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ABSTRACT

Over the last few years, fuzzy logic control has been widely applied for
handling the system which has uncertainty or high robust system. Since the dynamic
behaviors of the systems contain complexity and wuncertainty in its parameters,
several fuzzy logic controllers have been implemented to control room temperature
only the field of air conditioning system.

In this research ,the fuzzy logic control has been developed to control
room temperature and- humidity in  the precision air -conditioning systems. The
manipulating variables are speed of compressor , heater and supply air flow rate. The
microcomputer was used to .interface with in system. Moreover, MATLAB was
used to simulate the fuzzy logic control of the multivariable air ~conditioning
systems. The resuits for control room temperature and humidity in multivariable air

conditioning system  is also satisfactory.
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M50 3.1 Adaled SHT11
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‘HRAHHHEI Pallarel Port #####HHBHIHHIHRH
Public Declare Sub vbOut Lib "WIN95I0.DLL" (ByVal nPort As Integer, ByVal nData As Integer)
Public Declare Sub vbOutw Lib "WIN35I0.DLL" (ByVal nPort As Integer, ByVal nData As Integer)

Public Declare Function vbinp Lib "WINS5I0.DLL" (ByVal nPort As Integer) As Integer
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Public Declare Function vbinpw Lib "WIN9510.DLL" (ByVal nPort As Integer) As Integer
Public Portdata

Public Const AddressLPT1 = &H378

Public Const Statusport1 = AddressLPT1 + 1

Public Const Controlport1 = AddressLPT1 + 2
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. | Microsoft ActiveMovie Control
I |C] Microsoft Activex Plugin

i |CJ Microsoft ADO Data Control 6.0 (OLEDB)

I | Microsoft Agent Control 2.0

| |7 Microsoft Calendar Control 8.0

- | I Microsoft Chart Control 6.0 (OLEDE)

+ | ¥ Microsoft Comm Control 6.0

1| Microsoft Common Dialog Contral 6.0

'+ |l Microsoft Data Bound Grid Control 5.0 (SP3)
] D‘PlaasoﬂDataBa.ndlstContka.o ’ -
4 g h
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51U 6.6 nisliginsaily Visual Basic 6.0 e siinsaiuwainauns:
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nsvinuresgeialda lunsldnuiuiasuAnanldinenisinliAaesensold

Antiuadanatnsolieulsduds desinatineadalan nainsuaaanesaeunsuy 1

MDIForm1.MSComm1.CommPort =1
MDIForm1.MSComm1.InputLen =1

MDIForm1.MSComm1.PortOpen = True

nsAasialunIsEINAYTRITuAY LUSAnIUT AT I ATLANTRINE T AN

annusildaanuunlaasuieluuni 3 aunsonldaeAdesialuls

DTREnable & wiudslvian DTR flaean 0 vide 1

RTSEnable dwfudeliian RTS fiasdn 01t 1

CTSHolding &1#5U814A @0 1UZaINT1 CTS d13anan 0 wie 1
CDHolding @1ufug1uA1a011Ea1n21 DCD d18a8an 0 %ea 1

DSRHolding @ M%5U814Aa011EAINY1 DSR 91iaaan 0 Wie 1

Break @ wiunnsdaliian TxD #asan 0 viga 1

1

MAdsRludaunminnuressRasassndanaiaeaynsy 1 Aldlunishnsieituses

oUNNHUATANTUE 3 Atyyns iR &Yy tuainen DTREnable RTSEnable CDHolding
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Taedtyryrouan RTSEnable ﬁwﬁﬁ'ﬁLﬂud’rynpmmﬁﬂuuaium?m CDHolding yinutiiiifu
&ryaunosandeyalunisiu DTREnable v ifudtynaannalunsfudanisinan
fudatnyg

mMmautemeineynsd 1 tudsiwihfirsuaunimiteuresaumed 1A
nmsnanulsuansetludounianuan  gefalAnreslisunsuniamnanm uazn1sinanuTes
wefmeunsi 2 Feimihiirausslilaseeulnsaeed duflfuanseglunanuaneda
TAArealilsunsumminanududeatu matauremesneynsad 2 Aldaulildadu
nsdedeyalililulasreulnsanef e fidadaanisdedoyalunminauivled
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Private Sub Form_KeyPress (KeyAscii As integer)
Dim Buffer As Variant
MSComm1.CommPort =1 “Use Com1
MSComm1.PortOpen = True "Open Port
Buffer = Chr$(KeyAscii)
MSComm1.Qutput = Buffer ' Send DATA

End Sub

o a m %o '
6.2.3  mseansuullsinsnaluAndInITauIaInas M uEunelalas
AaulnsaLaas

mseenuuulsinaniililunasinstetinbilnsneuinsieefiiu lduady 2 douf

Aedouaslisunsusinunawesmayneni 2 wazdauasalisunsaluled  ATBICST Faify
ledmszga 51 nsesnuuusesisunsumsldausesled ATsocs1 uldeenuuudae
M ueAuTILE TailgesalAnnainanusail

ORG  0000H

MOV  P1,#0FFH

MOV TMOD,#20H ; Timer 1 mode 2

MOV  TH1#3 ; Buadrate 9600

MOV  SCON #50H ; 8 bit, stop , enable REN



SETB TR1 : Enable Timer 1

o e e e e e ke ke e o e e e e ke e e ke e o e e ke e e ke ok sk e e o o ok T o o e ok vk ol o e e ke ok
1

3 RECIVE SERIAL .

REC: JNB SCON.O,REC
MOV A SBUF
MOV R1A : Byte 1
CLR SCON.0

REC1: JNB SCON.O,REC1
MOV A SBUF
MOV R2A ; Byte 2
CLR_~SCON.O

o T ok e R Rk e R A e e ok R ek ek R R R A R R Rk R kA A
'

- DATA  TRANFER J
SETB_P1.0 ECK
LA, GRS
SETB P1.2 , CS/LD
CER ) PR2

MOV .. R3#8

MOV AR1
LOOP: RLC A

SETB P1.0

MOV  P1.1,C

CLR P1.0

DJNZ R3,LOOP

MOV R3,#8
MOV  ARZ2
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LOOP1:RLC A

SETB P1.0
MOV  P1.1,C
CLR P1.0

DJNZ R3,LOOP1
SETB P1.2
LJMP REC

END
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RN N uaslad LTC1661 waim 1.1 &uﬁwﬁ'ﬁiLﬂuﬁmmﬂm’l’m&aﬁm@@nm
wasn 1.2 1sanmuanimieaesled LTC1661 TnannsiuaiatnTsunenludau visual

Basic 6.0 91194 2 W6 #an1snIaInNsIuan 1 A%
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6.4 TAseas1an1siaaullsunsunisAILAN fhadgaanan

L Error Temperature | [ Error Humidity l

4 :

T Error Error
‘ Fuzzification
o : }
(NB,.. )(N,.. \(Z....), (NB,.. J,(N,.. )W(Z...),
(P...)(PB,...) (P...).(PB....)
Inference Rule By MAX - MIN |
Rule
MIN
(NB,.. )(N,.. W(Zs 1),
(P,..).(PB,...)
MAX
(Lo )M, )(H)

:

Defuzzification By MOM method

B
l

| 3 Signal Control |
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Warifu MATLAB Gadnetlugil State - space Hendasnlilil

WATN A UM 22 x 22 HANYATY

x1
X2
x3
x4
x5
x6
x7
x8
x9
x10
x11
x12
x13
x14
x13
x16
x17
x18
x19
x20
x21
x22

x1

-0.0027642
0.0029405
-0.0031732
0.0016768
-0.0075331
-0.012468
-0.013168
-0.011164
-0.015213
0.0024961
0.0016988
-0.0093648
-0.0057258
-0.0089454
0.0082639
0.0091614
0.0013521
0.0096442
0.0033477
0.013459
-0.014
-0.019475

x6

x1 0.00017389

x2
x3

0.012774
-0.033765

x2
0.00087443
0.0041381
-0.025482
0.0054927
-0.009687
-0:017092
-0.018941
-0.013057
-0.016149
0.0025995
0.0016229
-0.01039
-0.006228
-0.0093769
0.011085
0.008783
0.0003014
0.016381
0.0063145
0.017532
-0.01566
-0.02976

X7
-0.005001
0.051344
-0.17173

x3

-0.0064977
-0.02733
0.063883
-0.022588
0.046509
0.099423
0.1474
0.078446
0.11885
-0.016916
0.0051242
0.069583
0.043398
0.067526
-0.067789
-0.0878
-0.0070298
-0.07959
-0.017461
-0.10414
0.10004
0.12806

x8

x4

-0.00077018

-0.0053743
0.026863
-0.0043049
-0.012391
-0.0073709
-0.031212
0.00067404
-0.02014
0.00041903
0.012162
-0.015936
-0.016611
-0.012177
0.0054038
0.016178
-0-00020007
0.0038232
-0.0046041
0.008901
-0.0083253
-0.0010049

x9

x5
0.0019536
0.044605
-0.087667
0.03013
-0.039508
0.23837
-0.13416
-0.059421
-0.08915
0.01394
0.0094051
-0.029057
-0.054331
-0.043636
0.068663
0.043316
-0.0027971
0.066488
0.038766
0.10204
-0.096036
-0.12965

x10

-0.0031293  0.0036053 0.0056286

0.01872
-0.086578

0.031232
-0.046561

0.0659
-0.10404

115



x4
x5
x6
x7
x8
x9
x10
x11
x12
x13
x14
x15
x16
x17
x18
x19
x20
x21
x22

0.014162
-0.34355
-0.010794
-0.018293
-0.015059
0.02492
0.051295
0.0031549
-0.014839
0.010084
-0.012263
0.014633
0.0043712
0.0010013
0.02491
0.0012419
0.011234
-0.018352
-0.028057

x11

x1 -0.00038835

x2
x3
x4
x5
x6
X7
x8
x9

x10

0.00032051
-0.0015971
-0.019719
0.0020428
-0.021754
0.038048
-0.1052
0.082364
-0.16246

0.032518
0.044285
-0.058722
-0.062822
0.0073197
-0.26642
-0.0032395
-0.026879
-0.085726
0.039102
-0.12437
0.045607
0.0455
0.015673
0.0432
0.0092361
0.052626
-0.1252
-0.035281

x12

0.0043316
0.046727
-0.062113
0.0098591
-0.050728
-0.076754
-0.0051992
-0.059234
-0.087131
-0.22873

0.0018739
0.0050135
-0.018493
-0.084812
-0.025404
-0.027289
-0.025014
0.12422
-0.0035794
-0.0011513
-0.021602
-0.0021928
-0.031104
0.015525
-0.031246
0.026394
0.040437
-0.046607
-0.062206

x13
0.00018189
-0.12548
0.29495
-0.038863
0.1759

0.27173

0.072342

0.13607
0.50778
0.22778

0.0054681
0.0058444
-0.081881
0.14869
-0.02159
-0.084483
0.22537
-0.13944
-0.07351
-0.12608
-0.011682
0.070439
0.14175
-0.025967
0.057438
-0.029083
0.13401
-0.097822
-0.071055

x14
0.0029292
0.0019419
0.039287
-0.0051878
0.0051822
-0.0016496
0.039119
-0.020317
0.084108
0.1842

0.018245
-0.090947
-0.228
-0.07368
-0.01825
-0.64186
-0.22534
0.051867
0.081934

-0.41267
-0.18822

0.17121
-0.06335

-0.036109

0.12089
0.13883
0.21562
-0.16024
-0.18385

X156

0.0015411
-0.0003845
0.0048658
0.00023738
-0.024461
0.0066708

0.026326
0.026614
-0.069536
-0.068398
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x11  -0.022787
x12 -0.038398
x13  -0.17075
x14  -0.11601
x15 -0.019504
x16  0.040548
x17  -0.01289
x18 -0.019076
x19  0.040672
x20  0.04289
x21 0.0063027
x22  0.022396
x16
x1 -0.00048725
x2 -0.026462
x3 0.072457
x4 -0:0055575
x5 1 0.0082154
x6 * 0.049106
x7  0.036837
x8 0.058271
x9 0.047288
x10 0.2839
x11  -0.026254
x12  -0.048277
x13 0.36295
x14 -0.020458
x15 -0.19208
x16 -0.037581

x17  -0.048712

0.050341
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x21
x22

Vi
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-0.014221
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-0.0068879
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Ve
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x1 x2
Temperature  -160.38  -191.68
RH 332.28  -221.11
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0.0023797
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-0.03009
0.006801
-0.022911
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-0.059265
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0.0023008
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0.040738
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0.0045555
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-0.032112
-0.07398

x3
-28.377
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x4
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X5
-11.25
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Temperature

RH

Temperature

RH

Temperature

RH
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-154.9
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X7
-29.945
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x12
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x17
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x13
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x18
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x9
-7.9892
-11.489

x14
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-19.421
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x1 -

X2
x3
x4
x5
x6
X/
x8

x9

0:.017264
0.020317
-0.1067
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-0.22211
0.25963
0.41173
-0.26568

x10  -0.056782

x11  -0.053462

x12

x13

-0.54107
-0.12841
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x14 0.1673
x15 -0.0051103
x16  -0.19423
x17 0.35725

x18  0.054755
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)

D
I

ek

- z

»

R ;
Isasesaniinii

dy 3 dl Y o U 4 dl = 1 5 1 Y o ¥ €Y 14
wnanstluenanshanulidwiunisidnuienisfinuwintu eygrelnhluldusslevdmunisen

lidnsdllas visdu Bnnsnuilvisaudadilen wagdesdndisdivesenarsynasaninistluly



122

|
////{Z

J \\\\\\l

AN SR
wIIAY MAAAAAN VALY,
I NOSANIDTA i

T 33

dy [ dl Y o U 14 d‘ = I gj 1 Y o ¥ € Y 1
wnanstluenansnanulidwiunmsldnuienisfinumintu leygalmilldusslevidaiunisen

i nsdlla visdu Bnnanudlvsaudadiien wagdesoediisdiveatenarsynasaninisluly



123

http: / /ww.me-nett.com

 msUsquomms
LIASeMEDAINSSIASaINa ‘
unaUs-melng ASiM oo

B o) A loceb

October 13-17, 2003

ASINNA — US1IHUUS

KMITNB Bangkok = Prachinburl




mnlszadininianievisnssunseanand nlszmalneaiai 17

15-17 saan 2546 Savdarliiugs

MsiaeImanguHvesszuulsuomauuunaeaalsnmsnzanign

VAAD 1IAA2IA 139N fu a3
NGNS NI0 INa ANz ns et oo rTemaluTabrizeaumd uhinummiaaniz i
0 NaeInT NRaEnsEi ngamna 103520
Tel 02-3264197 Ext. 103 Email- - kmmongko @kmitlae.th' s3062020@kmitl.ac.th”

.
unnnue
it ey [ . ;
UNa iy i'}!}i'H'd!JUJﬂi'}’i!(i'.ﬂﬁ"i!’]llﬂ 1T OO IAdUnNNT: Ul l}'i’lHl I A suln
3 . s ~ & 3 - H oy
iy BIVE RTTE TURE ﬂ*lqﬂi'ﬂl‘;!ll LA A i'Lﬂ;'LJ“UBJﬂ'lﬂ Ifnu l ll'l:i'.l ) l]'.i LIy iy i IIJ:;HH I

77 wnzaurui 0.0092 dewaladodsuioimmata amawi e ot sva e s
. LAY P . é W ey ol i W e b - UL P 5

NNSWINE A e wadinioa iwu g ladudade | ses ldnmsndosamis Tiod o dus.
1 £ Rt -d". ¥ - & el ~ »

i lagoynsnoians - vudsei iddeseszuvul fuominlaald T, MATLAB _ $ams
= 4 Vechia o ~ e v . ¥
Auguiinzal 1aalEiBaisRauRIAN T NMoITRATHIH 10 HETIYINITAN Al AR
dounduiing:zen lnanisaouaudas 1073 Woupsnidn. | 1AaZnTIA AN NI I 30T
Wszymliummriisaien ez auiga rams faasrudmousmandoni 1 sesna |

Fouazanuiudizing 0.0 Uoua lmbasdaudainimioda

(]
[RS]
J

w - - ; -
aninnnn! !lTl\lh’!'a‘;‘ N}i]i'ﬂtTlN"l%l‘l‘Tiﬂ'l o

’j MAIE IS TINTOING TS TR S U AR

124



125

miﬂs:qui-mn'm.ﬂ?mhu’.tmn'ﬁmnfmanauﬁaﬂ‘s:mn‘lnun?\:ﬁ 17

15-17 981U 2546 Jmiadniugl

nsIaasneangerassruuliuanmauuuatganlsianzannge

Theoretical Simulaton of the optimal Multi-Variables Air Conditioning Systems

« 1 a - 2
WIAA wIAadlInl | 2fu aving

- - - - . 9 .~
MANTNAINTIULATOING AUIIAINTTUAN HFI'%- amuumﬂ‘[u‘[aﬁm:vautné'umq WNHUITRIANTIUY

HEDEEM S LIAAANIZUY nIImwy 10520

Mongkol Mongko|wongmjn‘ Wasin Sarawit ¥

Department of Mechanical Engineering, Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang

Chalongkung Road, Ladkrabang Bangkok 10520 Thailand
Tel 02-3264197 Ext. 103 Email : kmmongkr:)@kmitl.ar:.lh1 s3062020@kmiu.ac.th2

unAALa
I oy y A
unenwit léatiauanwiseiioinuniiasaminaugy
. & i » IR
srupdivemauuuvasaudinmeisay | desiiniInau

& - & x = i
F}IJ'I’I\!EIWMJJLI ugs m'\u'm'nma1n1nmu1uﬂ€mﬂ1umnmﬁ
o

auwniivas 77 Fuazanuduf 0.0092 taudlavisatans
IMAURY MIWEEY I INNTID URANMITHANY Uazngn
wavzlaluesnndiamansuunliiuwdaau. | uszlam
nmawassumsiagplunuinsulasaunsmaai ou
MATLAB

Passmsniuauimnzay laoldiiRdluaiaadniinina

FipitleirassrzuudfuanialanlsTusuniy

waimiAmumINzaNYaIMINIUgN muang maunay
ﬁmm:ﬁulaum'sﬂ'zuqué'm‘m"n'lnamammﬁu WRZNITAIY
aumnwsasrenwimaes . Miazunliuemasanin
mmu'lm"mm:ﬁm?iqa HANTIIBINLIIRIIAA LA RBLT
Wi 1 F  wazanfutsim 0.01 daudlaiise

Youdanauis

Abstract

This paper presented the optimal control of multivarible air
conditioning system using linear quadraitc regulator. The room
temperature and humidity are controlled to maintain at 77 F
and 0.0092 Ib vapor per Ib dry air. The nonlinear mathematical
model was formulated using energy and continuity equations.The
linear model can be obtained using Taylor's series approximation
method. Linear quadratic regulator performance index was
implemented to regulate the flow rate of air supply and the
refrigerant flow rate for optimal control of the air conditioning

system by using MATLAB.
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Simulation of the Air Conditioning System Using Fuzzy Logic Control
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Abstract: Fuzzy logic control has been widely implemented in air conditioning and ventilation systems which has uncertainty or
high robust system. Since the dynamic behaviors of the systems contain complexity and uncertainty in its parameters , several
fuzzy logic controllers had been implemented to control room temperature in the field of air conditioning system. In this paper, the
fuzzy logic control has been developed to control room temperature and humidity in the precision air conditioning systems.
The nonlinear mathematical model was formulated using energy and continuity equations. MATLAB was used to simulate the fuzzy
logic control of the multi-variable air conditioning systems. The simulation results show that fuzzy logic controller can reduce
the steady-state errors of the room temperature and relative humidity in multivariable air conditioning systems. The offset are less
than 0.5 degree Celsius and 3 percent in relative humidity respectively under random step disturbance in heating load and moisture

load respectively

Keywords: Fuzzy Logic Control, Multivariable Control System, Air Conditioning System, HVAC

1. INTRODUCTION

The consumption of energy in heating, ventilating, and
air conditioning (HVAC) equipment in industrial and
commercial buildings constitutes 50 % of the world energy
consumption [1]. Therefore, an HVAC system is essential to
a building in order to keep occupant comfortable. However ,
many HVAC systems do not maintain a uniform temperature
and humidity throughout the interior areas of building. In
a modern intelligent building ‘a sophisticate control system
should provide excellent environmental control.

Over the last few year, fuzzy logic control has been
widely applied for handling the system which has uncertainty
or high robust system. Since the dynamic behaviors of the
systems contain complexity and uncertainty in its parameters,
several fuzzy logic controllers have been implemented to
control room temperature only -in the field of air conditioning
system. [3,4]

In this paper, the fuzzy logic control has been developed
to control room temperature and humidity in the precision
air conditioning systems. The output manipulating variable
are flow rate of refrigerant and air supply flow rate. The
nonlinear mathematical model was formulated using_energy
and continuity equations [2]. MATLAB was used to
simulate the fuzzy logic control of the multivariable air
conditioning systems.

2. PLANT MODEL
2.1 Description

We consider the single-zone air conditioning system shown
in Fig. 1. It consists of the following components : air
conditioner , a circulating air fan, the thermal space ,
ductwork , dampers and mixing air components. In our
system, we assume the system is operating on the cooling
mode.

The assumptions of the simulation of air conditioning
system in cooling mode are as follows.

+ First, 25 % of fresh air is allowed into the system and it

gets mixed with 75 % of the circulated air ( position 5) at
the flow mixer.

« Second, air mixed at the flow mixer (position 1) enters the
heat exchanger where it gets cooling.

+ Third, the cooling air enter the fan coil into thermal space.
It is called supply air (position 2)

+ Fourth, the supply air enters the thermal space to offset
the sensible ( actual heat ) and latent (humidity ) heat
thermal loads acting upon the system.

+ Finally, the air inthermal space is drawn through a fan
(position 4 ),75 % of this air returned and the rest is

exhausted from the system.

Fig. 1 HVAC plant

For design, the controller maintains temperature and
relative humidity at set point 25 °C and 33 % RH (relative
humidity) respectively.  This controller input for system are
the regulate speed of compressor which vary refrigerant from
air conditioning system to cooling coil and the circulating air
flow rate using the variable speed fan These set of control
actions characterize the air conditioning system as :

+ A variable air volume system ( VAV ) that results in the

lowest energy.
* In regulated speed of compressor that can safe energy
during starting the motor every time in operation.

Our objective is to design an air conditioning system
aiming at maintaining comfort conditions within a thermal
space, without energy waste. The need to achieve the proposed
objective is justified by the drawbacks of current HVAC
control methodologies. The importance of the problem at



hand lies on the impact that energy efficient HVAC systems
can have on industrial and commercial energy consumption.

2.2 Plant Model

The differential equations describing the dynamic behavior
Of the air conditioning system as shown in Fig.1 can be
derived from energy equation and mass conservation equation
as:

T :L(Tz ‘TB)‘ b (s “"’3)Jr l [QO _hngo]
\A vas pVSCp
f M
o _0
w3 = (Wz ”“’3)"‘
VS / s

f f
Ty = _(T3 —T2)+ tJ.zs—(T0 —Ta)
Vhe vhe

FXhor VN,
— ((0.25”0 —o.mvs)st )_———
CpVhe Cplhe

(M

where 7, = Temperature of outdoor air

T, = Temperature of supply air

T4 = Temperature of thermal space

f = Volumetric flow rate of air

hg = Enthalpy of water vapor

2 = Air mass density

Vg = Volume of thermal space

€, = Specific heat of air

W = Humidity ratio of supply air

wy = Humidity ratio of thermal space

M, = Moisture load

Vhe = Volume of heat exchanger

An e = Different Enthalpy of refrigerant
v = Volume space of compressor.

Assumptions
1.Ideal gas with perfect mixing
2.neglected wall and thermal loss between components
3.neglected infiltration and exfiltration effects
The numerical values used in the simulation are given in
Table. 1

3. FUZZY CONTROLLER

The proposed fuzzy logic controller structure for air
conditioning system is shown in Fig. 2 This scheme consists
of a two input-two output fuzzy controller to make the overall
system stable. The input variables of the fuzzy controller

are temperature error ,e, and humidity ratio error , e,
which are defined as :

e =T, —Ty

8h=Hr_Hy (2)

where 7, = Set point room temperature
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P, = Actual room temperature

H, = Set point room humidity ratio

Hy, = Actual room relative humidity ratio
T, e T Ty

T ::Ei‘:%ﬁ | v
Flant
H. A i H,
Puzzy 2y e
ey o Tl i epand

COMpLeabos

Fig.2 HVAC fuzzy control system

Table. 1 Numerical values for simulation

P =119Kg Im 3
p = 1.005K0 Kg"C
fn:f = 400c/m foref = 100¢fm
=9
!f 24 hours
©° o
Torgf i 012G, Ty =25\F
Wy = 0.0070kg Lkg Wy = 0.0092g I kg
Ve =80m
Vio =09m>
Mypop=6165]/ kg
T,=35C

In the fuzzy controller, the measured ¢, and ej values

are scale to some real number in the interval of (-1,1).
The values of linguistic variable are composed of linguistic
terms PB ( Positive large) , P ( Positive small ), Z ( Zero) ,
N (Negative small ) and NB ( Negative large ) which are
all fuzzy set. This set of linguistic terms forms a fuzzy
partition of input and output spaces . The knowledge base of
the fuzzy logic controller is composed of a database and rule
base. The rule base represents fuzzy control rules. The
membership function of the fuzzy sets and the fuzzy rules
have significant effect on the control performance. Fig. 3
and Fig. 4 show the membership functions of the fuzzy set
for temperature error and humidity ratio error and control
inputs.

NB N Zz P pPB

ey (degree Celsius)
Fig. 3 Antecedent membership function of error temperature



ep, ( humidity ratio )
Fig. 4 Antecedent membership function of error humidity ratio

In the design of the fuzzy member the first control output
signal is the flow rate of the cold supply air . There are three
levels of supply air which are low , medium and high flow rate
as shown in Fig. 5. Similarly, The second control output
signal is the compressor speed in the air conditioning system.
There are also three levels of speed which are low , medium
and high speeds as shown in Fig. 6

supply air (cfm)

Fig. 5 Consequent membership functions of supply air

speed compressor ( rpm )

Fig. 6 Consequent membership function of compressor

The control law for this simulation on the air conditioning
system are show in table 2.1 and table 2.2 as follows

Table 2.1 law of supply air

Supply air eh
NB N Z 3 PB
NB H H M M L
N H H M L L
o Z H H M L L
J P H H M L L
PB H M M I L
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Table 2.2 law of speed compressor

Speed of

€h
compressor NB N 7 p B
NB H H H H H
N H H H H H
Z H H M M M
% P L L . 1 L
PB L L; L I L
Btu/hr
t(min)
Fig. 7 Heat load disturbance
Ib/hr
t(min)

Fig. 8 Moisture load disturbance

4. SIMULATION RESULT

The HVAC system as shown in Fig. | has two input
variables and two output variables which are the room
temperature and room humidity ratio. The two manipulating
variables are supply air flow rate and compressor speed or the
refrigerant flow rate. The fuzzy logic control has been
implemented to the multivariable. HVAC system by using the
system parameter in table 1. Fig. 9 and Fig. 10 show the
response of the manipulating variables which are supply air
and compressor speed due to random heat loads at 1000
BTU per hour average and random moisture loads at 2 [bm
per hour average. The HVAC can reach steady state within
2 minute. The supply air flow rate and speed of the
compressor will be operated at the minimum level that
save a lot of energy. The transient response of room
temperature and relative humidity of the HVAC system
under heat load and moisture load as shown in Fig. 7 and
Fig. 8 respectively are show in Fig. 11 and Fig. 12 with the
initial conditions at 25 °C and 33 % relative humidity



response show that fuzzy logic control can reduce the
steady state error to the value of less than 0.5 degree
Celsius in room temperature and 3 percent in relative
humidity respectively.

supply air (cfm)

t (min )
Fig. 9 The flow rate of supply air as control signal

speed of compressor (rpm)

t(min)
Fig. 10 The compressor speed as control signal

Degree Celsius (° C)

@«

o |
J" 1
|
£ 4
32
a0
» |
| |
fro X 2\ S—
& B
1o 0 » &0 ) L]
t (min )

Fig. 11 Transient response of room temperature in Air
conditioning system under fuzzy logic control
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Relative humidity ( %)

&5

t (min )

Fig. 12 Transient response of room humidity room humidity
in air conditioning

5. CONCLUSION

The simulation of air conditioning system using fuzzy logic
control ean be concluded as

1. The fuzzy logic controller can reduce steady state error in
the air conditioning system.

2. The offset of temperature and relative humidity are less
than 0.5 degree Celsius and 3 percent in relative humidity
respectively under random step disturbance of heat load and
moisture load respectively
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