, thc surface temperature sensor 31
outputs a surface temperature signal relative to an environ- ia

ment comit)on of the insirle air temperature aml Lhe sunlight
amount Accorrlingly, the target temperature (TAO) of. air
blown into the passenger cnmpartment 3 is calculated based
on the set temperature fact, the surface temperature 'I'ir and
thc outside air tcmpcraturc Tant, in accordance ivith the ao

following formula (4) stored beforehand in the ROM 30b.

rail=i i ne)— K 2 I — K w I«+C

Wherein, Ksel, Ktr2 and Kam are coeliicients, and C is a
correctinn constant Ilare, the coeflicient Kir2 is set smaller as
than Kir described in the aliove-described first embodiment

According to thc third cmbodinicnt of thc present
invention, thc surface temperature sensor 31 detects thc
surface temperature of. the detection range including. Ihe
ceiling 43 in which Ihe surlace temperature is changed io so

approximately correspond lo Ihe inside air temperature, anil
the upper body part 42n in which the surface temperature is
changed liy the sunlight. 'I'herefore, the surface temperature
sensor 31 outputs the surface temperature signal including
thc environment conditions of the inside air temperature and ..
the sunlight amount. Thus, based on tugnals from the outside.
air temperature sensor 38 and the surface temperature sensor
31, Ihe temperature of the passenger compartment 3 can be.

suitalily controlled to correspond to the inside air
temperature, the outside air temperature and the sunlight 8)
amount, As a result, thc temperature of thc passcngcr
compartment can bc accurately controlicd ivithout using an
inside air temperature sensor and a sunlight sensor.

Further, in the thirrl emboihment, because ihe outside, air
sensor 38 is provided, heal load clue to the ouLside air as
temperature can he accurately detected, and temperature
control performance of the passenger compartment 3 is

12
improved. Thus, when Ihe heal load due lo Ihe outside air
temperature is small, the air temperature blown out from the
evaporator 11 is set higher In this case, an nperation time
ratio or a dischar ed refrigerant amount of a refrigerant
compressor is made snialler, and operation loatl of thc
rcfri crant compressor can bc macle smaller.

A fourth preferred embodiment of Lhe present invenuon
will be now descnbed with reference to FIGS. 14—17. In Lhe

fourth embodiment, as shown in I'l(l 14, an inside air
temperature sensor 39 for detecting an inside air temperature
Tr is added as compared with the above-described first
cmbodinicnt. Further, as shown in HG. 15, step 135 is added
as comparetl with the above-tlcscribcd first embodiment. At
step S135 in FIG. 15, 3 variation degree of the sunhght
amount is estimated by a comparison between the inside air
teinperature Ir and the surtace temperature lir, and a
correction amount of blown air is calculated based the
estimated sunlight amount That is, the correction amount of
blown air is calculated based on thc inside air tcmpcraturc Tr
anti thc surface tempcraturc Tir. With thc addition of thc
insiile air temperature sensor 39, the detectable angle a of Lhe

surface temperature sensor 31 is adjusted so that Lhe detec-
tion; range of the surface temperature sensor 31 is restncted
to the side glass 44n and the rear lass (outside air corre-
sponding position) 45, and the upper body part (sunlight,
corresponding position) 42a. Thus, thc surface tcmpcraturc
sensor 31 outputs a surface tcniperaturc signal rclativc to an
environment cond inon of the ou Lside air temperature anil the
sunhght amount. Thus, the target temperature (TAO) of air
hloivn into the passenger compartment 3 is calculatetl based
on the 'fact, the surface temperature 'I'ir and the inside air
temperature Tr, in accordance with the following formula (5)
stored licforchand in the ROM 306.

XLO=K)er E)er-K)rs rie —Kr Xr+C

Wherein, Kset, Ktr3 and Kr are coelyicients, and C is a
correcnon conslanL. Here, Ihe coeflicient Ktr3 is set smaller
than Kir described in the above-described hrst embodiment

Next, step S135 in I'l(l 15 is described in detail with
rcferencc to FIG. 16. As shown in FIG. 16, when the control
routine moves from step S130 in FIG. 15 to step S131 in
FIG. 16, il is determined whether or not the surlace tem-
perature Tir is changed more than 3 preiletermineil value
during a predetermined time (i.e., jATirj~a) at step S131
That is, as shown hy the following formula (C)), the absolute
value of jA'I'irj is the alxsolute value of a difference lietween
a surface temperature Tir(n) at a sample time "n" and a
surt'ace tenipcraturc Tir (n— I) before onc of thc sample time
"n'. There(ore, at step S131, it is determined whether or not
Ihe absolute value jTir(n)—Tir(n— 1)j is equal to or larger than
a predelermined value "a '.

In)r(e))- n)r(e)- I)
I
= e

When thc absolute value of jTir(n)-Tir(n— 1)j is smal(cr
than thc prcdctermincrl value "a" at step S131, control
routine moves to step S140. On Ihe other hand, when the
absolute value of. jT)r(n)—Tir(n— 1)j is equal to or larger than
Ihe predetermined value "a" al step S131, it is determined
ivhether or not the inside air temperature Tr is changed more
than a predetemiined value during a predetermined time
(i.e., jILTrj:b) at step S132. That is, as shown by thc
followin formula (7), the absolute value of jATrj is thc
absolute value of a dillerence between an inside air tem-
perature Tr(n) at 3 time "n*'ml an inside air temperature Tr
(n— I) before one of the time "n*'. Therefore, at step S132, n
is determined ivhether or not the alxsolute value jTr(n) — I'r

(n — l)j is equal to or lar er than a predetermined value "Iy*
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IT&(in-Tancfill =I'hen

the absniute value of ~'f&(n)— I'r(n — l)~ is equal to or
larger than the predetermined value *'b*'t step S132, control
routme moves to step S140 That is, in this case, because
both thc surface temperature Tir and thc inside air tcmpera-
turc Tr arc greatly changed, thc surface teniperaturc varia-
tion due lo a sunlight amount variat&on can be omined. On
the other hanrl, when Ihe absolute value of. ~Tr(n)—Tr(n— 1)j is
smaller than the predetermined value "b** at step S132, it is
&n a case where the inside air temperature Tr is changed
slightly relative tn a large variation nf the surface tempera-
ture Tir. Therefore, it is dctcrmincd that thc variation of thc
surface tcmpcraturc Tir is mainly rciative to the sunlight
vamation Thus, at slap SI33, a blower voliage Vs(n) due. Io
the sunlight variation is calculated.

At step S133, a correction amount f(A I'ir) nf the bio&ver

voltage (air amnunt) is determined based on the variation
amount ATir of the surface temperature I'ir in accordance
with thc characteristic view shown in FIG. 17 beforehand „n
stored in ROM 30b. Thc ETir is obtained by thc following;
formula (8)

a Ti r= Ti r r n l- Ti r in- I l (al

here, the correctinn amount f(ATir) has a plus value when
thc vanation amount 2&Tir has a plus value, and thc correc-
tion amount f(2&Tir) has a minus value when thc variation,
amount ryTir has a minus value.

Next, as shown by Ihe Iollov:&ng formula (9), a Iirsl
blower voltage Vs(n) al t&me "n'orresponding lo a large&
air amount, in which the sunlight is cnnsidered, is calculated
based on the preceding first blower voltage Vs(n — I) and the
correction amount f(2&Tir).

V&(ni-Vr(n-I&+I(*&i&i (Vl &5

Next, at step S140a, thc first blower voltage Vs(n) is
compared w&lh a seconrl blower voltage Vtao which is
calculated based on Ihe target temperature TAO in accor-
dance with Ihe characlerislic view of FIG. 9, and a blower
voltage Vb is determined based nn the folio&ving formula
(10)

vir=m&Axtv ( I. vr« I (ln!

That is, the bio&ver voltage Vb is a larger one between the as
first blower voltage Vs(n) and the second bio&ver voltage
Vtao When thc surface tcmpcrature Tir is increased and thc
first blower voltage Vs(n) bcconics larger than thc second
blower voltage Vlao [Vs(n)&V&ao], the air amount blown
into the passenger compartment &s increased so thai air sn

condittomng performance for a passenger compartment is
improved.

According to the fourth embodiment of the present
invention, thc surface temperature sensor 31 detects the
surface tcmpcraturc of thc detection range inciudin: the ..
s&rle w&mlsh&eld 44a and the rear glass 45 in which lhe.

surface temperature is changed by the outs&rle air
temperature, and Ihe upper body part 42a &n which Ihe.

surface temperature is changed by the sunlight. I'herefore,
the surface temperature sensor 31 nutputs the surface tem-
pcraturc signal including thc cnvironmcnt cnnditions nf thc
outside air tcmpcraturc and thc sunlight amount. Thus, based
on signals from Ihe inside air temperature sensor 39 and Ihe
surface temperature sensor 31, the temperature of lhe pas-
senger compartment 3 can be su&(ably controlled lo corre- ss
spond to the inside air temperature, the outside air tempera-
ture and the sunlight amount As a result, the temperature of

Ihe passenger compartment can be accurately controlled
&vithout using an inside air temperature sensor and a sunhght
sensor

I'urther, in the fourth embodiment, because the inside air
tcmpcraturc sensor 39 is provirlcrl, a tempcraturc dfifcrcnt
between thc sct tenipcraturc and the inside air tcmperaturc
can be accurately detected, and temperature control perfor-
mance of the passenger compartment 3 is improve&i.

A fifth preferred embodiment of the present invention w&ll

be now described with reference to I'IG 18 In the fifth
embodiment, the sunlight sensor 37 and the outside air
tempcraturc sensor 38 are added as compared with the
atlovc-dcscritlcd first cmbodimcnt. With thc arldition of thc
sunhght senmlr 37 and lhe outside air temperature sensor 38,
Ihe detectable angle o of. the surface temperature sensor 31
is adjusted so that the detection ran e nf the surface tem-
perature sensor 31 is restricted to only the ceiling 43 (inside
air corresponding position) Thus, the surface temperature
sensor 31 outputs a surface temperature signal rclanvc, to an
environment condition of the inside air tempcraturc. In thc
Iiflb embodimeni, Ihe large& temperature (TAO) of air blown
into lhe passenger compartment 3 is calculated based on lhe
Tact, the surface temperature I'ir, the outside air temperature
Tam and the sunli ht amount 'I', in accordance with the
following fomlula (I I) stored beforehand in the ROM 30b

X&0=Kerr Twr— Kira Tir —Kaw Tao-K T&+C

9'herein, Kset, Kir4, Kam and Ks are coefiicients, anil C
&s a correcnon conslani. Here, the coefiicienl K&r4 is sel
smaller than Kir described in the above-described first
embodiment

According to the fifth embodiment of the present
invention, the surt'ace tcmpcrature sensor 31 detects thc
surt'ace tcmpcraturc of thc detection range including thc
ce&hn ~ 43 in which the surface temperature is changed to
approximalely m&rresponil lo Ihe inside air temperature.
Therefore, Ihe surlace temperature senmlr 31 outpuns lhe
surface temperature signal including the environment con-
ditions of the inside air temperature, and the surface tem-
perature detected by thc surface temperature sensor 31 is
hardly afi'cctcd with heat from air blown from thc air outlets
and heat within the instrument panel. Thus, it is compared
w&th a case where an inside air temperature sensor &s

prov&ded within the instrument pane140, an actual ins&rle air
temperature can be readily detected As a result, the tem-
perature of the passenger compartment can he accurately
controlled &vithout using an inside air temperature sensor.

Further, in thc fifth cnibodinicnt, bccausc thc insirlc air
temperature, the outs&de air temperature anil the sunl&ghl
amount can be respectively accurately detected, the tem-
perature of Ihe passenger compartment can be accurately
finely controlled in accnrdance with the insirle a&r

temperature, the outside air temperature and the sunlight
amount.

A sixth preferred cmborlimcnt of thc present invention
w&ll be now descnbed w&th reference to FIG. 19. In lhe s&xth

embodimenl, lhe outside air temperature sensor 38 and the
mmde air temperature sensor 39 are a&hied as compared with
the above-described first embodiment With the arldition of
the outside air temperature sensor 38 and the inside air
tcmpcraturc sensor 39, the rlctcctabie an lc o of thc surface
tcmpcraturc sensor 31 is arljustcrl so that the rlctcction range
of the surface temperature sensor 31 is restricterl lo only lhe
upper body part 42a (sunlight corresponrling posiuon).
Thus, lhe surface temperature sensor 31 oulpuns a suriace
temperature signal corresponding tn the sunlight amount In
the sixth embodiment, the target temperature (TAO) of air
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blown into the passenger compartment 3 ts calculated based
on the I'set, the surface temperature I'ir, the nutside air
temperature Tam and the inside air temperature Tr, in
accordance with the follnwing fomiula (l2) stored before-
hand in thc ROM 30h.

IIC)=i )i) I i— K 5 I — 5«» I« —K I +C'herein,

Kset, Kir5, Kam aml Kr are coefiicienis, ancf C
is a correction cnnstant. Ilere, the coefficient Kir5 is set
smaller than Kir described in the above-described first
embodiment

In a case whcrc a sunli ht sensor is disposed on an upper
surface of thc instrument panel 40, suniight may applied to
the sunlight sensor while being noi apphed to the passenger
42. Therefore, in this case, Ihe temperature control of Ihe.

passenger compartment 3 is difficult to correspond tn tem-
perature feeling of the passenger 42

According tn the sixth emliodiment of the present
invention, thc surface temperature sensor 31 detects thc
surface tcmpcrature of thc upper body part 42a of thc ao

passenger 42. Therefore, ii is possible Io perform tempera-
ture control corresponding to the temperature feeling of Ihe
passenger 42. As a result, the temperature of the passenger
compartment can be accurately controlled without using a
sunlight sensor. as

Further, in the sixth embodiment, bccausc the inside air
tcmpcraturc, the outside air temperature and the sunlight
amount can be respectively accurately detected, Ihe tem-
perature of Ihe passenger compartment can be accurately
finely controlled in accnrdance ivith the inside air
temperature, the outside air temperature and the sunlight
amount

Ascvcnth prcferrcd embodiment of thc prcscnt invention
will bc now described with refcrcncc to FIGS. 20—30. In thc
seventh embodiment, components similar Io those in Ihe is
above-described first embocfimeni are incficatecf with Ihe
same reference number. In Ihe seventh embodiment, Ihe
surface temperature sensnr 31 outputs the surface tempera-
ture signal including the environment conditinns nf the
inside air tcmpcrature, thc outside air temperature and the so
sunlight amount, similarly to thc above-described first
embocfiment of Ihe present invention. In ihe seventh
emboihment, each area ratio ofdeiection subjects (e.g., ghiss
portion, cloiheil portion, seat portion, ceiling) io the detec-
tion range of the surface temperature sensor 31 is suitably as
set, so that temperature cnntrnl performance of the passenger
compartment is further improved.

Next, thc target area ratio of thc detection subjects is
described. First, for calculating Ihe target area ratio, each
temperature variation amount ol. the detecuon subfecis (e, sn

glass portion, clothed poruon, seal pornon, ceiling) is actu-
ally detected relative to each heat lnad variation amount f or
example, the heat load variation amount includes the varia-
tion amount ATr of the inside air temperature Tr, the
vanation amount ATam of the outside air temperature Tant ..
anil Ihe variation amount ATs of Ihe sunlight amount Ts.
FIG. 2U shows the detection result. As shown in FIG. 2U,
relattve Io the variation in Ihe outside air temperature Tam,
the temperature of the side windshield 44a (glass pnrtion) is
most remarkably changed. Relative to the variatinn of the so
sunlight amount Ts, temperatures of thc side ivindshicld 44a
(pass portion), thc upper body portion 42a (clothed portion)
and Ihe seat portion 46 are remarl ably changecf. Further,
relative to Ihe vanaiion of. Ihe inside air temperature Tr,
temperatures of Ihe upper bocfy portion 42a (clothed ss
portion), the seat portinn 46 and the ceiling 43 are remark-
ably changed

In ihe seventh embochment of. Ihe present invenuon, the
target air temperature TAO is calculated in accordance with
the formula (I) described above in the tirst embodiment (i e,
TAO=KsetxTset— KirxTir+(') On the other hand, in a com-
parison example having an insiclc air tempcraturc sensor, an
outside air tcmpcrature sensor ancl a sunlight sensor, thc
target air temperature TAO is calculated in accordance with
Ihe foliowin ~ formula (13).

TAO=Keel T)ei-Tri Ti-Ke)a Twa-Ki Ti+C (ia)

When Kr=x, Kam=f.l, Ks=l.S and Kir=3, Ihe vanation
amount ATir of thc surface tcmperaturc Tir is sct to have thc
folloivin relationship for obtain thc same correction gain as
Ihe companson example, relanve Lo Ihe variauon amount
ATr of. the inside air temperature Tr, the vanation amount
A'I'am of the outside air temperature 'I'am and the variation
amount ATs of the sunlight amount Ts That is, the variation
amount ATir of the surface temperature Tir is l(f''elative
to thc inside-air tcmpcrature variation amount ATr of 10'.,
thc variation amount ATir of thc surface tempcraturc Tir is
'3.7'. reiauve io the outside-air temperature vanauon
amount ATam of 10'., and the vanaiion amount AT)r of
the surface temperature Tir is 4 SS'. relative In Ihe sunlight
veristic)1 a)nount A ls ot 552 W;m

The target area ratio of the detection sublects can be
calculated based on thc relationship between each tcmpcra-
turc variation aniount of dctcction sulijects and each heat
load vanation amount shown m FIG. 20, and the relauonship
between a target value of the vanation amount ATir ol'he
surface temperature 'I'ir and each heat load variation amount
Specifically, the target area ratio of the side windshield 44a
(glass portion) is 25%, the target area ratio of the upper body
portion 42a (clothed portion) and thc seat portion 46 is 35%,
thc target area ratio of thc ceiling 43 is 20e4e, and thc target
area rauo of the other part is 20eii. The other part inclmles
a door inner lining, for example.

By scion ~ each target area rauo of Ihe detecuon subfec(s
to the above-described ratios, the variation amount of the
target temperature TAO relative to each heat load vanation
of the seventh cmliodiment can be set to be equal to that of
thc comparison cxaniplc. Thcrcforc, in thc scvcnth
embodiment, control performance of the passenger
compartment, approximately equal to that ihe companson
example, can be obtained.

I'or obtaining the above-described target area ratio of the
detection subjects, the attachment position of the surface
tcmpcraturc sensor 31 is stucliccl. In a first attachment
position P-I of thc surface temperature sensor 31, thc
surface temperature sensor 31 is disposed at an approximate
center ol: a front pillar in a vehicle up-down direction, on a
front-passen er's seat side, as shown in FIG. 21. Further, in
the first attachment position P-l, the surface temperature
sensor 31 is disposed to be directed toivard the driver *s seat,
and thc clctcctable angle n is sct at SU'. FIG. 22 shows a
detachable ran c of thc surface temperature sensor 31 in thc
lirsi auachmeni posiuon P-1. On the other hand, in a second
auachment position P-2 of Ihe surface temperature sensor
31, the surface temperature sensor 31 is disposed at a
position of the operation panel 41, shown in I l(IS. 4, 5

liere, the front pillar is a most front pillar of the vehicle,
amon pillars constructing thc passcngcr compartment 3.

FIGS. 23, 24 show thc tar ct area ratio of each clctcction
subleci, the area ratio of each detection subject at ihe
attachment posiiion P-I of Lhe surface temperature sensor
31, and the area rauo of each cleteciion subfeci ai ihe
attachment position P-2 of the surface temperature sensor
31 When the surface temperature sensor 31 is disposed at
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the attachment potation P-T, the area ratio of Ihe detection
sublects is approximately equal to the target area ratio. On
the other hand, when the surface temperature sensor 31 is
disposed at the attachment position V-2, the area ratio of the
glass portion is greatly insufficicnt.

FIG. 25 shows a target value of thc variation temperature
ATir of the surface temperature Tir, and rietecled vanation
temperatures ATir of. Ihe surface temperature Tir when Ihe
surface temperature sensor 31 is disposed at the first attach-
ment positinn V-I and the second attachment position P-2,
when the variatinn amount 6 I'am ot'he outside air tem-
perature Tam is 10'. FIG. 26 shows a target value of the
variation tcmpcraturc ATir of thc surface temperature Tir,
anil detected variation temperatures ATir of. the surface.
temperature Tir when Ihe surface temperature sensor 31 is
disposed at the first attachment pnsition V-I and the second
attachment position V-2, when the variation amnunt ATs of
the sunhght amount Ts is 582 W/m I'urther, 11G 27 shoivs
a target value of the variation tcnipcraturc ATir of thc surface
tcmpcraturc Tir, and dctcctrd variation teniperaturc ATir of zo

the surface temperature Tir when Ihe surface temperature
sensor 31 is riisposed at the lirst attachment posiuon P-1 anti
the second attachment position V-2, ivhen the variation
amount 6'I'r of the inside air temperature Tr is 10' As
shown in HGS. 25—27, when the surface temperature sensor zs
31 is disposed at the first attachment position, thc variation
tcmpcraturc ATir of thr surface tcmpcrature Tir relative to
the vawation amount in each heal lo;ul is close to Ihe target
value.

I'IGS 28, 29 shoiv control performance of the passenger .ic

compartment, relative to the outside air temperature Tam
and the sunhght amount Ts, when the surface temperature
sensor 31 is disposed at thc first attachment position P-1 and
thc second attachment position P-2. In FIGS. 28, 29, thc sct
temperature Tact of. Ihe passenger compartment is sel al 25'S
C Generally, it is ilesired to set the inside air temperature, io
Tact+2' As shown in FIGS. 28, 29, when the surlace
temperature sensor 31 is disposed at the first attaclunent
position P-l, the inside air temperature I'r can be set to be
in aran c of Tsct 2'. On the other hand, when the surt'ace ao

tcmpcraturc sensor 31 is disposed at thr second attachment
positton P-2, Ihe inside air temperature Tr is greatly offset
from Ihe sel temperature Tsel, at a high heal load.

As described above, when the area ratio of. Ihe side.
wmdshield 44a (glass portion) is 25'7m the area ratin nf the as
upper bndy pnrtion 42a (clnthed portion) and the seat
portion 46 is 35'7rs thc area ratio of the ceiling 43 is 20% and
thc arcs ratio of thc other part is 20'7a, the control perfor-
mance ol. Ihe passenger compartment is improved in maxi-
mum. Thus, Ibis area ratio is a most suitable value. In Ihe so

seventh embodiment, when the area ratio is set in a range of.

the most suitable value 5'7r, the control perfonnance of the
passenger compartment can be suitably maintained. I urther,
when thc area ratio is set in a ran e of thr most suitable
value+10%, it is possible to bc accurately used.

FIG. 30 shows degrees of. outer disturbance alTected to Ihe.

output temperature Irom lhe surface lemperalure sensor 31
due lo outer disturbance elements. That uu in FIG. 3U, when
the surface temperature sensor 31 is disposed at the first
attachment positinn P-I and the second attachment position
P-2, and when thc outside air temperature Tam is -10'.,
thc vawation tcmpcrature ATir of thc surface temperature Tir
due to the outer ihslurbance elements is measureri. Here, Ihe
outer disturbance elements alTected Io the output tempera-
ture of the surface temperature sensor 31 are ihe following ss
cases, e.g, when the driver smokes, when a receiver surface
temperature is 40' and lff'. when the driver drinks

coilee, when the driver's seat is moved al the Irontmost side
or at the rearmost side.

As shown in I l(i. 30, when the surface temperature
sensor 31 is disposed at the second attachment pnsition V-2,
thc output tcmpcraturc of the surface tcmpcrature sensor 31
is res(lily afi'ected by the outcr disturbance clcmcnts Morc
particularly, when the driver takes tabaco with the left hand
in a vehicle having a right sleenng wheel, lhe tabaco is
proximate to the second attachment positinn V-2 of the
surface temperature sensor 31, and the variatinn temperature
6'I'ir of the surface temperature Tir becomes larger. On the
other hanrl, vvhcn thc surface temperature sensor 31 is
disposed at thc first attachment position P-l, the output
temperature of Ihe surlace lemperalure sensor 31 is harrlly
ailecleil by the disturbance elements, and the control per-
formance of the passenger compartment 3 is improved.

An eighth preferred embodiment of the present invention
ivill be noiv described ivith reference to I IG 31 In the
above-dcscribcd scvcnth embodiment, when the surface
tcmpcraturc sensor 31 is disposed at thc second attachment
position P-2 of. the operahon panel 41, the area rauo of lhe
glass porlion lo Ihe detection range of the surlace tempera-
ture sensor 31 is insufficient, and the control performance of
the passenger compartment becomes insutyicient.

In the eighth embodiment, even ivhen each area ratio of
the detection subjects relative to thc rlctection range of thc
surface tempcraturc sensor 31 is not sct to a value near thc
target area ratio, a suitable control perlormance of lhe
passenger compartment is improverl.

11G. 31 shoivs the detection range of the surface tem-
perature sensor 31 ivhen the surface temperature sensor 31
is disposed at the second attachment position V-2 In the
eighth cmliodiment, an incirlcncc ratio arljustmcnt lens 31f
for adjusting an incidcncc ratio ot'infrarcrl rays is assembkd
in the surface temperature sensor 31. Due to the lens 31/, lhe
incidence amount of. inlrareil rays from lhe side windshield
44a (glass portion) into the surface temperature sensor 31
can lie made larger than that from the other portions, so that
a sensing degree of the lass portion 44a is increased Thus,
actually, thc arcs ratio of thc glass portion 44a to thc
detection range of thc surface tcmpcrature sensor 31 is
mcreased, and becomes close lo Ihe target area ratio.

In the eighth embodiment, instead of the lens 31/, a

collecting mirror can be useil. That is, by using lhe lens 31/
or the collecting mirror, incidence amount of infrared rays
from each detection subject can be ad)usted so that a ratio
value correspondin to thc tar ct area ratio can be obtained.
Thus, in this case, thc attachment position of the surface
temperature sensor 31 can be readily selected.

A ninth preferred embodiment of the present invenuon
will be now descnbed with reference to FIGS. 32—36. In lhe
ninth embodiment of the present invention, the equipments
of the vehicle air conditioner I are similar to those of the
aliove-dcscribcrl first enibodinient, and thc explanation
thereof is omitted. Siniilarly to the first embodiment, thc
surlace temperature sensor 31 is disposed to detect the
detechon range A shown in FIG. 6. Further, in lhe ninth
embodiment, as shown m: FIG. 32, control steps similar to
those of the first embodiment in lrl(i. 8 are indicated with the
same step numbers

In the ninth embodiment, thc air-conditioning control of
thc ECU 30 will bc mainly describerl. Firstly, an initializa-
tion is performed al step STUU when the control operauon of
Ihe ECU 3U starts. Next, Ihe set temperature Tact is input
Ihrough lhe temperature setting unit 35 aml sensor signals
from the sensors 31—34 are input at steps S110, 5120 I IG
33 shoivs an example of an output of the surface temperature
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signal (Tir signal). In FIG. 33, Ihe output of Ihe surface.
temperature sensor 31 are sampled by lb times per 250
msec, and the mean value per 4 sec is output as the surface
temperature I'ir. In lqG. 33, the output state 0 indicates a
case whcrc sunlight cntcrs from a non-entering state and
cntcrs thc upper body 42n (clothed portion) of the driver 42
so that the surlace temperature Tir is increased. Further, Ihe
output slates C and D imlicale a case where Ihe detection
temperature nf the surface temperature sensnr 31 is affected
hy an outer rhsturhance element (e g, smoke, high- io
temperature matter, loiv-temperature drink) so that the sur-
face tcmpcraturc Tir is rapidiy chan cd.

Next, at step S125, thc variation amount ATir of the
surface temperature Tir ts calculated from a surface tem-
perature Tir(n) at Ihe present sample time "n 'nd a surface.
temperature Tir (n— I) before one of the present sample time
"n**, and it is determined ivhether or nor sunlight enters and
whether or nnt the surface temperature I'ir is affected by an
outcr disturbance. In thc ninth cniliodinient of the prcscnt
invention, step S125 is used as temperature variation deter- ao

mintng means anti outer riisturbance determining means.
FIG. 34 shows Ihe detail control of step S125 in FIG. 3Z.

As shown in I'IG. 34, at step S301, the variation amount
ATir of the surface temperature I'ir is calculated from the
surface temperature I'ir(n) at a sample time "n** and the as
surface tcmpcraturc Tir (n— 1) before one of the sample time"n'i c., ATir=Tir(n) Tir (n-I)). When a variation of the
sunhght is not causeri anil the surface temperature Tir is nol
alfected by an outer ilisturbance, a general control of steps
302—305 is performed. 'I'hat is, at step S302, the surface
temperature I'ir is stable, and the variation amnunt of the
surface temperature Tir is equal to nr lower than a first set
stcppcd-up value Tupl. Next, at step S303, it is dctcrmincd
whcthcr or not it is in a stepped-up control of the blower.
When sunlight enters, the slepperi-up control of. Ihe blower is
is not performed When sunlight enters and Ihe stepped-up
control of the blower is not performed, it is rielermineri
whether or not an outer disturbance is affected at step S304
When the outer disturbance is not received at step S304, the
surface tcmpcrature Tir is sct at thc surface temperature &o

Tir(n) at thc sample time "n'. That is, in this case, the surt'ace
temperature Tir(n) at the present sample time "n's used as
the surface temperature Tir.

On Ihe other hand, when it is determined thai Ihe surface.
temperature I'ir is rapidly increased due to the outer as
disturbance, the surface temperature Tir rapidly increases as
shown by thc portion C in FIG. 4, and thc variation amount
ATir is larger than thc first set stepped-up value Tupi
(ATir&Tupt) at step S3U2. In Ibis case, at step S3U6, il is
determined whether or not Ihe vanalion amount ATir is so

larger than a second sel stepperi-up value TupZ (ATir&TupZ).
In the ninth embodiment, the second set stepped-up value
'I'up2 is larger than the first set stepped-up value Tup1. When
thc variation amount ATir of the surface temperature Tir is
larger than thc second set stepped-up value Tup2 ..
(ATir&TupZ) at step S3U6, il is determined that lhe surface.
temperature Tir is alfecteil by Ihe outer disturbance, and Ihe.

surface temperature Tir is sel at Ihe surface temperature Tir
(n— I) before one of the sample time "n** at step S307. That
is, when the surface temperature I'ir is affected hy the outer
disturbance, thc old surface temperature Tir(n-I) [i.c., Tir
(otd)] is uscrl as thc surface temperature Tir.

Next, when sunlight enters I rom a non-entenng stale, Ihe
following control is perlormed. In this case, as shown by Ihe
poruon B in FIG. 4, the surface temperature Tir is increaseri ss
and the variatinn amount Al'ir of the surface temperature Tir
have a pius value. In this case, because the variation amount

ATir of. Ihe surface temperature Tir is larger than the lirsl set
stepped-up value 'Ihp1 at step S302, it is determined whether
or not the variation amount A I'ir of the surface temperature
Tir is larger than the second set stepped-up value Tup2 at
step S306. However, in this case, bccausc thc variation
amount ATir of the surt'ace tcmpcrature Tir is smaller than
Ihe secoml sel slapped-up value TupZ, il is determined that
sunhghl enters from Ihe non-enlenng slate. Therelore, aL

step S308, a blower stepped-up level (i.e, an correction
amount of voltage applied to the blower) is calculated in
accordance ivith the variation amount AI'ir of the surface
tempcraturc Tir, based on thc charactenstic view of FIG. 35
prc-stored in thc ROM 30b.

Next, when the sunlight-entering state is connnued, the
surlace temperature Tir becomes stable, and the control
program moves from step S302 to step S303. I iere, because
sunlight enters, and it is determined that the hlniver is in the
stepped-up control at step S303 Next, at step S309, it is
determined whether or not thc variation amount ATir has thc
minus value and whether or not thc absolute value jATirj of
Ihe varianon amount ATir is larger than a lirsl sel reduced
value Tdown1. When lhe varuiuon amount ATir is the plus
value (A'I'ir&0) at step S309, the control program moves step
SI30. Even ivhen the variation amount A'I'ir is the minus
value (ATir&0) at step S309, when the absolute value jA I'irj

of thc variation amount ATir is not larger than thc first sct
reduced value Tdownl, it is rlctermincd that sunlight cnter-
mg slate is conunued. Therefore, the control program moves
from step S309 lo step S130, and Ihe blower stepped-up
control is continued

On the other hand, ivhen sunlight state is changerl from an
entering state to the non-entering state, the following control
is pcrfornicd. In this case, thc surface tcmpcraturc Tir is
decrcascd to a prcdctcrmincd tcmperaturc, the variation
amount ATir of lhe surface temperature Tir is lhe minus
value (ATir&0), aml lhe absolute value jATirj of the vanauon
amount ATir is larger than Ihe lirst set reduced value
Tdownl. That is, ivhen the variation amount AI'ir of the
surface temperature Tir is the minus value (ATir&0) and the
atisolutc value ]ATirj of thc variation amount ATir is larger
than the first sct reducerl value Tdownl at step S309, it is
determined that Ihe sunlight state is changerl Irom the
enteitn ~ slate lo lhe non-enlewng slate, anil the stepped-up
control of. Ihe blower is released at step S310.

Next, when the outer disturbance relative to the surface
temperature Tir is continued, the folloiving control is per-
formerl. In this case, bccausc thc surface tcmpcraturc Tir
becomes stable, thc determination at step S302 bccomcs
NO. Further, because the stepped-up control of the blower is
nol performed, Ihe determination at step S303 becomes NO,
and lhe delermmanon at step S304 becomes YES. Therefore,
the control program moves from step S304 In step S311
When the variation amount ATir of the surface temperature
Tir is thc plus value (ATir&0), the dctcrmination at step S311
becomes NO. Further, even when thc variation amount ATir
of. Ihe surface temperature Tir is the minus value (ATir&0),
when the absolute value ]ATirj of the vananon amount ATir
is equal to or smaller than Ihe second set reiluced value
Tdoivn2, the determination at step S311 becomes NO 'I'hat

is, in this case, it is determined that the outer disturbance is
continued, and the control program moves from step S311 to
step S130. Thus, when the outer disturtiancc rclativc to
surface temperature Tir is continued, air-conditioning con-
trol is performed based on Ihe surface temperature Tir(n— I)
set at step S3U7.

On the other hand, when the outer disturbance relative to
the surface temperature 'I'ir becomes down (aero) after the
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outer disturbance is cfeterminecf al step S3U4, the varuiuon
amount ATir of the surface temperature I'ir is the minus
value (AT)r&0), and the absolute value ~ATir~ of the variation
amount ATir is larger than the second set reduced value
Tclown2, at step S311. Therefore, it is determined that thc
outcr disturbance becomes zero, and the surface temperature
Tir(n) of the present lime is&el as the surface lemperalure Tir
at step S305.

In the ninth embodiment, the first set stepped-up value
'I'upi is approximately equal to the first set reduced value io
'I'downl, and the second set stepped-up value I'up2 is
approximately equal to thc second sct reduced value
Tdown2.

Next, al step SI3U in FIG. 32, the target temperature.
(TAO) of air blown into the passenger compartment is
calculated l&ased on the set temperature Tact and the surface
temperature Tir, in accnrdance with the above-described
formula (I) stored beforehand in the ROM 306 In the ninth
cmbochmcnt, thc surface tcmperaturc Tir is thc nciv surface
tcmpcraturc Tir(n) sct at step S305 in FIG. 34 or the old ao

surface temperature Tir(n— I) sel at step S3U7.
Next, at step S140 in FIG. 32, a blower voltage Vb,

applied to the bio)ver motor 23, cnrresponding to a target air
amount, is cletermmed based on the target temperature TAO
in accordance vvith the characteristic graph shown by the zs
solid linc in FIG. 36 beforehand stored in thc ROM 30b.
Further, when thc target temperature TAO is in a middle arcs
dunng Ihe sunlight-entering slate, Ihe blower vollage Vb is
correclecf as shown by the characlenslic ines "a', *'b'* or"c*'n

accordance with the blower stepped-up level calculated at .io

step S308, and the air ainount blown by the blower is
corrected to be increased. I'hat is, a blower stepped-up
control corresponding to a suniight amount entering thc
passcngcr compartment is performed.

Next, al step SISU, a target opening degree Oo of the air is
mixing damper 13 is calculated by using Ihe above-
described formula (2) beforehand stored in the ROM 3Ub,
based nn the target temperature TAO calculated at step S130,
the water temperature Tw of the engine-cnoling ivater and
thc evaporator outlet tcmpcraturc Te of air in&mediately front so
thc evaporator 11.

Next, al step S160, the air suction mode ts determined
basecf on the target temperature TAO of blov:n air in
accordance with the characlerisuc view beforehand stored in
the ROM 306 That is, as the air suctinn mode, an outside air as
mode, a half-inside air mode (air-mixing mnde) or an inside
air moclc is sclcctcd-based on thc target teniperaturc TAO. At
step S170, thc air outlet mode is determined based on thc
target temperature TAO of blown air in accordance with Ihe
characteristic view beforehand stored in the ROM 3UI). That so

is, as the air outlet mocfe, a lace mode (FAI E), a bi-level
mode (II/I.) or a foot mnde (I'OO I') is selected based on the
target temperature 'I'AO

Next, at step S180, controi signals corresponding to the
calculation results at steps SI40&170 arc output to the ..
dnving circuit 21, the servomotor 25, Ihe servomotor 19 and
the servomotor 27, respectively. Next, al step S19U, il is
determined whether or nol a predetermined time "I" passes.
After the predetermined time passes, the control routine
returns at step SIIU, S120. i I)

Accorchng to thc ninth cmbodimcnt of the present
invention, thc surface temperature sensor 31 detects thc
surface temperature of. the detection range including. Ihe
ceiling 43 in which Ihe surface temperature is changed io
approximately correspoml to Ihe insicfe air temperature, Ihe as
side windshield 44n and the rear glass 45 in which the
surface temperature is changed by the outside air

temperature, anil the upper hotly portion 42a in which the
surface temperature is chan ed by the sunlight. I'herefore,
the surface temperature sensor 31 outputs the surface tem-
perature signal includin the environment conditions such as
thc inside air temperature, thc outside air temperature, and
thc sunlight amount. Thus, by the surface tcmpcraturc sensor
31, the temperature of. the passenger compartment can be
controlled suitably to correspoml to lhe inside air
temperature, the outside air temperature and the sunlight
amount As a result, the temperature of the passenger
compartment can be accurately controlled ivithout usin an
inside air tcmpcraturc sensor, an outside air tcmpcraturc
sensor and thc sunlight sensor.

According lo the ninth embodiment of lhe present
mvenuon, the sunlight slate is cletermined by companng the
variation amount 5'I'ir of the surface temperature Tir and
each set value Tup1, 'I'up2, Tdown1, 'I'down2 I urther, when
the entering*state of sunlight is determined, the blower
stepped-up control for increasing thc air-bloiving amount is
perfomiccl so that pleasant fccling for a passen cr of thc
passenger compartment is improved.

Further, accordin ~ lo the ninth embmliment of the present
invention, the outer disturbance relative to the surface tem-
perature Tir is determined by comparing the variation
amount ATir of the surface temperature 'I'ir and the second
sct value Tup2, Tclovvn2. When the outer clisturbancc rclativc
to thc surface tcmpcraturc Tir is determined, thc tar ct
temperature TAO of air blown into Ihe passenger compart-
ment ts calculated by using an old surface temperature
Tir(n — I) before detemiining the outer disturbance, and the
air-conditioning control is performed based on the calcu-
lated target temperature 'IcAO 'I'herefore, the affect of outer
disturbance rclativc to thc surface temperature Tir is
rc moved, and it can prevent the outer clisturbancc from being
affecled lo lhe air-conclitiomng performance for the passen-
ger comparlmeni.

A tenth preferred embodiment of the present invenuon
will be now described with reference to I IG 37. The tenth
embodiment is a modihcation of the above-descrif&ed ninth
cmbodimcnt. In thc tenth embodiment of thc present
invention, when the surt'ace temperature Tir is suddenly
decreased, it is determined whether or not the outer distur-
bance (low-temperature mauer such as furca) is allectecf to
Ihe surface temperature Tir. In Ihe tenth embmliment, step
S321 and step S322 are added in the flow diagram shown in
I'l(i 34 of the above-described ninth embodiment

That is, when thc surface temperature Tir is sudclcnly
rccluccd duc to an outcr disturbance, thc control program
moves from step S302 to step S3Z1. In this case, because lhe
absolute value ~AT)r~ ol: the variation amount ATir ol: lhe
surface temperature Tir is larger than a third set reduced
value Tdoivn3, the determination of step S321 becomes
YES. Therefore, it is determined that the outer disturbance
is affcctcd to the surface tcmpcraturc Tir, and thc old surface
tempcraturc Tir(n-I) is set as thc surface tcmperaturc Tir

TVhen Ihe outer disturbance is continued, the surface
temperature Tir becomes stable, aml Ihe delerminanon of
step S3Z1 becomes NO. In this case, because the blower
stepped-up control is not performed, the control program
moves from step S303 to step S304 I'urther, because the
outcr disturbance is clctcrminccl at step S304, thc control
program nioves from step S304 to step S311.

When the variauon amount AT)r ol: lhe surface tempera-
ture Tir ts the plus value (ATir&0), the delerminauon at step
S311 becomes NO. Further, even when the variation amount
5'I'ir of the surface temperature 'I'ir is the minus value
(5'I'ir&0), ivhen the absolute value ~A'fir~ of the vanation



US 6.397,615 Bl
24

amount ATir is equal to or smaller than the second set
reduced value Tdown2, the determination at step S311
liecomes NO I'herefore, the control program moves from
step S311 to step S322. When the variation amount ATir of
thc surface temperature Tir is thc minus value (ATireO), thc
dctcrmination at step S322 bccomcs NO. Further, even when
the vanalion amount ATir of. the surface temperature Tir is
the plus value (ATir&0), when Ihe vanalion amount ATir is
equal to nr smaller than a third set stepped-up value Tup3,
the determination at step S322 becomes NO Iiere, the third
set stepped-up value 'I'up3 is larger than the ffrst set stepped-
up value Tupl. In this case, it is dctemiined that the outer
disturbance is still continued, and thc control prograni
moves from slap S322 Io slap S130. Thus, when Ihe outer
disturbance relanve lo surface temperature Tir is continued,
air-conditioning control is perfnrmed based on the old
surface temperature Tir(n— I) set at step 5307

On the nther hand, when the outer disturbance relative to
thc surface temperature Tir becomes down (zero) after thc
outcr disturbance is dctcrmincd at step S304, thc variation zo

amount ATir of Ihe surface temperature Tir is sucidenly
increased lo have Ihe plus vahie. Therefore, the control
program moves from step S311 to step S322 In this case,
because the variation amnunt ATir is larger than the third set
stepped-up value Tup3, the detemiinatinn at step S322 zs
bccomcs YES In this case, it is dctermincd that thc outer
disturbance bccomcs down (zero), and thc new surt'ace
temperature Tir(n) is set as the surface temperature Tir at
step S305.

According tn the tenth embodiment of the present
invention, any outer disturbance due to a high-temperature
matter and a loiv-temperature matter is determined. When
thc outcr disturbance relative to the surface tcnipcraturc Tir
is clctcrminccl, thc tar ct temperature TAO of air blown into
the passenger compartment is calculated by using Ihe, olcl is
surface temperature Tir(n— 1) before delermimng ihe outer
disturbance, and Ihe air-conclilioning control of Lhe passen-
ger compartment is perfomied based on the calculated target
temperature TAO Therefnre, the affect nf nuter disturbance
rclativc to thc surface tempcraturc Tir is actuaily removed, so
and it can prcvcnt thc outcr disturbance from heing affccted
to the air-conciitioning Ior Ihe passenger.

An eleventh preferred embodiment of. Ihe present inven-
tion will be now described v:ith relerence lo FIG. 35. When
the front dnor 44 or the side grass 44u (side wincishield) Ls

placed within the detection range A (see ILIG 6) nf the
surface tcmpcraturc sensor 31 is opened, the detection
subiccts of thc surface temperature sensor 31 is changed, and
air-comliliomng control is alTected. In the eleventh
embodiment, when the Ironl door 44 or the stele ghiss 44n so

plaleci in the detection range of Ihe surface temperature
sensor 31 is opened, it is determined that the nuter distur-
bance relative to the surface temperature Tir is found

In thc eleventh embodiment of the present invention, at
step S110, S120, si naia from thc temperature setting unit 35 ..
anil the sensors 31—34 are input, anci a door switch si mal
with an opemng,'closing operation of. the front cioor 44 and
a power window switch signal for opemng aml closin ~ Lhe.

side glass 44n are aLso input Next, at step 5251 in FIG 30,
it is determined whether or not the front door 44 or the side
glass 44u is opcncd. When thc front door 44 and thc side
glass 44n arc closed, thc ncw surface tcmpcrature Tir(n) is
sel as the surl ace temperature Tir al slap S252. On Ihe other
hand, when at least any one of Ihe front door 44 aml Lhe side
glass 44u are opened, il is determined that the outer disuir- ss
bance is affected tn the surface temperature I'ir, and the old
surface temperature Tir (n— I) is set as the surface tempera-

lure Tir. Thus, when Ihe fron«loor 44 or the side glass 44u
is opened, the target temperature TAO of air blown into Lhe

passen er compartment is calcuiatccl based on thc set tcm-
peraturc Tact and thc old surface temperature Tir(n— I)

According to the eleventh embodiment of the present
invention, it is determined that the outer disturbance is found
when the front door 44 or the side glass 44u placed in Lhe

detechon range of the surface temperature sensor 31 is
openecl, and thc target temperature TAO of air blown into thc
passen er conipartmcnt is calculated using thc olcl surface
temperature 'I'ir(n — I) before bein atTected hy the outer
disturbance Further, because the air-conditioning control is
performedkbased on Lhe calculated target temperature TAO,
Ihe alTect of outer disturbance relauve to Lhe surface tem-
perature Tir is actually rcmovcd, and it can prevent the outer
disturbance front t~eing affecte to the air-conditioning for
the passenger compartment.

A tivelfth preferred embodiment of the present invention
will be now descmbed with reference to FIGS. 39 and 40 AL
an initial lime of. an air-comhlioning operanon, Ihe surlace
tcmpcraturc of thc upper body portion (clothed portion) 42u
of Lhe dover 42, which is a cletection sublecl of the surlace
temperature sensor 31, is rapidly changed. Therefore, at Lhe

initial time, the surface temperature Tir detected by the
surface temperature sensor 31 becomes lower than an actual
room temperature durin a cooling mode, or the surface
tempcraturc Tir dctectcd by thc surface tempcraturc sensor
31 ticconics hi hcr than thc actual room tempcraturc cluring
a heating mode. Thus, dunng a Iransiuonal period unul the
air-conclitiomng operation becomes stable, the air amount is
decreased before the temperature of the passenger compart-
ment iiecomes the set temperature; and therefnre, air con-
ditioning including cooling and healin is insufficien

In thc tvvclfth embodiment of thc prcscnt invenhon, until
a predetermined time passes after thc air-conditioning opcra-
lion starLs, Ihe air conditioning rxinlrol is performed based on
a sel temperature signal at an air-conditioning start ume and
a surface temperature signal at the air-condinoning start
time, so that it can prevent the air-conditioning operation
including the cooling and the heating from being insuffi-
cient.

In thc twelfth cmboclimcnt of thc present invention, thc
control operanon of step S140 in FIG. 32 of the ninth
embodiment is changed. FIG. 39 shows a control program at
step S14U'orresponding to step S14U in FIG. 32 As shown
in Fl(i 39, at step S141, it is determined whether or not the
operation sivitch 36 (see I'IG. I) is operated from an
air-conditioning stop state (OFF state) to an air-conditio nin
operation state (ON state). When it is detcrminccl that thc
operation switch 36 is operalecl from the air-conciiuoning
slop slate Lo Ihe air conclition operauon state al step S141, iL

is determined whether or nol a difference between the set
temperature 'I'set and the surface temperature Tir is equal to
zero at step S142 When the surface temperature I'ir is
differcnt from thc set tcmperaturc Tact, thc tiiowcr voltage
Vb is dctermincd based on thc heat losel (Tact-Tir) at an
air-conclitiomng start time, voi thai Lhe air amount blown by
Ihe blower bemimes larger as the heat load is lar cr.

Next, at step S144, a lirsl set time Tl, Ior which the
bloiver voltage Vb determined at step 5143 is maintained, is
determined by the characteristic line shown in I I(i 40 based
on thc heat load (Tact-Tir) at the air-conditioning start time.
Thcrcafter, thc control program moves to step S150 until
step SlgU, and a control signal of the blower voltage
corresponding Lo Lhe calculation results al steps S143 and
S144 is output.

When the air-conditioning operation (ON .state) is con-
tinued at step S141, it is determined whether or not the
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operation nme alter Ihe air-i:ondiuoning operation starts
passes the first set time Tl Until the operation time passes
the hrst set time I'I, the determination at step S145 becomes
NO, and the control program moves frnm step S145 to step
5150.

After thc first sct time Tl passes at step S145 after thc air
condittomng operation starts, il is determined whether or not
the operation time after Ihe Iirsl set nme T1 passes a seconri
set time 'I'2. Until the operation time passes the second set
time TZ, the determination at step S146 becomes NO, and
the blower vnitage Vh at a transitional period is determined
at step S147. During thc transitional period at step S147, the
blower voltage Vb is sct to be graduaily lowered with the
passing lime In Ihe twelfth embodiment., lhe second set lime.

T2 may be sel at a Iixeil lime, or may be changed in
accordance with a difFerence bet&veen the blower voltage at
the start time and a blower vnitage due to the target
temperature TAO after the first set time I'I passes

Next, after thc second set time T2 passes at step S146, thc
blower voltage Vb is gcncraliy determined based on thc ao

target temperature TAO al step S140.
According lo the twelfih embodiment of. Lhe present

invention, until the first set time I'I passes after the air
conditioning operation starts, the blower voltage Vh deter-
mined at step S143 based on the heat load at the air- as
conditiomn start time is maintained. Thus, even when the
surface tcmpcraturc of thc upper l&ody (clothed portion) 42a
or Ihe head portion 426 of Ihe driver 42 is rapidly changed
by cool air (or warm air) al the air-conditioning start Lime,
it can prevent the cooling (or heating) from being insufiicient .io

because the air-blowing amount is not reduced until the first
set time I'I passes after the air conditioning nperation starts
Further, after thc first sct time Tl passes, the general blower
voltage control is pcrformcd after thc transitional control
where Ihe blower voltage Vb is grrulually reduceri is per- is
formed. Thus, air-i:oiulitioning feeling for a passenger in Ihe
passenger compartment is improveri.

In the above-described tivelfth embodiment of the present
invention, the blower voltage during the air-conditinning
initial pcnod is rlctcrmincd based on thc heat load (Tset-Tir) so
at thc air-conditioning start time. However, thc target open-
ing riegree of the air mixing ilamper, the air sucuon mode.
anil the air outlet mode during the iniual penod may be.

determined based on the heal load (Tact-Tir) al the air-
conditiomng start time. as

A thirteenth preferred embodiment ot'he present inven-
tion will bc now dcscribcd with reference to FIGS. 41%3.
In thc above-described embodiments, because thc driver 42
is contained in Ihe detection range of the suri ace temperature
sensor 31, the detection subjects of. Ihe surface temperature so

sensor 31 is changeri by Ihe seated state of. the dover 42 and
an ahsence state of the driver 42 in the passenger compart-
ment Therefnre, as shown in FIG 41, at both states of the
driver 42, thc surface temperature Tir is changed by a, and
thc target tcmpcraturc TAO of air blown into thc passenger ..
compartment is changeri. As a result, the lemperalure or Ihe.

amount of air blown into Ihe passenger compartment is
rap&Lily changed at both states.

Therefore, &vhen the driver 42 gets out the passenger
compartment, unpleasant feeling may be given to a passen- so

gcr within thc passcngcr compartment. For example, when
thc driver 42 temporally gets out thc passcngcr compartnicnt
during a heating motte, the surface temperature Tir is
changeri and Ihe temperature of air blown into the passenger
compartment is rapidly changed. Therefore, in this case, ss
unpleasant feeling may be given to a passenger in the
passenger cnmpartment

In the thirteenth embodiment of the present invenuon,
&vhen the driver 42 does not get in the passen er
compartment, a signal of the surface temperature 'I'ir is
corrected, so that the above-described problem is prevented

In thc thirtccnth enibodimcnt of the present invention, as
shown in FIG. 42, a seat sensor 57 for rlctecting thc state of
Ihe dnver 4Z is provided in a seat surface portion of Lhe
driver's seat. The other components of the air condit&oner in
FI(i 42 are similar to those in I'IG I of the above-described
first embodiment of the present invention. As shown in I IG
43, a control shown in I'IG 43 is performed between step
S110, S 120 and step S130 in FIG. 32 of the above-described
ninth enibodinicnt.

That is, when il is determined that the driver is seated on
Ihe driver's seat at step SZ61, a surface temperature Tirin
during the seated state of the driver 42 is set as the surface
temperature 'I'ir. Next, at step S130, the target temperature
TAO of air blown into the passenger compartment is calcu-
lated based on thc sct teniperaturc Tact and thc surface
tcmpcraturc Tir.

On Lhe other hand, when Ihe absence state of the driver 42
is determined at step SZ61, the surface temperature Tir is
corrected In this case, the surface temperature Tir is an
addition value of a surface temperature Tirout dunng the
absence state and the correction amount a Next, at step
S130, thc target tempcraturc TAO of air blown into thc
passen er compartment is calcuiatcrl based on thc set tcm-
peraiure Tsel and Ihe correcleil surface lemperalure Tir
Here, Ihe correcuon amount a is Ihe diilerence between a
surface temperature during the seated state immediately
before a determination of the absence state of the driver 42,
and a surface temperature immediately after the determina-
tion of thc abscncc state of the driver 42. When thc driver 42
returns thc driver's scat, the surface tempcraturc Tirin is sct
xs Lhe surface temperature Tir.

As desc&nbed above, when Ihe driver 42 which is Lhe

detecuon sublect of Ihe temperature sensor 31 gets out Lhe

passenger compartment, the surface temperature 'I'ir is cor-
rected Accordingly, a rapid change of the target temperature
TAO and a rapid change of tcniperaturc of air blown into thc
passen er compartment arc prcvcntcd.

In a vehicle having an infrared sensor for detecung a
passenger's &laic may be useil instead of Lhe seat sensor 37

Further, the correcnon amount a may be determined based
oh the following method Hecause the skin exposerl portion
such as the head portion 42n or the hand of the driver 42
becomes outside thc rlctcction range when the rlrivcr 42 cts
out thc passen cr compartment, thc surface tcmperaturc Tir
is changeil due to this point. Further, because the exposed
area of the skin of Ihe driver 4Z in the summer is diferent
from that in the winter, Ihe surface temperature Tir is also
changed due to this point. On the other hand, the seat 46
becomes the detection suhtect instead of the upper body
(clothcrl portion) 42a of the driver 42, when thc rlnvcr 42
gets out the passcngcr compartment. Howcvcr, bccausc thc
temperature diilerence between the upper body (clothed
portion) 4Zn anil Lhe seal 46 is small, the alfect oi'he
temperature diilerence relative lo Ihe surface temperature Tir
is not considered.

When the skin temperature of the exposed portion of the
driver 42 is 30', anti when an cxposcd skin ratio in thc
detection range of the surface tcmperaturc sensor 31 is set at
15% in the summer and is sel al 5%v in the winter, Lhe

correction amount o in the summer becomes 0.15x(30-
Tinn), and the correction amount o in the winter becomes
0 OSx(30-Tirin) That is, o=O.I Sx(30-Tirin) in Ihe summer,
and ri=O 05x(30&I'irin) in the winter 'I'he determination of



the winter anil the summer can be calculated based on Ihe.

target temperature 'I'AO initially calculated at an engine start
time or the surface temperature initially detected at the
engine start time. I'urther, when an outside air temperature
sensor is provirlcrl for finely control the air conditioning
operation, thc summer and the winter may be dctcrmincd
basexl on Ihe ouLside air temperature detected by lhe outside
air temperature sensor.

A fourteenth preferred einbodiment nf the present inven-
tion will be noxv described with reference to I'IG. 44 'I'he io
fourteenth embodiment is a modification of the thirteenth
cmbodimcnt of thc present invention. In thc fourteenth
cmbodimcnt, thc dctcrmination whether or not the driver 42
gets on Ihe driver's seat, and Ihe correcuon method of Ihe.

surface temperature Tir are changed, as compared with Ihe.

above-described thirteenth embodiment
That is, in the fourteenth embndiment, in a state xvhere the

vehicle speed is zero and a driver's seatbelt is not attached,
when a switch signal of thc driver's door bcconies
close open close, it is determined that thc driver tempo- oo

rally gets out
As shown in FIG. 44, dunng the open state of. the dnver*s

door, the variation of the surface temperature Tir becnmes
larger Therefore, during the npen state nf the driver*s door,
the surface temperature Tirin, immediately before the driv- "s
cr's door opens, is sct as the surface tcnipcraturc Tir, and the
target tcmpcraturc TAO is calculated based on this surface
temperature Tir. Thereafter, al a time where the absence slate.
of the dnver is xletermined, the LhlTerence xx (correction
amount) between the surface temperature Tirin during the
seated state immediately liefnre the determination nf the
absence state ot'he driver 42 and the surface temperature
Tirout immcdiatcly after the determination of thc absence
state of thc rlnvcr 42 is calculated. Further, thc addition
value between Ihe Tiroui anil the correcuon amount ix is is
use)i as Ihe surlace temperature Tir, and the target tempera-
ture TAO of air blown into the passenger compartment is
calculated

When the absence state nf the driver 42 is determined
based on, thc switch signai of thc driver's door, thc absence so
state may bc error-dctcrmincd when thc driver 42 docs not
get olT Ihe passenger compartment while opening lhe driv-
er's door. Even in this case, when it is determined thai Ihe.

vehicle ape)i is larger than zero or when ii is determined thai
the driver*s seatbelt is in the attachment state, the correction xs
of the surface temperature Tir is stopped. When the correc-
tion of thc surface tcmpcraturc is stopped, thc target tcm-
pcraturc TAO may bc suddenly changed. Thcreforc, in this
case, the target temperature TAO is gradually reduced.

Further, in the fourteenth emboihment of Ihe present so

inventton, the vehicle slop state may be determined based on
a parking lirake signal and the P-position signal of a shift
lever

Afiftccnth prcfcrred embodiment of thc present invention
will bc now described with reference to FIGS. 45 and 46. In ..
the lilteenth emboihment, during Ihe dnver's absence slate,
the coefficients Keel, Ktr anil C in the above-descnbed
formula (I) are changed, so thai a rapid vanauon of. Ihe.

target temperature 'I'AO due to the ahsence of the driver 42
is prevented i I)

In thc fiftccnth cmbodimcnt, the components of thc air
conditioner 1 arc similar to those of thc above-described
thirteenth emboihment. In Ihe lilleenth embodiment, as
shown in FIG 45, ai slap S271, ii is determined whether or
not the driver 42 gets out the passenger compartment. When es
the dnver 42 is seated on the driver*s seat, the control
program moves frnm step S271 to step S272. Next, at step

S27Z, Ihe target temperature of air blown into the passenger
comp arl mani is calculated using Lhe coelhcien(s Ksetl, Kiri
and Cl durin thc scatcrl state of thc driven 42 Next, the
control program moves from step S272 to step S140, anil thc
blower voltage Vb applied to the bloxver motor 23 is
determined based on the target temperature 'I'AO calculated
at slap SZ72.

On the other henri, when Ihe absence state of the dnver 42
is dcterniincd at step S271, thc control program moves from
step S271 to step S273. Next, at step S273, thc target
temperature TAO of air blown into the passenger compart-
ment is calculated using the coetyicients Kset2, Kir2 and ('2
dunng Ihe absence slate of. Lhe dnver 42, so that the
air-condiliomng perlormance for Ihe passenger compart-
ment is improved cvcn when the driver 42 temporally gets
out thc passcngcr compartment. Next, thc control program
moves from step S273 to step S140, and the blower volta e
Vb applied to the bloxver motor 23 is determined based on
Ihe target temperature TAO calculate&i at step S273.

In lhe above-described lifleenth embodiment, as shown
by thc E portion in FIG. 46, thc target tcmpcraturc TAO may
gradually changed by a predetermine&i ume between Lhe

sealed aisle and Ihe absence slate. Allernauvely, Ihe targeL
temperature 'I'AO may be chan ed by I'z4 sec betxveen
the seated state and the aixsence state.

A sixteenth preferred embodiment of the present inven-
tion will be now dcscribcrl with ref):rcnce to FIGS. 47—53
FIG. 47 shoxvs a vchiclc air conditioner 100 having a
nghl)left inilependent temperature control system, in which
a driver's side air-condiliomng and a front-passen cr's side
air-conditioning are respectively independently controlled
The vehicle air conditioner 100 includes an air rluct 102
defining an air passage through which air tlows into the
passen cr compartment. A blower 103 is rlisposcd at an
upstream air side of the air duct 102, and an inside outsirlc
air switching box 106 is connected lo the air duct 102 at an
upstream air side. The inside)oulsiile air switching box 106
has an inside air inlroducion port 104 lor introducing inside
air inside the passenger compartment, and an outside air
introduction port 105 for introducing outside air outside the
passen er compartnicnt. An insirlc outside air sxvitching
door 107 is rotatably disposed xvithin the insidcioutsidc air
switching box 106. The inside/outside air switching door
107 is operated by an actuator 100 such as a servomotor
which is controllexl by an electronic control unit (ECU) IU9

The lilower 103 including a fan 111 and a fan motor 112
is accommodated within a fan case 110 provirlerl at an
upstream air side of thc air duct IUZ. Electrical power is
supplied to thc fan-motor 112 throu h a motor driving
circuit 113, aml the fan 111 is rotated in accordance with
eleclnc volta e applied lo the fan motor 11Z.

A coolin ~ heal exchanger 114 (e.g., evaporator of refng-
erant cycle) for cooling air blown from the blower 103 is
disposed within the air duct 102, and a heating heat
cxchan er 115 (c.g., water hcatcr core) for heating air is
disposed at a doxvnstream air side of the cooling heat
exchanger 114.

An air passage of the air duct IU2 is parutioned at a

downstream air side of the cooling heal exchanger 114 by a

partition plate 116 into a tirst air passe e 117 fnr driver*s seat
side and a second air passage 110 for a front-passen er*s seat
side. Thc cooling heat exchanger 114 is disposcrl to cross an
entire sectional arcs of the air duct 102 Thc hcahng heat
exchanger 115 is disposed over both Ihe lirst air passage 117
and the second air passage 110 to penetrate through Lhe

parulion plate 116.
The heating heat exchanger 115 is disposed in the first air

passage 117 to form a first bypass passage 119 through
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which air from the cooling heat exchanger 114 bypasses the.

heating heat exchanger 115 in the lirst air passage 117.
A tirst air mixing door 120 is disposed in thc first air

passage 117 so that a ratio between an air amount passing
through the tirst bypass passage 119 and an air amount
passing through the heating heat exchanger 115 in the first
air passage 117 is adlusted. The lirst air mixing door 120 is
operated by an actuator 121 such as a servomotor which is
clcctrically controlled by thr ECU 109. Siniilarly, Thr
heating heat cxchangcr 115 is disposed in the second air iu
passage 118 to form a second bypass passage 122 through
which air from the cooling heat exchanger 114 bypasses the
heahng heat exchanger 115 in the second air passage 118. A
secontl air mixing door 123 is disposed in the secoml air
passage 118 so that a ratio between an air aniount passing
through the second bypass passage 122 and an air amount
passing through the heating heat exchanger 115 in the
secnnd air passage 118 is adjusted The second air mixing
door 123 is operated by an actuator 124 such as a servomotor
which is electmcally controlled by the ECU 109.

Thc first air passage 117 is for a driver's side (hereinafter, ao

the rlnver's sale is relerred to as "Dr'). A Dr-face air duct
125 is for blowing comhtioned air toward the upper hotly of.

a driver, and is liranched to lieth face air passages One face
air passage is connected to a Dr-center face air outlet 131
opened at an approximate center of a dashboard, and the as
other face air passage is connected to a Dr-side face air outlet
132 at a side end of thc driver's seat.

A Dr-foot duct 127 ts lor blowing comhnoned air toward
the foot area of the ilnver, and is connected to a Dr-foot air
outlet 134 opened around the fnnt area of the driver. A mode
switching door 135 for selectively npening and closing the
Dr-center face air outlet 131 and the Dr-side face air outlet
132 is disposed in thc Dr-face duct 125. Further, mode
switchin doors 136, 137 are disposed at upstrcani air sides
of a defroster duct 126 aml the Dr-foot duct 127, respec- is
tively. The mode swnching doors 135—137 are operated by
actuators 138, 139 such as servomotors which are electri-
cally controlled liy the ECU 109.

The second air passage 118 is for the front passenger*s
side (hcrcinaftcr, the front passcngcr's side is rcfcrrcd to as ao
"Pa'). Within a Pa-face duct 128, a mode siio switching door
143 for selectively opening and closing a Pa-i:enter face air
outlet 140 and a Pa-side face air outlet 141 are ihsposed, and
a mode switching door 144 is rlisposed at an upstream air
side of a Va-foot duct 129. Similarly to the mode sivitching as
doors 135— 137, the mode switching doors 143, 144 are
driven by thc actuator 145.

In accordance with thc opening/closing states of thc mode
switching iloors 135—137, 143 aml 144, an air outlet mode
such as the loot mode, the bi-level (BiE) mode and the lace so

mode can be set indepenrlently for the first and second air
passages, 117, 118. When a foot mnde or a foot defrnster
mode is set, the mnde switching doors 135, 143 disposed
rcspcctivcly in thc Dr-face duct 125 and thc Va-face duct 128
close thc ccntcr face air outlets 131, 140 and open the side ..
face air outlet~ 132, 141.

Next, the control operation of the ECU 109 lor controfling
the vehicle air conditioner 100 will be now described.
Operation signahs from an air-conditioning operatinn panel
163 mounted nn the dashboard and sensnr signals from a ac
sensor group arc input into thc ECU 109. Thc ECU 109
performs a predetermined calculation in accordance with a
control program based on the input signals, and controls
operattons of the actuators 108, 121, 124, 138, 139, 145 anil
the motor rlriving circuit 113. 65

The sensor group includes an inside air temperature
sensor 164 for detecting an inside air temperature Tr(Dr) of

the passenger compartment on the driver's seat side anil for
detecnng an inside air temperature Tr(Pa) of the passenger
compartment on thc front-passenger's seat side; an outside
air tcmpcraturc sensor 165 for detecting an outsitlc air
temperature Tam; a sunlight sensor 166 fnr detecting a
sunlight amount Ts(Dr) entering the passen er compartment
on the driver's seat side aml for detecting a sunlight amount
Ts(Pa) entewn ~ the passenger compartment on the front-
passcn crs seat side; a post-evaporator sensor 167 for
dctectin a post-evaporator tcmpcrature Tc of air passing
through the evaporator 114; and a water temperature sensor
168 for detecting a water temperature Tw supplyin to the
heater core 115. In the sixteenth embodiment of the present
invention, a sensor fir detecting the insitle air temperature
Tr(Pa) may be not provitlctl among thc inside air sensor 164
In this case, the inside air tcmpcrature Tr(Pa) is calculated by
the detected inside air temperature 'I'r(Dr) and ['fser(tlr)—
Tact(pa)].

As shown in FIG. 48, an anachment pornon 180 lor
anaching a Dr-infrared sensor 190 (non-contact temperature
sensor) and an attachment portion 181 for attaching a
Pa-inlrared sensor 191 (non-contact temperature sensor) are
provideil. The Dr-mfrared sensor 190 detects a dnver*s
surface temperature 'll(Dr) in the passenger compartment,
and the Va-infrared sensor 191 detects a front-passenger's
surface temperature 'lfl(pa) in the passen er compartment
Both thc Dr-infrared sensor 190 anil thc Pa-infrared sensor
191 are non-contact tcmpcrature sensors, anil arc attachctl to
face the dnver and the front passenger, respectively.

Each infrared sensor 190, 191 has a light-intercepun ~

element which enerates a li ht-intercepting volta e in
accordance ivith an infrared amount The infrarerl sensors
190, 191 intercept an infrared line from the person, and
detect tempcraturc T(Dr) and T(Pa) by thc light intercepting
voltage gcncratcd from the li ht-intercepting clcmcnt. Thc
detected temperatures T(Dr) aml T(Pa) are output from the
infrared sensors 190, 191 to the ECU 109.

A switch group provideil on the air-comlinomng operauon
panel 163 includes a Dr-temperature setting sivitch 169, a
Va-temperature setting sivitch 170, an automatic switch 171
for instructin an autoniatic air control, an ofl switch 172 for
instructing a stop of air-conditioning operation, a blower
switch 173 for aching an air-blowing level, a dual swnch 174
for respechvely independently controlling temperature of
Dr-side aml Pa-side of. the passenger compartment, a mode
switch 175 for selecting an air outlet mode, an Ai(: switch
176 for introducing a start operation and a stop operation of
thc air-conditioning, a RiF switch 177 for selecting an air
suction mode, a Fr-dcfrostcr switch 178 for prcvcnting a
front windshield from being frosted, anil a Re-delroster
switch 179 for preventing a rear windshield from being
frosted. The above-deacnbed switches may be operated by a
remote control

Next, the control operation of the I'(:U 109 accordin to
the sixteenth enibodimcnt will bc now described. FIG. 49
shows a flovv diagram of thc ECU 109 according to thc
sixteenth embodiment of. the present invention. When the
automatic switch 171 of the operation panel 163 is operated,
the air-conditioning control is performed based on the flow
diagram shown in I'l(l. 49

I'irst, at step S400, an initialization of RAM is performed
Next, at step S410, sct tcmperaturcs Tact(Dr), Tsct(Pa) sct
by-the tcmpcraturc setting switches 169, 170 of thc opera-
tion panel 163 are mput. Therefore, the detectetl tempera-
tures T(Dr), T(Pa) of the infrared sensor 190, 191 are output
toward the ECU 109 at a predetermined pened.

Next, at step S420 (i e., steps S421—S427 in I'l(i 50), the
detected temperature T(Dr), I'(Va) is corrected as the person
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Here, "i*'nclicates Dr or Pa Specifically, Tact(i) is each
set temperature set l&y the Dr, Pa temperature sensors 69, 70
Ksct, Kr, Kam, Ks, Kd(i), KIR arc tenipcraturc setting gain, is

an inside air tcmpcraturc gain, an outside air temperature
gain, a sunlight amount gain, a Dr and Pa temperature
dillerence correction gain, and a person surface temperature
correction gain Ka(i) is a gain for correcting each reh&nve
degree ot'he outside air temperature Tam relative to Dr and o

Pa air-cnnditioning temperatures, Cd(i) is a constant corre-
sponding tn the relative degree, and ('(i) is a correction
constant. In the sixteenth embodinient of the present
invention, Ka(i), Cd(i) are changed l&y thc shape or the
volume of a vehicle, an air blowing cfirection blown from air
outlets, or the ld e.

Nevt, at step 8440, cnntrnl voltage VA applied to the fan
motor 112 of the hlnwer 103 is calculated based on the target
temperature I'AO(i) calculated in step S430. I'hat is, volt-
ages VA(Dr), VA(Pa) respectively correspondin to the
target tcmpcraturc TAO(Dr), TAO(Pa) arc calculated based
on Ihe graph shown in FIG. 52, ancf Ihe control voltage VA
is obtainecf by averaging the voltages VA(Dr), VA(Pa).

Next, at step S450, the Dr air outlet mode and the Pa air
outlet mode are respectively determined based on the target
temperature 'I'AO(Dr) and the target temperature TAO(pa) in
accordance thc raph shown in FIG. 53. At step S460, in
order to obtain thc target temperature TAO(Dr) and the
target temperature TAO(Pa), target opening cfegrees SW(Dr)
anil SW(Pa) of the Iirst and secoml air mixing cfoors 12U, IZ3 &0

are calculated based on the follnwing formula (l5)

S»Tt), =[TXC)(t)-Tef 100)(T -Te) (ts)

Nevt, at step S470, a control signal is output to the motor as
driving circuit 113 so that the control vnltage VA calculated
at step S440 is applied to thc blower 103. Next, at step S480,
control si nals arc output to the actuators 121, 124 for
driving the air mixing doors 12U, 123 so iha& Ihe target
opening degree SW(i) calculated at step S46U is obtainecl. so

Next, at step S49U, mode control signals are output Io the
actuators 138, 139, sn that the Dr air nutlet mode and the Pa
air outlet mode determined at step 8450 are obtained Next,
at step S500, on a display 630 attached onto thc operation
panel 163, thc air-blowin amount is indicated by a bar, an ..
air outlet mocfe is indicatecf by an arrow, and the se&

temperatures Tact(Dr), Tact(Pa) are respectively indicatecf.
Next, step S420 is descnbed in detail with reference to

I IG 50 I')rat, at step S421, n-times detection temperatures
I'(i) (e g, I (& times) input at a predetermined period of every
250 ms from step S410 arc stored, the mean value of the
n-times dctcction tcmpcratures T(i) is calculated, and the
mean value is used as the person surface temperature TI(i).
Further, Ihe mean value of 16-nmes detection temperatures
T(i) from Ihe seventeen time detecnon temperature T(i) Io ss
the thirty-t&vn time detectinn temperature I'(i) is calculated
as the new person surface temperature 11(i), and the old

surface temperature TI(Dr), TI(Pa) (i.e., correcnon
temperature), and the persnn surface temperature ll(Dr),
ll(Pa) are nutput to step 8430 Accnrdinoly, the person
surface temperatures 'Il(Dr), 11(Pa) respectively indepen-
dently flow thc flow diagrams, and air-conditioning opera-
tion is inclcpcnclcntly controlled for Dr-side and Pa-side.

Next, at step S430, a driver's seat sicfe targe& temperature
TAO(Dr) and a front-passenger's side target temperature
'I'AO(pa) are calculated based on the follo&ving formula (14)

10
TRO(t)=Kset Tsei(i)-T't Tt(tl-Katt Tart&-Tcs Ts(tt+Kd(i) ICd;t)+

Ka(t)x(IO-Tata)I-AlR TT(r)+C(r) (1&)

person surface temperature TI(i) is changed to Ihe new
person surface temperature TI(i). The change of the person
surface tempcraturc TI(i) is pcrformcd at cvcry a prcclcter-
mincd time (e.g., 4 scc). Thc most new person surface
temperature Tl(i) is indicated hy 11(i)vf » and a person
surface temperature TI(i) before one time (e g., before 4 sec)
is in&lie&ted by TI(i),&,o.

Next, at step S4ZZ, it is determmed whether or not heahn ~

operation is performed. When thc heating operation is
dctermincd at step S422, a heating shortage or a heating
surplus is determined at step S423. I'hat is, &vhen it is
determined that 'fl(i)vy»»'Il(i)t&i 0 at step S423, Ihe heating
surplus is determmecl. In &his case, at step S424, the TI(i) is
correctecl so &hat Ihe healing capacity is reduce&i. That is, at
step S424, an addition value aclcling a temperature deviation
Xa corresponcling to 4 scc on the saturated linc in FIG. 51
to the old person surface temperature TI(i)&ten is output to
step S430 as the corrected new person surface temperature
TI(i)RT»; That is, Ihe new person surface temperature
TI(t)va)y is corrected so that the absolute value ~TI(i)vw».—

TI(i)oin
~

of thc person surface tempcraturc is changed by
a predetermined lime constani v (e.g., 30 sec).

Detail correcnon values at step S424 are shown in FIG.
51 ll(l 51 shows the relationship between the temperature
deviation X of the corrected person surface temperature
TI(i)vi ». and a time (t) 'I'hat is, deviation x is a saturated
curve linc inclicatccl by X=A [I —0' ']. Herc, 'A" is thc
saturatecl value of thc saturatccl curve linc, and is a deviation
value Xb of Ihe person &emperature. Further, v is the nme
constant. In the sixteenth embo&hment, Ihe nme constant v is
30 sec.

I'or example, in the heating operation of 2S'., &vhen the
new person surface temperature 11(i)vi» &s SO''y an
error detection of thc old person surface tcmpcraturc
TI(i)oin, thc "A*'s ZS'. (i.e., A-50'.—25'.). Further,
when Ihe new Person surface temPerature TI(i)wa)y is cor-
rected a& a hme of 4 sec, R)r example, the deviation value Xa
is approximately equal Io 3.1'.[X&=25(I — e '].
Therefore, the corrected temperature of the new person
surface temperature Tl(i)vi», is 28.1'. which is ol&tained

by aclding the deviation value Xa of 3.1'. to thc old person
surface tempcraturc TI(i)oio of Z5'.

eWhen Ihe new Person surface temPerature TI(i)wa)y is
continuously detected &o 50'. in error, the next deviahon
value X of. Ihe new person surface temperature TI(i)RT»- is
calculated to 2S 33''y a difference of
[Tf(i)vc»-TI(i)&tao ] Specifically, in this case, "A'* isZf.o',

(i.e., A=50'.—28.1'.), thc time constant v is 30 scc.
Further, thc deviation value X at a time of 4 scc is 2.7'.,
in Ihe saturated curve line in which the constant v is 30 sec.
Therefore, Ihe corrected temperature of Ihe new person
surface temperature TI(i)vy». is 30.8'. which is obtained
hy adding the deviation value of 2.7'. to the old person
surface temperature 'Il(i)oco of Zg.l'.

Thus, cvcn thc error-detcctccl temperature bccomcs SO'

from 25'., thc ne&v person surface tempcraturc Tl(i)va» is
corrected to 28.1'., 30.8'. at every 4 sec.

On Ihe other hand, when Ihe cooling operation is deter-
mined at step S422, when it is determined that TI(i)vx,y
~TI(i)etio at step S426, the cooling surplus &s determined
In this case, at step S427, the 11(i) is corrected so that the
cooling capacity is rcducccl.

That is, at step S427, thc ncw person surface temperature
TI(t)va)y is corrected so &hat &he absolute value ~TI(&)va)y—

TI(i)o&o
~

of the person surface temperature is changed by
a prede&ermined nme cons&ant v (e.g., 30 sec). As descnbed
above, in the sixteenth embodiment, the detection tempera-
ture T(i) is corrected to the person surface temperature 'll(i)
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According to Ihe sixteenth emboihment of. Ihe present

invention, at step S421, 16-times detectinn temperatures 'I'(i)

input at a predetermined period nf every 250 ms from step
S410 are st»reel, the mean value of the i&i-times detection
tcmpcraturcs T(i) is calculated, and the mean value is used
as thc person surface temperature TI(i). Further, thc old
person surface temperature 11(i) is changed at every 4sec.
Thus, even when one time delennon error is caused among
the 16 times, a deterioration nf the air-conditioning feeling
is preventerk 1(i

At steps S424, S427 in ItlG 50, even ivhen the personal
surface tcmpcrature TI(i)i«» becomes 50', from 25'.,
thc ncw person surface tcmperaturc TI(i)«». can bc cor-
reclerl to 28 I', 30.5'. at every 4 sec. That is, a time.

constant is set for the change of Ihe person surface tempera-
ture TI(i), so that the person surface temperature Tl(i) is
difficult to be changed Thus, a temperature change, in a case
where a person drinks a hot drink or smokes, is hardly
affcctcd to thc tcmpcraturc control operation, during a
heating mode. Accordin ly, it prevents heating from bring ao

lowered in Ihe heating moile, and air-i:omhtiomng feeling is
improved.

I'urther, at steps S423 and S426, when it is necessary to
increase the heating capacity or the cooling capacity, the
time constant is not set for the temperature change nf the xs
person surface tcmpcrature TI(i). Thus, when it is detected
that thc alon tcmpcraturc of the passcngcr is low during the
heating mode at a lime where the passenger gets in Ihe.

passenger compartment, Ihe heating capacity is increased so
that the air conditioning feeling is improved.

In the above-described sixteenth embodiment nf the
present invention, the person surface temperature 11(Dr),
Tl(Pa) at step S420 is directly output to step S430 in FIG.
49. However, thc person surface temperature Tl(Dr), TI(Pa)
at step S420 may be ihrectly output to the other slap (e, is
S440) for controlling the air conditioner 100.

Further, in the above-described sixteenth emboihment, Ihe
pened of the detection temperatures I'(l)r), I'(Pa) output
from step S410, the change period of the person surface
tcmpcraturc TI(i) at step S421, and the time constant v may so
bc arbitrarily changed.

Aseventeenth preferrerl emboihment of. the present inven-
tion will be now described with reference to FIG. 54. In Ihe.

above-described sixteenth emborlimenl of. Ihe present
invention, the new person surface temperature TI(i)xx» is as
corrected so that the absolute deviation ~TI(i)xe» —'I1(i)oxJ
of thc person surface tcmperaturc is chan cd by a predeter-
mined time constant v (e.g., 30 scc). In the scvcntccnth
embodiment, as shown in FIG. 54, steps S4241 and step
S4242 are added insteail of step S424, and steps S4271 and so

step S4272 are aildeil inslerul of slap S427. In FIG. 54, Ihe
other steps are similar to those in FIG 53 At step S4241,
S4271, the new person surface temperature TI(i)ve». is
corrcctcd so that thc absolute deviation ~TI(i)«»-TI(i)oeJ
of thc person surface temperature becomes smailcr a pre- ..
determined ratio B% (e.g., 12%r,). Specilically, Ihe corrected
person surface temperature TI(i)r«». is corrected lo ITI(i)
«i o +[TI(i)vx» TI(i)or.r ]xB%&L

Next, at step S4242, S4272, a timing for outputting the
person surface temperature 11(i)ae» corrected at step
S4241, S4271 is controlled. Specifically, an output timing
pcmorl L, from thc prcccdin output timing ivhcrc thc
precedtng person surface temperature TI(i)oro is output io
the new output liming where Ihe new person surface tem-
perature Tl(t)vx» is output, is set al a predetermined perioil as

(e.g, 30 sec) which is larger than the predetermined output
pened of the persnn surface temperature 11(i) at step S421

Accorihng to the seventeenth embodiment of the present
invention, even ivhen the neiv person surface temperature
Tl(i)ve» is greatly changed due to an error detection, the
alisolute deviation value ~TI(i)xr ~'fi(i)oro j of the person
surt'ace tcmpcrature is rcstrictcrl to a prcdctcrmincd ratio B%
at step S4241, S4271, and it prevents air-conrlitioning fi:cl-
in ~ from being detenorated. Further, even when the new
person surface temperature TI(i)xx»- is greatly changed due
to an error detection, after a temperature differenc lietiveen
the temperature of the passenger compartment and the
person surface temperature Tl(i) becomes smaller after the
prcdctcrmincd time L passes, thc person surface tcmpcraturc
TI(i) duc to thc error-detection is output to step S430
Therefore, it can restnct air-comhtioning leeling from being
detenorated due lo the error-detecuon.

An eighteenth preferred embodiment of the present inven-
tion will be now described with reference to I'IGS 55A,
550. In the above-described sixteenth embodiment of the
present invention, thc single infrared sensor 90 (91) is
provided for a person (e.g., the rlrivcr, thc front-passenger),
and Ihe mean vahie of Ihe detection temperature T(i) is used
as the person surface temperature TI(i) In the eighteenth
embodiment, as shoivn in lrl(L 55A, tirst, second and third
infrared sensors 190A—('191AM') are provided for detect-
ing the face portion (first temperature detection area), the
body portion (second tcmpcrature rlctection area) anil thc
foot portion (third tcniperaturc dctcction arcs) of a person of
Ihe passenger compartment. Further, at step S421, the mean
value of the detection temperatures T(i) lrom the three
infrared sensors 190Ai C (191A—(') is calculated, and the
temperature difference (deviation value) of each rletection
temperature 'I'(i) relative to the mean value is calculated
When thc tcniperaturc dift'ercncc of thc rlctection tempcra-
turc T(i) duc to an error detection becomes larger than a
predetermined temperature ihfference (e.g., 5 —10'.)
shown in FIG. 55B m the secoml detechon area, lor
example, the detection temperature T(i) of. Ihe seconrl tem-
perature detection area is corrected to become smaller
Alternatively, the detection temperature T(i) of the second
tempcraturc detection arcs is corrcctcd to become approxi-
mately equal to thc detection tempcraturc T(i) of the first
temperature deieclion area.

Further, alternanvely, the detecuon temperature T(i) of the
second temperature detection area is not used, aml lhe mean
value of the detection temperature T(i) is calculated.

According to the eighteenth embodiment, amon the
detection tcmperaturcs T(i) of thc plural sensors, only a
detection tcmpcraturc T(i) bavin a tcmperaturc rhifcrencc
larger than Ihe predetermineil dilference can be corrected.
Accordingly, air-conditioning feeling due to an error detec-
uon is restricted.

In the eighteenth embodiment, similarly to the sixteenth
embodiment, the temperature control can be independently
controlled for thc Dr-person and the Pa-person by respcc-
tivcly using thc detection tcmpcratures T(Dr) and T(Pa)
Further, the detecuon temperatures T(i) lrom the lirst, sec-
ond and third detecuon areas can be respectively inrlepen-
denlly mpul into the liow diagram shown in FIG. 49, and the
air-conditioning operation of the hrst, second and third
detection areas can be respectively independently con-
trolled. In thc ei htcenth embodiment, thc other portions arc
siniilar to those in the above-rlcscrilicd sixtccnth cmborli-
menl.

A nineteenth preferred embodiment of Ihe present inven-
tion wdl be now descnbed with reference to FIG. 56. In the
above-described sixteenth embodiment, the infrared sensors
90, 91 each having the single light-intercepting element are
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used. In the nineteenth embodiment, an infrarerl picture.
sensor (e.g., thermo-graph) having plural hght-intercepting
clcmcnts is used. Thcrcforc, as shown in FIG. 56, calculation
operation of plural dctcction temperatures T(i) of thc face
portion, obtained l&y the single thermn-graph, may be per-
formed similarly to that of the above-described eighteenth
embodiment Accorrlingly, even when Ihe error-detection
temperature Ta is 1(Kl'. relahve lo Ihe sl in temperature of27', duc to thc person smoke, for example, thc cfl'ect
similarly to thc above-described eighteenth embodiment of iu
the present invention is obtained

A twentieth preferred embodiment of the present inven-
tion will be now described with reference to FIG. 57. In Ihe.

above-described sixteenth embodiment, at steps S424, S427,
thc time constant x is beforehand sct at the predetermined
value (c.g., 30 scc). However, in thc twentieth embodiment,
the time constant x is set to becnme larger as the temperature
variatinn amount (fl(i)vs»- 11(i),&,o ~

of the person surface
temperature TI(i) becomes larger. Similarly Io Ihe lime
constant x, the uming period L descmbed in the seventeenth
cmborhmcnt may bc changed to bc longer as temperature co

vs»ation amount ~TI(t)vc».—11(i)oio
~

of the person suriace
temperature TI(i) becomes larger. In Ibis case, the air-
conditioning feehng is further improved

A twenty-first preferred embodiment of the present inven-
tion will be nnw described with reference to I&ill. 58. In the "s
above-dcscribcrl sixtccnth cml&odimcnt of thc present
invention, at step S421, piural detection temperatures T(i)
are respectively compared, anil a rletection temperature T(i)
having a large deviation value larger than the predetermined
value:is corrected However, in the tiventy-first .ic

embodiment, only the detection temperature Tl(i) nutside a
predetermined temperature area I'A is cnrrected close to the
prcdctcrmincrl temperature area TA at step S421.
Altcrnativcly, thc dctcction temperature TI(i) outside thc
predetermined temperature area TAis corrected close to Ihe is
other person surface temperature TI(i) which is not cor-
reclerl. Further, alternatively, the detection temperature 11(i)
outside the predetermined temperature area IA is canceled
Accordingly, only the person surface temperature Tl(i) oiit-
sidc thc prcrlctcrmincd dctcction arcs TA, having the error- sc
dctcction, is corrected, so that thc air-conditioning feeling is
further improveil.

The predelerminerl range TA may be changed in accor-
dance with Ihe outside air temperature Tam. For example,
the upper and the loiver limit values of the predetermined as
range TA may be changed to be higher as the outside air
tcmpcraturc Tam becomes higher.

Although thc prcscnt invention has been fully dcscribcd in
connection with preferreil embodiments thereof. with refer-
ence to the accompanying rlrav:ings, il is lo be noted that so

vamous changes aml moihlications will become apparent io
those skilled in the art

In the above-described first thrnugh sixth embodiments,
thc surface tcmpcraturc sensor 31 is disposed on thc opera-
tion panel 41 However, thc surface temperature sensor 31 ..
may be ihsposerl at a position indicated by P in HG. 4 on the.

ceiling 43, or may be disposed al the front pillar (A-pdlar)
48. When the surface temperature sensor 31 ts disposed at
the frnnt pillar 48 on the side nf the driver 42, the surface
temperature sensor 31 is disposed to face the frnnt passen- sc
gcr. When thc surface temperature sensor 31 is disposed at
thc front pillar 48 on thc side of thc front passenger, thc
surface temperature sensor 31 is disposerl lo lace the dnver
42.

In Ihe above-describeil embodiments, the other non- ss
contact temperature sensor may be used instead nf the
infrared sensnr.

In the above-descmbed sixteenth embodiment of the
present invenfion, the single infrared sensor for the
Dr-person and thc single infrarcrl sensor for the Pa-person
arc rcspcctivcly disposed. However, plural infrared sensors
may be provided for the Dr-person and plural in frarerl sensor
may be provided for the Pa-person. I urther, both the surface
temperatures T(Dr), T(Pa) may be iletecled by using a single
mfrared sensor.

In thc above-dcscribcd scventccnth embodiment of thc
prcscnt invention, thc output tinting L is sct respcctivcly for
the driver and the front passenger I lowever, the same output
timing I. may be set for both the driver and the front
passen er. Further, in the above-descmbed eighteenth
embodiment, the output uming L may be set for each of the
plural infrared sensors. In this case, the air-conditioning
operation may bc finel controllcrl.

In the above-described sixteenth embodiment, the control
of step S420 is composed of steps S421 —8427. I lowever, the
control of. step S4ZU may be composed of steps S422—S427,
or may be composed of. only step S421. Similarly, in the
above-dcscribcd scvcnteenth cmbodimcnt, step S421 may
be omined, or steps S4241, S4271 may be omitted.
Alternatively, steps S4Z4Z, S427Z may be omiued. In this
case where step S421 is omitted, the detection temperature
T(i) is directly used as the person surface temperature 'll(i)
For example, the detection temperature I'(i)ai» may be
corrcctcrl so that the absolute deviation value
~T(i)va»-T(i)orn j of the detection tcmpnaturc bccomcs
smaller.

In the above-described seventeenth embodiment of the
present invention, the person surface temperature TI(i) is
output at step S421 to step S422, and the output timing is
controlled at steps S4242 and S4272 I iowever, at step S421,
thc person surface tenipcraturc TI(i) may be calculated as an
initial value, anil thc variation amount of thc person surface
temperature TI(i) may be calculated and changed.
Thereafter, at step S4Z42, S4Z72, the output of the vs»anon
amount of. the person surface temperature may be controlled
to be delayed by a predetermined time I.

In the above-described sixteenth embodiment of the
prcscnt invention, thc detention number may be arbitrarily
changed. For cxamplc, thc dctcction number may be
mcreased. In this case, the person suriace temperature TI(i)
is further accurately calculated, aml Ihe respomhng perfor-
mance of the vehicle air conilitioner IUU is improved
I'urther, at step S421, the person surface temperature TI(i)
may be calculated only using the detection temperatures T(i)
of (n—k) times aniong, thc rlctcction tempcraturcs T(i) of
n-times. For example, the mean value is not calculaterl from
Ihe 16-limes detecnon temperatures T(i) output at every 250
ms, but is calculated from the 8-limes detection temperature
T(i) at every 500 ms. Accorihngly is can prevent a detecuon
temperature 'I'(i) due to an error detection from being
affected to the person surface temperature Tl(i) beforehand

Similarly, in thc above-dcscribcd scvcntccnth
cmbodinicnt, thc person surface tcmpcraturc TI(i) may bc
calculaied only using Ihe ileleclion temperatures T(i) of
(n—k) nmes among the detection temperatures T(i) of
n-times, al step S4Z41, S4Z71. For example, among the
person surface temperature Tl(i) input at step S4241, S4271
at every 4 sec, every other person surface temperature TI(i)
is cancclcd, and thc person surface tcmpcrature TI(i) may bc
corrected at every 8 scc. Accordingly, is can prevent a
detecuon temperature T(i) due lo an error delecuon from
bein ~ alfected to the person surface temperature TI(i)
beforehanil.

I'urther, when the person surface temperature Tl(i)
changes so that the heat load of the vehicle air conrlitioner
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100 is reduce)1, Ihe lime number (N—K) may be corrected
smaller as compared with a case where the person surface
temperature 11(i) changes so that the heat load of the vehicle
air conditinner 100 is increased.

In thc above-dcscribcd Twenty-first en&I&odinient of thr
prcscnt invention, the person surface teniperaturc outside thr
predetermined temperature area TA is correctecf. However,
when the vanalion amount of the person surface temperature
'll(i) is larger than a predetermined variation amount, the
person surface temperature TI(i) may be corrected. In this in
case, the variation amount of the person surface temperature
Ti(i) may bc corrected ciose to thc predetermined variation
amount Alternatively, the variation aniount larger than the
predetermined amount may be cancelecf. Further, in Ihe.

above-described twenty-lirsl embodiment, ihe predeter-
mined temperature area I'A is set to be changed according to
the outside air temperature I'am Similarly, the correction
amount for cnrrectmg the person surface temperature '11(i)
or thc prcdctcrmincd temperature difference described in thr
above-dcscribccl cmbodimcnts niay be changed in secor- co

dance with the oulsicfe air temperature.
In Ihe above-cfescrtbecf sixteenth embodiment of the

present invention, the person surface temperature Tl(i) is
corrected regarclless for the increase and the decrease of the
heat load ot'he vehicle air conditioner 100 Hnwever, in a "s

case whcrc thc person surface tcmpcrature TI(i) is changed
so that thc heat load of thc vehicle air conditioner 100 is
reclucecl, the correction amount of the person surface tem-
perature TI(i) may be correclecf lo become larger as com-
pared with a case where the persnn surface temperature '11(i) .io

is changed so that the heat load is increased. Accordingly,
the responding performance of the vehicle air conditioner I
is improved

In thc above-dcscribcd sixteenth embodiment of thc
Present invention, j11(t)«w—TI(I)oco j

of the Person surface is
temperature TI(i) is used as the varianon amount. However,
lhe vanalion amount per lime j[TI(t)«)&-TI(t)or o j'lImay'e

used
Such changes and modifications are tn be understood as

being within thc scope of the present invention as defined by so
thc appcndcd claims.

What is claimed is:
I. An air con)hi)oner for a vehicle having a passenger

compartment, the air conchnoner comprising:
an air duct for defining an air passage through ivhich air "S

Uows into thc passcngcr compartment;
a heat exchanger chsposed in Ihe air duct, for performing

a heat exchange with air;
a temperature adiustment unit for adjusting temperature of

so
air blown into the passenger compartment; and

a control unit ivhich controLs the temperature adjustment
unit so that tcmpcrature of air blown into thc passenger
compartment bccomcs a target air tcnipcrature;
wherein:

the control unit inclucfes, a temperature aching unit for
setting a temperature of. Ihe passenger comparlmenl lo
a set temperature, and a nnn-contact temperature sensor
which cletects a surface temperature of a predetermined
detection range of the passen rr compartnicnt; i I)

thc prcdctcrmined detection range of thr non-contact
tcmpcrature sensor includes a first detection portion in
which a surface temperature is changed lo approxi-
mately corresponcl lo an inside air temperature inside
the passenger compartment, a secornl detection portion ss
in &vhich a surface temperature is changed in accor-
dance with an outside air temperature outside the

passenger compartment, and a third detecnon pornon in
which a surface temperature is changed in accordance
with a sunlight amount entering into the passenger
compartment; and

thc control unit calculates thc target air tcmpcraturc only
usin thc sct tcmpcrature from thc temperature setting
unit arul a deiecnon surface temperature detected from
Ihe non-contact lemperaiure sensor.

2. The air comhuoner according to claim 1, wherein ihe
non-contact temperature sensor is disposed to detect all of
the first detection portion, the second detection portion and
the thircl detection portion of the passen cr compartment

3. The air conclitioner accorclin to claim I, wherein
thc control unit include an insiclc air temperature sensor,

for deiecnn ~ the inside air temperature, and a sunlight
amount sensor for detecting the sunlight amount enter-
ing the passenger compartment;

ihe non-contact temperature sensor is disposed to detect
Ihe seconcl detection portion of Ihe passenger compart-
ment; and

Ihe control unit calculates Ihe largei air temperature using
Ihe sei temperature from the temperature setnng unit,
the inside air temperature detected from the inside air
temperature sensor, the sunlight amount detected from
the sunli ht amount sensor, and a clctcction surface
tempcraturc clctectccl from thc non-contact temperature
SC:ilanf.

4. The air comhuoner according lo claim I, wherein.
thc control unit include an outsiclc air tcmpcraturc sensor

for detecnng ihe outside air temperature and a sunlight
amount sensor for detecting the sunlight amount enter-
in ~ Ihe passenger compartment;

ihe non-contact temperature sensor is disposed to detect
Ihe lirst detection poruon of Ihe passenger compart-
ment; and

Ihe control unit calculates Ihe largei air temperature using
Ihe sei temperature from the temperature setnng unit,
the outside air temperature detected from the outside air
temperature sensor, the sunlight amount detected from
the sunli ht amount sensor, and a clctcction surface
tempcraturc clctectccl from thc non-contact temperature
SC:ilanf.

5. The air conditioner acrx&rding to according to claim I,
wherein lhe lirst deiecnon portion is al least one of a ceiling
portion of the passenger compartment, a clothed portion of
a passenger, and a seat of the passenger compartment.

6. 'I'he air conditioner according to claim I, wherein the
second clctcction portion is a windshield of thc vehicle.

7. The air conclitioner accordin to claim 1, whcrcin thc
third detecuon portion is at least one of a clothed portion of
a passen er, a seal of Ihe passenger compartment aml a

&vindshield of the vehicle.
8. 'I'he air conditioner according to claim I, &vherein

the non-contact temperature sensor is disposed to detect a
surface temperature of detection subfects of a
&vindshield, a clothed portion of the passenger
compartment, a scat ancl a ccilin of thc passenger
compartment; ancl

each area ratio of the detection subjects to an entire
detection arcs of thc non-contact tempcraturc sensor is
sct so that thc area ratio of the ivinclshield is (25 10)%r,
Ihe area ratio of ihe clothecl pornon and the seaL is
(35 10)%, the area ratio of Ihe ceiling is (20 1(l)!c, and
Ihe area ratio of ihe other pornon is (20 10)%.

9. The air conditioner according to claim g, &vherein each
area ratio of the detection subjects to the entire detection
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area is set so that the area ratio of the winrlshielrl is (25 5)%6
the area ratio of the clothed portion and the seat is (35 SPr,
the area ratio of the ceiling is (20 5)% and the area ratio of
the other portion is (2065)%.

10. Thc air conditioner accordin to ciaini 1, whcrcin thc
non-contact tcmpcrature sensor is disposed at a position
whtch is hardly el(ected by an outer disturbance.

11 The air conditioner according to chiim IU, wherein Ihe
non-contact temperature sensor is disposed in a front pillar
of the vehicle on a front-passenger's seat side to face a
driver*s seat of the passenger compartment

12. Thc air conditioner according to claim 1, wherein;

the non-i:onlacl temperature sensor is an infrared sensor
which outputs an electncal signal correspomhng to an
incidence infrared amount; and 16

thc infrared sensor has an incidcncc ratio adjustmcnt unit
for adiusting an incidencc ratio of infrared linc.

13. The air comhnoner accorihng to claim 1, wherein.
the non-contact temperature sensor is disposed to detect

the first rletection portion, the second detection portion
and thc third dctcction portion of the passcngcr com-
partment,

the control unit includes temperature variation determin-
ing means for determining whether or not a variation
amount of the surface temperature is larger than a set
value; and

thc control umt controls an air-conditioning operation
based on a determination of thc temperature variation
determining means. lo

14. The air conditioner accorrling lo claim 13, further
composing

an air amount adjustment uliit for adjusting ali air amount
lilown into the passenger compartment from the air
duct; 36

thc control unit controls thc air aniount adjustment unit so
that thc air amount blown into thc passenger compart-
ment from Ihe air duct becomes a target air amount, and

the control unit corrects the targe! air amount based on Ihe.

determination of the temperature variation determining so

means.
15. I'he air conditioner according to claim 1, ivherein
the non-contact temperature sensor is disposed to detect

thc first dctcction portion, thc second detection portion
Ls

and the third dctcction portion of the passcngcr com-
partment,

the control unit includes an outer disturbance determining
means for determining whether or not lhe surface
temperature is el(ected by an outer disturbance, aml

the control umt corrects the surface temperature based on
a determination of the outer disturbance determining
means.

16. Thc air conditioner according to claim 15, wherein;
when thc outcr disturbance dctcrminin means deter- ..

mines that an outer ihslurbance is alfecled Io the surface.
temperature, Ihe control unit controls an air-
comlitiomng operation baserl on a previous surface.
temperature before heing affected by the outer distur-
bance. io

17. Thc air conditioner according to claini 15, wherein thc
outcr disturbance dctcrmining means dctcrmincs that an
outer disturbance is alfecled lo the surface temperature when
a vanation amount of the surface temperature is larger than
6 set value. 66

18 The air conditioner according to claim 15, ivherein the
outer disturbance detemiining means determines that an

outer disturbance is alfecied io the surface lemperalure when
a door posihoneil in lhe delecuon range of the non-contact
tempcraturc sensor is opcncrl.

19. The air conditioner accorrling to claim 15, wherein thc
outer disturbance determining means determines that an
outer disturbance is affected to the surface temperature when
a wmdshield positioned in Ihe ileteclion range of the non-
conlact temperature sensor is opened

20. Thc air conditioner according to claim 1, whcrcin:
the non-contact temperature sensor is disposed to detect

Ihe first delecuon portion, lhe secoml delecuon poruon
aml the third detecuon portion of the passenger com-
partnicnt; and

the control uml conirols an air-conihtioning operation
based on the set temperature al an airconilitiomng start
time and thc surface tcmpcrature at thc air-conditioning
start time, during an initial period until a prcdctermincrl
time passes after the air conditionin start time.

21 The air conditioner accordin to claim 1, wherein
thc non-contact tcmpcraturc sensor is disposed to dctcct

the first detection portion, thc second detection portion
and the third detection portion of the passenger com-
partment;

thc control unit inclurlcs seated-state determining means
for rlctemiining whether or not a driver is scatcrl on a
driver*s seat of the passenger compartment, and

ihe control unit corrects lhe surface temperature based on
a dctcrmination of thc scatcrl-state rlctcrmining means

22. Thc air conditioner according to claim 21, ivhcrcin:
when Ihe sealed-slate delermming means determines that

the driver is in an abscncc state, thc control unit
corrects the surt'ace tcmperaturc by a predetermined
correction amount.

23 The air-conditioner accordin to claim 22, wherein the
predetermined correcuon amount is a difi'erence between a
surface temperature just before the absence state of the
driver is detemiined and a,surface temperature just after the
absence state of thc driver is rlctermincd.

24. The air conditioner accorrling to claim 22, wherein thc
predetermined correction amount is calculated based on an
area ratio of the dnver containeil in Ihe detection range of the
non-conlacl temperature sensor.

25 'I'he air conditioner according to claim 22, wherein the
predetermined correction amount is chan ed by the seasons

26. The air conrlitioncr accorrling to claim 21, wherein:
when the determination of the seated-state determining

means is changed, the control unit gradually chan es
the target air tcmpcraturc of air blown into thc passcn-
gcr compartment.

Z7. The air comhuoner accorihng to claim 1, wherein lhe
non-conlacl Lemperaiure sensor is disposed k) be tilled
toward a driver in the passenger compartment so that lhe
predetermined detection range includes at least a ceiling
portion of the passenger compartment, the upper body side
of thc driver and a ivindshield of thc vchiclc.

28. Thc air conrlitioner accorrling to claim 1, whermn thc
non-contact temperature sensor is dispose&i to mainly detect
Ihe temperature of lhe second detection portion.

Z9. The air comhhoner acta)rding to claim 1, wherein the
non-contact temperature sensor is an infrared sensor, and
detects the surface temperature of the predetermined detec-
tion ran c in a non-contact state.

30. Thc air conditioner according to claim 1, whcrcin thc
non-contact temperature sensor is ihsposed to be toward lhe
upper side part of. a dover Irom a lower side

31. The air comhuoner accorihng to claim 1, wherein lhe
control unit calculates the target air temperature using the
following formula
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TAO=Keel Teer-KatTertc

whcrcin,
TAO imlicates the target atr temperature,
Tact indicates the set temperature;
Tir indicates thc dctcction surface temperature;
Kset and Kr are coeflicients; anti

O is a correction constant
32 'l'he air conditioner according to claim 1, wherein
the heat exchanger inc(utica an evaporator for cooltng air

by performtng a heat exchange wtth refngeranl, and a
healer core thsposed at a downstream atr side of. (he
evaporator for heating air using hot water flowing
therethrough; ts

thc tcmpcrature adjustment unit includes an air mixing
damper for adlusltng a ratio between an atr amount
passing through the heater core and an atr amount
bypass(ng the heater core;

thc control unit further includes a water temperature
sensor for dctccting a water tcmpcraturc flowing
through the heater core, and an evaporator atr lempera-

lure sensor for delectmg an air lemperature tmmedi-
ately after passing through the evaporator; and

thc control unit calculates a target opening clcgrcc of thc
air nlixin damper, based on thc target air tcmperaturc,
Ihe waler temperature from the water temperature
senmtr, aml Ihe mr temperature from the evaporator air
temperature sensor.

33 'I'he air conditioner according to claim 32, wherein the
control unit calculates the target opening degree of the air
mixing damper using thc following formula:

oo=((Tno-Tetr(Ti -Te'l l(i(i("l t

wherein,
flo inclicales lhe target opening degree;
TAO indicates the target air temperature;
Ttv indicates the tvater temperature detected hy the water

temperature sensor; and
Te indicates the air temperature detected by the evapora-

tor air tcmpcrature sensor.

t t t t


