Proceedings of KFIS Autumn Conference 2006 Vol. 16, No. 2.

ojojH A|AENo| cfst =& 3tE Multi-Fuzzy ®[0]7] HA
Design of Optimized Multi-Fuzzy Controller for Air Conditioning

System
H&8, ™Y, 2M4A, U6

A BES AUty "7 EEgH
E-mail: ohsk@suwon.ackr
2 <
B =72 oo Alade a&Add dgAd 7x5d, RExe AYE Aolste Fuzzy
Aoj7] AAE ARG @ Ajx=l % Compressor(%]'?ﬂ) Condenser(-3-37}), Evaporator

(3%7]), Expansion Valve(37 @) 2 FASD z4zho] 7]7])o did Aloj7 5HH LR o] F
oA glt}. 71&9 A7t & A7 E "}%5} ddpa oz o]FojzttHY ool A AHe &
Al W] iyt @A Alad Awtdoz o“‘ff} | #FdE FE7A 1 E @) _er]

Zata, Aojrle dso] E&Holm P HolA EF}t B =AM E oo Az 5&
AR Zo AAAA FIFE X A=Y ANESLY FH)E A A, vAdF Aol
2 B EZd Al2"ds A AT = dE Fuzzy Aoi7lE #4438k, Expansion
Valve 9 Compressor oA FAlo] Ao]dtEs Multi ]017]E A A 3t Xﬂ otel Fuzzy Aoy 7=
o]4t3 lookup_table WA 7 A4y 7HFEE W& *}%5}"4 Ao 715 AAS L, FHA g
Z(GAs)S o] g3la] A2 Fuzzy Alo}j7|e @4 A5E Fau. agx AEdeA 23E 53
°]4+8 lookup_table W23 A48 IHEFFE w2 9 747—}«] Ao)71 8 AHEE AHE vl

Key Words : Air Conditioning System, Genetic Algorithms(GAs), Multi-Fuzzy Controller
1. A.l =2 Moz 93 AlAdo 487 Bijo] nf

- $ 2R B b AoirlY) AAAE B
Aol Nzue Wrhe) AMsHE Ba A olelgol o), Z1Ee] AFE Alelr] AAx

A7 date 25 2 AuS wEo] Fr A vhe Wuel o a7 AAH Aol A
Sgoza, Ha A5Ee @vez s FH SRt 2ot Asgel 0% 2

F7 87 g 9o 247 Eobdl Aol weh HAe] 73 vEo] ovix A,
meh ARRFZHERE ol FFA M E oo +% A7 5, AEFHA Adr dAA B
Al2=€[1-3]9] Abgol B3 HolAx e #4E 7180l Utk
AAolnh. ofo] met oo} Alxglo] F&s)
A 2@sta i £ Z#o] IHE 7)&
WA w2t o)A Al agel AHEEHE
719 FEo] AWMEHE HE&T AFo] HAFE
FTHoE g AgHa k. Tl o
2t G579 £ UM Alojdte A E
=& ON/OFF Aojwtez ZFHd 7]&29
712 W 490l 7t iL Hs 8 #
Aoe oA A EE R A AT T
S ZEAY ST ey 7}?‘2_3._}::7]’ o} &3} 28 1 ool Al2E FAE W &3 Ao
al O]% /\}-0]0]] ‘1:'2‘]5—'\% 9]%}5]0] %ZH%}-—E— oﬂo'] O]Oﬂ J‘é‘ %%oﬂ}\_‘i\_ oﬂo,];d /\]i;%]oﬂ EH_BH
A Azde AHEZY 4E7]|E AR E B M Ao] Aty BBAEE Bz
ALEAe] @] WEAFE Ao] 249 AY A Aol = o i
o B§ SN BH AAH HBH D o g an e oy iﬂiﬁfg

Expansion
Valves

m\m rulo

374



Proceedings of KFIS Autumn Conference 2006 Vol. 16, No. 2.

Fdol A Wole] Adejrt @A Al 2" Ml
Hog 43S w7 Wi 2Y lolA BE
o] Expansion Valve ¢ Compressor oA %
Al AoiE &k Multi Controller & A A8k

.

A Aol e

oo}l Alxelo] oty A3}
2EAY 4TS FE ALY AYS A9
ot ¥4 = = Expansion Valve oA 7i= w
3l F3 AE slm, ¢ Compressor

o BFE 7P Aojate Ao} Fos W

o

$tE E3l Alojggt. 18]35 Fuzzy FE94
% Mandani WS o]£3 o]
lookup_table #2413 A&¥ 7EFFE2 WA S
Abg3te] A7) &8 S FEIn, HAGM
SuEd FHR daIF(GAs)E o] &3l
zh walo] & Fuzzy Aol719) HHY ik
ATEg 73 vixgor 73 JNASFE

tlo

HEsto) A B ARE vlwd

2. oA A =9

AojA A2"e oo Fewsts T3 g
o FF W PES Foel, Que £ED A
827} Qe eEz wHFE= Ardowm
Compressor, Condenser, Evaporator,

Expansion Valve 2 FAE®, yeizt 2+ %
A& FHeHEA Compressor o4 & zxA,
Condenser A 3} Expansion Valve ©j|A]
T #%24d, Evaporator A& 713 &3}
o F99 %7l WaH o]y oo}zl A
282 Compressor, Condenser, Evaporator,
Expansion Valve 9] 23] weg} A2 A2
B(HL7], DS FASA H8 24 Fx )
o dxol Aojrizt aqEn. 244 FAE
2 vl go]l ufg 7+ MIMO(Multi Tnpnt
Multi Oupput) AlZ=®olm 7}z e] j1&8 A
ol oe} A& ZAHsFolof = A7)
9 A%ol "Wg FoA "ok

"

Condenser

E xpansion|
Valve
Liquid 2. Phase Vapor /Compressor

Evaporator

H

a8 2. oA Ate]2 3 Rl ME(p-hdE)

A AT Ao ool A]AEl Q)
~h A Ao ZTAE TL Aot}
T A Al E Bofe] oo A]Awo] A}

0] , EEAL Yool 23ty Moln) o]y
¥} Evaporator ¢ &1+2% #e]r} 3}
o1, Evaporator ¢ W& ko] xgtelrt.
Iz, Aol dis) A3 71€siad o
A Arefe] Yo7} Compressor & Eo)7FA ¢t
719 n4E st 4% £&8 Azt
o] 2 Hlx|3}l7] 93te] Evaporator & %

73k Wul7} Compressor & 7tE #AA &
TE 250 A VA dHE wHEo F
g ooln 2EFE &25E AIEGSH) I 3
%

o

= R

ar
-

e M o
Sy

<

o AHILP)2 Compressor oA Pujel &
& Aste HAAAN Arle

SEE S
s, oo Azde ofd

EEER
whel el wAE 3 Gl HFHS WA
9 agd] 9% FUE AY 44 A3

of st}
3. Fuzzy Alol7] AA

HA Aol ke AN AP ol §
A Ao] WA [F-THEN FAe] 7o
29 Aol AR BAH Aot
o AmAhold & 2vGE glol 442
sgatA e &34
Yoz HAPAol 5
F Az A0 AT+ A= A

18 3. Fuzzy A°}7]

g 32 #HA PIL Aloj719 7B FHEEE
Geksl glolth oriA em AA AL T
gl oz, aer 2219 WIE, GE 21 GD
e EsE ¥4 ge= e FAE 9
natE eapistel HA FAAGoln GCE
w2 22 A 8% A AdH ¥
A E A %@194 # A 3‘&&741#013}.

2] Aolo] dme]FL YW oE A (1)
o Fee HAste N SEHA Ao 73
E2 TAHEH

th

RIF E is A, and AE is B, THEN AU is C, (1)
R :idla] Aot 4(=12.N), E : £&%, AE : 21¢
AU A Ed B, A, B, #A WS C 0 AA g ge E'

> o
4 e

B =HiME Fuzzy FE2WUE $ EAY
of i3l ¥ e v AsS

2= Mandani WS o] &3 o
lookup_table W2 # AAjzto=z o e}



Proceedings of KFIS Autumn Conference 2006 Vol. 16, No. 2.

of Wzlge Uigty FE3e A5 WS
kAl o] ¥ 7R WAl oz 7}zbol Fuzzy Al
718 AAstn AEHold Axg vt
T W zelde daE EA
gy w4 347} Mandani “o“?a’%

14+38 lookup_table #2}& ¥z

£% UgFE WA
2}

Holtt.

n
w;= min | py(E;), pg (AE;) |

AU= Zw,-x Ci/Zwi
i=1 i=1

w; = ugy (E;) Aug (AE;)

1

£ 2

ki
01%

o
rlﬂ re rob ok

AFat= xJo] 7].1

B

o
=

(2)
3

4

um(z) = w Xug(c),Vee C (5)

AU= i)lwix uﬁ/ijlw,-

2 (2) ~ (3)2 Manda
/‘Pa“ lookup table =2 e
6) & 958 =F

SN

LQ"

—~

2!

TAA GuYgFS AQ AAY A (HF
AxA B4, AAYE)S o)L HEEN &
I’—EI%.QE 7]{“-9] HAs WP sd 2
nE7Hs T Ade] 7] o
ofe] HTHE A g glo] HE&E
7pth AdAe] BE AL
Aol estqd AAH KA F

A Zhed, 3 dngE
AR HFete 2=EF(String)

3
-

4. FAA ¢ E(GAs)

A

i

o

o)

=)
L

‘“rin&nkir‘{m
RJ}EJQNIO---

3
(Reproduction),

I Ze FA daAg
) (Crossover),
(Mutation) & g3 Ade
(Oifspring) 2 AFTHoE wEo] it}
gl 511451 ZIMo2 AMeHE §A dnYgF
< FebrlE ZA 7 obd deEtuy AP S
D‘(Codmg)o}" FAZo A gdsrt opd
3 & (Schema)e AHg3tl s g3l
TEE ALge7] dEo HHg FAANA 1A

2 o rlo kb ok

O

AR A

HJ

3‘ A93 HHHE +& + Uoh. Eg 9 E
Ve, 94 59 e ]1451. ol AR
£ oz 3A @3 EA EHT5(Fifness
function) gt TH& AH-&-3hoh

Y 45 FAAe Fxeolth, A Ee
HEE(Compressor  Aloj7le] AL EH
Expansion Valve #|oj7]e] #AAl+E)8 o
22 J<dste & populationgd HEN ke
pop g HERZ Jdste 3 AdE Ay

376

@}
LEV
Scaling factor

Compressor
Scaling factor

[ 6GE | e | a&c
a9 4.

& x} ?-z

o] 3

o

A A FAse] TR o3 A
A, FELA ohiR oAl A4
wil, £Q) @S el o G g
A ARG, dugoz dsE g o
G2 Aot he WA Qs 93
Ade AAFel 2 AdAA date] e 2
& sE7FoR et

H
m\m

XN’ FJ
Y o =

JAE= / | E() | dt (7)

oo B ATNAE HAH HAA A]71E
AAG fd 2AEEE A4 DF gL

IAE(Integral of the Absolute magnitude of
the Error)& AHg39 AF=E T3, Al
o}7z]e] melulglel GE, GD, GC ##HAFE
54 sarh

5. Algdold @ Az

B =R ME Fuzzy WY % Mandani
BHg o] &3 o4y lookup table W23 o
&8 S22 o] F 7HA] “&’—‘1'9—5 s
Z+e] Fuzzy Ao1718 AASL FHx <1
5 ol g3l ZZdeo A o7 %ﬂﬂT*“
(GE, GD, GC) %43t A E#HIA AIAE
H] 2l 3} o,

%7|13t 2.2+ Expansion Valve 7HEE 500,
Compressor 2] HzE 7022 FA1, AE# 0]
A A7HE 1800sec. B &t Al Fr)E
Compressor+ 20%. Expansion ValvetT bx %
Fon, 7] EEXE Ay FdxEE 10°
Cz 433, xﬁ}% 641KPas A7gste] Al

Edold Ao # 31} o] population& 50 7Y
A, 100 Ai7Ex] AFstxn, wuj&-2 0.65,
EdWHol &2 018 FUth 18lZ Roulette

wheel ¥2le 2 Hel mlojxjzn wu:s A3

g st oern, EdWol A2 dynamic
w8 2143}, Elitism Age ALS 3l &
a1y 7Hxﬂ** &34t
¥ 1. A7y &iASF
AT A <t g5
GE 1.263 1.086
Lookup.table ™ n T 0167 | 1.809
° GC 0.538 0.329
GE 0.062 0.332
e | GD 0.013 0.949
GC 2.309 4733




Proceedings of KFIS Autumn Conference 2006 Vol. 16, No. 2.

T e Aojr)e FAALE B 17
#ia a¥ 5 ~ 82 AEYo)H Agolt 1
T 5 Fuzzy FEud =
Mandani ¥ S 0|83 ©]43d lookup_table
WAl Aoty Bdx Aioluw 2y 69 19

& A4y DFFE P9 49 AdE 2
2o o,
67 QMP

———xjor ]

66t
6501
B4 T
&
B20
61
600
5

e R

200 400 800 800 1000 1200 1400 1600 1800

¥ 5. o]4HE lookup_table MFAle] A gt

COMP

85

— TS

65¢

64

64
63!

63
624

6
61

200 400 600 800 1000 1200 1400 1600 1800
a9 6 BFFE P9 AG

LE

b 118 =3

B :J - -~ .|

&

0 200 400 600 800 1000 1200 1400 1600 1800

17 7, o] 28 lookup_table WAl o) Bdm

LEV

C—mms

[ e

o 200 400 600 800 1000 1200 1400 1%00 1800

a9 8 ARFE Y9 AR

ok
i 1z

£ oox ol [ HS R o ro

9 a®eA HIEo] lookup_table
]

Of
2
rir

oy

=2

4,

N
=

it

N
i
ol

i

2 M3
B
1 &
£
re.
IIL} r\l _D'
o oi
32 o
N rN [ulo Jof
¢ e
3
ot
P 32
N £
> 2
l
fo 4o &
o

R

1o

off wi rZ ol
— i

of
-
N

L
ich
k]
L
I
=
Im
R
off
i
I
o

377

=5 4 F 2
6. 4 &
B =FdAME olojzd Ao kA &
€A 9EE Fe AYHY FIEEE, Fuzzy
%i

WY 5 Mandani WS o] £33 o]4ky
lookup_table 213 A&H FHeFFE 2] o]

A A7 ARAZGASIE B3 HAA
2 AARE F ABUIY A%
t}

g9 Aol B & AFo £¥ FE, ©
5 4

AT 2L fF

[1] Alcala” , R, Ben” tez, JM, Casillas, J.,
Cordo” n, O, Pe” rez, R, "Fuzzy control of
HVAC systems optimized by genetic
algorithms”. Applied Intelligence, Vol. 18, pp.
155-177. 2003.

[2] Rajat Shah, "Dynamic Modeling and
Control of Single and Multi-Evaporator
Subcritical  Vapor Compression Systems”
ACRC TR-216, Aug. 2003.

[3] Batzaida, A., and Miguel, V., "Nonlinear
Control of a Heating, Ventilating, and Air
Conditioning System with Thermal Load
Elstimation”, IEEE Trans. on Control
Systems Technology, Vol. 7, No. 1, pp.
56-63. 1999

[4] Zhong-xian Wang, Jueng-je Yang,
Seok-beom Rho, and Tae-chon Ahn, "A
New Design of Fuzzy controller for HVDC
system with the aid of GAs”, Journal of
Control, Automation and Systems
Engineering Vol. 12, No.3, pp. 221-226. 2006
[5] S~K. oh, "Fuzzv Model & Control
System by C-Programmin”, Naeha Press,
2002.



