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Temperatures in a lyr side air-conditioning zone and a Pa
side air-conditioning zone are controlkd highly indcpcn-
dently of each other &vithout tcmpcraturc intcrfcrcncc
between each zone. A room internal air tcmpcraturc sensor
and a room external air temperature sensor are provided. Dr
s&de aml Pa side temperature setters separately set room
setpoint temperatures (Tact(lyr), Tact(pa)) in each zone I'irst
and second target blow-out temperature calculating portions,
which include neural network, input the room sctpoint
tempcraturcs and thc tcmperaturc data. Then it calculates Dr
side and Pa side target bio&v-out temperatures (TAO(Dr),
TAO(Pa)) relanve &o each air-condinon&ng zones by using 0

neural ne&work. A&r-mix&ng doors separately adlusts the
temperatures of conditioned air blown out from l)r side air
passage and Pa side air passage to be the hrst and second
target blo&v-out tempcraturcs. Herc, thc neural network has
thc learnin function, which adjusts its output to bc dcsircd
data (tcachcr signal). Thcrcforc, the output at a specific input
condition can be adius&ed without temperature &nterlerence
between each zone.
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AIR-CONDITIONING DEVICE

('.ROSS-RL'I L'RL'N('L) I'0 REI.AIL'll
AVVI.ICATIONS

Thts application is based upon Japanese Patent Applica-
tions No. Hei. 10-112435 Iiled Apr. 22, 199S, No. Hei.
10-I 154l 9 filedApr. 24, 1998, Nn I iei. 10-I IS420 filedApr
24, 199S, and No Ilei. 10-I i 7418 filed Apr 27, 1998, the
contents of which are incorporated hcrcin by reference. This
is a division of Scr. No. 09)295,997, filcdApr. 21, 1999, now
U.S. Pat No. 6,220,517.

33ACKGROUNIJ OF 11IE INVL)NTION

1. Field of thc Invention
Thc prcscnt invention relates to an air-conditionin device

for automatically controlling thc temperature in a room such
as a passenger component of a vehicle or a room in a
builrhng.

2. Descnption of Relate)1 Art
Some air-conditioning devices for cnntrnfling tivo or

more different air-conditioning znnes independently nf each
other have heretofore been propnsed in an air-conditinning
dcvicc for automobile fiel. When thc temperatures, in a
driver scat (Dr) sirlc air-conditioning zone and in a passenger
seal (Pa) side air-comlitioning zone, are controlled
imlepenilently, since there is no partition wall between two
air-conditioning zones, temperature interference betiveen
the twn air-conditinning znnes may occur

As an air-i:onditioning device ior automobiles, which is
capalile of controlling independently betiveen the two air-
conditioning zones,.lapanese I.aid-npen Patent No 7-32SS4
has proposcrl. In this air-conditioning device, when a Dr side
target blow-out tempcraturc and a Pa side target blow-out
tcmpcraturc arc calculated, a calculation temi of diflorcnce
between a Dr side setpoint temperature and a Pa side.
selpotnt temperature are corrected by correction gain, which
is decided based on an external temperature, sn as to realize
desired temperatures in each of the Dr side and Va side
air-conditionin zones.

This air-conditioning device aims to prevent practical
temperatures of each zones from deviating from predeter-
mined sctpoint temperatures duc to an influenc of the
cxtcrnal tcmpcraturc, by thc correction described thc above.

However, the temperature interference betiveen the tivo
air-conditionin zones can not be conjectured only based on
thc cxtcrnal temperature and thc difforcncc bctwccn thc two
selpoint temperatures. Actually, the temperature in(crt erence
is related to an internal temperature, a blow-oui lempera lure,
and an amount of air or the lire at every timing. Therefore,
the independent temperature controlling can nnt be operated
accurately by only the correction described above

I'IGS 12A, 12B are temperature characteristics nf the
independent cnntroiling, which are experimentally con-
firmed. HG 12A shows a characteristic ot'a temperature of
area in which surrounding passcngcrs when the Pa side
sctpoint tcmpcraturc is set to constant and thc Dr side
selpoint temperature vanes from 22'. to 2S'. FIG. 12B
shows a characteristic of opposite relation.

As shown in FIG. 12A, during a varying of thc sctpoint
temperature of Dr sirie, the temperature inlerierence, which
is a phenomenon, that the temperature of area surrounding
passengers in Va side is dragged liy temperature changes of
Dr side 1 lance, a controllability of temperature of both l)r
side and Pa side has no inconvenient.

However, as shown in HG. 12I3, ivhen the setpoint
temperature nf the Va side is varied, the temperature nf area

surrounding passen ers in Pa side is decreased slightly with
respecL to normal temperature increasing due to an intluence
on Dr sirlc. Specifically, vvhcn the Pa side sctpoint tcmpcra-
turc (Tact(Pa))=28'., the tcmperaturc of area surrounding
passengers in Va side reaches only around 25.5'.

In lhe Japanese Laid-open Patent No. 7-32S54, for lhe
purpose of offsetting thc tempcraturc mtcrfcrencc, a correc-
tion value is calculated by niultiplying thc differencc
between two setpoint temperatures, and is added lo the target
hloiv-out temperature I'IGS. 13A, 1313 are temperature
characlenstics when this correction is adopted. As shown in
FIG. 13B, when the Pa side setpoinl temperature varies, the
control characteristic at the conrlition whcrc Tsct(Pa)-28'.
is improved, however, the correction tnm influenccs other
conditions to the contrary. This is because the correction
term depends on the difference between tive setpoint tem-
per))lures.

In other vvords, from the tcmperaturc diff):rcncc point of
view, both lhe conilition of which the characlerisuc should
be improved (Dr side setpoinl temperature Tact(Dr)=25'.,

o Va side setpoint temperature Tsel(pa)=ZS'' and the con-
dition of ivhich the characteristic should be maintained
(Tset(l Jr)=25'., Tset(l Jr)=ZZ'.) are the identical (each of
theni is 3'.). Thercforc, thc correction is adaptcrl to other
condition.

zs
Then, a disadvantage occurs bccausc thc tempcraturc of

arcs surrounding passcngcrs in Pa sirlc is dccrcascd below
22'., as shown in FIG. 13B, in thc condition of which thc
charac(enatic should be mainlamed (Tsel(Dr)=ZS'., Tsel
(Dr)=22 C ) may oci.ur

:i )

Similarly, as shown in FIG. 13A, a disadvantage occurs
because lhe temperature of area surrounihng passengers in
Pa side is deviated from 25'. clue to temperature varyin ~

in l)r side may occur
FIG. 14A shows a characteristic of a Dr side correcuon

gain KIJr according to the related art described the above
When the external temperature rises from 'I'I to T2, Klir
decreases from Kl to K2. A Va side correction gain Kpa has
a similar characteristic. If thc Pa side correction ain Kpa is

sc changed from K3 to K4 at external tcmpcraturc=10'.,
since lhe relanon Kpa=K4 is adopleil lo other condiuon
dunng external temperature=10'., the disadvantage shown
in 11(IS 13A, 1313 may occur

Therefore, in order to eliminate the disadvantage, il is
necessary to chan e the Pa siile correcuon gain Kpa to K4
in only a particular condition, and lo maintain the Va side
correction gain with K3 without change in the other condi-
tintlS

In other words, a oontrol logic, which can chan e the
correction gain in only the particular condition, is needed
Howcvcr, environment conrlitions, of which thc air-
conditioning rlcvice for automobiles faces, include a wirlc
variety of parameters such as thc cxtcrnal tcmpcrature, an
amount of solar raihalion (hereinafter, radiation amount), a
speeil of the automobile aml the like. Therefore, it
extremely difiicult to investigate a relationship nf factors at
which these environment conditions influence to the tem-
perature control characteristic one by one, to quantify thc
influcncc of the relationship, anil to decirlc thc blow-out

so tempcraturc control logic corresponds to thc influencc,
because il needs huge processes.

On the other hand, in another conventional automatically
control air-conilitioning device for vehicles, as shown in
Japanese Laid-open Patent No. 6-195323, calculates an air

ss amount by using a neural network based on an internal air
temperature and an external air temperature nf the vehicle,
a setpoint temperature, and a radiation amount.



In this luml of air-i:omhtioning device, dunng a normal
operation after the internal air temperature reaches the
setpoint temperature, when a liiow-out port mode is either in
a I IACL'ode or in a 131-1 EVLI. (13 I ) mode, the air amount
is incrcasccl in proportion to the radiation amount so as to
incrcasc a cooled air fccling (felt by a driver or a passenger),
during high solar radiation.

Here, when the blow-out port mode is in a I'OOT mode,
since the temperature in a passenger component rises due to
thc rachation, an increase of amount of conditioned air
(hcrcinaftcr, air amount) is not needed. Therefore, thc air
amount is not increaseil in proporuon lo the radiation
amount

According to the above-mentioned conventional device,
when thc air amount is changed in proportion to radiation
during a normal operation, thc following disadvantage may
occur.

The number of. output of the air amount, which is calcu-
lated liy the neural network, is only one independent of the
lilow-out port mode Therefore, when the blow-out port
mode is switchccl among thc FACE mode, thc B L mode and
thc FOOT mode, thc air amount needs to bc changed step by
step duwng high radiation.

This disadvantage will be explained in detail ivith refer-
ence to I'IG 25. In I'IG 25, the ordinate represents a blower
voltage which determines thc air amount to thc passcngcr
component, thc abscissa represents a diffcrcncc TD (=Tr-
Tsct) bctwccn thc internal air teniperaturc Tr in thc passen-
ger component and the setpoinl temperature Tsel. This
diilerence TD is zero around center of an area A on lhe
abscissa, and is in a plus at the right side on the abscissa and
in a minus at the left side on the abscissa

In thc FOOT mode, when thc difference TD is in around
zero in the normal operation area A, the blower voltage is set
to the minimum voltage E. indepenclenl of radiation. On lhe
other hand, in the FACE mode or the B/L mode, the blower
voltage is increased froin L'zto Ea in proportion to radiation
Since this changes (increasing), which is an amount of
changes AE of thc blower volta c duc to niodc switching,
docs not have continuously (step by step changes), a learn-
ing of the neural networl becomes diilicult.

I'urther the conventional device inputs data such as the
internal air temperature, the external temperature, the set-
point tcmpcraturc and thc radiation amount to the neural
network. Thc total number of data is desired to reduce so as
to rcducc thc number of intermediate layers and ncurons in
the neural network, and lo reduce the total calculation time.

of lhe neural networl enough lo converge the learnin ~ of
link coefficients between the neurons.

A further conventional autoniatically control air-
conditiomn device for vehicles, as shown in Japanese
Laid-open Patent No. 56-86815, calculates a target blow-out
temperature TAO, which is used for maintaining a tempera-
ture in a passenger compartment. I'hen it controls a tem-
perature adjuster (e g, air-mixing door or hot ivater valve)
so that a temperature of air blown to the passenger com-
partment approaches thc target blow-out temperature TAO.
Thc target blow-out temperature TAO is calculated as fol-
lows:

ClCi=is«i ia i —a' —i« i « — a'S+Ci

Here, Tr is an internal air temperature, Tam is an external air
temperature, Ts is a racliauon amount lo the passenger
compartment, Kset is a temperature set gain, IG is an
internal air temperature gain, Kam is an external air tem-

peralure gain, Ks is a radiation amount gain, and C is an
correction constant value

One of a I'ace mode for bloiving air to a face area of the
passenger, a lrOO'I'ode for bloiving air to a foot area of the
passen cr, encl bi-level (BiL) mode for blowing air to both
thc face area and thc foot arcs of thc passcngcr, is sclcctcd
basecl on lhe target blow-oul temperature TAO.

FIGS. 46A-46C show blow-out port control based on the
TAO. The blow-out port mode is changed to the I'ACL

io mode the 13'I. mode the I'OOT mode, in prnportion to a

rising of TAO
According to this conventional device, if heat loacl con-

ditions for the vchiclc arc same, the TAO will bc same value
Therefore, in this case, the blow-out port mode will be set to
be same mode. However, a heal ieeling of the passenger due
to surrounding condition is different from the heat load
condition I lence, a uniform switching of the blow-out port
mode based on the TAO may make an air-conditioning
fcclin ivorsc.

oo These air-conditioning fccling will bc explained with
reference lo FIGS. 46A—46C. FIG. 46A shows a condiuon of
lhe external air lemperaiure Tam is 1(l'. (rather warm), and
cloudiness (less solar radiation). I'l(L 4613 shows a condition
of the external air temperature Tam is O'. (rather cold), and

zs fairy (much solar radiation). In these bvo conditinns, both of
the TAO will bc thc same value "a*', thcrcforc, thc FOOT
mode is sclcctcd uniformly.

However, m lhe case of. FIG. 46B, the passen er will I eel
hot due to the radiation to the upper body, even if the
external air temperature is rather low, and ivill want more
cooled air to the upper body 'I'hat is, in this case, it is desired
to select the 13ii. mode to improve the air-conditioning
fcclin . Thcrcforc, the conventional device could not control
thc blow-out port mode in view of thc radiation

is Furthermore, the external air temperature anil a tempera-
ture of. hot water to a heat exchanger also influence the
air-conditiomng leelmg. However, the convenuonal device
also could not control the blow-out port mode in view of
these factors.

so In order to rcsolvc thc above-mentionccl disadvantage, it
can bc thought thc following structure as shown in FIGS
47A, 47B. That is, two maps including a no radiation map
(FIG. 47A) aml a radiauon map (FIG. 47B) are proviclecl as
a characteristic switching map between the blow-out port

as mode and the 'I'AO When it is in the radiated condition, as
shoivn in I'IG 4713, a switchin point of the 13/I. mode ivill
be chan cd to a hi h tempcraturc side. Similarly, the same
method can iic adoptccl for thc cxtcrnal temperature, anil thc
hol water temperature.

so However, the structure in FIGS. 47A, 47B may increase
memory poruon (ROM) of an air-concliuoning electncal
control unit, because it needs additional maps.

I'urther, environment conditions, of which the air-
conditioning dcvicc for automoiiilcs faces, include a wide

.-.- variety of parameters such as the external tcmpcraturc, an
amount of snilar radiation, a speeil of the automobile and the
lile. Thereffire, it is extremely diilicult to invesugate a
relationship of tactor at which these environment concliuons
influence the temperature control charactenstic one by one,

oo to quantify the influence of the relationship, and to decide
thc blow-out tcmpcraturc control logic corresponcls to thc
influcnce, bccausc it ncccls huge processes.

Then, another disadvantage of Japanese Laicl-open Patent
No. 56-86815 will be explained. In this convenuonal device,

os lhe amount. radiation Ts is mcludeil as a calculauon term in
the equation of the target bloiv-out temperature TAO.
Therefore, even if it is at the timing just after the air-



comhtiomng clevice starts in v:inter (warm-up), TAO is
calculated as low temperature. Then, a warm-up lime may be
long time. Thc warm-up time corresponds to a period
bctwccn thc tcmperaturc adjuster is adjusted from maximum
heating position to tcmpcrature region and a room tempera-
ture nses to Ihe selpoint temperature.

In or)ter to solve the above-menhoned disacivantage,
Japanese Laid-open Patent No. 4-I63223 is proposed. In Ibis
device, when a temperature difference (Tr—Tact) bet&veen the
internal air temperature Tr of the passengers component and
thc sctpoint tcmpcraturc Tact is minus, thc radiation aniount
Ts as thc calculation term (amount on radiation correction)
is decreasecl in propornon lo an increasing oi. Ihe absolute
value of the temperature chlTerence.

According to an invest)gabon, il is found the Iollov:ing
facts That is, when the radiation amount correction is
decided nnly based on the temperature difference (Tr—Tact),
it may bc impossible to calculate thc radiation amount
correction for various-of surrounding conditions. That is,
even if the temperature cliiTerence is equal, the TAO is
desired lo be high temperature by decreasing ihe radiation
amount correction when the external air lemperalure is
extremely low hke in winter, so as to shorten the warn)-up
time

Similarly, cvcn if thr temperature diffcrence is equal, the
TAO is dcsircd to br low temperature l&y decreasing the
radiation amount correction when there is little solar
rachatton, so as lo shorten the warm-up time.

In winter, since an angle oi. Ihe sun is rather small, Ihe.

solar radiatinn is likely to be radiated to upper body of the
passenger. In such a case, when the internal air temperature
rcachcs thc sctpoint temperature (Tr—Tact') as thr result of
heating, an operation of will bc nomial operation. Then, thr
passcngcr may fccl hot due to thc radiation. Therefore, it is
desired lo set TAO low temperature by increatong Ihe
radiation amount correction dunng much red)anon in Ihe
normal operation so as to set the binw-out port mode tn 13/I.

mode to blow cooled air from a face blow-out port

SUMMARY OI 11 IL) INVL'N'llON

The present invention was accomplished in view of the
above-mentioned circumstances. Iiirst nbject is to provide an
air-conditioning clcvicc for controllin the air-conditioning
tcmpcraturcs in a first air-conditioning zone and in a second
air-c:onditioning zone highly indepenclenlly of each other by
restncling temperature interference between the Iirst air-
comhtiomng zone and the secoml air-conclitioning zone.

A neural network, which is one of informanon process
system, has a charactenslic lo correct its output to be cia&)rect

data (leacher signal) automatically, by acllusting link coef.-
ficients (synapse weights) between each neurons in each
layers in the neural network automatically (i e, learning
function). Thc present inventions aim at correcting thr target
blow-out tcmpcrature only at a specific condition without
increasing an engineer's process, by using the automatic
ruljusling Iunction of. link coeificienls between ihe neurons
in the neural nelworl.

Furthermore, secoml object is lo provide an air-
condittomng device, which calculate an air amount by using
a neural network, of which learning can be simplitied

Also, third object is to provule an air-c:omhhoning device,
which calculate an air amount by using a neural network, of
which tntal calculation time can be decreased

Furthermore, fourth object is to prov)cia an air-
condittomng device, which can control a blow-out port
mode finely in accordance to air-conditioning feeling of
user.

Furthermore, Iifth object is to provicie an air-conditioning
device, which can calculate a radiation amount correction
accurately to improve an air-conditionin feeling of user

In orclcr to accomplish onc of the above-mentioned
oblect, Ihe present invention provides an air-condilionin ~

device includes a Iirst and a seconci temperature adlusters,
and a Iirsi and a second largei blow-oul temperature calcu-
lating portions for input setpoint temperatures (Tact(I)r),
Tact(pa)) of a first and a second air-conditioning &ones, an

'" internal air tcmpcrature (Tr) clctected by a tcmpcraturc data
detector, and an cxtcrnal air tcmpcrature (Tam) clctcctccl by
Ihe temperature data detector, to calculate a Iirsl and a
second target blow-out temperatures (TAO(Dr), TAO(Pa))
of each air-comhnomng zones by using a neural network.
Ilere, the hrst and the second temperature adlusters are
controlled so that the blow-out temperatures of air-
conditionccl air from each air passa cs relative to the first
and thc second air-conditioning zones can corrcspond to thc
Iirsl and the second target blow-oul temperatures (TAO(Dr),

zo TAO(Pa)).
According to the present invention, the first and the

second target blow-out temperatures (I'AO(IJr), IAO(pa))
rclatcd to each air-conclitioning zones arc cakulatcd via thc
neural network. Thc neural network has thc learning
funchon, which adlusts Ihe hnk coelhcienks (synapse
weighks) between each neurons m each layers in the neural
netivork automatically to correct its output to be desired data
(teacher signal). Therefore, the output at a specific input
condition can be adjusted, by changing the teacher signal at

I)
thc specific input conclition and then adjusting thc link
cocificients (synapse ivcights) automatically in aclvancc.

Furthermore, since the neural network adlusts iks whole
link coetTiciencs so that the desired outputs (teacher signal)
at the other input condition are maintained even if the output
at the specific input condition is changecl. Thcrcforc, thc
chan e of thc output at thc specific input conclition docs not
inliuence Ihe outputs at the other input conciilions.

lienee, when the setpoint temperatures of the first and the
second air-conditioning zones are changed, both tempera-
tures of thc area surroundin passengers in thc tirst and thc
second air-conditioning zones arc hi hly inclcpcndcnt con-
trolled with accurately, without the tempcraturc intcrfcrencc
between each zones.

13RI LI'JLSCRIPTION Ol) 'I'I IL')RAWINGS

I'IG. I is a diagram illustrating the constitutinn of ivhole
system of an air-conditioning device according lo a first
cmbodinicnt of thc present invention;

so FIG. 2 is a block diagram of main functions of thc first
cmbodinicnt;

FIG. 3 is a schematic diagram of a neural network of
temporary targei lemperature calculating portion oi. the Iirsl
embodiment,

11GS 4A, 411 are diagram and graph for explaining a

output calculatin procedure of neural netivork;
11G. 5 is a schematic diagram of a neural netivork of

racliation amount correction calculating portions of the first
cmboclimcnt;

i I)

FIGS. 6A—6C arc diagram of characteristics illustratin
Ihe radiaiion amount correcnon calculating portions;

FIG. 7 is a schematic diagram of a neural network of
blow-out port mode calculating portion of the lirst embodi-
ment;

I'IG. g is a schematic dia ram of a neural network of air
amount calculating portion of the first embodiment,



FIG. 9 is a flow chart illustrating a control flow according
to the hrst emiiodiment;

I'IG. 10 is a diagram ot'haracteristics illustrating a
calculation of the blow-out port mode according to the first
cmbochmcnt,

FIGS. 11A, llB arc diagrams of control characteristics of
tcmpcraturcs of area surrounding passcngcrs in Dr side and
Pa side accorchng lo the first embodiment,

FIG. 11C is a diagram illustrating a relationship between
input signals and output signal of neural network,

FIGS. 12A, 12B are chagrams of. control characlerisncs of.

temperatures of area surrounding passengers in Dr side and
Pa side;

FIGS. 13A, 13B arc diagrams of control characteristics of
tcmpcratures of arcs surrounding passengers in Dr side and
Pa side according to rclatcd art;

FIGS. 14A, 14B are chagrams illustrating a seiung pro-
cedure of correcnon gmn of a target blow-out temperature.
according lo Ihe relaleci arl;

I'IGS 15A, 15B are diagrams illustrating a setting pro-
cedure ot'orrectinn gain according to the related art;

I'IG. 16 is a cliagram illustrating the constitutinn of ivhoie
system of an air-conditioning device according to a second
cmbochmcnt of thc present invention;

FIG. 17 is a block diagram of main functions of thc
seconci embocliment,

FIG. 18 is a schematic chagram of a neural networl of. air
amount calculating portion of Ihe secoml embodiment,

FIGS. 19A, 19B are cliagram and graph for explaining an
output calculating procedure nf neural netivnrk;

I'IG 20 is a schematic diagram of a neural netivork of
temporary target tcmpcraturc calcuiating portion of the
second cmbocliment;

FIG. 21 cs a schematic diagram of a neural network of
rachatton amount correcnon calculating portion of. Ihe sec-
ond embodiment,

FIG. 22 is a schematic diagram of a neural network of
I)low-out port mode calculating portion of the second
embodiment,

FIG. 23 is a flow chart illustrating a control flow accord-
ing to the second embodiment;

FIG. 24 is a chagram of characlenstics illuslranng a
calculation of the blow-oul port mode according io Ihe.

secnnd emiiodiment;
FIG. 25 is a cliagram of. characteristic ilhistraling a rela-

tionship between a switching of blow-out port mode and a
blower vnitage (air amount);

FIGS. 26—29 are chagrams of charactenstic illustrating
relationships between the liiower vnitage (air amount) and a
temperature difl'erence TD just after starting the air-
conditiomng in summer;

I'IG 30 is a diagram illustrating the cnnstitution of whole
system of an air-cnnditioning device according to a third
cmbodimcnt of thc present invention;

I'IG. 31 is a block diagram ot'ain functions of the third
embodiment,

I'IG 32 is a schematic diagram of a neural netivork of air
amount calculating portion of the third embodiment;

FIG. 33 is a schematic diagram of a neural network of
temporary target temperature calculating portion of the third
embodiment,

FIG. 34 is a schematic diagram of a neural neiworl of.

radiation amount cnrrection calculating portion of the third
embodiment;

FIG. 35 is a schematic diagram of a neural network of
bloiv-out port mode calculatin portion of the third embodi-
ment;

11G. 36 is a schematic diagram of an another neural
network of blow-out port moclc cakulating portion of thc
third embodiment;

FIG. 37 is a dia ram illustrating thc constitution of whole
system of. an air-condiiiomng device accorciing to a fourth
embodiment of. Ihe present invennon;

I I) FIG. 38 is a block diagram of main funcnons of the fourth
embodiment;

I'IG. 39 is a schematic diagram of a neural network of
bloiv-out port mode calculating portinn of the fourth
cmbodinicnt;

FIGS. 40A, 40B are cliagram and graph for explaining an
output calculating proccclure of neural network;

FIG. 41 is a schematic diagram of a neural network of
temporary targei temperature calculating portion oi. the

n fourth embodiment,
11G. 42 is a schematic diagram of a neural network of

radiation amount correction calculating portion of the fourth
embodiment;

FIG. 43 is a schematic diagram of a neural network of air
amount calculating portion of thc fourth cmbocliment;

FIG. 44 is a flow chart illustrating a control flow accorcl-
in ~ io Ihe fourth embodiment,

FIG. 45 is a diagram of characterisncs illustranng a
calculahon of. Ihe blow-out port mode according io ihe

lo
fourth embodiment;

I'IGS 46AW6(: and 47AW713 are diagrams illustrating a

sivitching characteristic of a bloiv-out pnrt mode according
to a related art;

FIG. 47C is a diagram illustrating a switching character-
istic of a bloiv-out port niode accordin to fourth embodi-
meni,

FIG. 40 is a chagram of. characteristic illustranng a rela-
tionship between input conditions anil a blow-out port mode

so signal output
11G. 49 is a diagram of characteristic illustratin a rela-

tionship betiveen a comfort in a 13)I. mode and an external
air teniperaturc and a tempcraturc of hot water;

FIG. 50 is a diagram of characteristic illustrating a rela-
tionship between input conditions and a blow-out port mode
signal ou ipu i;

FIG. 51 is a schematic diagram of a neural network of
blow-nut port mode calculating portinn of a fifth embodi-
ment;

so
FIG. 52 is a schematic diagram of a neural network of

bloiv-out port mode calculating portion nf a sixth embodi-
ment;

FIG. 53 is a cha ram of charactensnc illustrating a rela-
tionship betiveen input a blow-out port mode and a target
blow-nut temperature accordin to a seventh embodiment,

FIG. 54 is a diagram illustrating the constitution of whole
system of an air-conditioning device accordmg to a eighth
embodiment of the present invention;

I'IG. 55 is a block diagram of main functions of the eighth
embodiment;

FIG. 56 is a schematic diagram of a neural network of
blow-out port mode calculating portion of the ei hth
embodiment;

as FIG. 57 is a diagram illustrating the consntution of whole
system of an air-conditionin device according tn a ninth
embodiment of the present invention;



FIG. 58 is a schematic diagram of. a neural networl of. a
radiatinn cnrrection coeflicient calculating pnrtion of the
ninth embodiment;

FIGS. 59A, 59B arc diagram and graph for explaining an
output calculahng procedure of neural networl,

I'l(i 60 is a flow chart illustrating a cnntrni floiv accord-
ing to the ninth embodiment;

FIG. 61 is a iliagram of characteristics illustrating a
calculation of a blower voltage according to ihe ninih
embodiment,

I'IG. 62 is a diagram of characteristics illustrating a
calculation of a suction port mode according to thc ninth
cmboihmcnt,

FIG. 63 is a ihagram of characienstics illusiranng a
calculation of a blow-out pnrt mode according to the ninth
embodiment,

FIG. 64 is a dia ram of characteristics illustrating a
calculation of a rarfianon correchon coeihcieni according to
the ninth emboihment,

I'J(iS. 65A, 65J3 are diagrams of characteristics illustrat-
ing calculations ot' radiatinn correctinn coeflicient accord-
ing to thc tenth cmbodimcnt;

FIG. 66 is a diagram of. characienstics illusiranng a
calculation of a radiation correchon coelhcieni according to
the eleventh emiiodiment;

FIG. 67 is a schematic diagrani of a neural network of a
raihation correction cocflicicnt calculating portion of thc
eleventh embodiment,

I'IG. 68 is a diagram of characteristic illustrating a rela-
tionship between input conditions arid a radiation correctioli
cocfiicicnt output of thc eleventh embodiment;

FIG. 69 is a schematic diagram of. a neural networl of. a
raihatton correcnon coefflcieni calculating portion of. Jhe.

twelfth embodiment;
FIG. 70 is a diagram illustrating thc constitution of whole

system of an air-conditioning device according to a thir-
teenth emborfiment of the present invention,

I'l(i 71 is a schematic diagram of a neural netivnrk of a
radiation correction coeflicient calculating portion of the
thirtccnth embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

(First Embodiment)
A Jirst embodiment of ihe present invenhon will be.

described hereinafter with reference tn HGS. I —IJB. FJG. I
is a diagram illustrating the constitution ot'ivhole system of
an air-conihtioning dcvicc for automobiles (vehicles), ivhich
is capable of controlling indcpcndcntly bctwcen a driver seat
(Dr) side air-conditioning zone and a passcngcr seat (Pa)
sirie air-conditioning zone in a passenger component. In
FIG. 1, an internal atr/external air change-over door IU01 is
arranged at the mnst upstream side ot'ir flniv in the
air-conditioning device. One of an external air and an
internal air is sclcctivcly introduced into an air duct 1002 by
moving thc door 1001.

A blower 1003, an evaporator 1004 and a heater cnre 1005
arc arranged from upstream side to downstream side in thc
air duct 1002. Thc evaporator 1004 is a cooling heat
exchanger for cooling an air by absorbing an evaporating
latent heal of a reftngerani in a refngeraiing cycle from air.
The heater core 1005 is a heating heat exchanger for heating
air with heat frnm a hnt water (engine coolant) from a
vehicle engine (not shnwn)
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A pariihoning wall 1006 is arranged from the heater mire

1(N5 porhon io its downstream side in the air duct H302 to
divide thc air duct 1002 into a Dr side air passage 1007 and
a Pa side air passage 1008.

A Dr side air-mixing door 1009 is arranged ai the
upstream of the heater core 1005 in ihe Dr side air passage
1007. Thc Dr side air-mixing door 1009 ail)usta a ratio of
two air amount in the Dr sirlc air passage 1007, an amount
of heated air passed through the heater core 1005 and an
amount of cooled air by-passed the heater core 1005 A Pa

1 it
side air-mixing door 101U is arranged at the upstream of ihe
heater core 1005 in the Pa side air passage 1008, aml adtusis
a ratio of two air amount in thc Pa side air passage 1008.
Here, the iwo air amount are an amount of heated air passed
through the heater core 1005 and an amount of cooled air
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by-passed ihe heater core 1005.

At the most downstream side of the Dr side air passage
HN7 aml the Pa side air passage 1008, foot blow-oui ports
1(N7rr, IJNgrt, face blow-oui ports 1UU76, IUU7c, IUUgb,
1008c, and a defroster bloiv-out port 11 are prnvided I Jere,
the foot bloiv-out ports 1007u, 1008u are provided to blow
thc conditioned air onto the fcct of the passcngcrs. Thc face
bloiv-out ports 10076, 1007c, 10086, 1008c arc provided at
each of. center portion and side portion in the passenger
compartment io blow ihe conditioneil air io the upper half ofzs
ihe body of the passengers. The ilefrosier blow-out port 1011
is provided to blow the conditioned air to a windshield.

In ihe Dr side air passage HN7 anti the Pa side air passage
1008, iilow-out port change-over doors 1012— 1016 are
arranged to selectively open'close the blniv-out ports
1007rt—1007c, 1008n—1008c and JUH. Lech of predeter-
mined blow-out modes, such as a FACE mode (FACE), a
BI-LEVEL niode (Bik mode), and a FOOT mode (FOOT) or
ihe like can be sei with respecuve to each ports HN7, 1UUS,

imlependently, by changmg ihe open/close condiuon of ihe
doors 1012—1016

Here, a control system for controlling the air-conditioning
device will be explained. The internal air iexternal air chang-
ing door 1001, the Dr side air-mixing door 1009, the Pa side
air-mixing door 1010, and the blow-out port change-over
doors arc driven by servomotors 1017—1022. Thc scrvomo-
tors 1017—1022 arc controlled liy outputs of an air-
conditioning electric control device 1023 (hereinafter, called
"ECU 1023"). A motor 10U3u of the blower 10U3 is also
controlled by ihe output of. the ECU IUZ3 via a control
circuit (motor applied voltage control circuit) 1024 I'he
LCU 1023 includes a microcomputer and its peripheral
clrcui(s.

A Dr side temperature setter (first temperature setter)
1025 is provided to set a J)r side setpmnt temperature
Tsct(Dr) of thc Dr siilc air-conditioning zone rclativc to thc
Dr siilc air passage 1007, anil output thc setpoint tempcra-
turc Tact(Dr) to the ECU 1023. A Pa side tcmpcraturc set ter
(secoml temperature setter) IUZ6 is provirieri to set a Pa side
setpoini temperature Tsei(Pa) of the Pa side air-conriihoning
zone relative to the Pa side air passage 1008, and output the
setpoint temperature Tset(Pa) to the L'('U 1023. J3oth tem-
perature scttcrs f025, 1026 arc provide(I independently of
each other.

so As temperature data detectors, an internal air sensor 1027
is arran ed to dctcct an internal air tempcraturc Tr An
external air sensor 1028 is arranged to dctcct an external air
temperature Tam. An evaporator temperature senmir 1029 is
arran ed io deteci a cooling temperature (blow-out air

ss temperature) of. the evaporator 1(N4. A water temperature
sensor 1030 is arranged to detect a temperature Tw of hot
water tloiving into the heater core 1005



Furthermore, a Dr side radiation sensor 1031 is arranged
to detect a (solar) radiation amnunt TsDr to the Dr side
air-conditioning zone, and a Va side radiation sensor 1032 is
arranged to rletect a (solar) radiation amnunt Tspa to the Va

side air-conditionin zone.
Control functions processed by the microcomputer in thc

ECU 1023 are generally divirfed as shown in FIG. 2. The
ECU 1023 inclurfes Iirst anrf second temporary target tem-
perature calculating portions 1033, 1U34, first and seconrl
radiation amount correctinn calculating portinns 1035, 1036,
first and second blow-out port mode calculating portions
1037, 1038, first and second air amount calcuiating portion
1039, 1040, first and second target temperature calculating
portions 1041, 1042, an air amount calculating portion 1043,
a Dr sirfe air-mixing iloor opening degree calculating portion
1044, a Pa sale air-mixing door opening degree calculaung
portion 1045.

Ilere, the first temporary target temperature calculating
portion 1033 calculates a l)r side temporary target blniv-out
tcmpcraturc TAOB(Dr). Thc second temporary target tcm-
pcraturc calculating portion 1034 calculates a Pa side tem-
porary target blow-out temperature TAOB(Pa).

The Iirsl temporary target temperature calculating portion
1033 includes a neural networl 110U as shown FIG. 3, and
inputs the signals including the internal air temperature Tr,
the external air temperature I'am, setpoint temperature 'I'set

(Dr) from thc Dr side temperature setter 1025 and a sctpoint
tcmpcraturc rlift'crcncc 6 TsetDr, which is a dificrcncc of the
both sctpoint temperatures Tact(Dr) and Tsct(Pa). And the
Iirst temporary target temperature calculating portion 1U33
calculates the Dr sale temporary target blow-out temperature.
I'AOB(Dr) based on the input signals via the neural netivork
»00

Similarly, the second telnporary target temperature cal-
culatin portion 1034 includes a neural network 1100 as
shown FIG. 3, inputs thc signals including thc internal air
temperature Tr, the external air temperature Tam, selpoint
temperature Tsel(Pa) from Ihe Pa side temperature seller
1026, anrf a setpoinl temperature difierence ATsetPa, which
is a ditference of the bnth setpoint temperatures Tact(»r) and
'I'set(Pa) The second tempnrary target temperature calculat-
ing portion 1034 calculates thc Pa side temporary target
blow-out tcmpcraturc TAOB(Pa) based on thc input si naia
via Ihe neural network 1IUU.

Thc first radiation amount correction calculating portion
1035 calculates a Dr side radiation amount correction TAOS
(Dr) The second radiation amount correction calculating
poruon 1036 calculates a Pa side radiation amount correc-
tion TAOS(Pa).

The lirsl blow-oul port mode calcuhuing porhon IU37
calculates a Dr side blow-out port mode signal TMODE
(llr) The second blnw-out port mnde calculating portion
1038, calculates a Va side blow-out port mode signal
I'MOI)E(pa).

I'urthermnre, the first air amount calculating portinn 1039
calculates a blower voltage level TIII.O(»r) which decides
a Dr side air amount. Thc second air aniount calculating
portion 1040 calculates a blower voltage lcvcl TBLO(pa)
which rlccidcs a Pa side air amount.

Thc first and thc second radiation amount correction
calculating portions 1035, 1036 include a neural network
1200 as shown in FIG. 5. The fitsl aml the second blow-out
port mode calculahng portions 1037, 1038 include a neural
network 1300 as shown in FIG. 7. The lirsl and ihe seconrf
air amount calculating portinns 1039, 1040 include a neural
network 1400 as shoivn in I)ill 8.

12
The lirsi largeL temperature calculating portion 1U41

calculates a Dr side tinal target bloiv-out temperature 'I'AO

(Dr) based on the output of the tirst tempnrary target
temperature calculating portion 1033 and the nutput of the
first radiation amount correction calculatin portion 1035.
Thc second target tcmpcrature calculatin portion 1042 is
prov)deil to calculate a Pa stile linal target blow-oul tem-
perature TAO (Pa) based on Ihe output of the second
temporary target temperature calculatmg portion 1034 and
the output of the second radiation amount correction calcu-
lating portion 1036.

Thc air amount calculatin portion 1043 calculates blower
voltage lcvcl TBLO corresponrling to the final amount on
air, based on an average of the blower voltage kvels
TBLO(Dr), TBLO(pa), which are calculated by the Iirsl anil
second air amount calculating pomona 1U39, 1040.

The t)r side air-mixin door opening de ree calculating
portion 1044 calculates a l)r side air-mixing door opening
degree SW(Dr) based on the 'I'AO(Dr) output from the first
target temperature calculatin portion 1041, and a Pa sirlc
air-mixing door opening degree calculating portion 1045 to
calculate a Pa side air-mixing door opening degree SW(Pa)
baseil on Ihe TAO(Pa) output from the second target tem-
perature calculaung pornon 104Z.

The constitutions of the neural networks»00—1400 will
be explained. Since the constitutions of the neural netivorks
»00—1400 arc sulistantially equal, thcsc constitutions arc
cxplaincd based on the neural network 1100 with ref):rcnce
to FIGS. 3, 4A, 4B.

l))
As shown in FIG. 3, Lhe neural network»00 includes an

mpul layer 11U1, a first mlermediate layer»02, a second
mlermediate layer 1103, anil output layer 11U4. Each of the
input layer»01, the first and the second intermediate layers
»02, »03 has a plurality of neurons»05, and output layer
has one neuron 1105. Each of ncurons 1105 in thc input layer
1101 is connected to each of ncurons 1105 in thc first
intermediate layer 110Z with a certain link coefiicient
(synapse weight) 1106. Similarly, each of. neurons»05 in
Ihe Iirsl intermeiliate layer 11UZ is connecied to each of
neurons»05 in the second intermediate layer»03 with a
certain link coefticient »06. Each of neurons»05 in the
second intermediate layer 1103 is conncctcrl to thc neuron
»05 in thc output layer»04 with a certain link coeificicnt
11U6. These neurons 11U5 are formed by memories in the
ECU 1UZ3 in an actual circuit, and the neural network»00
is formed by combined memowes.

The neural netivork»00, which is a netwnrk bavin a
layered structure, has a l3ack Propagation I earning I unction
that can automatically correct the link coefficients»06
between each ncurons among the input layn 1101, the first
anti second intcrmediatc layers 1102, 1103, and output layer,
so as lo adlusl its output to a desired value (teacher signal)
related Lo input signals such as Tsefi, Tr, Tam, ATseu.

When the teacher signal is changed, Lhe hnk coetfictents
»06 are adjusted by repeatedly "learnin '* so as to correct
the output to be the changed teacher signal related to the
input signals. In otherwords, bascrl on a large number of
dcsircd data (teacher signals), a correlation function (link

at) coefiicicnts 1106) is automatically cncratcd. Thc teacher
signa(a are determined to desired values obtained by an
expenence or the hke (desired output for the input signals)

In Lhe layered structure neural networl 1100, there is no
connechon among each of Ihe neurons 1105 in an idenucal

as layer, but the neurons 11U5 in each layer are connected to
only neurons»05 in forivard and backward layers. 'I'he link
coefiicients»06 between each neuron»05 in each layer
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represent weights of connections (magnitude). The larger Ihe.

weight nf cnnnection, the larger an amplitude nf signal,
which is output from each neurnn 1105 and propagated to
neurons 1105 in backward layer

Herc, the input signals (Tscti, Tr, Tan&, 5 tseti) arr
normalized to OL1 value bcforc inputting to thr neural
network 1100 by a normalize portion 1107. The output
signal from the neural networl 1IUU is transformed in
reverse procedure of. Ihe normalize portion 1107 by an
output transform portion 1108. I nr example, actual detected
internal temperature 'I'r detected by the internal air sensor is
normally in a ran c from O', to 50'. This detected value
ts assigned to a certain value in a range from 0 to I in the
normalize portion 1107, and is output to thc input layer 1101
in the neural networl 1100. Since the output signal from Ihe.

output layer 1104 is a value in Ihe range from 0 Io I, this
output signal is transforined to the actual value correspond-
ing to the sensor signal in the reverse procedure by using a
prcdctcrmincd transformation niap in the output transform
portion 1108

Thc cnvironmcnt conditions, of which thc air-
conditioning rlevice for vehicle faces, are variable, as
described above. Therefore, the number of. the leacher
signals, which are rlesired vahies related Io Lhe various
environment conditions, will be enormously.

Therefore, in a designing process of the I.'CU 1023, the
learning is cxccutcd by a high-speed calculator including a
neural network, which is thc sante as the neural network
1100, bcforc being mounted to the vehicle. The high-speed
calculator calculates the linl coelhcients 1106 so that Ihe.

output of the neural network is to be desired teacher signals
for various input signals. Then, the calculated coefficients
1106 are memorized in a memory pnrtion (ROM) corre-
sponrling to each neural network 1100, 1200, 1300, 1400 in
each of thc calculating portions of thc ECU 1023 shown in
FIG. 2.

Therefiire, when the ECU lU23 is mounted on the vehicle,
the link coellicients 1IU6 among the neurons 1IU5 in each
layer of the neural networks 110U—14UU have been set io
predetermined value

Aller being mounteil on the vehicle, the neural networl s
1100— 1400 in each layer calculate an output for input signals
as shnwn in 11G. 4A Specifically, in each of the neurons
1105, each of the input signals 0,—0,„ is multiplied by each
of thc corresponding cocfficirnts 1106 (W,—W„), and mul-
tiplicrl values arc adapted to a so-called sigmoid function as
shown FIG. 4B. The calculated results of. the sigmoirl
funcnon are output to the neurons 1105 in backward layer.
These calculations are repealed between each layer Io decide
a final output.

Since Ihe neural networl 110U in each calculating pornon
of mnunted ECU 1023 is previously set so that the desired
value for the vanous input signals 0,—O„can be obtained,
learmng for correctinn of the link cnefiicients is nnt needed

Therefore, the neural network 1100 ot'he first and second
tempnrary target temperature calculating portions 1033,
1034 output thc rlcsircd teacher signals as the temporary
target blow-out tcmpcraturc TAOBi related to thc change of
thc input signals (Tsrti, Tr Tam, Atsrti). Here, a subscript "i"
represents either "Dr'r "Pa", anil v:dl be used hereinafter
as the same meaning.

The Dr side temporary target blow-out temperature TAOB
(Dr) calculated by the neural networl 110U of. Ihe lirst
temporary target temperature calculating portions 1U33 is
input to the tirst target temperature calculating portion 1041
which calculates the Dr side final target bio)v-out tempera-
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lure TAO(Dr). The Pa side temporary target blow-out tem-
perature TAO I I( Va) calculated by the neural net)vork 1100 of
the second temporary target temperature calculatmg portions
1034 is input to the first target temperature calculating
portion 1042 )vhich calculates the Va sirlc final target blow-
out tcmpcraturc TAO(Pa).

The neural nct)vork 1200 of the first anil scconrl radiation
amount correction calculating portions 1035, 1U36 output
Ihe desired Leacher signals as Lhe raduinon amount correc-
tion TAOSi relate to the change of the input si naia (Tseti,
Tr, Tam, Atseti). Next, a calculation procedure of the radia-
tion amount correction TAOSi )vill be explained with ref-
crencc to FIGS. 6A—6C. In FIGS. 6A—6C, thc abscissa
rcprcscnts thc internal air tcmpcrature Tr.

is
FIG. 6A shows that the rarliation amount correction

TAOSL is set Lo zero, independent of. Ihe setpoint tempera-
ture Tseti, Ihe external air temperature Tam, aml the water
temperature Tw, when Ihe radianon amount Tsi=O

o FIG. 6B shows a charactenstic of. the radiation amount
correction 'I'AOSi )vhen the radiation amount 'I'si= I kWrm,
the setpoint temperature 'llseti=25', the external air tem-
perature Tam=&-IO'. Thc radiation amount correction
TAOSi is risen from TAOSi=ff at the point thc internal air

zs temperature Tr=T3, anil is saturated with Ta1 at the point Lhe

internal air temperature Tr=T4, inilepemlent of the water
Lempf:I &tlirt: Tw,

Further, FIG. 6C shows the characteristic of the radianon
amount correction 'I'AOSi when the radiation amount Tsi=l
kW m, the setpoint temperature Tseti=25'., the external
air tcmperaturc Tam=& IO'. The rarliation amount correc-
tion TAOSi is risen from TAOSi=O at the point thc internal
air tcmpcrature Tr=T1. Then, it is saturaterl with Tal at thc
point Ihe internal air temperature Tr=T2, independent of the
water temperature Tw, Here, the internal air temperature has
a relationship of Tl&'I'2&T3& I'4.

When the external air temperature I'am is within a range
of — LO' and IO'', the internal air temperature I'r at the
time the radiation amount correction TAOSi rises is set to

&D
intermediate tcmperaturc bctwcen Tl and T3, and thc inter-
nal air tempcraturc Tr at thc time thc rarliation amount
correction TAOSi saturates is set Lo intermediate tempera-
ture between T2 and T4.

According to Ihe charactenstic of the radianon amount
correction TAOSi shown in I'IGS. 6A—6C, when Ihe internal
air temperature Tr is in a low temperature held (warm-up
control field when a heating is started in )vinter), the internal
air tcmpcraturc is risen mainly by thc radiation without thc

s,& radiation correction. On thc other hand, when thc internal air
temperature Tr is in a high temperature lie kl which &s higher
thai a given temperature, Lhe radiation correction is executed
so that the variation on internal air temperature control of the
passenger component due to the radiation can be restncted

In thc first and thc second target tcmpcraturc calculating
portions 1041, 1042, thc final target (&low-out tcmpcraturcs
TAO& are calculated by Ihe following a)teat&on.

I&ra=a)i&s —

ra(i )

In thc Dr side air-mixing rloor opening degree calculating
portion 1044 and the Pa side air-mixing rloor opcnin degrcc
calculanng portion 1045, the Dr side air-mixing door open-
in ~ degree SW(Dr) aml Lhe Pa side air-mixing door opening

ss de ree SW'(Pa) are calculate)i based on Lhe TAO(Dr) and
TAO(pa), which are output from the first and the second
target temperature calculating portion 1041, 1042, the tern
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peralure Te of. the evaporator LU04, and the water tempera-
ture Tw of the heater core LU05, by using the following
equation:

sw&( I i=(Tnoi — TelrlTre— Tel uiri (ci

Thc neural networks 1300 as shown in FIG. 7, which
constitutes cithcr of the first and the second blow-out port
mode calculating portions 1037, 1038, calculate and output
the desired value as the blow-out port mode signai I'MOI)L'Dr)

on Ihe Dr side anil the blow-out port mode signal
TMODE (Pa) on Ihe Pa mde, respectively, in relauon to Ihe.

changes of input signaLs (TAOi, Tsi, Tam, Tw).
Thc neural networks 1400 as shown in FIG. 8, which

constitutes either of the tirst and the secnnd air amount
calculating portions 1039, 1040, calculate and nutput the
desirml value as the Dr side blower voltage level TBLO(Dr),
the Va side lifnwer voltage level I'33I.O(Va), respectively, in
relation to the changes of input signals (Tseti, Tr, I'am, 'I'si)

The cnntrol flnw accnrding tn the preferred embodiment
will bc cxplaincd with rcferencc to a flow chart shown in
FIG. 9. This control routine starts from a control switch
signal, which starts Ihe air-conditioning device.

At step 1510, the air-conchlioning ECU 1U23 is reset. At
step 1520, the L'CU 1023 inputs the output signals from each
sensors such as the internal air temperature Tr, the external
air temperature 'I'am, and the signaLs from the Dr side
tcmpcraturc scttcr 1025 and the Pa side temperature setter
1026.

At step 153U, the temporary target blow-ou I temperatures
TAOBL are calculatecl via the neural nelworl 11UU, shown in
I I(i 3 I'he step 1530cnrresponds to the first and the second
temporary target temperature calculating portions 1033,
1034 m H(i. 2.

At step 1540, thc amounts of radiation corrections TAOSi
arc calculated via thc neural network 1200, shown in FIG. 5.
The slap 154U corresponds lo the lie I ancf the seconcf
radiation amount correction calculaung portions 1035, 1036
in FIG. 2

At step 1550, the final target blow-out temperatures TAOi
are calcufatecl by the equation (f) I'he step 1550 corre-
sponds to thc first and thc second target temperature calcu-
latin portions 1041, 42.

At slap 156U, the air-mixing door opemng degrees Swi are.

calcu lalecf by the equation (2). The slap 1560 corresponds to
the Dr stele air-mixing door opening degree calculaung
portion 1044 and the Pa side air-mixing dnor opening degree
calculating portion 1045.

At step 1570, thc blow-out port mode signals TMODEi
arc calculated via thc neural network 1300, shown in FIG. 7.
The slap 157U corresponds lo the lie I ancf the seconcf
blow-out port mode calculating portions 1037, 1038. Here,
outputs in Ihe blow-out port mocfe signals TMODEi have
characteristics that these outputs increase in proportion to an
increasing of the target bloiv-out temperature aoi One nf the
FACE mode (FACE), the B L mode, and the FOOT niode
(FOOT), which are shown in FIG. 10, is determined based
on the output MODEi from the neural network 13UU.

At step 158U, the Dr mile blower voltage level TBLO(Dr)
anil Ihe Pa side blower voltage level TBLO(Pa) are calcu-
lated via the neural network 1400, shoivn in I l(i 8 Then,
lieth of the blnwer voltage leveLs TBI.O(Dr), I'BI.O (Va) are
avcragcd to obtain final biowcr voltage levels TELO. The
step 1580 corresponds to the air amount calculating portions
1039, 104U, and LU43.

At slaps 1590—16IU, each of actualors such as motors
1017—1022 and Ihe motor applied voltage control circuit
1024 as shovvn in H(i I are controlled so as to correspond
to the abnve-mentioned calculated values
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Next, meriLs of. Ihts preferred embodiment, in which the

target iiloiv-out temperatures 'I'AOi are calculated via the
neural networks HUU, 1200, ivill be explained in detail

11G. H('s a diagram illustrating a relatinnship between
input signals 1& and output signai (tc ache r signal) of neural
network 1100. When thc input signals 1% arc 28'., 2S'.,
10'., 3'., and the output signal is 50'., the output
signal is changed from 50'. to 35'. Ln case Lhe

disadvantage (the temperature of area surrnunding passen-
io gers in Va side is 2S.S' ), shown in I'l(i. 12, occurs.

I fere, the neural network has the learning function, ivhich
adjusts the link cocfhcicnts (synapse weights) 1106 bctwcen
each ncurons in each layers in thc neural netivork automati-
cally to correct its output lo be desired dali (teacher signal)
Therefore, the output al a specific input conclition can be
adjusted, by chan in the teacher signal at the specihc input
condition and then adjusting the link coefficients 1106
automatically in advance.

By above-mentionccl changing of output (change from
oo 50', to 35'.), thc tempcraturc of area surrounding

passengers in Pa side can be controllecl to substanually28'.

as sel, when Ihe Pa side selpoint temperature Tact(Pa)=
28'

I'urthermore, since the neural network ad)usta its ivhole
as link coefficients 1106 so that the desired outputs (teacher

signal) at the other input condition are maintained even if thc
output at the specific input condition is changccl. Thcrcforc,
Ihe output change at the specdic input cxtndtuon does not
mfluence Ihe outputs al the other input conditions

As shoivn in I l(iS HA, 110, when both the Dr side and
Va side setpoint temperatures are changed, both tempera-
tures of the area surrounding passengers in the Dr side and
Pa side arc hi hly indcpcnclcnt controllccl with accuracy,
vvithout thc tcmperaturc interfercncc bctwccn each sides.

is Furthermore, since the rxirrecuon of Lhe link coefl'Lctents
11U6 are adtusled automaucally by using the learning func-
lion ol. Lhe neural nelworl, LI will nol be essenual lor Lhe

engineers to construct a complicated cnntrnl lo ic such that
the desired output can be obtained nnly at specific input

so condition. Hence, engineer's process can lic eliminated
substantiafly,

Since the complicated process is not needed, a capaci-
tance of. a memory (ROM) of a computer, which consututes
an air cond iuoning elec Inc control devim, can be decreased

as I'urthermore, the temporary target blow-nut temperatures
TAOI3i are calculated via the neural netivnrk HUU shnwn in
FIG. 3. Thc aniounts of radiation corrections TAOSi arc
calculated via thc neural network 1200 shown in FIG. 5. Thc
linal target blow-out temperatures TAOi are calculated by

so Ihe equauon (I) based on Lhe TAOBL aml TAOi. Therefore,
smce Lhe radiation amount signal Tsi can be eliminated from
the input signals, the number of input signals tn the neural
network 1100 can be decreased Then, the number of inter-
mediate layers can bc decrcascd, and thc laycrcd structure of
the neural network 1100 can lie simplified.

Now, il is acceptable to combine above-menuoned two
neural networks 1100, 1200 lo one neural network-to cal-
culate the linal Larger blow-oul temperature TAOi directly by
the combined neural network, in place of the independent

so tivo neural netivorks 1100, 1200.
Herc, thc sctpoint tcmpcratures (Tset(Dr), Tsct(Pa)) of

each the first and thc scconcl air-conditioning zones, which
are input lo the lirst anil the seconcl target blow-oul tem-
perature calculaiing poriions, require al leasL one of the

ss selpoinl temperatures Tact(Dr) or Tact(Pa) of each air-
conditioning Tones relative to each calculating pnrtions It is
acceptable for this device to input a temperature difference
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ATsett between the &a(point temperatures Tsel(Dr) and Teel
(Va) in addition to the selected the setpoint temperature, or
to input both of the setpnint temperatures Tact(Dr) and
I'set(pa)

In other words, at least onc of thc srtpoint temperatures
Tsct(Dr) or Tact(Pa) of each air-conditioning zones relative
to each calculating portions is input. And further a signal, of.

whtch refiects an infiuence from the setpoinl temperature of.

the opposite side air-conditioning zone, is input to calculate
the target blow-nut temperature

The first eml&ndiment can he also modified as fnllows
(I) Thc neural network 1100 inputs the ATscti, which is

tcmpcrature difibrcncc between thc sctpoint temperatures
Tsel(Dr) aml Tact(Pa), as one of input signals when Ihe.

temporary target blow-out temperatures TAOBi are calcu-
lated I lowever, when the Dr side tempnrary target hlniv-out
temperature I'AOB(Dr) is calculated, it is acceptable to input
the setpnint temperatures 'I'set(Dr) and Tact(pa) instead of
thc Z(Tscti. Also, when thc Pa side teniporary target blow-out
tcmpcraturc TAOB (Pa) is calculated, it is acceptable to
input Ihe setpoinl temperatures Tsel(Pa) and Tsel(Dr) insteaci
of the ATseu. This way can also control both temperatures
of the area surrounding passengers in the Dr side and Va side
independently and accurately

(2) In the first embodiment, the blow-out modes of each
thc Dr side air pass& c 1007 and the Pa side air passage 1008
arc dctcrmincd indcpcndently each other. However, it is
acceptable lo determine the blow-oul modes of each the Dr
stele atr passage lU07 aml the Pa side air passage IOUS to
identical blow-out mode. In this case, a TAOX, which is an
average nf the first and the second target blow-out tempera-
tures TAO(Dr) and I'AO(pa), and a TsX, which is an average
of thc radiation amount TsDr to the Dr side air-conditioning
zone ancl thc radiation amount TsPa to thc Pa side air-
condittomng zone, are input as the input lo the neural
network 1300 lo calculate the blow-oul port mode signal
TMODE

(3) In the first embodiment, the blow-out port mode and
air amount (l&lower voltage level) are calculated via the
neural nctworl s 1300, 1400. However, it is acceptable to
calculate thc blow-out port mode and air aniount (blower
voltage level) by convenuonal calculauon basecl on Ihe.

TAO& without neural networks.
(4) The learning melhoci of the neural nelworl can be.

replaceable with Semi Newton method or the like instead of
the above-mentioned hack propagation method.

(5) Scvcral of calculations for air-conditioning control arr
cxccutcd via thc neural networks 1100—1400. Howcvcr, it is
replaceable with fuzzy control system instead of. Ihe neural
network~ 110U-14UU.

That is, in the fuzzy system, both a membership function
and a fuzzy rule table are changed By this changing, the
desired outputs at the other input cnndition are maintained
cvcn if thc output at thc specific input condition is changed,
and thc output change at thc specific input condition docs not
mtluence the outputs at the other input comlifions.
Therefore, it can also control both temperatures of the area
surrounding passengers in the Dr sale encl Pa side (shown in
I IGS. 11 A, I IB) independently and accurately as &veil as the
air-conditioning device using above-mentioned neural net-
works.

Herc, the air-conditioning device using al&ove-nientioncd
neural networl s is superior Io Ihe air-cond&honing device
using the fuzzy in the point of view of total process of Ihe
engineers.

((&) In the first embodiment, the air-mixing dnors 1009,
1010, which are the temperature adjuster to adjust the

blow-out air temperature to each Dr side air-conditionin ~

zone anil Ihe Pa side air-comhtionmg zone in a passenger
component indcpcndcntly, arc arranged in thc Dr side air
passage 1007 and thc Pa siclc air passage 1008 indcpcn-
dently However, it is replaceable with the followmg struc-
ture 'I'hat is, the heater cores 1005 are independently
arran ed in the Dr side air passage 10U7 anil the Pa side air
passage 1008. A Dr side hol water valve is arranged to
control aniount of hot water fioivin into thc hcatcr core

io 1005 of thc Dr side air passage 1007 or control a tcmpcraturc
on the hot ivater A Pa side hot water valve is arranged to
control amount of hot water tlowing into the heater core
1005 of. the Pa side air passage 10US or control a temperature
on the hol water. Then, the blow-out air temperature to each
Dr side air-conditioning zone and thc Pa side air-" conditioning zone in a passcngcr component arc adjustccl
independently by the two hot water valves

(7) 'I'he present invention can be adaptable to another
air-condifioning device, which has plurality of air-
condiuomn ~ zone, and is needed to control each of tem-

ao peraturc of blow-out air to each zones inclcpcnclcntly
(8) Thc neural networks 1100—1400 are rcplaccablc with

recurrent type neural networks.
(Second L)mbodiment)
A second embochment of. Ihe present invention will be

described heremaller with reference to FIGS. 16—24 and
26—29. FIG. 16 is a diagram illustrating thc constitution of
&vholc systcni of an air-conditioning device for automobiles.
In FIG 16, an internal air(external air change-over door
2001 is arranged at the most upstream s(de of air tlow in the
air-conditiomng device for automobiles. One of an external

lo
air aml an internal air is selectively introducecl &nto an air
duct 2002 by movin thc cloor 2001.

Thc air duct 2002 constitutes an air passage of thc
air-conditioning device A blower 2003, an evaporator 2004
and a heater core 2005 are arranged from upstream side to
downstream side in the air duct ZOOZ. The evaporator ZNI4
is a cooing heat exchanger for cooing an air by absorbing
an evaporatin latent heat of a refrigerant in a rcfngcrating
cycle from air. Thc heater core 2005 is a heating heat
exchanger for heating air with heat from a hot water (engine

so coolant) from a vehicle engine (not shown).
An air-mixing door 2006 as a tempcraturc adluster is

arranged al the upstream of Ihe heater core ZNI5 The
air-mixing door 20U6 adjusts a ratio of two air amount,
wherein an amount of. heated air passed through the heater

zs core 2005 and an amount of cooled a(r hy-passed the heater
core 2005 The adjusting the ratio of heated air and cooled
air can adjusts thc bloiv-out air tempcraturc to a passen cr
component of thc automobile.

At the most downstream side of the air duct 2, foot
so blow-out ports 2UOSa, ZOUSb, face blow-out ports

2UU9a—ZU09ri, aml a defroster blow-out port 201U are pro-
vided. Here, the foot hloiv-out ports 2008a, 200Sb are
provided to bloiv the conditioned air onto the feet of the
passen ers. Thc t'ace blow-out ports 2009a—2009d arc pro-

.-.- vided at each of center portion encl side portion in thc
passenger component to blow the condilionecl air to the
upper half. of. the body of the passengers. The delroster
blow-out port Z01U ts provided lo blow the concliuoned air
to a windshield

so At the most downstream side of the air duct 2002,
hlo&v-out port change-over cloors 2011—2013 are arranged to
sclcctivcly open close thc blow-out ports 2008a, 2008b ancl
2UU9a—ZU09ri. Each of predetermined blow-out modes, such
a FACE mode (FACE), a BI-LEVEL mode (B,(L mode), a

ss FOOT mode (FOOT), and a defroster mode or the ld e can
he set hy changing the open(close condition of the doors
2011—2013
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Here, a control system for controlling Ihe air-conriilioning
device will be explained. The internal air/external air chang-
ing door 2001, the air-mixing door 2006, and the hlniv-out
port change-over dnors are driven hy servomotors
2014—2018. The scrvomotors 2014—2018 arc controlled by
outputs of an air-conditionin cicctric control device 2019
(hereinafter, called "ECU 2019"). A motor 2003rt of Ihe
blower 2U03 is also controlled by Ihe output of the ECU
2019 via a motor control circuit (motor applied vnitage
control circuit) 2020

An air amount blown hy the hlnwer 2003 is adjusted by
thc motor control circuit 2020 l&y way of changin a rotation
spccd of thc motor with an appiied voitage to thc motor. The
ECU 2019 includes a microcomputer and its peripheral
circuits.

A temperature setter 2021 is provided to set a setpnint
temperature I'set ot'he passenger cnmpnnent, ivhich is input
to the L'(:U 2019. The temperature setter 2021 is arranged an
air-conditionin control panel 2027, and is manually con-
trolled by users.

As temperature data detectors, Ihe following sensors are
provitied That is, an internal air sensor 2022 is provided io
detect an internal air temperature I'r An external air sensor
2023 is prnvided to detect an external air temperature Tam
A radiation sensor 2024 is provided to detect an amnunt of
(solar) radiation Ts to thc passenger component. An evapo-
rator tcmpcraturc sensor 2025 is provided to detect a cooling
temperature Te (blow-out air temperature) of. the evaporator
20U4. A water temperature sensor 2026 is provuied to detect
a water temperature Tw nf hnt ivater flowing into the heater
core 2005.

Control functions processed hy the inicrocnmputer in the
ECU 2019 is gcncrally divided as shown in FIG. 17. Thc
ECU 2019 includes a temporary target temperature calcu-
lating portion 2028, a raihation amount correction calculai-
ing portion 2029, a targel temperature calculating portion
203U, an air-mixing door opening degree calculating portion
2031, a blovv-out port mode calculating pnrtion 2032, an air
amount calculating portion 2033, and an air amnunt select-
ing portion 2034

Herc, thc temporary target tenipcraturc calcuiating por-
tion 2U28 calculates a temporary target blow-out
temperature, anti incluiles a neural networl 21UU as shov:n
in FIG 2U The temporary target temperature calculating
portion 2028 inputs signaLs including the setpoint tempera-
ture Tact, the internal air temperature I'r and the external air
tcmpcraturc Tam, and calculates the temporary target blow-
out tcmpcraturc TAOB based on thc input signals via thc
neural networl 22UU.

The raihation amount correcnon calculanng pornon 2029
calculates a radiation amount correction TAOS, aml includes
a neural network 2300 as shnwn in I'IG 21 I'he radiation
amount correction calculating portion 2029 inputs signals
includin thc sctpoint temperature Tsct, thc internal air
tcmpcraturc Tr, thc cxternai air tcnipcraturc Tant and the
raihatton amount Ts (output signal of Ihe radiation sensor
2024). Then the rariianon amount correction calculating
portion 2029 calculates the rruhation amount correction
I'AOS based on the input signals via the neural netivork
2300.

Thc target tcmpcrature caiculating portion 2030 calculates
thc hnal target blow-out temperature TAO based on thc
output signals from lhe temporary target temperature calcu-
lating portion 2028 and the radiation amount mrrectton
calculating portion 2029.

The air-mixing door opening degree calculating portion
2031 calculates an air-mixing dnor opening degree SW

based on the linal target blow-out temperature TAO from the
target temperature calculatin portion 2030

The hloiv-out port mode calculating portion 2032 calcu-
lates a hloiv-out port mode TMOI)L, and includes a neural
network 2400 as shoivn in FIG. 22. Thc blow-out port motlc
calculatin portion 2032 inputs the final target blow-out
temperature TAO from Ihe target temperature calculaung
poruon 203U aml lhe detected information, which is lhe
circumstance factor to influence a temperature sensitively of

i o the passenger such as the radiatinn amount 'I', the external
air temperature Tam and the ivater temperature Tw. 'I'hen the
(slow-out port motlc calculating portion 2032 calculates thc
blow-out port mode TMODE via the neural network 2400

The air amount calculating porhon ZU33 includes a neural
network 21UU as shown in FIG. 18. The air amount calcu-
lating portion 2033 inputs si naia includin a temperature
difference Tl) hetiveen the setpnint temperature 'Iket and the
internal air temperature 'I'r (i e., 'I'r—'I'set), the radiation
amount Ts anil the external air tempcraturc Tam. Then thc air

oo amount calculatin portion 2033 calculates a blower
voltage, which decides an air amount via lhe neural network
210U. In detail, the air amount calculating portion ZU33
calculates a hloiver voltage TI33.0, for the lrA('L, 13il.

modes, and a hloiver voltage 'I'l3I.O for the I OOT mode,
as independently

Thc air amount sclccting portion 2034 selects onc of thc
blower voltage TBLO, and thc blown voltage TBLOcbased
on lhe blow-out port mode, and output the selecteti one as a

blower voltage TBLO.
The constitutions of the neural netivnrks 2100—2400 ivill

he explained. Since the constitutions of the neural networks
2100—2400 are substantially equal, these cnnstitutions are
explained based on thc neural network 2100 with rcfcrencc
to FIGS. 18, 19A, 19B.

is As shown in HG. 18, lheneuralnelworkZ10U incluties an
input layer Z101, a lira( intermediate layer Z1U2, a second
intermeiliate layer 21U3, and output layer Z104. Each of lhe
input layer 2101, the hrst and the second intermediate layers
2102, 2103 has a plurality of neurons 2105, and output layer

so has onc neuron 2105. Each of ncurons 2105 in thc input
layer 2101 is connected to each of ncurons 2105 in thc first
mlermeduile layer 210Z with a certain link coeflicient
(synapse weight) 21U6. Similarly, each of neurons 2105 in
Ihe lirst mlermediate layer Z102 is connecteti to each of

as neurons 2105 in the second intermediate layer 2103 with a
certain link coefficient 2106 Lech nf neurons 2105 in the
second intcrmcdiatc layer 2103 is connected to thc neuron
2105 in thc output layer 2104 ivith a certain link cocificicnt
2106. These neurons Z1U5 are formed by memones in lhe

so ECU Z019 in an actual circuit, aml the neural network 2100
is lormed by combmed memones.

The neural network 2100, ivhich is a network havmg a

layered structure, has a Iiack Propagation I.earning I'unc-
tion. This learning function can automatically correct thc
link coeflicicnts 2106 bctivccn each ncurons among thc
mpul layer 2101, Ihe lirst anil secoml intermediate layers
210Z, 2103, aml output layer, so as to adlust its output to a

deiured value (teacher signal) related lo input signaLs such as
Tl), 'I', Tam

ao When the teacher signal is changed, the link coefficients
2106 are atljustcd by rcpcatedly 'learning" so as to correct
thc output to bc thc changetl teacher signal related to thc
input signals. In other words, based on a large number of
desired data (teacher signals), a correlauon function (link

as coeflicients Z106) is aulomahcally generated. The teacher
signals are determined to desired values nbtainerl hy an
experience or the like (desired nutput for the input si naia)
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In the layereci structure neural network 2100, there is no

connection among each of the neurnns 2105 in an identical
layer, lout the neurnns 2105 in each layer are connected to
only neurnns 2105 in forward and baclavard layers 'I'he

clink cocfiicicnts 2106 between each neuron 2105 in each
layer rcprcscnt a weight of connection (magnitude). Thc
larger the weight of connection, the larger an amplitude of.

signal, which is output Irom each neuron 2105 and propa-
gated to neurons 2105 in backward layer

llere, the input signals ( I'IE I', Tam) are normalized to
0— I value liefnre inputting tn the neural network 2100 by a
normalize portion 2107. Thc output signal from thc neural
network 2100 is transformed in reverse procedure of the
normalize portion 2107 by output transform poruons 2108a,
21Ugb For example, actual )le)ected internal temperature Tr
detected by the internal air sensor is normally in a range
from O' to SO'. This detected value is assigned to a
certain value in a range frnm 0 to I in the normalize portion
2107, and is output to thc input layer 2101 in thc neural
network 2100. Since thc output signal from thc output layer
21U4 is a value in Ihe range from 0 Io I, this output signal
is transformed to the actual value corresponding to Ihe
sensor signal in the reverse procedure by using a predeter-
mined transformation map in the output transform portions
2108a, 2108b.

Herc, thc output layer 2104 of thc neural network 2100 for
thc air amount calculation includes two output ncurons
21USa, 21056. The neural network 210U outputs ihe blower
voltage TBLO, for the FACE, B/L modes aml the blower
voltage I'BI.Oa for the I'OOT mnde, independently, via the
two output transform portions 2108a, 21086

The environment conditions, of ivhich the air-
conditioning dcvicc for vehicle faces, are variable, as
dcscribccl above. Therefore, thc number of thc teacher
signals, which are ciesired vahies related to ihe various
environment conditions, will be enormously.

Therefiire, in a ciesigning process of the ECU 2U19, Ihe
learning is executed by a high-speed calculator including a
neural network, which is the same as the neural network
2100, bcforc bein mounted to thc vehicle. The high-speed
calculator calculates the link cocflicients 2106 so that the
output of the neural network is to be desired teacher signals
for various input signals. Then, Ihe calculated coeihcients
21U6 are memonzed in a memory portion (ROM) corre-
sponding to each neural network 2100, 2200, 2300, 2400 in
each of the calculating portions of the LCU 2019 shown in
FIG. 17.

Thcrcforc, ivhcn thc EC:U 2019 is mounted on thc vehicle,
the hnk coeiiicienis 21U6 among the neurons 2105 in each
layer of the neural networks 2IUU—24UO are set Io predeter-
mined value

After being mounted on the vehicle, the neural networks
2100—2400 in each layer calculate an nutput for input signals
as shown in FIG. 19A. Spccificatly, in each of thc neurons
2105, each of thc input signais Oi O is multiplied by each
of Ihe correspomling coefiicienis 2106 (W,—W„), and mul-
tiphecl value are adapted to a so-i:alled sigmoxl Iuncuon as
shown FIG. 19B. The calculated results of the tugmoid
function are output tn the neurons 2105 in baclavard layer
I'hese calculations are repeated between each layer tn decide
a final output.

Since thc neural network 2100 in each calculating portion
of mounted ECU 2U19 is previously set so thai the clesirecl
value for the vawous input signals 0„—O„can be obtained,
learning for correction of the link coelficients is not need.

The neural networks 2100 as shown in i)IG. 18 of the air
amount calculatmg portion 2033 calculates and outputs the

demred value as the blower voltage levels TBLOo TBLOa,
in relation to the changes of input signals (lqk 'I', Tam)

The neural netivork 2200 of the temporary target tem-
perature calculating portion 2028 outputs the desired teacher
si nals as thc temporary tar ct blow-out tcmpcraturc TAOB
in relation to thc change of thc input signals (Tscti, Tr, Tam).

The neural neiworl Z3UO of Ihe radiauon correcuon
calculating portion 20Z9 outputs the desired leacher signals
as the radiation amount correction TAOS in relation to the

i o change of the input signals ( I(set, 'I'r, 'I'am, 'Ils)

The neural networks 2400 as shown in I IG. 22 of the
()low-out port mode calculating portion 2032 calculates and
outputs thc dcsircd value as thc blow-out port mode signal
TMODE in relation io Ihe changes of inpu I signals (TAO, Ts,
Tam, Tw).

In the target temperature calculating portion 2030, the
tinal target blow-out temperature TAO is calculated by the
following equation:

Txo=zaoa-Tain (3)

S IS )=(ZIO-Ti)r(T -Tr)xta)

The control fiow according to the preferred embodiment
ivill be explained with reference to a tlow chart shown in
I'l(l 23. This control routine starts from a control switch
si nal, which starts thc air-oonditionin clcvicc.

At step 2510, the air-conditioning ECU 19 is rcsct. At step
is 25ZU, the ECU Z019 inpuks ihe output signals from each

sensor such as Ihe iniernal air temperature Tr, the external air
temperature Tam, and the signals from the temperature setter
2021

At step 2530, the temporary tar et bloiv-out temperature
so TAOB is calculated via thc neural network 2200, shown in

FIG. 20. The step 2530 corresponds to the temporary target
temperature calculating poruon ZOZ8 in FIG. 17.

At step Z540, ihe radiation amount correcuon TAOS is
calculated via the neural network 30U, shown in FIG. 21

as The step 2540 corresponds to the radiation amnunt correc-
tion calculating portion 2029 in I'IG. 17

At step 2550, the final tar ct blow-out tcmpcraturc TAO
is calculatecl by the equation (3). Thc step 2550 corresponds
io Ihe seconcl target temperature calculating poruon ZU30 in

so FIG. 17.
At step 256U, Ihe air-mixing door opening degree SW is

calculated by the equation (4) The step 2560 corresponds to
the air-mixing door opening de ree calculating portion 2031
in FIG. 17.

At step 2570, thc blow-out port mode signal TMODE is
calculated via Ihe neural network 2400, shown in FIG. 22
The step 2570 corresponcls io Ihe blow-out port mode
calculaung portion 203Z in FIG. 17. Here, outputs in the
bloiv-out port mode signal TMOI)L have characteristics that

a) this output increases in proportion to an increasing of the
target blow-out tcmpcrature TAO. One of a face moclc
(FACE), a iii-lcvcl moclc (l3)L), and a foot mode (FOOT),
which are shown in FIG. Z4, is cletermined based on ihe
output TMODE Irom ihe neural neiworl Z400

as At step Z580, Ihe blower voltage TBLO, for the FACE,
13)I. modes and the blower voltage TBI.Oe for the IOUI'ode

are calculated, independently, via the neural network

In Ihe air-mixin ~ door opemng degree calculating poruon
2031, ihe air-mixing door opening degree SW's calculated
based on the 'I'AO from the tar et temperature calculating
portion 2030, the temperature I'e of the evaporatnr 2004, and

zs
thc water tcmpcrature Tw of the hcatcr coro 2005, by using
thc following equation:
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2100, shown in FIG. 18. The step 258U corresponds to the.

air amount calculating pnrtion 2033 in HG. 17
At step 2590, one ot'he blower voltage TSI.O, and the

blower vnltage TSI.O& is selected based on the hlniv-out
port mode TMODE calculated in thc step 2570. The step
2590 corresponds to the air amount selecting portion 2034 in
FIG. 17.

At steps 2600—262U, each of actuators such as motors
2014—2018 and the motor applied voltage control circuit
2020 as shown in H(f. 16 are controlled so as to correspond
to the abnve-mentioned calculated values

FIG. 25 shows thc relation between thc l&iowcr voltage
lcvcl for deciding thc air amount and thc temperature
difference TD (=Tr—Tact), as descnbecf the above. The.

temperature difference TD of the abscissa can be replaced
with the internal air temperature 'I'r When the internal air
temperature is used as the abscissa, the right side of the
abscissa represents a high temperature side, and the left side
of thc abscissa represents a low tcmpcrature side.

An operation when the FOOT mode is selected in a
heating operation in winter will be explained. At lust after
the heating starts, the blower 20U3 starts v:ith the blower
voltage=L)l, as shown in l1G. 25 After the internal air
temperature I'r rises and reaches I'n the bio&ver vnltage
decreases from L', in proportion to temperature rising After
thc internal air tcmpcraturc reaches Ta, and approaches the
sctpoint tcmpcraturc Tact, thc operation is set to a normal
operation area A, anil the blower voltage is set to the.

minimum voltage Ea.
An operation when the I'A(IE mode is selected in a

cooling operation m summer will he explained At just after
the conling starts, the bio&ver 2003 starts with the blower
voltage=the maximum voltage Ea (E&&E)). After the internal
air tcmpcraturc Tr falls and reaches Tu the biower voltage
decreases from E& in propornon to temperature falling. After
the tnternal air temperature reaches Ti, aml approaches the
ac)point temperature Tact, the operation is set to a normal
operation area A, and the blower voltage is set to voltage Es

Here, the voltage Ea is set to high comparing to the
voltage E, which is thc FOOT niode voltage, so that thc air
amount increases in proportion to thc radiation amount. The
air amount can be increased in proportion to the voltage.
difference AE between the voltage Ei and voltage Ec, and
can be increasecf a cooling feeling of the passenger during
the radiation in the I A('L'nde.

In HG 25, a blower voltage characteristic of the I'A('L'ode

has a volta c change of E, E, E„and one of them
is clctcrmincd by thc blower volta c level TSLO,. A blower
voltage characteristic of. the B)L mocfe using in intermediate
season such as spring or autumn is the same as ihat of FACE
mode so that the cooling feeling of. the passenger can be
increased clunng the radiation.

The voltage difi'erence AL'etween the voltage Es and
volta c E continuously chan c in proportion to the aniount
on radiation Ts. Therefore, when the FACE mode or the B/L
mode and the radiation amount Ts=(f, the blower voltage.
decreases to E. level aml then set to the same voltage as that
of the FOOT mocfe at the normal operation area A.

A blower voltage characteristic ot'he I'OOT mnde has a
voltage change of L', L''& independent of the radiation
amount, and onc of them is determined by the blower
voltage Icvc1 TBLOc,

Here, during the normal operation area A, if there is the
radiation, when the blow-out port mocfe is changed among
the FACE mode, B)L mode and the FOOT mode, the blower
voltage may be changed step by step Iioivever, in this
embodiment, the blower vnltage level I'III.O& for the FACL)

mode or B/L mode and the blower voltage level TBLO, for
the FOOT mode are always calculated via the neural net-
work 2100, indepcndcntly. Hence, thc blower voltage lcvcl
TBLO, for the FACE niode or B L mode can bc chan cd
continuously in proportion to the radiation amount Ts.

Therefore, since it is not needed to change the output step
by step dunng the calculation of the blower voltage level
TBLO„ the learning for calculaung the linl i oelhcient ZHI6
of the neural network 2100 can bc simplifie.

Furtherniore, in this cmboclimcnt, thc tcmpcrature chffi:r-
1 i)

ence TD (=TR —Tset) bet&veen the setpoint temperature 'Iset
and the internal air temperature 'I'r is calculated, and then the
calculated value is input to the neural network 210U.
Therefore, the number of input to the neural network ZHIU
can be decrcascd compared to an input way inputting both
of the Tact and the Tr.

I fere, it may need to input both of the setpoint temperature
Tact and the internal air temperature 'I'r to detect whether the
operation area is in a transinon area, which is just after the
air-conclitiomng device starts (the internal air temperature is

ao chan in to the setpoint tempcraturc), or thc normal opera-
tion arcs. Howcvcr, in this embodiment, this condition (thc
operation area is in the normal operation area) can be
detected from the fact that the temperature difference 'I'D

between the internal air temperature Tr and the setpoint
temperature Tact reaches subsumtially zero. Therelore, this
cmbodinicnt can easily detect whether the transition area or
thc normal operation by inputting thc temperature chffcrencc
TD.

Since the number of input is decreased, the numf&er of the
layer in the neural network can be a(so) decreased, the link

I)
coeffictent can be decreased by about 259ls anil the total
learning time for calculating thc link coeificicnt 2106 can bc
decreased lar cly.

It is acceptable to input l&oth the setpoint temperature 'Iset
and the internal air temperature Tr replaced with the tem-
perature dilference TD to the neural network Z1NI, if an
increasing of the number of. the input would be less than
allowable conclition.

The two blower voltage lcvcls TSLO, and TBLO& can bc
calculated by usin independent two neural networks 2100

so rcplaccd with thc calculation by using onc neural nctv ork
2100. Howcvcr, it is prcfcrablc to usc onc neural nctv ork
210U as this embodiment, because using one neural network
210U does not need further process to set two neural network
mdependently or further memones.

as According to an investigation on an air amount control at
the transition area just after the air-conditioning device starts
in summer (so-called cool down), thc following facts arc
found. That is, at the point the blown voltage clccrcascs
from E. (TD=T3) in FIG. Z5, an air-conditiomn facing for

so the passenger can be further improved by changing the
blower voltage level based on a heat load condiuon at the
start timing of the air-conditioning device 'I'his mechanism
will be explained hereinafter with reference to I l(iS 26—29

FIGS. 26—29 show a characteristic of a target blower
.-.- voltage (air amount) based on an average of the air amount,

of. which a plurality of. monitor people feels comfort In
FIGS. Z6—Z9, the ordinate represents the blower voltage (Vj,
the abscissa represen(s the temperature dilference TD ('C.)

A result shoivn in I'l(i 26 is measured under the follow-
ing heat load condition. That is, at the start timing of the
air-conditioning clcvice, the cxtcrnal air tcmpcrature Tam is
20'., thc radiation amount Ts is 1000 W m, initial internal
air temperature Tr is 50'., aml the so(point temperature
Tact is 25'. An air-conclitioning load due to both of the

as external air temperature Tam anil the radiation amount Ts is
largest in this condition among conditions shown in l1GS
26—29
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As shown in FIG. 26, it Isles long nme to reduce ihe.

temperature difFerence 'I'D of which just after air-cnndition
starts, when the air-conditinning Inad at the start timing of
the air-conditioning device is large. Therefore, the blower
voltage (air amount) is kept its maximum value (c.g., 13.3V)
for a long time In this situation, cooicd air front thc face
blow-out ports 2(N9o—2UU9d ts kepi blowing to Ihe passen-
ger's face strongly for a while, when Ihe FACE mode is
selected 'I'hen, the passenger may not feel comfort due to an
excessive cooled air.

Therefore, in the case when the air-conditioning load at
thc start timing of thc air-conditioning device is large, a
dccrcasin point of TD at which starts to decrease thc blower
voltage is sei large so thai Ihe blower voltage starts Io
decrease earlv Thai is, the blower voltage (amount on air)
starts tn decrease at the point the 'I'D=I 2'

A result shovvn in FIG 27 is measured under the follniv-
ing heat inad condition That is, at the start timing of the
air-conditionin rlcvicc, thc external air temperature Tam is
ZO'., thc radiation amount Ts is 500 Wrm, initial internal
air temperature Tr is 40'., and the setpoini temperature
Tact ts 25' An air-i:onditioning load due to boih of. Ihe
external air temperature Tam and the radiation amnunt Ts is
in intermerliate. In this characteristic, the blower vnltage
(amount on air) starts to decrease at the pnint the TO=9.5'

A result shown in FIG. 28 is measured under thc follow-
ing heat loail condition. That is, at Ihe start nming of Ihe.

air-i:onditioning ilevice, the external air temperature Tam is10', the radiation amount Ts is 1000 W m, initial internal
air temperature Tr is 40''. and the setpoint temperature 'Iset
is 25''. An air-conditioning load due to both nf the external
air tcmpcraturc Tam and the radiation amount Ts is also in
intcrmcdiatc. In this characteristic, the blower voltage
(amount on air) starts Io decrease ai the point the TD=IO'.

A result shown in FIG. 29 is measured under ihe lollow-
ing heat load conihhon. Thai is, ai Ihe start timing of. Ihe
air-conditioning device, the external air temperature Tam is
10', the radiation amount I's is 500 W/m, initial internal
air tcmpcraturc Tr is 40'., and the sctpoint temperature
Tsct is ZS'. An air-conditionin load duc to both of the
external air temperature Tam and Ihe radiation amount Ts is
smallest. In this characteristic, the blower voltage (amount
on atr) starts to rlecrease at the point the TD=7.5'.

As described above, the decreasing point of TD during the
cool dovvn is set gradually smail in proportion to decreasing
thc air-conditionin load at the start tin)in of thc air-
conditiomng rlcvice. Then, it can dcterminc a suitable period
thai Ihe blower voltage is sei at the maximum value during
the cool down, and a feeling of the cooing can be improved.

Here, in FIGS. 26—29, the air amount is based on Ihe
temperature difi'erence TD. However, one of the target
blow-nut temperature I'AO, the internal air temperature 'I'r

and so on can bc used to dctcrmincd to thc air aniount
rcplaccd with thc tempcraturc diff'crencc TD. That is, both
the temperature ihlference TD anil the targe! blow-oui
temperature Tr change in proportion Io Ihe change of Ihe.

internal air temperature Tr during Ihe cool down. Therefore,
another data can lie replaceable with the temperature differ-
ence TD as long as it changes in prnportinn to the change of
thc internal air temperature.

Further, in FIGS. 26—29, thc characteristic of thc air
amount during the cool down in the FACE motte is
explained. However, Ihe passenger may manually switch Ihe
blow-out port moile Io B/L motte dunng a high heat loari
condition in summer I'herefore, these characteristicss are
adaptable to the high heat load cnndition in the B/I. mode

Here, Ihe neural network has Ihe learning luncuon, which
adjusts the link coeftlcients 2106 (synapse iveights) between
each neurons in each layers in the neural netwnrk automati-
cally to correct its output to be desired data Therefore, the
output at a specifi input condition can be arljustcd, by
chan in thc teacher si nal at thc specific input condition
anil then adjusnng the link coeilicienis Z106 (synapse
weights) automatically in advance.

I'urthermore, since the neural network ad)usta its ivhole
i o link coeificients 2106 so that the desired outputs at the other

input condition are maintained even if the output at the
specifi input condition is changed. Therefore, thc output
change at thc specific input condition rlocs not infiucnce thc
outputs al Ihe other input conditions. Consequently, desired
characteristic of. thee air amount can be achieved easily for
a wide range of input change due to a chan e nf automobile
circmnstance condition.

('I'bird L'mbodiment)
In this embodiment, the prcscnt invention is adopted to an

oo air-conditioning device for automobiles; which is capable of
controlhng iiulependently between a dover seaL (Dr) side
air-condiiiomng zone and a passenger seat (Pa) side air-
conditioning zone in a passen er component

In an air-duct 2002, a partitioning ival12002n is arranged
zs from the heater core 2005 portion to its dmvnstream side in

the air duct 2002 to divide it into a Dr side air passage 2002b
and a Pa sirlc air passage 2002c.

A Dr side air-mixing door Z061 is arranged ai the
upstream side of the heater core 2(NS in the Dr side air
passage 20026. The Dr side air-mixing door 2061 adjusts a
ratio of tivo air amount in the Dr side air passe e 2002b, an
amount of heated air passed through the heater core 2005
anil an amount of cooled air by-passerl the hcatcr core 2005.
A Pa side air-mixing rloor 2062 is arranged at thc upstream

is of the healer core ZU05 in ihe Pa side air passage ZUOZc, and
adjusts a ratio of two air amount in ihe Pa side air passage
2(NZc. Here, Ihe two air amount are an amount of heaLed air
passed through the heater core 2005 and an amount of
cooled air by-passed the heater core 2005

so At thc most doivnstream side of the Dr side air passage
2002b, a foot blow-out port 2008a, face blow-out ports
2(N9u, ZUU9b are provided. Ai the most downstream side of
Ihe Pa side air passage ZOU2c, a foot blow-out port 20Ugb,
face blow-oui ports 20U9c, 20U9d are provided. Blowout

as port change-over doors 2011u, 2012n are arranged to selec-
tively open'close the Dr side foot blow-out port 2008n and
thc face blow-out ports 2009u, 2009b Blowout port chan c-
over doors 20llb, 2012b arc arran cd to selcctivcly open
close Ihe Pa side foot blow-oui port ZINgb anil the lace

so blow-out ports ZN)9c, ZN)9d. A defroster blow-out port
201U and its blow-oui port change-over door 13 are provided
in the same ivay as the second emliodiment

The Dr side air-mixing door 2061 and the Pa side air-
mixing door 2062 are driven by independent scrvomotors
2015 and 2015a. Thc Dr sirlc blow-out port change-over
doors 2011u, ZU12a and the Pa siile blow-out port change-
over doors 2011b, 2l)IZb are cloven by indepeiulent servo-
moiors Z160 anil Z170. Each of predetermined blow-out
mode, such as a I'ACL'ode (I ACL'), a BI-ILVEI. mode
(111. mode), and a I'OOT mode (I'OOT) or Ihe like can be
sct with rcspcctivc to each ports 2002c, 2002c,
inrlcpcndcntly, liy changing the open/close conrlition of thc
blow-out port change-over doors ZOllu, ZU12a, Zfillb and
2012b.

SS A Dr side temperature seller (Iirsi temperature setter)
2021u is provided to set a setpoint temperature Tact(Dr) of
the Dr side air-conditioning zone relative to the Dr side air



passage 2UO2b, and output the setpoint temperature Tsel(Dr)
to the L'CU 2019 A Va side temperature setter (second
temperature setter) 2021b is provided tn set a setpnint
temperature Tact(pa) nt the Va side air-coliditioning zone
rclativc to thc Pa side air passage 2002c, and output thr
sctpoint tcmpcraturc Tact(Pa) to the ECU 2019. Both tem-
perature setters 2021b, 2U2lc are prov)elect independently
each other.

A Dr side radiatinn sensnr 2024a is arranged to detect a
rad(ation amnunt TsDr tn the Iyr side air-conditinning zone,
and a Va side radiatinn sensor 2024b is arranged to detect a
radiation amount TsPa to thc Pa side air-conditionin zone.

As tcmpcraturc data detectors, an internal air scnsnr 2022
to is arrangecf detect an internal mr temperature Tr. An
external air sensor 2023 is arrangecf lo detect an external air
temperature Tam. An evaporator temperature sensor 2025 is
arranged to detect a conling temperature (blow-out air
temperature) of the evapnrator 2004. A water temperature
sensor 2026 is arran cd to detect a temperature Tw of hot
water flowing into thc heater core 2005.

Control functions processed by the microcomputer in lhe
ECU 2U19 are executed independently between ihe Dr side
and the Va sicle as shown in 11G. 31 In this figure, subscript
"a** after symbnf means Iyr side functions, and "b'*, after
symbnl means Va side functinns

In this cmbodimcnt, a blow-out port mode signai TMODE
common to both of thc Dr side and thc Pa side, arc calculated
by a blow-oul port mocfe calculating portion 2032 so ihai lhe.

blow-out port modes of the Dr side ancf the Pa side are, sei
to fie equaL

A blnwer vnltage I'III.O, ivhich decides an air amnunt,
calculated as follows As to the lir side, a blower voltage
Icvcl TBLO(Dr), in thr FACE mode nr B)1. mode and a
blower voltage level TBLO(Dr)a in thc FOOT mode arr
calculated by an air amount calculating portion 2U33a. As io
the Pa safe, a blower voltage level TBLO(Pa), in the FACE
mode or B/L mocfe and a blower voltage level TBLO(Pa)a in
the I'OO I'ode are calculated liy an air amount calculating
port(on 2033b Then, an air amount selecting pnrtinn 2034a
sclccts onc of thc blower voltage TBLO(Dr), and thc blower
volta c TBLO(Dr)a based on thr blow-out port mode, and
output it as a blower voltage TBLO(Dr). An air amount
selecttng portion 2034b selects one of: the blower voltage.
TBLO(Pa), and the blower voltage TBLO(Pa)a based on lhe.

I)low-out pnrt mnde, and output it as a blnwer voltage
I'III.O(pa) I'inally, an average nt'he blower vnltage I'BI.O
(Dr) and thc blower voltage TBLO(Pa) are calcuiated by an
air amount dccidin portion 2035. Thc averaged value is
output as a Iinal blower voltage TBLO.

As shown in FIG. 32, a neural nelworl 21UO, which
constitutes each the Dr side air amount calculating portion
2033a and the Va side air amount calculating pnrtion 2033b,
(nputs temperature differences Tl)i nf each the Dr side and
thc Pa side, and radiation amount Tsi of each the Dr side and
thc Pa side.

As shown in FIG. 33, a neural nelworl 22UO, which
constttutes each a Dr side temporary target temperature.
calculating portion 202ga and a Pa safe temporary target
temperature calculating pnrtinn 202gb, inputs setpoint tem-
peratures Tact(Dr) and Tact(pa) nf each the lir side and the
Pa side, and further inputs a diff'erencc (ATsct) bctwcen thr
sctpoint tcmpcratures Tart(Dr) and Tact(pa). By inputting
the dtfference (ATsel), il can res(wc( a temperature inlerfer-
ence between the Iirst air-comhliomng zone and in lhe
seconcf air-comhtioning zone.

As shoivn in I'IG 34, a neural network 2300, which
constitutes each a Dr side radiation amount cnrrection

as

calculaung pornon 2029a aml a Pa side red)anon amount
correction calculating poruon ZOZ9b, inputs setpoini tem-
peratures Tsct(Dr) and Tact(Pa) of each thc Dr side ancl thc
Pa side, ancl further input the Dr side radiation amount TsDr
and the Pa side radiation amnunt Tspa

As shnivn in I'IG 35, a neural netwnrk 2400, wh(ch
constitutes a blow-oui port mode calculaung portion ZU32,
mpuls an avera e TAOX, which is an averaged value of a Dr
side target blow-out ttmpcraturc TAO(Dr) and a Pa siclc

in target blow-out tcmpcrature TAO(Pa), and further input an
average TsX, ivhich is an averaged value nf the Dr s(de
radiation amount Tslyr and the Va s(de radiation amount
TsPa. Then, the neural network Z400 calculates the blow-out
port mode signal TMODE.

Herc, in this cmboclimcnt, it is acccptablc to control thc Dr
side bloiv-out port mode ancl the Pa side blow-out port moclc
independently In this case, the blniv-nut pnrt macle calcu-
lating pnrtion 2032 is divided into plurality of blnw-out port
mode calculaung portions incluchng a Dr side blow-out port
mode calculaung poruon ZO32a and Pa side blow-out port

ao mode calculatin portion 2032b. As shown in FIG 36, thc
neural network 2400, which constitutes each thc blow-out
port mode calculating portions 2032a, 2032b, inputs the llr
side target blnw-out temperature IAO(lyr) or the Va side
target blow-out temperature TAO(Pa), amf further inputs the
Dr side rmhalion amount TsDr or ihe Pa side red)anon
amount TsPa. Then, each neural network 2400 calculates a
Dr side blow-out port moclc signal TMODE(Dr) ancl a Pa
side filow-out pnrt mnde si nal 'I'MODL'(Va), independently

Then, the air amount selecting portions 2034a, 2034b,
shown in FIG. 31, select the blower voltage TBLO (Dr) and

()
the bloiver voltage TIII.O(lyr) based nn each the Dr side
blow-nut port or the Va side blow-nut pnrt mnde. I inally, an
average of the blower voltage TELO(Dr) ancl thc blower
voltage TELO(pa) arc calculated by an air amount deciding
portion 2035. Thc averaged value is output as a final blower
voltage TBLO.

The second and third embodiments can be also modilied
as folloivs

(1) In the above-described embmliment, the temporary
large( blow-out temperature TAOBi, the radiauon
amount correction TAOSi and the bloiv-out port mode
TMODL'i are calculated via the neural networks 2200,
2300, 2400. Howcvcr, it is acccptablc to calculate one
of the temporary target blow-out temperature TAOBi,
lhe raduiuon amount correcuon TAOSi amf the air
amount by convenuonal calculation without neural
networks.

(2) The learmn ~ method of ihe neural network can be
replaceable with Semi Newton. method or the like
instead of. (he above-mentioned back propagation
method

(3) The air-mixin ~ doors 2006, 2061, ZU62 are arranged
to adjust the mix ratio of cnnled air and heated air as the
temperature adjuster. I iowever, it (s replaceable ivith a
hot ivater valve tn cnntrnl an amount nf hot water
flowing into the hcatcr core 2005 or a tempcraturc of
the hot water.

(4) In thc third embodiment, the average of thc blower
voltage TELO(Dr) encl thc blower voltage TBLO(Pa)

m) arc calculated by the air amount deciding portion 2035
The averaged value is output as the Iinal blower voltage
TBLO. However, it is acceptable to calculate the Iinal
blower voltage TI31.0 by putting an adequate weight to
each the bloiver voltage J13I.O(lyr) and the blower

ss voltage TELO(Pa) ancl adcling or subtracting them.
(5) In the third embodiment, the blnwer 3 can be arranged

in each Dr side and Pa side independently. I'urther, an
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arr provuler can be arranged rn each the Dr side air
passage 20026 and the Pa side air passage 2002c to
adjust each air amount, independently, so that each Dr
side arr amnunt and Pa side air amount can be
controlled, indcpcndcntly.

(6) The temperature chlference TD can be obtained by
using just Tr and Tact Io calculate (TR—Tact), or using
another factor in additinn tn I'r and Tact

(7) As thc temperature setter 2021, 2021a, 2021b for
setting thc tcmpcrature of thc air-cnnditioning zones, it
can be used an analog display in which rmhcates Ihe.

temperature wuhout rhgital Iigures, e.g., the tempera-
ture is indicated by colors.

(8) To adjust thc air amount, thc biower 3 is cnntrnlled by
thc voltage level applied thereto to cnntrnl thc its
rotation speed. However, ri rs acceptable Io control Ihe.

rotation speed by a pulse wave moclulauon (PWM)
method, which changes a duty ratio of a pulse voltage.
applied to the blolver motor 3n

(9) Thc prcscnt invention can bc a daptablc to another
air-conditiomn device, which has pluraiity nf air-
comlitromng zone, anil is needed Io control each of
temperature of. blow-oui arr to each zones indepen-
dently

(10) Thc neural networks 2100—2400 are replaceable with
rccurrcnt type neurai networks.

(Fourth Embochment)
A kiurih embocliment of the present invenuon will be.

described hereinafter with reference to 11GS 37—15 and
47C—50 I'l(r 37 is a diagram illustrating the constitution of
whole system of an air-conditioning device fnr automobiles
In FIG 37, an internal air external air change-over door
3001 is arranged at thr most upstream side of air flow in thr
arr-r:ondrtioning device for automobiles. One of an external
arr and an internal arr rs selectively introduced into an air
duct 3UU2 by moving the door 30UI.

The air duct 3002 constitutes an air passage of the
air-conditioning device. A blnwer 3003, an evaporator 3004
and a hcatcr core 3005 arc arranged from upstream side to
downstream side in thc air duct 3002. Thc evapnrator 3004
rs a cooling heat exchanger for cooling an air by absorbing
an evaporating latent heat of. a relrngerant rn a refngeraiing
cycle from the air. The heater core 3U05 rs a heaung hear
exchanger for heating air with heat from a hot water (engine
coolant) from a vehicle engine (not shnivn)

An air-mixin door 3006 as a temperature adjuster is
arranged at thc upstream of thc heater core 3005. Thr
arr-mixing rloor 3UU6 adtusts a rauo of two arr amount, an
amount of heaiecl air passed through Ihe heater core 30U5
and an amount of coolml air by-passed the heater mre 30U5.
'I'he adjusting the ratio of heated air and cooled air can
adjusts the blnw-out air temperature to a passenger cnmpo-
ncnt of thc automobile.

At thc most downstream side of thr air duct 3002, foot
blow-oui ports 3008n, 30USb, face blow-oui ports
30U9n—30U9d, anil a delroster blow-out port 3010 are pro-
vulerl. Here, the foot blow-out ports 3UOSn, 3008b are.

provided to blnw the conditioned air onto the feet of the
passengers. 'I'he face blolv-nut ports 3009n—3009d are pro-
viclccl at each of center portion and side pnrtion in thr
passcngcr component to blow the cnnditioncd air tn thr
upper half of Ihe body of Ihe passengers. The defroster
blow-out port 3U10 is provided to blow Ihe conditioned air
to a windshield

At the most downstream side of the air duct 3002,
blow-nut port change-over doors 3011—3013 are arranged to

selectively openclose ihe blow-out ports 3(NSn, 3008b and
3009n—3009d. Lrach of predetermined bloiv-out modes, such
a I'ACL'ode (I A('L'), a III-I.EVLI. mode (13/I.), a I OOT
mode (I'OO'I), and a defroster mode or the like can be set
by chan ing the opcnrclosc conclition of thc doors
3011—3013.

Here, a control system lor controlling Ihe air-concliuoning
device will be explained. The internal air,'external arr chang-
ing door 3001, the air-mixing door 3006, and the blnw-out

io port change-over doors are driven by servomotors
3014—3018 The servomotors 3014—3018 are controlled by
outputs of an air-conditioning electric control device 3019
(hcrcinaftcr, called "ECU 3019"). A motor 3n of thc blower
3(N3 rs also controlled by Ihe output of the ECU 3019 via
a motor control circuit (moior applied voltage mrntrol
circuit) 3020

An air amount blown by the blower 3003 is adjusted by
the motor control circuit 3020 bv way of changing a rotation
speed of the motor with an appliccl voltage to the motor. Thc

oo ECU 3019 includes a microcomputer ancl its peripheral
clrcrllis.

A temperature setter 3021 is proviclecl to set a setpoini
temperature Tact of the passen er component, which is input
to the L'('U 3019 'lire temperature setter 3021 is arranged an

zs air conditioning control panel, and is manually controlled by
users.

As tcnlperaturc data detectors, thc following sensors arc
provided. That is, an internal arr sensor 3U22 is provided to
detect an internal air temperature Tr. An external air sensor
3023 is provided to detect an external arr temperature Tam
A radiation sensor 3024 is provided to detect a radiation
amount Ts to the passenger component An evaporator
tcmpcraturc sensor 3025 is proviclcd to dctcct a cooling
tcmpcraturc Tc (blow-out air tempcraturc) of thc evaporator

rs 3(N4.

Awarder

temperature sensor 30Z6 rs provided to detect
a water temperature Tw of hoi water llowing into the heater
core 3U05.

('ontrol functions processed by the microcomputer rn the
LCU 3019 is generally divided as shown in I I(i. 38 I'he

so ECU 3019 includes a temporary target tcmperaturc calcu-
lating portion 3027, a racliation amount correction calculat-
mg poruon 30ZS, a target temperature calculating poruon
30Z9, an arr-mixmg door opemng degree calculaung poruon
303U, a blow-out port mode calculaung portion 3031, aml an

Js air amount calculating portion 3032.
Here, the temporary target temperature calculating por-

tion 3027 calculates a tenlporary target blow-out
tcmpcraturc, and incluclcs a neural network 3200 as shown
rn FIG. 41. The temporary target temperature calculaung

so poruon 30Z7 inputs signals including the ac(point tempera-
ture Tact, the internal air temperature Tr and the external arr
temperature 'I'am, and calculates the temporary tar et blow-
out temperature TAOI3 based on the input signals via the
neural network 3200.

Thc racliation amount correction calculating portion 3028
calculates a radiation amount correction TAOS, anil inclmles
a neural network 33UO as shown rn FIG. 42 The radrauon
amount correcuon calcuhiung poruon 30ZS inputs signals
including the setpoint temperature 'Iket, the internal air

so temperature 'I'r, the external air temperature Tam and the
racliation amount Ts (output signal of thc radiation sensor
3024). Then thc, radiation amount correction calculating
poruon 30ZS calculates Ihe radrauon amount correcuon
TAOS based on ihe input signals via the neural network

ss 330U.
The target temperature calculatin portion 3029 calculates

the hnal target blow-out temperature TAO based on the
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output signals from the lemporary target temperature calcu-
lating portion 3027 and the radiation amount correction
calculating portion 3028.

The air-mixmg dnnr npening degree calculating portion
3030 calculates an air-mixin door opening dcgrcc SW
based on thc final tar ct biow-out temperature TAO from thc
target temperature calculating portion 3029.

The blow-out port motte calculating pornon 3031 calcu-
lates a blovv-out port mode TMODL, and includes a neural
network 3100 as shnwn in I'IG. 39 'I'he blnw-out port mode
calculating pnrtinn 3031 inputs the final target blow-out
tcmpcrature TAO from thc target temperature calculating
portion 3029 anil thc detected infomiation, which is the
environment factor to influence a temperature senmuvely of
the passenger such as Ihe rruhalion amount Ts, ihe external
air temperature I'am and the water temperature I'iv. Then the
lilow-out port mode calculating portion 3031 calculates the
lilow-out pnrt mode TMOI)t.'ia the neural netivork 3100

Thc air amount calculating portion 3032 includes a neural
network 3400 as shown in FIG. 43. The air amount calcu-
lating portion 3U32 inputs signals including the ac(point
temperature Tact, the internal air temperature Tr, the external
air temperature 'I'am and the radiation amount I'hen the air
amount calculating portion 3032 calculates a bloiver
voltage, which decides an air amount via the neural network
3400.

Thc constitutions of thc neural nctwnrks 3100—3400 ivill
be explained. Since Ihe constitutions of the neural neiworl s
310th-3400 are subslanually same, these constitutions is
explamed baserl on the neural network 3100 with reference
to I'I(iS. 39, 40A, 40B

As shnwn in I'I G. 39, the neural network 3100 includes an
input layer 3101, a first intermediate layer 3102, a second
intcrmcdiatc layer 3103, and output layer 3104. Each of thc
input layer 3IUL, Ihe Iirsl and Ihe seconri intermediate layers
31U2, 3103 has a plurality of neu rona 3105, and output layer
has one neuron 3105. Each of neurons 3IUS in Ihe input
layer 3101 is cnnnected to each of neurons 3105 in the first
intermediate layer 3102 with a certain link coeflicient 3106
(synapse weight). Similarly, each nf ncurons 3105 in the first
intcrmcdiatc layer 3102 is connected to each of ncurons
31US in the secoml inlermeihate layer 31U3 with a certain
link coethcienl 3106. Each of. neurons 3IUS in the second
intermediate layer 3103 is connected to the neuron 3105 in
the nutput layer 3104 with a certain link coefficient 3106
I'hese neurons 3105 are formed by memnries in the L'CU

3019 in an actual circuit, and thc neural network 3100 is
formcrl by combined memories.

The neural nelworl 31UU, which is a nelworl bavin ~ a
layereii structure, has a Bacl Propagation Learning Func-
tion The Bacl Propagation Learning Funcnon can auto-
matically correct the link coeflicients 3106 between each
neurons among the input layer 3101, the first and second
intcrmcdiatc layers 3102, 3103, and output layer, so as to
adjust its output to a desired value (teacher signal) related to
input signals such as TD, Ts, Tam, Tw.

When Ihe leacher signal is changed, Ihe link coethcients
31U6 are oui)usted by repeatedly "learning" so as io correct
the output to be the changed teacher signai related to the
input signals. In nther words, based on a large number of
desirc(i data (tcachcr signals), a correlation function (link
cocflicicnts 3106) is automatically generated. Thc teacher
signaLs are determined lo desired values obtained by an
expenence or Ihe like (iiesired output for the input signals).

In the layered structure neural network 310U, there is no
connectinn among each of the neurons 3105 in an identical
layer, but the neurons 3105 in each layer are cnnnected to

only neurons 3105 in forward ami beet ward layers. The
clmk coethcients 3106 between each neuron 3105 in each
layer rcprcsent a ivcight of connection (magnitude). Thc
larger the wci ht of connection, the larger an ampliturlc of
signal, which is nutput from each neurnn 3105 and propa-
gated to neurons 3105 in backward layer

Here, Ihe input signals (TD, Ts, Tam, Tw) are normalized
lo 0—I value before inputting io the neural network 3100 by
a normalize portion 3107. Thc output signal from thc neural
network 3100 is transfomicrl in reverse proccrlure of thciu
normalize portion 3107 by an output transform portion
3108 For example, actual detected internal temperature I'r

detected by Ihe internal air sensor is normally in a range
from O'. Io 50'. This delecleil value is assigned to a

certain value in a range from 0 to I in the normalize portion" 3107, and is output to thc input layer 3101 in thc neural
network 3100 Since the output signal from the output layer
3104 is a value in the ran e from 0 to I, this nutput signal
is transformed to ihe actual value corresponding io ihe
sensor signal m ihe reverse procedure by using a predeter-

zo mined transformation map in thc output transform portion
3108. Here, since the neural network 310U in FIG. 39
outputs ihe blow-out port signal TMODE, it does not need
to reverse transform the output from the output layer 3104
Therefore, this neural network 3100 dnes not have the output

zs transfnmi portion 3108.
The cnvironnient conditions, of which the air-

conditionin device for vchiclc faces, arc variable, as
described above. Therefore, Ihe number of the teacher
signaLs, which are desireil values related to ihe vanous

.io envirnnment conditinns, will be ennrmnusly
Therefnre, in a designing process of the L'CU 3019, the

learning is executed by a hi h-speed calculator inclurhng a
neural network, which is the same as thc neural network
3100, bcforc mounted to the vchiclc. The high-spec(i cal-

is culaior calcuhiles the linkcoeiticients3106 so that the output
of the neural network is to be desired Leacher signaLs for
vamous input signaLs. Then, Ihe calculated coetficients 3H16
are memorized in a memory portion (ROM) corresponding
to each neural netivork 3100,3200, 3300, 3400 in each of the

so calculatin portions of thc E('.U 3019 shown in FIG. 38
Thcrcforc, when thc ECU 3019 is mounted on thc vchick,

Ihe hnk coeflicients 3106 among the neurons 31115 in each
layer of the neural networks 3100—3400 are set to predeter-
mined value.

as After mounted on the vehicle, the neural networks
3100—3400 in each layer calculate an nutput fnr input signals
as shown in FIG. 40A. Specifically, in each of thc ncurons
3105, each of thc input si nals Oi O is multiple(1 by each
of the corresponding coelficients 3106 (W,—W„), ami mul-

so tiplied value are adapted io a voi-called sigmoid tuncuon as
shown FIG. 40B. The calculated results of the sigmoid
function are nutput to the neurons 3105 in backsvard layer
These calculatinns are repeated between each layer tn decide
a final output.

Since thc neural network 3100 in each calculating portion
of. mounted ECU 3019 is previously sei so that the desired
value for ihe vamous input signals 0,—O„can be obtained,
learnin ~ for mirreclion of ihe lint coetlicients is nol needed

Therefnre, the neural netivnrks 3100 as shown in I'l(i 39
so of the blow-nut port mnde calculatin portion 3031 calcu-

lates and outputs the dcsircd value as thc blow-out port motte
si nal TMODE (=0—I) rclatcd to the changes of input
signals (TAO, Ts, Tam, Tw).

The neural network 320U of Ihe temporary tar et tem-
as perature calculating portion 3027 outputs the desired teacher

signals as the tempnrary target blow-nut temperature TAOII
in relation to the change of the input signals ('Iket, Tr, I'am)
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Tio=Tion— Tlos (sl

In the air-mixing dnor npening degree calculating portion
3030, the air-miving door opening degree SW is calculated
based on thc TAO from thc target temperature calculating
portion 3029, the tcmpcraturc Tc of thc evaporator 3004, and
the water temperature Tw of the heater core 3UU5, by using
the following equation:

Sa ( el=(TIO— Teu(T — Tel isis (sl

The control flow according to the preferred embodiment
will be evplained with reference tn a flniv chart shown in
I IG. 44 This cnntrnl routine starts from a control switch
signai, which starts the air-conditioning device.

At step 3510, thc air-conditioning ECU 3019 is reset. At
step 3520, the ECU 3019 inputs the ou lpu I signals l rom each
sensor such as the internal air temperature Tr, the external air
temperature I'am, and the signals from the temperature setter
3021.

At step 3530, the temporary target bloiv-nut temperature
TAOB is calculated via the neural network 3200, shown in
FIG. 41. Thc step 3530 corresponds to thc temporary target
temperature calculating portion 3U27 in FIG. 38.

At step 3540, the radiation amount correcnon TAOS is
calculated via the neural networl 3300, shov:n in FIG. 42.
'I'he step 3540 corresponds to the radiation amount correc-
tion calculating portion 3028 in 11G 38

At step 3550, thc final target blow-out temperature TAO
ts calculated by thc equation (5). The step 3550 corresponds
to the secoml target temperature calculating pornon 3030 in
FIG. 38.

At step 3560, the air-mixing door opening degree SW is
calculated by the equation (6) The step 3560 cnrresponds to
the air-mixing door opening degree calculating pnrtion 3030
in FIG. 38.

At step 3570, thc blow-out port mode signal TMODE is
calculated via the neural networl 3100, shov:n in FIG. 39.
The slap 3570 correspomls lo the blow-out port mode
calculating pornon 3031 in FIG. 38. Here, outputs in the
blow-nut port mode signal I'MODE have characteristics that
this nutput increases in prnportion to an increasing nf the
target blow-out tcmpcraturc TAO. Onc of a face niode
(FACE), a bi-level mode (B,'L), and a foot mode (FOOTh
which are shown in FIG. 45, is determined based on the.

output TMODE from the neural nelworl 33UU.

At step 358U, Ihe blower voltage TBLO ts calcu lalecf via
the neural network 3400, shnwn in FIG. 44 The step 3580
corresponds to the air amount calculating portion 3032 in
FIG. 38.

At steps 3590—3610, each of actuators such as niotors
3014—3018 and Ihe motor applied voltage control circuit
302U as shown in FIG. 37 are controlled so as lo corresponcl
to the above-mennoned calculated values.

The procedure ot'alculation of the bloiv-out port mode
signal 'I'MODL'ia the neural network 3100 will he

The neural networl 33UU of the radiation correcuon
calculating portinn 3028 outputs the desired teacher signals
as the radiation amount correctinn TAOS in relation to the
change of the input signals (I'set, Tr, Tam, Ts)

Thc neural networks 3100 of thc air amount calculating
portion 3032 calculates and outputs thc desired value as thc
blower voltage level TBLO in relation to the changes of.

input signals (Tact, Tr, Tam, Ts).
In the target temperature calculating pnrtion 3029, the

final target blow-out temperature I'AO is calculated hy the
following equation:

explained in delaiL In FIG. 48, which is a diagram of
characteristic illustrating a relationship betiveen inputs IW
and the output (teacher si nal), the inputs I& and the output
correspond to TAO, Ts, Tam, liw and 'I'MODE When the
input conditions are as follows, that is TAO=48'.,
TS=IOOO Wint, Tarn=0'., Tw=80'. (i e., there is thc
radiation Ts aml the external air temperature Tam is low),
and output is 0.95, Ihe blow-oul port mode TMODE is set
the FOOT mode as shown in 47A In this case, the passenger

io may feel hot to the head portion.
Then, the output signal (teacher signal) is changerl from

0.95 to 0.5 at above clcscribcd input conditions
Herc, thc neural network has thc learning function, which

adjusts the linl coe(fictents (synapse weights) 3106 between
each neurons in each layers in the neural network automati-
cally to correct iis output to he desired data (teacher si nal)
Therefore, the output at a specific input condition can be
adjusted, by chan in the teacher signal at the specihc input
condition and then adjusting the link coefficicnts (synapse

ac ivcights) 3106 automatically in aclvancc.
By changing Ihe output(TMODE=0.95 0.5), it enable to

set the blow-out port mode to the BiL mode so as to
blow-out the cooled air to the upper liody of the passenger,
and enable to reduce the hot feeling due to the radiation to

as improve the air-conditioning feelin of the passenger
Furtherniore, since thc neural network adlusts its whole

link cocfficicnts so that the clcsirccl outputs at thc other input
condiuon are maintained even if the output at the speciiic
mpul condinon is changed. Therefore, the output change at
the specific input condition does not influence Ihe outputs at
the other input conditions lienee, in no radiation condition,
it enable to set the hloiv-out port mode to the I'OOT mode
so as to blovv-out thc hcatcd air to thc foot area of thc
passen cr, and enable to improve thc air-conclitioning fi:ci-

ts in ~ of the passenger.
Furthermore, since the ixirrectton of the link coelfictents

3106 are adlusted automatically by using the learning func-
tion of the neural network, it will not be essential for the
engineers to construct a complicated control lo ic such that

sc the clcsircd output can bc olitaincd only at specific input
condition. Hence, engineer's process can lic eliminated
subslaniially.

Since the complicated process does nol needed, a capaci-
tance of. a memory (ROM) of a computer, which consututes

as an air-conditioning electric control device, can be decreased
Here, when the Bil. mode is selected in the radiation

condition at low tcmperaturc as shown in FIG. 47B, it is
desirable to sct an upper limitation (Aqvf limiter) for thc
air-mixing door opemng degree as shown in FIG. 47C.

so That is, as shown in FIG. 47C, in a BiL mode extension
area d m which TAO ts "a*'r more, it is desirable to restwct
a blowing of the heated air from the face blow-out ports
3009n—3009d. In order to meet this desire, an actual blow-
out tcmpcrature to thc passcngcr component is restricted to
a predetcrminecl tcmperaturc liy setting thc upper limitation
of. Ihe air-mixing door opening degree. Here, in this iigure,
a hne "b" represents the lace blow-out temperature and a
line "c 'epresents Ihe fool blow-out temperature.

Next, the sivitchin control of the hloiv-out port mode in
the folloiving condition ivill he explained. 'I'hat is, the
condition that thc air-conclitioning dcvicc starts just after thc
vehicle cnginc starts at a low external tcmperaturc in winter
will be explained. A fer the engine starts, the temperature of
an engine coolant (Ihe temperature of the hot water to the

ss healer core 3U05) rises. Then, the temperature of Ihe blow-
out air of the heater core 3005 rises. Irurther, the temperature
of blow-out air to the passenger component rises llere, the
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voltage applied to the motor of. the blower is adjusted so that
the air amount to the passenger component increases in
proportion to thc rising of thr hot water teniperaturc.

Herc, when the blow-out port niode to the passcngcr
component is maintained tn the IOOI'ode, it may take
long time tn warm up the upper body of the passenger
because the body of the passenger is warmed up from his/her
lower body. Hence, the passenger may not feel comfort.

Thcrcforc, it is dcsirablc to srt thr blow-out port niode to
thc FOOT mode initially, then sct it to the BiL mode in
proportion to the rising of the hot water temperature By
setting to the 0/I. mode, it enables to bloiv-out air tn the
upper bocfy of. Ihe passenger from Ihe face blow-oul port so
as to warm up Ihe upper body early. Here, when Ihe
air-conditioning device starts at low external tcnipcraturc,
thc control of thc air-conditioning device is set to a maxi-
mum heating. That is, the air-mixing door opening degree
SW is set to its maximum degree (f00'yr) so that an air
passage to the heater core 3UUS is sel to be full opened.

FIG. 49 shows a result of an expenence to investigate a
condition that thc passenger feels thc BrL niode comfort
when Ihe air-conditioning device starts al low external
temperature. In this experience was concfucled on monnor
people According to the experience, the follniving results
were obtained As shnwn in this figure, there are certain
ranges ot'he hot water temperature in which the passenger
feels comfort (comfort range) in thc BrL mode for each the
cxtcrnal air tcmpcratures. Thc comfort ranges of thc B,'T.

mode (ranges between a line A—A and a hne — in
figure) are relalecf lo the external mr temperature aml Ihe hol
water temperature. Specifically, the comfort ranges rise in
proportion tn falling of the external air temperatures. I fere,
ranges upper a line x v are that the passenger feels hnt, and
ranges lower a linc .: arr that thr passcngcr feels cold.
Each thc range between the line x x and thc linc 5—5, and
ranges between Ihe line — aml Ihe line = — are
intermediate ranges that the passenger can nol determine
whether comfort or not.

Here, the temperature of air actually blown to the pas-
senger compnnent is loivered to amund 90cyn of the hot water
duc to a heat transfer rfficicnt between thc hot water of the
heater core 3005 and air.

Based on the experience, this embodiment provides Ihe.

following control for Ihe relationship between the inputs 1—4
of Ihe neural network 3100 anil the output TMODE. That is,
as shown in H(i. 50, when the inputs IW are I'AD=SU'.,
I's=fi W/m, Tam= —10''., and when the I'w is within a
ran c of 53'. to 62'., the output is changed from 0.95
to 0.5. Thcrcforc, it enables to change thc blow-out port
mode from the FOOT mocfe to the B,'L mode. Consequently,
it enables to warm up Ihe upper body of the passenger early
within the range of Tw so as to improve the air-conditioning
feeling and a driving safety.

In the other water temperature range, since the blow-out
port mode can bc srt to the FOOT mode by maintaining the
output 0.95, it can prevent over-cooling to thc font arcs in
the B/L mode when Ihe water temperature is low. Also, il can
prevent over-healing lo Ihe upper body in ihe B/L mode.
when Ihe water temperature is high.

(I'ifth embodiment)
In the fourth embodiment, in the start timing at the loiv

external tcmpcraturc, thc blow-out port mode is set to thr
BiL mode when thc hot water temperature is within thr
certain range However, when the internal air lemperature Ts
is already risen up due to radiation or Ihe Idee, it ts detnrable
to change Ihe blow-oul port mocfe from the B/L mode lo the
I OO I'ode early so as to prevent occurring the over-
heating to the upper bndy in the 0/I. mode.

Therefore, in this embodiment, the neural network 3HIU
further inputs the internal air temperature Tr as its input as
shoivn in I'IG 51. A changing timing, at which the blow-out
port mode is changed from the II I. mode to the I'OO'I'ode,
is changed to carly tinting when thc internal air temperature
rises over a prcclctcrmined tcmpcrature. Hcncc, it can
restrain occurnng lhe over-heating lo the upper body in lhe
B/L mode in advance. That is, even if the external air
temperature is equal, ivhen the internal air temperature I'r

rises over the predetermined temperature, a Ihresholcl value
(hot water temperature), at which the blow-out port mode is
changed front thc BiL niode to the FOOT moclc, is changed
to lovv tcmperaturc siclc.

(Sixth embodiment)
The neural network 3100 of the Iifth embodiment input

the internal air temperature I'r as an additional input In this
embodiment, the neural netivork 3100 inputs a skin tem-
perature signal Th, which is output from a skin temperature
detcctin sensor (not shown) for detecting a skin tempcra-

zo turc of thc passen cr, replace with thc internal air tempera-
ture as shown in FIG. 5Z.

According to this embodiment, when the skin temperature
Th of the passenger rises over a predetermined temperature
due to the radiation or the like, a threshold value (hot water

zs temperature), at which the bloiv-out port mode is changed
from thc B L mode to thc FOOT moclc,is changed to low
tempcraturc side. Iqoncc,it can restrain occurring the over-
heanng lo the upper body in the B/L mode in advance.

(Seventh embodiment)
The seventh embodiment is modification of the fourth

embodiment In this embodiment, the neural network 3100
is equal to that shoivn in lrl(i. 39, which inputs the external
air tcmpcraturc Tam as an additional input. In this
cmboclimcnt, a chan in point of thc blow-out port mode is

is chan ed with respect to the external air temperature Tam.
When Ihe TAO is m a high temperature side (heaung

area), Ihe changing point (between the B,'L mode and lhe
FOOT mode) at the loiv external air temperature (Tam=—10'')

is set low than that at the high external air temperature
so (Tarn=10'.) vvith respect to thc TAO. Hence, it can cnlargc

a FOOT mode arcs so as to perform thc foot heating
positively. Consequently, in can improve the heating Ieelin ~

m Ihe low external air temperature.
W'hen the TAO ts in a low temperature side (cooling area),

Js the changing point (between the Bil. mode and the I'ACL'ode)

at the high external air temperature ('I'am=30'' is
sct high than that at thc Iovv external air tcmpcraturc (Tam=
10'.) with respect to thc TAO. Hence, it can enlarge a
FACE mode area so as lo perform lhe face cooling posi-

so tively. Consequently, in can improve the cooling facing in
Ihe high exlernal air lemperalure.

(Lighth embodiment)
In this embodiment, the present invention is adopted to an

air-conditioning device for automoliilcs, which is capable of
controllin independently lictwcen a driver scat (Dr) side
air-conclitiomng zone anil a passenger seal (Pa) side air-
condinomn ~ zone in a passenger compartment.

In an mr-duct 30UZ, a parntioning wal13002o is arranged
from the heater core 3005 portion to its doivnstream side in
the air duct 3002 to divide it into a Dr side air passage 3002b
ancl a Pa side air passage 3002c.

A Dr side air-mixing door 3061 is arranged a t thc
upstream side of the heater core 3005 in the Dr side air
passage 3UUZb. The Dr side air-mixing door 3061 adfusts a

as ratio of lwo mr amount in lhe Dr side air passage 30U2b,
wherein an amount of heated air passed through the heater
core 3005 and an amount of cooled air by-passed the heater
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core 3UU5 A Pa side a&r-mixing cfoor 3062 &s arranged at the.

upstream of the heater core 3005 in the Va side air passage
3002c, and adlusts a ratio of two air amount in the Va side
air passage 3002c. f fere, the two air amount are an amount
of hcatccl air passed through thc hcatcr core 3005 and an
amount of cooled air by-passed thc heater core 3005.

At lhe most cfownstream side of. the Dr side air passage
30U2b, a foot blow-out port 3UUga, face blow-out ports
3009a, 3009b are provided At the most do&vnstream side of
the Va side air passage 3002c, a foot blow-out port 3008b,
face blow-out ports 3009c, 3009d are provided. Iilowout
port chan c-over cloors 30lla, 3012a arc arranged to sclcc-
tivcly open'close thc Dr side foot blow-out port 3008a and
the face blow-oul ports 30U9a, 3009b. Blowout port change-
over doors 3U(lb, 3U12b are arranged to select&vely open,'lose

the Va side font blow-out port 30086 and the face
blow-out ports 3009c, 3009d A defroster blow-out port
3010 and its blow-out port change-over door 3013 are
provided in thc same way as thc second cn&I&odin&ent.

Thc Dr siclc air-mixing door 3061 and the Pa side air-
m&xtng door 3062 are driven by &ndepencfenl servomotors
3015 and 3U15a. The Dr sale blow-oul port change-over
doors 30Ha, 3012a and the Pa side blow-out port change-
over doors 3011b, 3012b are driven by independent servo-
motors 3160 and 3170 L'ach of predetermined blow-out
mode, such as a FACE mode (FACE), a BI-LEVEL n&ode

(B&L mode), and a FOOT mode (FOOT) or thc like can be
set w&lh respective to each ports 3002c, 3U02c,
&mlepenclently, by chang&ng the open,'close comhnon of. Lhe.

blow-out port change-over doors 3011a, 3012a, 3011b and
3012b.

A Dr side temperature setter (first telnperature setter)
3021a is proviclcd to sct a sctpoint tcn&pcraturc Tact(Dr) of
thc Dr side air-conditionin zone rclativc to thc Dr side air
passage 3U02b, anil output the setpo&nt temperature Tact(Dr)
to the ECU 3019 A Pa side temperature saner (seconcl
temperature saner) 3U21b &s provuled to set a setpo&nt
temperature Tact(pa) ot the Va side air-conditio&&ii&g zone
relative to the Va side air passage 3002c, and output the
sctpoint tcmpcraturc Tact(Pa) to thc ECU 3019. Both ten&-

pcraturc scttcrs 3021b, 3021c arc provided indcpcndcntly
each other.

A Dr s&cfe rad&ation sensor 3U24a &s arranged lo detect a
rachatton amount TsDr to the Dr s&de air-cond&uon&ng zone,
and a Va side radiation sensor 3024/& is arranged to detect a
radiation amount 'Iispa to the Pa side air-conditioning zone

As tcmpcraturc data dctcctors, an internal air sensor 3022
to is arranged detect an internal air temperature Tr. An
external a&r sensor 3023 &s arranged to detect an external air
temperature Tam. An evaporator temperature sensor 3025 &s

arrangecf lo detect a cooling temperature (blow-oul air
temperature) of the evaporator 3004. A &vater temperature
sensor 3026 is arranged to detect a temperature T&v of hot
water fiowing into thc heater core 3005.

Control functions processed by thc microcomputer in the
ECU 3U19 are execu&eel &nclependently between the Dr s&de.

anil the Pa side as shown &n FIG. 31. In this ligure, subscnpt
"a'lter svmbol means Dr aude functions, aml "b'* after
symbol means Pa side functions

A blower voltage I'III.O, &vhich decides an air amount,
calculated as follows. A Dr side blower voltage level TBLO
(Dr) ancl a Pa siclc blower voltage lcvcl TBLO(Pa) arc
calculated by an a&r amount calculating poruons 3032a,
3032b Then, an average of. the blower voltage TBLO(Dr)
and lhe blower voltage TBLO(Pa) are calculated by an air
amount calculatmg portion 3032c I'he averaged value is
output as a tinal blower voltage 'I'BI.O

Blowout port mode calcu lanng portions 3031a, 303lb are
provided to calculate a Dr side blow-out port mode signal
TMOI)L'(Dr) and a Va side bio&v-out port mode signal
TMOI)L'(Va) independently.

A neural network 3100, which constitutes each the Dr siclc
bio&v-out port mode calculating portion 3031a ancl the Pa
s&de blow-out port mode calculating poruon 303th, &npucs

one of the Dr side target blow-out temperature TAO(Dr) and
the Va side tar et bio&v-out temperature I'AO(pa), and fur-
ther inputs one of the Dr side radiation amount TsDr and the
Va side radiation amount Tspa Then, one of the f)r side
blow-out port n&ode si nal TMODE (Dr) and thc Pa side
blow-out port mode signal TMODE(Pa) is cakulatcd inde-
pendently.

A neural network 320U, wh&ch consutu tea each a Dr s&de

temporary target temperature calculating portion 3027a and
a Va side temporary target temperature calculatin portion
3027b, inputs one of setpoint temperatures Tset(Dr) and
Tsct(Pa) of each thc Dr side ancl thc Pa side, and further

zo inputs a difference (ATset) bctwccn thc sctpoint tempera-
tures Tact(Dr) and Tact(pa). By inputting the chlference
(ATset), it can restrain a temperature interference between
the hrst air-conditioning zone and in the second air-
conditioning zone.

zs I lere, in this embodiment, it is acceptable to control both
the Dr side blow-out port n&ode and thc Pa siclc blow-out
port n&ode in the sanx, way. That is, it does not nccd to
control inclepenclently. In that case, as shown in FIG. 56, a

neural network 3100 inputs an average TAOX, which is an
.&o averaged value of a Dr side target bio&v-out temperature

TAO (Dr) and a Va side target blow-out temperature 'IcAO

(Va), and further input an average 'I'sX, which is an averaged
value of the Dr side radiation an&ount TsDr and thc Pa siclc
racliation amount Tspa. Then, thc neural network 3100

&s calculates the blow-out port mode signal TMODE.
The fourth to e&ghlh embodiments can be also mod&lied as

follciws.

(I) In the above-describecl cmboclimcnt, thc tar ct blow-
out tcmpcrature TAOi, the air amount (blower voltage
level) arc calculatccl via thc neural nctworl s 3200,
330U, 3400. However, it is acceptable to calculate one
of them by conventional calculation without neural
net&vorks.

(2) The air-mixing cloors 3006, 3061, 3062 arc arran ccl
as to adjust thc mix ratio of coolccl air and heated air as thc

temperature adjuster. However, il &s replaceable w&th a
hol water valve Lo conlrol an amount of hoL water
flowing into the heater core 3005 or a temperature of
the hot &vater

so
(3) In the eighth en&bodimcnt, the neural network 3100

mpuls the average value of the Dr s&de target blow-out
temperature TAO(Dr) aml the Pa side target blow-out
temperature TAO(Pa). However, il is acceptable to
change weights of one of the Dr side target blow-out
temperature 'I'AO(Dr) and the Va side target blow-out
tcmpcraturc TAO(Pa). That is, it acccptablc for neural
network 3100 to input a changed target i&low-out tcm-
pcraturc TAO'. For example, TAO'=TAO(Dr)xg(f(%)+
TAO(pa)x209%

(4) As the temperature setter 3021, 3021a, 3021b for
setting the temperature of the air-conditioning zones, it
can bc used an analo display in which ind&catcs the
tcmpcraturc &vithout digital figures, e, thc tcmpcra-
Lure is &mhcated by colors.

(5) 'll&e present invention can be adaptable to another
air-conditioning device, which has plurality of air-
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comlitiomng zone, ancf is needed lo control each of
temperature of blow-oul air to each zones inciepen-
dcntly

((i) The neural networks 3100—3400 are replaceable ivith
recurrent type neural networks.

(Ninth Embodiment)
A fourth embodiment of thc prcscnt invention will be

dcscribccl hcrcinaftcr with rcfcrence to FIGS. 57%4. FIG.
57 is a diagram illustrating the cnnstitution of whole system
of an air-conditioning device for automobiles.

In FIG. 57, an internal air/external air change-over door
40UI is arranged at Ihe most upstream inde of. air flow in Ihe.

air-conditionin clcvicc for automobiles. One of an cxtcrnal
air and an internal air is selectively introduced into an air
duct 4002 by moving the door 4001.

The air duct 4002 constitutes an air passage of the
air-c:onditioning device. A blower 4UU3, an evaporator 4UU4
and a heater core 4UU5 are arrangecf from upstream side io
downstream side in thc air duct 4002. Thc evaporator 4004
is a cooling heat exchanger for cooiing an air by absorbing
an evapnrating latent heat of a refrigerant in a refrigerating
cycle frnm the air. 'I'he heat core 4005 is a heating heat
exchanger for heating air with heal from a hot water (engine
coolant) from a vehicle engine (nnt shown)

An air-mixing door 4006 as a temperature adjuster is
arranged at the upstreain of the heater core 4005 'I'he

air-mixing door 4006 adjusts a ratio of two air amount,
whcrcin an amount of heated air passed through the heater
core 4U05 aml an amount of. cooled air by-passed Ihe healer
core 40U5 The adfusting Ihe ratio of. heated air aml cooled
air can adjusts the blow-nut air temperature to a passenger
component of the automobile

At the most downstream side of the air duct 4002, foot
blow-out ports 4008a, 40086, face blow-out ports
4009a&009d, ancl a defroster l&low-out port 4010 are pro-
vided. Here, the foot blow-oui ports 4UOSo, 40USb are
provicied to blow Ihe conchuonecf air onto the feet of. Ihe
passengers. The face blow-oui ports 4U09o—4UU9d are, pro-
vided at each of center portion and side portion in the
passenger compnnent to blow the conditinned air to the
upper half of thc body of thr passengers. The defroster
blow-out port 4010 is provided to blow the conditioned air
to a wincfshield

At Ihe most cfownstream side of. the air duct 4(NZ,
blow-out port change-over cfoors 4011—4013 are arranged to
selectively open close the binw-out ports 4008n, 40086 and
4009a&009d. Liach of predetermined biniv-out modes, such
a FACE mode (FACE), a BI-LEVEL niode (B L mode), a
FOOT mode (FOOT), and a defroster niode or the like can
be sel by changing the open/close concfition of Ihe doors
4011-4013

Here, a control system f or controlling the air-
conditioning device will be explained I'he internal air/
external air changing dnnr 4001, the air-mixing dnnr 4006,
and thc bloiv-out port change-over doors arc driven by
scrvomotors 4014—4018. The servomotors 4014-4018 are
controllecf by outputs of an air-c:onditioning eleclnc control
device 4019 (hereinafter, called "ECU 4019'). A motor
40U3o of the blower 4U03 ts also controlled by the output of
the Li('.U 4019 via a motor control circuit 4020 (motor
applied voltage control circuit)

An air amount blown by thc blower 4003 is adjusted by
thc motor control circuit 4020 by way of changing a rotation
speeci of the motor v:ith an applied voltage lo the motor. The
ECU 4019 includes a microcomputer and its peripheral
circuits.

A temperature setter 4021 is prnvided to an air-
conditioning control panel 4027 to set a setpoint temperature

Tsel of the passen er mimponent, which is input to the ECU
4019. The temperature saner 4021 is arranged an air-
conditioning control panel, and is manually controlled by
Users.

As temperature data detectors, the following sensors are
provided 'I'hat is, an internal air sensor 4022 is provided to
detect an internal air temperature Tr. An external air sensor
40Z3 is provided to detect an external air temperature Tam
A radiation sensor 4024 is provided to clctect a radiation

Ill
amount Ts to the passenger component. An evaporator
temperature sensor 4025 is provided to detect a cooling
temperature 'I'e (blow-out air temperature) of the evaporator
4(N4. A water temperature sensor 40Z6 is provided to detect
a water temperature Tw of hol water flowing into the heater
cor 4005.

Control functions proccssccl tiy the microcomputer in thc
LCU 4019 is generally divided as folloivs. 'I'he L'CU 4019
includes a temporary tar et temperature calculating portion
40ZS, a radiation correction coeilicient calculating portion
40Z9, a rachation amount correction calculation poruon

zo 4030, a target tcmpcrature calculating portion 4031, an air
amount calculating portion 4U32, a sucuon port mode cal-
culating portion 4033, an blow-out port calculating poruon
4034, and an air-mixing door opening de ree calculating
portion 4035

zs The temporary target temperature calculatin portion
4028 calculates a temporary target blow-out tcmperaturc
Thc temporary target tcmpcrature calculating portion 4028
mpuls signals including Ihe setpoinl temperature Tact, the
mlernal air temperature Tr and the external air temperature

.io Tam, and calculates the temporary target blow-out tempera-
ture TAOB based on the input signals by an equation (7)
descriiied after

The racliation correction coei5cicnt calculating portion
4029 cafcvtlatcs a radiation correction cocfhcicnt Fs, ancl

is inchides a neural network 410U as shown in FIG. 58. The
radiation correction coefgcienl calculaung poruon 4U29
inputs signals including a temperature dilference TD
between the setpoint temperature Tact and the internal air
temperature 'I'r, and the external air temperature Tam 'I'hen,

so the racliation correction cocf5cient calculating poruon 4029
calculates the radiation correction coei5cicnt Fs via thc
neural networl 4100. Then, Ihe radiauon amount correcuon
calculaung poruon 4030 calculates Ihe radiation amount
correcuon TAOS based on the rachation correcuon coeiii-

as cient I's and the amount of (solar) radiation 'I's by using an
equation described after

The tar ct tempcraturc calculating portion 4031 calculates
thc final target blow-out tempcraturc TAO based on thc
ouipui si mals from Ihe temporary target temperature calcu-

so laling portion 40ZS and lhe radiation amount correcuon
calculaung portion 403U.

The air amount cafcvtfating portion 4032 inputs the target
blow-out temperature TAO and calculates a blower volta e
for decidin an mount of air from thc tilowcr based on a
characteristic of FIG. 61 describccl after.

The su coon port calcuhiung portion 4U33 inpu ts the target
blow-oui temperature TAO aml calculates a sucuon port
mode of internal aml external air basecl on a charactensuc of
I'l(l 62 described after

so The blow-out port calculating portion 4034 inputs the
target blow-out tcmpcrature TAO ancl calculates a blow-out
port moclc ot'nternal and cxtcrnal air tossed on a charactcr-
isuc of FIG. 63 descnbed after.

The air-mixmg door opening degree calculating poruon
ss 4035 inpuas lhe target blow-oui temperature TAO and cal-

culates an air-mixing door opening degree SW by usin an
equation (10) described after.
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The constitutions of Ihe neural networks 4100, which

constitutes the radiation correction coefficienl poruon 4029,
will bc cxplaincd with rcfcrence to FIG. 58.

As shown in FIG. 58, the ncurai network 4100 includes an
input layer 4101, a first intermediate layer 4102, a second
intermediate layer 4103, and output layer 4104 Lach of the
input layer 4IUI, Ihe first and lhe seconrf intermediate layers
41U2, 4103 has a plurality of. neurons 4105, and output layer
has onc neuron 4105. Each of ncurons 4105 in the input
layer 4101 is conncctcd to each of ncurons 4105 in thc first
intermediate layer 4102 with a certain link coefficient 4106
(synapse weight) Similarly, each nf neurons 4105 in the first
intermediate layer 4102 is connected to each of neurons
41US in the secoml inlermelhate layer 4103 with a certain
link cocfficicnt 4106. Each of neurons 3405 in thc second
intcrmcdiate layer 4103 is connected to thc neuron 4105 in
the output layer 4104 with a certain link coeflicient 4106
I'hese neurons 4105 are formed by memories in the L'CU

4019 in an actual circuit, and the neural networl 410U is
formml by combinml memories.

Thc neural network 4100, which is a network having a
layerell structure, has a Bacl Propagation Learning Func-
tion The Bacl Propagation Learning Funcuon can auto-
matically correct the link coeflicients 4106 between each
neurons among the input layer 4101, the first and second
intermediate layers 4102, 4103, and output layer, so as to
adjust its output to a desired value (teacher signal) related to
input signals such as TD or Tam.

When Ihe leacher signal is changed, Ihe link coelhcients
41U6 are mljusled by repeatedly "learning" so as to correct
the output to be the changed teacher signai related to the
input signals. In nther words, based on a large number of
desired data (teacher signals), a correlation function (link
cocfttcicnts 4106) is automatically generated. Thc teacher
signals arc dctcrmincd to desired values of&taincd by an
expenence or Ihe like (iles)red output for the input signals).

In the layered structure neural network 410U, there is no
connection among each of the neurons 4105 in an identical
layer, but the neurons 4105 in each layer are connected to
only neurons 4105 in fnrward and backward layers 'I'he

clink coefficients 4106 bctwcen each neuron 4105 in each
layer rcprcscnt a weight of connection (magnitude). The
larger the weight of. connection, the larger an amphtude of
signal, which is output from each neuron 4IUS anrf propa-
gated lo neurons 41U5 in bacl ward layer.

Ilere, the input signals ('I'I), I'am) are normalized to 0— I

value before inputting tn the neural netivork 4100 by a
normalize portion 4107. The output signal from the neural
network 4100 is transformed in rcvcrsc procedure of thc
normalize portion 41U7 by an output transform portion
41U8. For example, actual detected internal temperature Tr
deteclerf by Ihe internal air sensor ts normally in a range
from —30' to 50'I 'I'his detected value is assigned to a
certain value in a range froln 0 to I in the nofnlalize portion
4107, and is output to the input layer 4101 in thc neural
network 4100. Since thc output signal front thc output layer
41U4 is a value in Ihe range from 0 to I, this output si mal
is transformed to the actual value corresponding to Ihe.

sensor signal in the reverse procedure by using a predeter-
mined transformation map in the nutput transform portion
4108.

Thc cnvironmcnt conditions, of which thc air-
conditioning dcvicc for vehicle faces, are variable, as
described above. Therefore, the number of. the leacher
signaLs, which are rfesired vahies related to the various
environment conditions, will be enormously.

Therefore, in a designing process of the ECU 4019, the
learning is executed by a high-speed calculator including a

neural nelwort, which is the same as the neural network
41UU, before mounted to the vehicle. The high-speed cal-
culator calculates the link cocfhcicnts 4106 so that the output
of thc neural network is to be dcsircd tcachcr signals for
various input signals. Then, the calculated coetTicients 4106
are memorized in a memory portion (ROM) cnrresponding
to Ihe neural network 4100 in the radiauon correcuon
coefficient calculating poruon 4U29 of. the ECU 4019 shown
in FIG. 57.

Thcrcforc, when thc ECU 4019 is mounted on thc vchick,iu
the link cocfhcients 4106 amon thc ncurons 4105 in each
layer are set lo predetermined value.

A ter mounted on the vehicle, Ihe neural network 41(IU in
ECU 4U19 calculate an output for input signaLs as shown in

IS
11(i 59A. Specificallv, in each of the neurons 4105, each of
the input signals Ol —O„ is multiplied by each of the corre-
spontlin cocfficients 4106 (W,—W„), and multiplied value
arc adapted to a so-called si moil function as shoivn FIG.
59B. The calculated results of the sigmoid funcnon are

o
output to the neurons 4105 in beet ward layer. These calcu-
lations are repeaied between each layer lo decide a Iinal
oiltpul

Since the neural network 4100 in each calculating portion
of mounted ECU 4019 is previously set so that thc desired
value for the various input signals 0,—O„can be obtaincrl,
learnin ~ lor correction of Ihe link coelhcien(s does not
needed.

Therefore, the neural networks 41UU of the radiauon
correction coefficient cakulating portion 4029, as shown in

1)
I'l(i 57, calculates and outputs the desired value as the
ratliation correction cocfficient Fs in relation to thc changes
of input signals (TD, Tam).

The control flow according to the preferred embodiment
will be explained with reference to a flow chart shown in
FIG. 6U. This control routine starts when the ECU 4019 is
poivered by turning on an ignition switch (not shown) of the
Vehicle

At step 4510, a memory or thc like in the ECU 4019 arc
initializcd. At step 4520, thc ECU 4019 inputs signals from

ao
control svvitchcs inclutling the tcmpcrature scttcr 4021 of thc
air-conditiomng control panel 4027 and so on.

At step 453U, the ECU 4U19 inputs sensor signaLs from
the sensors (4022—4026).

At step 4540, the temporary target bloiv-out temperature

as TAOB is calculated by eliminating a radiation term in thc
followin equation (7). Thc step 4540 corresponds to thc
temporary target tcmpcrature calculating portion 4028 in
FIG. 57.

lao)I=K» I I» I
— K I — K l +o (1)

so
I fere, Tset is the setpoint temperature, Tr is the internal air
temperature, 'I'am is the external air temperature, Kset is a
tempcraturc sct gain, Kr is an internal air tcmpcrature gain,
Kam is an external air tcmpcrature gain, and C is an
correction ixulstatll. Vahu:.

At step 4550, Ihe ECU 4019 inputs external air tempera-
lure and the temperature lhlTerence TD between the setpoinl
temperature 'I'set, and calculates the radiation correction
coefticient l)s The step 4550 corresponds to the radiation

„, correction coefficicnt calculating portion 4029 in FIG. 57.
At step 4560, thc ratliation amount correction TAOS is

calculated by multiplying the radiauon correcuon coeihcient
Fs, the radiauon Ts Irom the radiation sensor 4U24, and a

radiation correcnon proportional gain Ks. The step 456(l
corresponds to the radiation amount correction calculating
portion 4030 in I IG 57

ZiO)=l:) r» U»
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Here, Ihe ra&list&on amount correction TAOS can be.

adjusted by adjustmg the radiation cnrrection proportinnal
gain ICs in the equation (8). Therefore, when the radiation
amount 'I'AOS needs tn be adjusted based on an air-
conditiomng feeling result of actual running test, the radia-
tion amount correction TAOS can bc adjusted by the radia-
tion correction proportional gain Ks without changing Ihe
radiation correction coelhcienl Fs. Therefore, il does not
need to have the neural network learn again to adjust the
radiation amount correction TAOS.

At step 4570, the target blow-out temperature TAO is
calculated based on thc temporary target blow-out tcmpera-
turc TAOB And thc radiation amount correction TAOS by
using the following equation (9). The step 457U corresponris
to Ihe target blow-out temperature calculaung poruon 4U31
in I'IG. 57

iar&=rat&s— &sos (vi

At step 4580, the blower voltage is calculated based on
thc target blow-out tempcraturc TAO with reference to a
relattonship (map) shown in FIG. 61. The step 4580 corre-
spomis lo Ihe air amount calculating portion 4032 in FIG. 57.

At step 4590, the suction port modes nf each the internal
air, the evternai air, and the half internal air are calculated
based on thc target blow-out temperature TAO with rcfrr-
cncc to a relationship (map) shown in FIG. 62. Thc step
4590 corresponds to the suction port mode calculating
poruon 4033 in FIG. 57.

At slap 460U, the blow-oul port motte including FACE,
B&I., I'OOT mnde is calculated based nn the target blow-out
temperature TAO with reference to a relationship (map)
shown in FIG. 63. Thc step 4600 corresponds to thc blow-
out port mode calculating portion 4034 in FIG. 57.

Herc, thc relationships (maps) of FIGS. 61—63 arc mcmo-
nzed previously in memones in the ECU 4U19.

At step 4610, the air-mixing door opening degree SW is
calculated based on the target blow-out temperature TAO,
the temperature I'e of the evaporator 4004, and a hot &vater

tcmpcraturc Tw of thc hcatcr core 4005 by using thr
followin equation (10). Thr step 4610 corresponds to thr
air-mixing door opening dc rer calculating portion 4035 in
FIG. 57.

SIV(91=(TIO — T*ll(Tw— T i IO& (iol

At step 4620, the L'CU 4019 nutputs the values calculated
at thc steps 4580%610 as control signaLs to each of actuators
such as motors 4014—4018 and thr motor applied voltage
control circuit 4U20 as shown in FIG. 57. Then, at step 463U,
the ECU 4U19 wail for pastung a certain time '*l.' After Ihe
time "t is over, it returns lo Ihe slap 452U.

In this embodiment, the radiation correction coefficient I'
is calculated via the neural network 4100, and the radiation
amount correction TAOS is calculated l&y multiplyin the
radiation correction cocflicicnt Fs, radiation signal Ts, and
raihatton correction proporuonal gain Ks. A ment of calcu-
lation using the above-mentioned procedure will be
explaineri hereinafter.

I'IG. 64 shows a calculating procedure of the radiation
correctinn coefficien Fs in a start timing of heating in ivinter
Thc abscissa rcprcscnts a temperature diffcrence TD (=Tr-
Tsct) bctwccn thc internal air teniperaturc Tr in thc passen-
ger component and the setpoinl temperature Tsel. This
diilerence TD is in a minus because the internal air tem-
perature Tr is lower than the ac(point temperature Tact.

When the external air temperature I'am is rather high (ev
IO'), the radiation correction is started from the point

TD=— a. That is, the rath&lion correcuon eilicient Fs starts to
rise from 0 from the point fD= — a (at a pmnt the internal air
temperature is lower than the setpoint temperature by tem-
perature "a**) When the external air temperature Tam is
rather low (ex. -1(l'.), the radiation correction is started
from the point TD=-b. That is, the radiation correction
efficien Fs starts lo rise from (I from the point TD=—b (at a

point the internal air temperature is lower than the setpoint
temperature by temperature "b*').

io In this ivay, the start point of radiation correction is
delayed as the external air temperature is low. That is, the
radiation correction is rlciaycrl until the internal air tcmpcra-
turc reaches thc setpoint tcmperaturc substantially. This
delayin ~ can keep the target blow-out temperature high in
Ihe start ummg of heating in winter. That is, even if the
temperature difference is equal value, the warm-up time can
be shortened by decreasing the radiation amount correction
so as to keep the TAO high ivhen the external air temperature
is lo&v.

co (Tenth Embodinient)
FIGS. 65A, 65B correspond lo FIG 64, anti show a

charac(en&tie of a radiation correction according to the tenth
embodiment I'IG 65A is substantially equal to I I(l 64 In
FI(i 65A, Kl's represents a maximum value of the rarhation

"s correction coefficient I s. I&I(L 650 shows thai the maximum
value KFs of thc radiation correction coefficien Fs is further
changed in proportion to the external air tcmperaturc Tam

As shown in FIG. 65A, the maximum value KFs is set in
normal operanon re non of. heating mode, when the tem-

.io perature difference 'I'D reaches zero as the internal air
temperature reaches the setpoint temperature Tact in a start
timing of heating in winter Ilere, since an angle of the sun
is rather small in &vintcr, the solar radiation is hkcly to bc
ra(listed to upper body of the passen cr. Then, thc passen cr

is may feel hol due to the radiation.
Therefore, in this embodiment, dumng the normal

operation, the maximum value KFs is increased from 1.0 to
I 2 as the external air temperature 'I'am falls from 20' so
as to increase the radiation amount correction. Hence, the

so TAO can bc sct to low tcmpcrature so as to set the blow-out
port mode to BTL mode to blow cooled air from a face
blow-out port. Then, the air-m&ndiuoning feehng can be
improved.

(Eleventh Emboihmenl)
&s The radiation correction coegicient I's according to the

eleventh embodiment is shown in l&I(L 66. As shn&vn in I IG
67, thc neural network 4100 of the rarliation correction
coefficien calcu&latin portion 4029 inputs the radiation
amount Ts in addinon to the temperature diiference TD and

so Ihe external air temperature Tam.
In Ibis embodiment, Ihe start point of Ihe radiauon cor-

rection is delayed as the external air temperature Tam is low
Furthemiore, ivhen there is little radiation amount, the start
point of thc rarliation correction is further rlclayed. Since this
cmbodinicnt rlccides thc radiation correction ct5cicnt Fs
based on both the external air temperature Ts and the
radiation amount Ts, Ihe raduition amount correction can be
calculated more accurately. Then, Ihe warm-up time in the
start timing of heating in winter can be shortened

In this embodiment, it is acceptable that the maximum
value KFs is incrcasc as the external air tcmpcraturc Tam
falls so as to incrcasc thc rarliation amount correction like
Ihe characteristic shown in FIG. 65B. Then, the air-
comlilionin ~ feelin ~ in Ihe normal operation can be

ss improved.
I'IG. 68 is a diagram illustratin a relation between inputs

I—3 and an output (teacher signal) l&s of the neural network
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41(N. As shov:n in FIG. 65, when the temperature dilference.
(37 as the input is equal ( —5'., O' ), and the radiation
amount 'I's as the input 3 is equal (5(kl W/m ), and the
external air temperature is IO'., the maximum value Kl's
is incrcascrl from 1.0 to 1.2 so as to obtain a desired radiation
correction cocfficicnt Fs and thc desired radiation amount
correction TAOS.

Herc, thc neural network has thc learning function, which
adjusts thc link coefficicnts (synapse weights) 4106 between
each neu rona in each layers in the neural network automati-
cally to correct its output to be desired data (teacher signal).
I'herefore, the output at a specitic input condition can be
adjusted, by chang)ng the teacher signal at the specific input
condition and then adjustin the link coefficients 4106
automatically in advance.

Ily above-mentioned changing of output (change of the I'
from 1.0 to I 2), thc heat feeling of thc passcngcr (user) due
to thc radiation to the his/hcr upper bodies can bc reduced so
as to improve the air-conditioning feeling of. ihe passenger.

Furthcrmorc, since thc neural network adjusts its vvholr
link cocfhcicnts 4106 so that thc desired outputs (teacher
signal) at the other input condition are maintained even if. )he
output at the specilic input comhtion is changed. Therefore,
the output change at the specilic input comhuon does not
infiuence the outputs at the other input conditinns

Furthermore, since the correction of the link coeihcients
4106 are adjusted automatically by using the learning func-
tion of the neural network, it will nnt be essential for the
engineers to cnnstruct a complicated control logic such that
thc dcsircd output can bc obtained only at specific input
condition. Hcncc, cngincer's process can br eliminated
substantially

Since thc complicated process docs not nrcdcd, a capaci-
tance of a memory (ROM) of the ECU 4019, which consti-
tutes an air-i:omhuoning electnc control device, can be.

decreased
Furthermore, in thm embodiment, the temperature dilfer-

ence TD (=TR—Tact) between the setpoint temperature Tact
and the internal air temperature Tr is calculated, aml then the
calculated value is input to the neural network 4100.
'I'herefore, the number of input tn the neural network 4100
can bc dccrcascd compared to an input way inputtin both
of thc Tsct and thc Tr.

Ilere, it may need to input both of the setpnint temperature
Tsct and thc internal air temperature Tr to detect vvhethcr thr
operation arcs is in a transition arcs, which is just after thr
air-i:onditioning rlevice starts (the internal air temperature is
changing to the ac)point temperature), or the normal opera-
tion area. However, in this emboihment, this condiuon (the
operation area is in the normal operation area) can be
detected frnm the fact that the temperature difference 'I'D

bctwccn thc internal air temperature Tr and thc sctpoint
tcmpcraturc Tsct reaches substantially zero. Thrrcforc, this
emboihment can easily detect whether the transition area or
the normal operation by inputting the temperature dilference.
TD.

Since the number of input is decreased, the number of the
layer m the neural netivnrk can lie alan decreased, the link
cocflicicnt can bc decreased by about 25%, and the total
learning time for calculating thr link cocfficicnt 4106 can br
dccrcascd largely.

It is acceptable to input both the setpoint temperature Tact
and the internal air temperature Tr replaced with the tem-
perature difference TD to the neural network 410U, if an
increasing ot'he number nf the input ivould be less than
allowable condition.

(Twelffh Embodiment)
The twelffh embodiment wdl be explained with reierence

to FIG. 69. In this cmborliment, the radiation correction
cocfficient calculating portion 4029 shown in FIG. 57 and
the radiation amount correction calculating portinn 4030 are
combined, and the combined calculating portion is formed
by one neural networl 4ZOO. That is, the neural network
4ZOU inputs signals mcluding the temperature dilference TD,
thc cxtemal air tcniperaturc Tam and thc rarliation amount
Ts, and outputs thc radiation amount correction TAOSto
directly

('I'hirteenth embodiment)
In this embodiment, as shown in FIG. 7U, the present

invenuon is adopted to an air-conditioning device ior
autoniobilcs, which is capable of controihng indcpcndcntly
between a driver scat (Dr) sirlc air-conrlitioning zone anil a
passenger seat (Pa) side air-conditioning zone in a passenger
compartment.

In an air-duct 40UZ, a partiuoning wall 4INZa is arranged
from the heater core 4UU5 portion to its downstream side in

zo thc air rluct 4002 to divirlc it into a Dr side air passage 4002b
and a Pa sirlc air passage 4002c.

A Dr side air-mixing door 4061 is arrangerl at the
upstream side of the heater core 4005 in the Dr side air
passage 4UOZ/). The Dr side air-mixing door 4061 adtusts a
ratio of two air amount in the Dr side air passage 4002b, an
amount of heated air passed throu h thc heater core 4005
anil an amount of cooled air by-passe(i the hcatcr core 4005.
A Pa side air-mixing door 4062 is arranged at the upstream
side of the heater core 4005 in the Pa side air passage 4002c,
and adlusts a ratio of two air amount in the Pa side air

I)
passage 4002c. Here, the two air amount are an amount of
heated air passed throu h thc heater core 4005 and an
amount of cooled air by-passed thc hcatcr core 4005.

At the most downstream side of the 33r side air passage
4(NZb, a font bloiv-out port 400gn, face bloiv-out ports
4(N9n, 4UU9b are provided. At the most downstream side of
the Pa side air passage 40U2c, a foot blow-out port 400gb,
face blow-out ports 4009c, 4009d arc provided. Blowout
port change-over doors 40llir, 4012a arc arranged to sclcc-
tively open,'close the I/r side font blow-out pnrt 400gn and

to the face bloiv-out ports 4009n, 4009b Blowout port change-
over doors 4011b, 4(llZb are arranged to selectively open,'lose

the Pa side foot blow-out port 4(Ngb and the lace
blovv-out ports 4009c, 4009d. A dcfrostcr blow-out port
4010 and its blow-out port change-over rloor 4013 are
provided in the same way as the ninth embodiment

The Dr side air-mixing door 4061 and the Pa side air-
mixing door 4062 are driven by mdepen&lent servomotors
4015 anil 4015a. The Dr side blow-out port change-over
doors 4011a, 4012a and thc Pa sirlc blow-out port change-
over doors 4011b, 4012b arc driven by independent scrvo-

so inotors 4160 and 4170 L)ach of predetermined blnw-out
mode, such as a I'ACL'ode (I ACL'), a III-ILVEI. mode
(B/L mode), aml a FOOT moile (FOOT/ or the like can be
set with respective to each ports 4UUZb, 4UU2c,
inrlcpcndcntiy, by changing the open/close conrlition of thc
()low-out port change-over doors 4011)r, 4012a, 40llb and
4012b

A Dr side temperature setter (first temperature setter)
40Zln is provided to set a ac(point temperature Tact(Dr) of
the Dr side air-conditioning zone relative to the 33r side air

so passage 4002/), and output the setpoint temperature 'Iset (Dr)
to thc ECU 4019. A Pa sirlc tcmperaturc setter (scconrl
tcmpcraturc scttcr) 4021b is provided to sct a setpoint
temperature Tact(Pa) of. )he Pa side air-comhtioning zone
relauve to the Pa side air paswge 4(NZc, and output the

es setpoint temperature Tact(Pa) to the ECU 4019. Both tem-
perature setters 4021b, 4021c are provided independently
each other
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A Dr sirfe radiation sensor 4U24o is arranged lo detect a
radiation amount TsDr to the Dr side air-conditioning zone,
and a Pa side radiation sensor 40246 is arranged to detect a
rarhation amount TsPa to thc Pa side air-conditioning zone.

As temperature data detectors, an internal air sensnr 4022
is arranged detect an internal air temperature I'r An external
air sensor 4023 is arranged lo detect an external air tem-
perature Tam. An evaporator temperature sensor 4025 is
arranged to dctcct a cooling temperature (blow-out air
temperature) of. the evaporator 4004. A water temperature
sensor 4026 is arranged lo ifelect a temperature Tw of. hot
water fiowing into the healer core 4005.

Contrnl functions proce~sed by the microcomputer in the
ECU 4019 are executed independently between the Dr side
and thc Pa side. Thc control functions include Dr side and Pa
side temporary target tcmpcrature calculating portions 4028,
Dr sirfe and Pa side ra)fist)on correction coeliicienl calcu-
lating portions 4029, Dr side and Pa safe radiauon amount
correction calculating portions 4U30, Dr inde anrf Pa side.
target blovv-out temperature calculating portions 4031, Dr
side and Va side blow-nut port mode calculating portinns
4034, Dr side and Pa side air-mixin door opening dc rcc
calculating portions and so on.

Therefi)re, one of the neural nelworl s 4IUU, which con-
stitute each Dr safe radiation correction coelTicienl calculat-
ing portion 4U29, inputs signals including lhe external air
temperature Tam, Dr side temperature difference Tl)Dr
(= I'set(Dr)—'TrDr), and Dr side radiation amount Ikl)r, and
calculates Dr side radiation cnrrcction cocfficicnt FsDr.
Similarly, another of thc neural nctworl s 4100, which
constttute each Pa side rmhation correction coellicient cal-
culattng portion 4029, inputs signals including Lhe external
air temperature Tam, Pa sirfe temperature rfillerence TDPa
(='Iiset(pa)—Trpa), and Va side radiation amount Tspa, and
calculates Va side radiatinn correction coefiicient Fspa

Herc, in this embodiment, it is acceptable to cnntrnl both
thc Dr side blow-out port mode and thc Pa side blnw-out
port morfe in the same way. That is, il does not need io
control intfepenifently. In that case, lhe blow-out port mode
signal TMODE is calculated based on an average TAOX,
which is an averaged value of a Dr side target blow-out
temperature TAO(Dr) and a Va side target blow-out tem-
pcraturc TAO(Pa). Similarly, thc Dr side suction port niode
and thc Pa side suction port mode arc controlled in the same
way by using the same calculating procedure.

The mnth lo thirteenth embodiments can be also moddied
as follows.

(I) In the above-described embodiment, in adrfiiion lo lhe
radiation correcuon coelhcienl calcuhiiing pornon
4029, it is acceptable lo form the other calculating
portions by neural networks. I fere, the other calculating
portions include such as the temporary target tempera-
ture calculating portion 4028, thc tar et blovv-nut tens-
pcraturc calculating portion 4031, thc air amount cal-
culalmg portion 4032, the suction port mode.
calculating poruon 4034.

(2) Thc learning method of thc neural network can bc
replaceable with Semi Newton method or the ld e
instead of the above-mentioned bacl propagauon
method

(3) The temperature thlTerence TD can be obtained by
using just Tr and Tact lo calculate (TR—Teel), or using
another factor in additinn tn I'r and Tact

(4) The air-mixing doors 4U06, 4061, 4062 are arrangerf
to ail just the mix ratio of. cooled air anrf healed air as lhe
temperature adjuster. However, it is replaceable with a
hot water valve to control an amount nf hot water

fiowin ~ into Lhe healer core 40U5 or a temperature of
thc hot water.

(5) As the temperature setter 4021, 4021n, 40216 for
setting thc temperature of the air-mnditionin zones, it
can be used an analog display in which indicates Lhe

tempcraturc without rli ital figures, c g., thc tempera-
ture is imhcated by colors.

(6) The present invention can bc adaptable to another
air-condiiiomn ~ device, which has plurality of air-
conditioning zone, and is necrlcd to control each of
temperature of. blow-oui air lo each zones indepen-
dently

(7) The neural networks 310U—34UU are replaceable with
recurrent type neural networks.

W'hat m claimed is.
I An air-conditioning device in which a first air-

conilitiomng zone and a second air-comhtioning zone are sei
in a room, and respective temperatures m the first and the

o'econd air-conditioning zones arc separately arljustcrl by
conditioned air, mmprising

LS

first and second air passages provided rclativc to thc first
and the semnd air-conditioning zones, respectively;

Iirsl aml second temperature setters to separately sel
setpoini temperatures in lhe Iirst and lhe second air-
conditioning zones;

a tempcraturc data rlctector to detect tcmpcrature rlata
including a room internal air tcmpcraturc anil a room
external mr temperature,

first and second target bloiv-nut temperature calculating
pnrtions includin a neural network, thai receive the
setpoint tcniperaturcs anil thc tempcraturc data, and
calculate first and second target blow-out tcmpcraturcs
for the first and thc seconrl air-conditioning zones via
lhe neural network; and

first and second temperature adjusters arranged in the first
and second air passages, respectively, tn separately

to adjust the tempcraturcs of conditioned air blown out
front the first and scconrl air passe cs to thc first and the
second Lar et blow-oui temperatures; wherein.
each of the Iirst anil second target blow-out temperature

calculating portions comprises.
a temporary target temperature calculatmg portion

that receive the setpoint temperatures and the
tcmperaturc data, anil calculate first and second
temporary tar ct tcmpcraturcs for thc first and thc
second air-conditionmg zones via lhe neural net-

so work;
a raduiuon amount correcuon calculating porL)on

that receive at least a radiation data, and calculate
radiation amount correctinns via the neural net-
work;

a target tcmpcraturc calculating portion to calculate
lhe Iirsi and second target blow-out temperatures
relative lo the Iirst aml the second air-condiuonin ~

m)nes based on lhe Iirsl anrf seix)nd temporary
target temperatures and the radiation amount cor-

i t) rections
2. An air-conditioning rlcvicc accordin to claim 1,

vvhcrcin thc first air-conditionin zone is a rlnvcr seat sirlc
air-condiiiomng zone, lhe second air-coniliiioning zone is a

passenger seat side air-conditioning zone, anil the Iirst and
ss second temperature adjusters separately adjust the tempera-

tures of the driver seat side air-conditioning vane and the
passenger seat side air-conditioning zone



rk An air-conihtioning device, comprising:
an air passage in which air flows;

a heat cxchangcr disposed in thc air passage, to exchange
heat with air,

a radiation amount correction calculating portion includes
a neural network, that receives signals including a room
sctpoint tempcraturc, a room internal air tcmpcraturc, a
room cxtcrnal air tcmprraturc and an aniount of solar
rmhatton, aml calculates a rariiation amount direction iu
vta Ihe neural network;

a target temperature calculating portion to calculate a
tar ct blow-out tcmpcraturr l&ased on the room sctpoint
tcmpcrature, thc room internai air temperature, thr
room cxtcrnal air temperature and thr radiation correc-
tion coeKcient, and

a temperature adjuster to adjust telnperature of air blnivli
from the air passage, and heing controlled so that
tcmpcraturc of air biown from thc air passage
approaches the target blow-out temperature. zo

4. An air-conditioning device, compriinng:
an air passage in which air flows;

a heat cxchangcr disposed in the air passage, to exchange
heat with air,

zs
a radiation correction coeflicient calculating poriion

including a neural netivnrk, that receives signals
includmg a room setpoint temperature, a room internal
air tcmpcraturc and a room external air tcnipcraturc,
anil calculates a radiation correction coefflcicnt via the
neural networl,

a radiation amount correction calculating portion to cal-
culate a radiation amount correction based on a radia-
tion correction corfflcicnt and a radiation amount;

a temporary Iarget temperature calculating porlion Io SS

calculate a temporary target blow-out Iemperature
based on the room setpoint temperature, the room
internal air temperature, the room external air tempera-
ture and the radiation correction coeflicient;

a target tcmpcraturc calculating portion to calculate a so

target blow-out temperature based on the radiation
amount correction and Ihe temporary target blow-out
temperature; and

a tcmpcraturc adjuster to adjust temperature of air blown
from thc air passage, and being controlled so that JS

temperature of. air blown from the air passage
approaches Ihe target blow-out temperature.

5 An air-conditioning device, comprising:
an air passage in which air flows; so
a heat exchanger ilwposed in Ihe air passage, to exchange.

heat with air,
a radiation correction coefficient calculating pnrtion

incluthn a neural network, that receives signals
including a room sctpoint tcnipcraturc, a room internal ..
air temperature anil a room external air temperature,
and Io calculate a radianon correction coelhcient via
the neural networlu

50
a radiauon amount correction calculating pornon to cal-

culate a radiation amount correction based on a radia-
tion correction coefficient and a radiation amount;

a iargel temperature calculaung portion lo calculate a
target bloiv-out temperature based on the room setpoint
temperature, the room internal air temperature, the
room cxtemal air tenipcraturc anil thc radiation correc-
tion cocfflcicnt; and

a temperature adjuster to adjust temperature of air blown
from thc air passage, and being controlled so that
temperature of air bloivn from the air passa c
approaches the target blow-out temperature.

6. An air-conditioning tlevice according to claim 5,
wherein the neural network inputs a previously calculated
temperature difference betiveen the room internal air tem-
perature and the room setpoint temperature

7. An air-conditioning dcvicc according to claim 5,
wherein the radiation correction coefficien calculating por-
lion further inputs Ihe radiation amount.

g. An air-conihtioning device secor&ling to claim 5,
wherein Ihe radiation amount correcuon is calculated by
multiplying a predetemiined proportional gain and the radia-
tion amount

9. An air-conditioning tlcvicc accordin to claim 5,
wherein further comprises:

a foot bloiv-out port disposed in the air passage tn blow
air to foot arcs of a user; and

a face blow-out port disposed in the air passage to blow
air to face area of the user,

ivherein the air-conditioning device selects one of a
I'OOT mode to blow air from the font bloiv-out port, a
FACE mode to blow air from the face blow-out port,
anil a Bikniode to blow air from both the foot blow-out
port and thc face liloiv-out port, anil

whcrcin when thc rooni internal air tcmpcraturc rcachcs
the room setpoint tcmperaturc at a heating in winter, thc
radiation correcnon coehflcient is increased as the room
external air temperature falLs.

lfl. An air-conditioning device according to claim 5,
wherein

the air passage includes a driver seat side air passage for
a driver seat side air-conditioning zone and a passenger
seat side air passage for a passenger seat side air-
conditioning zone,

a driver seat side temperature adjuster and a passenger
seat side temperature adjuster are disposed m the driver
seat side air passage and the passenger seat side air
passage, rcspectivcly,

the face bloiv-out port and the foot blow-out port are
disposed in both of the rlrivcr scat side air passage anil
the passcngcr seat sitlc air passage, rcspcctivcly, and

temperatures of each the first and the second air-
conditioning zones arc controflcd indcpendcntly by air
blown from both of the rlrivcr scat sirlc air passa c and
Ihe passenger seat side air passage.

e v v v


