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— Development of Fuzzy Control System for Process with
Irregular Information System -
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Abstract

This study is to develop and operate the R-FCE(Real-time Fuzzy Control Expert System)
model on the SBR(Sequency Batch Reactors) type sewage disposal facility which is for the
environmental problem of future and the effective treatment. It is the system that regularly
handles the input, output information in real time by the Fuzzy control IF-THEN rule.

Nowadays the water pollution caused by the increase of population and the
industrialization already exceeds the purifying ability of nature and is getting worse. The
sewage disposal facility needs an expert having wide experience and know-how because the
quality or quantity of inflow water is so irregular that the process of sewage disposal is
difficult. In the nation, however, the accumulation of technology is so weak because
field-operators avoid the long-term duty. So the accurate and speedy decision or control of
field are difficult in the case of emergency situation.
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A& T8 13 AHAAYE AAgsin HAHF FHY T2 &AL FEFIHE HAstAH
R-FCE 24 Atdl 2&& A8 AFEAN =99 s=dolst 2z EqoE AFstz, fAAAE
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A={(x,mx)| xe X}
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A9l A48 oj43d HAAY AE 0<ax<] Y9 a-cut AcER B & U3 dJeoz
a-cutg °o] 843 HAJHFE ATFAHEY § Ak <2¥ 2-2>9 2L A agt al, a2, a3l 3}
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<aY 2-2> a-cutd} ZAAEFs A

Ba(x) = max[aA x4 (x)] = maxlan xa.(2)] =ooeeeeeer (2.1)
where, x4, (x): 33 Aol 5E4FF
3789l agtell WisiA  pa(x)9h ol 0<a<lolA F@AS agtol]l didto] 2] 2104 9} o]
ra(x)& 78 & AUtk a-cut$ AHEE A 2457 ATFHE F S E BAED oL o

Az APse Fue £ 1 Bgz WA} ¥ & JE 38L 24 Do
HAGE £8 25320 B 2 & TAE WA s Y Rl

2.2 IF-THEN Rule

< I H?ﬂ AA "es Aol FA(rule)e2 IF-THENH o2 gddrt [FdL A

}.
AR To=2 £93 THENZEE iR, Y Foz Bo 739 dutx ¥y
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s
=
73 4 1) IF xis A, THEN yis B
3 o 2) IF xi1is A; and x2is Az, THEN yis B
AR Weel Futh Wgo] £ g wel AAS T, A B, A, At HX2EHF(EE
HA$)E Fojdrt
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IF x1is A1 and X2 is Az and ... and X, is A, THEN vy is B «7]%l4, Ay, Ay .., Ap,
BE HAF, x1, X2, .., Xo ANE W yE Fuby Afolt Ay M E EAFL
B ALst Aggs Folth a4 & FE44 vl 38 &5/ M2 n, AR ¥4
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I Zo
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- @A 3 4 A FEAHREREH HFHA FRZEAHE T
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2dyd 23 FEARAHLE BH, 3 2 FHo Y& W
-73 1 : IF xis Ajand yis By, THEN zis C,
- 782 : IF xis Ayand yis B, THEN zis C,

71, Ay, By, Ci& HALESFF(HAF), x, y= AT, zE SH/FFS 8 039 gL
gAzZ FEA4E AXNA B4
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1 (%0, yo) 48 i & AR A=
o AT W, = pa,(x) N #p,(y)
o AFPE Wy = pua,(xy) A ue,(¥o)
- 94 2 : AR Y F8 ZRE FEG.
o F83% : pu(z) =Wy A p(2), VzelZ
“RP 9 F8EF 0 p(2) = W A u(2), VzeZ
-4 3 1 HFAQL FEZH
< pu(z) = p(2) V p(2)
- @4 4 ¥R
< T3 194 AT A xo7t 48E 29l (9 (d)°lx, B Beol yort d¥EE 170
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AR AP (W, = pa,(x0) A pp(yp) )7F €Tt
- AR ARE Wid Worth e REE 44 Gt GO A& Hed 427 #41
I FE2 digt BA At (p(2) = Wi A p.(2). #,(2) = W, A p(2) )
- TR BAE] maxE FATH FEY FHA( 12 = 4,2 V(2 )T TE & AT
- "R E Y8 TN =¥AH FFS Yl YA (o) B FTH(EHAFTEHD
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SBR(Sequency Batch Reactors)2 F7]% ¢l Azto] ulel Airziel @33 §HL dEgo
Z2A drYel JES Aavt22 wEste AEHH X AadozA EAFH] At w
2} F713 o2 widtE Aol Aot} thal o, T 7] X(aerobix reactor)®t F4FAZ(anoxic
reactor)7} 28 HA ¥ 3vhe] v 7IAA A Azl o7 AAIZE Alo] A AlAHo]
th <29 3-1>& SBRY LA HAIMY yRTFEolt FF2AZY FUPEZe} 71 LA
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<aY 3-1> e5H YA WRrTR

SBRE #U-f&eo #AAL WEen gadgtd, 2749 FHL 259 FYFILL), ¥+
(REACTION), A A (SETTLE), W1&(DRAW) 1383 FA(IDEAL)EZ 7#A4EY%. &z #8 7
E FG A5 FUF B wrgo] AYPdrh 5714 wkgo] FBH F UAEE E¥S
ojFo FHHW AsE Wedd M2E UL FA T FAVNE AAZ YA AL
O F¢AF AAE ARHE WL Y HEE &E L2 FEFFH pHRAZL A S
FEE WA, FYFLH AEFE F FAEAdA FALH EFo] ol&HEH o FUFY
o} @4249%8, pH, 2Y1 §& A4 I @2 5o T2 FFE vA= Aok

SBRS A ulgo] 28HW, Z &9 FAo] FHZ AT widd wet A&HoZ YA
€ AAZ oA WA BEULsy, HL A WHo| 8 FHERZ &FE AHYAHd A
Ao <A Ao aHY 249 2oz T4l 3UxAE A z¥ie oA
(Sequence)E HR 5717} o3 +8 53 FA2 FEHAAM FAFHE FAR77F oY 2=
A (FAx - AAA)7L &olatA @e Aol & FAY mu|Foer AFHFHo g

ol2g WrErY wWEs TS EHE sAZd BE A FAS £ AFNAE HAAA
of A&gg o] &3t AFetn FUY WE+E WHHY A ATk
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32 Fe| 2 A

TRl AAA7IE ol FAAL AE dAse FHIE Aor|E FEEC
A A AR FALHE 2R I - 9 AARMFAARF)E FAstn F A gAE
Z+ Ao] Wi olo] AL3E 2&5TFE AT A HAE Ao AFE AAH Ao 7
Zeo] AFo D U 7F weolAaE FAHstm, Wl WAE I e FFS Ao #7AL
S FEYel2ZRE ol AAFZE FAEE ASE d¥d 7lxdd oy HAFE
o] o]ZoXH, tA HAZ FE2Y A4 v HAZS FAHG AL

HaAA e Aot AL Ed dasd] EF3AY F AFdHA Fe Al2dg 24
Hog {FAST EAHsIL 7hestA e AAANQL BHS AT SBREY LA HAA
Aole ETEHET FUFe ¥, 23 HEdE BEFEn TANHY ASHR(AF A o
Z+ete] W& FEE WA AAsL L HTAHS 4T EEHoE 3§17 A AW
FE <E 3-1>3 Zo| AAINIUY. A YUAdY dFHEFE  S(small), M(medium),
L(large), VS(very small), NS(not small), NL(not large)Z A A&=n &3 d4E LN(large
negative), SN(small negative), SP(small positive), LP(large positive)Z oA A= g},
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3td ol g #WA el o Aol 1A wlo|azRE HEH Ao FHITo dEHm, oW
F HAFE guggd g8 ALY A FHALLZRE FE Pl ojFo4AW FE4E 2
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HA A }71E dutAloi7|E AoZiHd Aojdide A, =dE, A4, 4dA, HT9
7tA & 5L 4T HAA T HAE dutAle)re] dAS 2 5FE ZAT
Yol ZEAHQ AoldlA o o8 A AolHE mAs F7] A HAA T
g AATE S HEatdol gk HAA Y] dAE DAY FEHELE - A ¢
A7) AAE AHME FAL Aok AAZIE LoloF T AR A AT o
Hol Y AFA AojslolsteE Bt o]E 3 Lo ARFE FE3MoF F
dgoz o] MFES vgoz ARAS AU o AL VAV dAd & + A
Aol oyt 2 ATl £dAY A&7 dAL T3 FHR of ° FHA EHH
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BRAG AU Z2ALE 98 AAA A9 A BFA - ALF - AN

A Y3t £ ol& d7tA FAH L2485 T& XA Folof ot ol L
H4E 58 AAFHIY 24557 FAHA 4 HolAM golE FEWE o439 £YgS
7 F uHAZ AL AXE AR A2EE AT = Ao s AY FAFAANA Hs
g 7S FUsta, Aojd G9FgE AT ALHE FEHE AASE Ao #3Y £33
A& B3A A Ao Fopdnh

Fuzzy#lol719] Fz2& O HPAAM HFHE HBI} Fuzzy Sets o|BZ AP 2] Aojr)s}
E s gds Aoz qdadc a8y <ag 3-2>9 Ay R-FCE E¥ Fuzzy A7l 3
o] AojrlRA 7|8 FAGo] AZEY R A E(controlF)H =R AAFA
(computing device)2 Yol e 718 F22 Holglth ©A A7) <ol AR Hr §
g7 d2da 8 5 o

i) A

" .. W

Ie
iy &

QTR
<19 3-2> R-FCE R4 Fuzzy A7 +%

vt 83t Holgles SBREA 9 e A Aozl dFF AoirldA FHo wE &
T3 A AojAlagog FAHAT 23y Fuzzy Alo7lE <2y 3-3>9 (b)dllA mius}
#ol Fuzzy & Wol29 fuzzy FEAIE FHeR Fale FARFHS fuzzy ITAFH=
R AY 1 didgie] &8-& sl Fuzzifierst Defuzzifier 2 F/45o] Aot Fuzzifiers E#9 4
XA A H(Crisp Data)g HAAFeZ WEsle QArAto)1, Defuzzifir & HAAZAFoZ BAH
HA ¢o2RH, BFY F£AgE d= AL Jehe AR o}
Fuzzy A7l ()6 B vt 2 7154 At gxdAor)e A8 728 23 e
g g Ak & gxd ¥@5E dFe gAE Alo)r)dA A/D convertertdb D/A converter®)
& 3t Aol 4 Fuzzifierst Defuzzifierol®, PID Ao 733 28 &4 diMd, “If e if
then u is B'S} 2L Fuzzy #Euo)27} 20ln Uz Y A FH dlale) Fuzzy 58

ARo] AL st Aol
Ro7#&
nctional Equation
o) ),

AfD Digital D/A
Converter [~ Computing Device || Converter
loTloloT): D vartle
{a) Digial Controlier

B
Fuzzy-Rule Base
L —L _u
122y Logic-Based
Inference Engine

£ Fazy Vsl ngsticonwrc]
{5} Fuzzy Controfer

<29 3-3> WA} Lt Ao}r] 7z

12 dlo

|

Fuzzifier Defuzzifier
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3.4 ol 23} o]

HAH PAANE 95T A AN FTHENS FAYA2 ABae, 48 7o)
W QBT AR FUYT AL BAAEDS QU Y2E WA FHE VAR 7
4 Yoh BENSE FYFLWE FHH wAAAS BT €u. AHe FHsEd A
$5%E VY 829 71Fe 4T YT RES AT Ao} FHY 2R, A9 Y, 2Y
2% FALY 5 LAY + gdonz 4Rl A HHo] Gasit =@, A7l
959 A4E A9 kD X, A58 A4 WD @2 ABYE FARRA 7
Hog BEIALA 5& FAwT

eHAANLAN FULE FE YITA Agoz Voo 2 AR szl oiat
o dgstd 48 29 #4HE 259 B BE, ¢ 5 2@ A5 24E 2543
g 3= B ASAld YL WAA Gk AdHE FROE £, E/YT 75
o, &+ FE BE e YEAFol

A Aol JPL MAL LFRHANL Er)zsh weze dAdo] BE FAANE
39 Z, 97 Low vlDod FYUE BF 5% %] ¥= BF 34, Midde 512
7 99 284 WZAo, High?t A8 Low #l2dd 4ele] Bz §UWTE 25 Y25
2 %7 BE} BF AFEY. 4979 A4 A53E AQMos 2ES EACE TES
7l skl A4 FHAGANH AYY BE FHEL 45 VYT $BHL nIs FAe)
¢, #9944 5¢ s990,

35 FHujo] 2 A

HAAlE A &Y o A HE R MFAA AFT AAYR Fuzzy AAwF &
oA TEETL st Aojth o] Holde FAAY WHE AYRsIZ 3 IF AAR Af
24 Azt nTol 1M 282 Yn, B3E En, 2% Un, 9 94 Ln, 443X Rolg 31
% dES dUE o3 o] Asid

dE=E,—FE,
=(R=Y,)—(R—Y,-1)
=Y,.1-Y,

dU=U,— U,

dEE €9 Y9 H35& Wz & Aoz &30 A5sAe W JdEO, F23AE de
dE>0 oltt. H=R] Aojrle] 4&Y #AA = E, dE—-UR BASVIE 8Y, dUS 2922 3
E Ao gxnggez I

<39 3-oAM & ¢ AU vieh o] o] TFL 47kA e L 11, I, IVY] wEog A
Hol 901, 1 cycleol Hl&] 2 cycledl e Aol 289 A7} 7#42%t $4 Z cycled EA
A& AR Fuzzy Al ARt SJHE 255 g

193
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<I¥ 3-4> gk &9 Aogd

& &9 cycle 1 phase [ 9 al®IdMe BXHAEAA-FZH)7 (1) A} o|RAE 9
9} #AsY F9ddo] Lowold Pump 1W, 2HE PBE 31, Blower 1, 28 PLE AHA
@t 99 HEAX} dEE Fuzzy 959 s o434 7l&dh & WY 2 phase 119
A bl, W9 cl, IVY dl59 29 FHMNE AAFEHE FEH <F 3-2>9 o] FEI(H
) AoFAE ZAE 5 Ut

cycle 29 a2, b2 9 BINAME al, bldl B3 E B dE9 X7t A =z 24
e = AA &4 du}. &

a2 : IF E=PM and dE=ZO THEN dU=PM(Positive Middle)

b2 : IF E=ZO and dE=NM THEN dU-NM(Negative Middle)

o] Er}. o]} o] A TE 1379 #FAHS YA Ao F52 W Le #, 852
dE]] %22 JU#E Yelz 2387 A4 A 99 AojwHL Jeldd, oje o] o
= He AL e 7ol Auides dgo] Wa ddHeZ 7L 48 £ g 949(dE
€% L=PB and dE=NB)AA & 3] Yasdtz 7] fjFojct 73 AARe AR Hr}
R Aoz FH F7t FOE5A HI FAHE FF Y Fo) W& £¥o] o]FoyxA g}

<2y 3-5>% o9 AF32L& IF-THENY Aoz Jelo] 93 M4y 19 33
HrEd ddAA 238 FAR 32 2YU4ET I Fuzzy 95439S WHAA 38 9
Az 3t YFA U R-FCERYE S B3 2HFY AFxe +£944AL 98 gx9
71z THAAE MM e YHXNE AFHLZ AN %L 98 Fes I A A
A71e 71EEFX ¢ 19 BRAXNE FI Fuzzy FEL 7 13 sty dojx AAE B3
218k Aozl HAHRZ ALEFe},

olgt o] A Aol Fuzzy Alole] e AAe JFToz Zxgo] dojxlmz ¢A
9 RBjo] A AMER Fd] G AT 199 FdFo| F FAEY =3 wE
Fol U AFHo|L MNP & Ye & AL F Uk
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<E 3-2> FFZA HAA T

al : if L=PB and dE=PB then dU=Pump->PS, Blower->PB
bl @ if L=PB and dE=Z0 then dU=Pump->PM, Blowe->PM
cl 1 if L=PB and dE=ZO then dU=Pump->PM, Blowe->PM
dl : if L=PB and dE=NB then dUsPump->PB, Blowe->PS

a2 : if L=NB and JdE=PB then JdU+=Pump->PB, Blower->PB
b2 : if L=NB and dE=ZO then dU=Pump->PM, Blowe->PM
c2 ! if L=NB and dE=ZO then dUtsPump->PM, Blowe->PM
d2 : if L=NB and dE=NB then JdU=Pump->PB, Blowe->PS

[ Al =t |
—

T PSR T I 4 ey |
| =t er=m a0l Ed
&

—

[=er=or2t01 A
™ of =
s
— Do T HrsE 2 == = T} |
&

l 22 |

== |

I g e SR IS 4o = |
<z

== |

]

oL o I DL

<2d 3-5> ¥HA =2dg A% ¢ndgF A

A 4% R-FCE 4343

e oz 7|& SBRY L4ADANYE BY £9d8e] §9 HRAN AR Feirt B
sl 15 o]z 247 ZoIEW FYBVIA B7] 3o =2so] 1P 9] B 4 7l WE
of A¥s BEZ APUTH B APLr} AEHE OJRE UPRS HAROE FANT)]
93 Z71¥Z(AP)E HX%£3< NBE ARt A28 RE Fd| 157} ONeo|] Hul2tE Pump
g A% AEHAH 257 L5 44 =Y oAl 3o A5

FFo e FAALAAE F9%) AP A YW ON, OFF 75¢
s, 97t BRHAA ¥ HA AsE AiFHol © F Ytk AP olAT A
Aol AR Al B FYAA MEAA oJFANT Qed RS @A Azde
AoiFHol HesW N2 WES Bk o F& 4o WA & Aol

A% HAFANN FYBEE AL HEHA 1 FEHOE A5HA Hed o] 23
e wezd MRl 4 & Ut A2V JFEIL FISEU Uk oY BAFARHAN
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