


o ¥ o
AIUNMOAUANAN WITIOWNAINANTLLR
o = a v v o s o/ :
fimuauiladasdnuuuliudedlasoondHIVINILANSZALIN

INDIRECT ADAPTIVE FUZZY LOGIC CONTROLLER FOR

WATER LEVEL CONTROL

q3no 1aAgANgY

SURAKIT LERTUDOMSUK

mwmm‘, - 44,9.5.8
di.f. 75%

M, mau L 1

a =Y Jd" | 1 & =1 ar = r =Y
Snpniinut g univeamsannmunangasUsu imnssumansumuuna
andsisnssulvlvh
TN INeNaD
aoiumalulainIzauna U AN TANANTZU
.91, 2545

ISBN 974-324-118-3


WebOPAC001
Textbox

WebOPAC001
Textbox


INDIRECT ADAPTIVE FUZZY LOGIC CONTROLLER FOR

WATER LEVEL CONTROL

SURAKIT LERTUDOMSUK

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNLOGY LADKRABANG
2002

ISBN 974-324-118-3



COPYRIGHT 2002
SCHOOL OF GRADUATE STUDIES

KING MONGKUT’S INSTITUTE OF TECHNLOGY LADKRABANG



WAIVDINLIRANRS mauauNTBsaInuuuYiuaeslasdendmmwivds

mnqm:ﬁuﬁn
wnANE wie §3fe IRAgaugy
U AFINTINAFEATUN TR G
121371 fiaansy Wi
N.e. 2545
919138 AWANINIANUS IA.AT. WNR NVATIng
unAnga

"'mmﬁwufuﬁuﬁﬁwLauam‘:aanu.'uuG'hﬂ'mQuﬁm%aaﬁnuunﬂ%’ué’maﬂﬂué’au
tﬁamuqus:uuﬁ‘n%mmu‘lﬁﬁammu:ua:‘lﬂﬁaawmmﬁaﬁﬁtytywmﬁw‘mfi"mﬁ\nﬂu
syanmulasiianalng n’naanuunﬁqmuqui‘f sanuuUMNUULRaINaFanTf
IeiRudBuiinge Tﬂuf’iunuﬁmmﬁm“ﬁuniﬁw:gna‘}”nmnuuu{i'maaﬁ«n"ﬁﬁaaﬁuua:
Wantsumsilusunnveswuuitasswednasiin

Namsﬂﬂaaan”uﬁen’mqmzs‘fm‘fﬂuﬁ’mﬂﬁ%mi WU HEABUEUBITBITEUY
muquﬁﬁwmﬁuﬂ’amm:tﬁ"lﬁﬁmuzagﬁﬁﬁ‘u e'f*:muquﬁ'lﬁ'aanunu'lﬁ’ﬁs:ﬁu 40 .
ﬂ’ammmmuquﬁs:ﬁ’u 35 a.uaz 45 . le wananii s:uuﬁfn%wﬁﬂﬁ'lfﬁamuqu
ﬂ‘ﬂ"ﬁﬂa‘ﬁmmuﬂ"s’uﬁdLaﬂﬂua"aué’ommsnmuquﬁmmué’rymﬂmﬁuvgmé’w‘ﬁoﬁtﬂﬁﬂu'lﬂ
laglifloanimauazfimunsnaananissuniwannmeuenled



Thesis Title Indirect Adaptive Fuzzy Logic Controller for Water Level

Control
Student Mr. Surakit Lertudomsuk.
Student ID. 39061069
Degree Master of Engineering
Programme Electrical Engineering
Year 2002
Thesis Advisor Assoc. Prof. Dr. Jongkol Ngamwiwit
ABSTRACT

This thesis presents an indirect adaptive fuzzy logic controller designed by pole
placement so that the desired system performance can be achieved without offset. The
proposed controller is designed from the global fuzzy model with an integrator added.
The global fuzzy model is constructed from the local fuzzy model and its membership
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unuenpFansol u, (u)



ool ¢ (u)Lﬂumﬁ's:qﬁaﬁ:@TUﬂ'nmeuam%nmaq u luWadion 4
M g, (u) Deviny o wansenah ¢ ldlanuiuwsnsnvesiafion 4
M u, (u) Genes wusenui « lifenudusninuasvedion 4 Wes
M, (1) fwn winsanui  Bilanudusndnvesladiaon 4 ann
M, (u) Sdwviny 1 wanseanaei ¢ SenuiduwsindnvesvesFioa 4

athmmgmf NNTannutIeu 321870
My (u):U —)[0,1] (2.9)

2.1.2.3 mamnuaaINEBI9a

Werdoa 4 ussWodiae B asviniu fdedle sundn u nneluannwunus
U fisWansunmsiilusninvesosdioa 4 tinnuawertunsidusandnvasiodioa
B iipuunueiusyansol 4= B

(4=B) e (s, (1) = 5 (u);YueU) (2.10)

21.2.4 msinduigavesngdina
Wodiaa 4 wdusuoavesNodion B Neawlle suisn u qne‘f'ﬂmannw
FUAUS U Tewantumailuaundnveswadiaon 4 wesnimIayinuawensunisu
- = é = o s s '3
fuFnvaINsdion B Fudouunuieosysneol 4 B

(A< B) o> (1, (u) < py (u);VueU) (2.11)

2.1.2.5 EnNasaaINTBIBa(Support : S(A))
TWNBTAUBIWNT TS fa LTATBIFNITN  IWBNANFUANT U AldwWaridu
-~ r-Y = [ v as as ar J
matdusunBnvaswadisauinndt 0 WonunueIsFuanwoiaadl

S(A)z{ueU’;/A(u)>0} (2.12)

2.1.2:6 ﬂ'ﬂ"ﬁ"‘ﬁdlﬁaﬁu(Fuzzy Singleton)
Woddananw fa WoTwanldwwatatadlsalgunsniRuIaldeua=ien
Wansumaduwauisnvinny 1

2.1.2.7 «Level Set ﬁadﬂ'ﬁ'ﬁ'l'ﬂﬁlma)



a Level set 103WTTIaa 4 fo 1 WAUDIRUNTN u IUENAWTUWUT U ATldn
o & a - A ) e a v e e o &
Warrsunsiiusangnuesiafian 4 annimdeninty o douunudsdysnwalaoil

A, ={ueU|u,(u)2a} (2.13)

2.1.2.8 AuIBaINGB IR (Height of Fuzzy Set)

m’mgwmﬁ‘n"ﬁm A ﬁafi'lﬁqﬁ'ﬁ'unﬁtﬂuﬂm"ﬁngaqﬂmaqﬁ*n%m A Jdau
unugsatyanwol hgr(A)

hgt (A4)=max,, ,(u) (2.14)

2.1.2.9 wonaalatuasNsdina(Normalization of Fuzzy Set)
Weodioa 4 9zuavaa ladnasilaNadiosa 4 ﬁﬂ'nugwaoﬂ‘n%t‘ﬁmmﬁ’u 1

A is normalized <> hgt u=1 (2.15)

2.1.2.10 AanlINBNBBIBA(Convexity of Fuzzy Set)

Wodia A zaaunndnaaiiia Weantumadusundnoes 4 reandasanuiian
[
o dait

Ais convex & p, (Auy +(1-A)uy) 2 min{p, (u,), 2, (1, )}
u,u, €U,A€[0,1] (2.16)

2.1.2.11 Wndwniua3(Fuzzy Number)
Wadiues Aa WodreniinuauGnmieuesladusznsnewand

2.1.2.12 Cardinality 209W%31%@ (Cardinality of Fuzzy Set)
gMaIIAuaa(Scalar Cardinality) Ve INTBTa 4 VwannwauAns U fa

' 6 ar = - a ) - v o e o A
HauINTaIsWInTUNIluRuNEN89 © nnmﬁluﬁm‘ﬁlmﬂ A WHUNUAIRYANBLAIT

(4=, 4 () (2.17)



ATAURAFUNNT(Relative Cardinality) VoIWTTIT0 4 LWBNNWENANT U Ao
ATHIRTENINRNIATAT WAV INTTIEn 4 NURNIRISASAUIREvaIBNAN
a a =l °* s gt ar J
FUANT U 1suunusodyannaiasi

|4

M- @19

v
2.1.2.13 UHuansnug mzaaisdize
Aauwdludrasiafion 4 Wewunudsdyaneol 47 gnilsalugueridu

o a i
MIUUsuNTNaIN

te (1) =1, () (2.19)

gilouvaansfion 4 Bouunudsdyansol 4u B gnilswluguWaridunis

Hugandneait
Haop (u)= S(:’“A (), 445 (u) 2 max {A”A (), 125 (")}) (2.20)

laouh S fiae111@n13 Triangular co-norms
dwneilnturasiadion 4 Wouunuisdyanwal 4nB  gniisnulugd
& as [ =y [V
Wantmunsusundnesit

Hars () = 0( 0 (1), 125 (u)) < min { gz, (), 125 ()} (2.21)

— - ar a wa .
lawd ¢ @o AU UANT Triangular co-norms

2.1.2.14 Triangular norms %38 t-norm

a

t-norm Aawaridu [0,1] x [0,1] — [0,1] ‘fmﬁqmauﬁ‘ami‘r
10 (ay (#),0) =00, (u), 1) =1 (1, 2, (w)) = g2 () (boundary condition)
2. t( s, (1), 11 (u))=1( 25 (1), p2, (1)) (communitativity)
3. I(,uA (u),1 (,uh, (), g (u))) = t(!(y,, (), p (u)),;zt. (u)) (associatively)
4. if p(u) < p-(u) and py(u) <, (u)

then r(yA (), 42 (u)) Sr(,u(. (), 4, (u)) (monotonicity)



2.1.2.15 Triangular co-norms %38 s-norm

e, A

s-norm Aawaridu [0,1]x[0,1] - [0,1] "ﬁaﬁqu{uum o

1. s(u, (u),l) =05z, (u),l) = s(O,,uA (u)) =1, (u) (boundary condition)
2 s(,uA (), 1 (u)) = s(;zﬂ (), 4, (u)) (commutativity)

3. s(,uA (u), (125 (1), 14 (u))) = s(s(,uA (u), 125 () s (u))(associativity)

4. if py(u) < pe(u) and gy (u) < gy, (u)

then s (g, (u), i, (u)) < s(ue (1), 12, (1)) (monotonicity)

2.2 Wadaadn

2.21 NO¥jassnedasuUuLAN
-l [} a ! A A 1 = 1
nqefayinmaaifananmatiugmsasmimdesillasszneudis 3 &wfs
AWTR(truth  value) M3UZiiAn3(vocabulary) uazdmamiteslaunanmunexa
va ' ' ’ o
(reasoning procedure) luasineaaiyau lafisudulsznavudazdaudiit
(1) fenuIRiedlznakluarinmaniyiu
& = = - ¥ s J & = 3 =)
Urzwadluasinmaaiydn axlidinnueianiny o walszwaiifuiauazaziian
3N 1 Wadszwaiiduad

=l

(2) UFUuEmMIMIaTINAMAATUAL

4 - o
@1991 2.1 UHiammassnaraasuan

A B A % Vv —> <
1 1 1 1 0 1 1
1 0 0 1 1 0 0
0 1 0 1 1 1 0
0 0 0 0 0 1 1

(3) MIMTFFUMUNANMITINHA
nmamdeasUamunanmavens  laslimguasinasasuuuidvezlddaaiiined
o a [ J‘ A s [} a = dl L A‘
(tautology) &miuidumuguluntmdessd deddeiiiuaifldduiugwluniom

v v o &
maa;ﬂmnmnmsmqua LEAINIU

modus ponens : (A A(A4— B)) - B

modus tollens : ((A — B) /\(-—:B)) - (ﬁA)
syllogism 1 ((A —>B)A(B—>C))—>(A —C)
contraposition : (A4 —> B) — ((—|B) - (—1A))
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2.2.2 nos)ieaaadn

Wadaednidungejnasnmaainvoisunainngueiassnaigasnaiad(multi-
. - ' - € | a - a o P - [ 0
valued logic) lasfisnudranuadsvasdszwaiidudiudsfiniadin arsznavdas 3 g
miaungufjayinmaaiuuuidsia faues mafiians wsAimmmndesiy e
MANNTNANS
aaulsaania@n(Linguistic Variable )
dulsdiniadn gnfleudeanidu 5 mendie (x, T(x), U, G, M)

]
= <l

lashi  x  fa%avaisuliabel)

T(x) AOLTAVBIFNRINIRANVDY X

13

o “ g

falannWRUWNT lapf u el

{ L) - - A‘ *¥ = i
2TaVBIARINIRANVDI X ngnaveiung G 13undn ta(term)

p Db

@ Syntatic rule lumIimuaTevadiney X

fla Semantic rule lumsfisnugmantifvasnan X
M(x) foNTTFULTAVBINBNNANRNWUD U

T Q< Q

ar = o= oae Aﬂ'o ar - v a TP ” ﬁ‘ g
awdsiindganidmanludedasin laun @auils “Probability” waz “Truth” e
atnstisnudansumaiusandnveinanvesdlnsfindad@n “Probability” waadlu
P
U 2.1

A Almost Not very Very Almost
1 improbable probable probable certain
0 L] 5
0 1

;U 2.1 usasdansumaiusandnuasaiuls8Iniadn “Probability”
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Tuawiienudulsdndsdin  “Truth” lafifAoulife zadeh uaz Baiwin lag

L 2N ar - - — »” a J
Zadeh lafonuirauadinanvadswsiondadn “Truth” dait

T(truth) = {true, not true, very true, not very true, ..., false, not false,
very false,. ..., not very true and not very false, ... }

uaz'lafienuinaugu(primary term) va3daulsionisdin “Truth” fie “true” uaz

“ ” ° " € & [ - ' va A
false” uazfinuaaansumsiiusindnvssudazinayiaai

0 : 0<v<a
v-a) a+1
v)=1 2| — ; aSyS——
e ()= 222 :
2
1-2[1'-1J s -
l-a 2

/ufa!se(v)=#tme(l-v); 0<v<l

) (1+a) - i
e v= - f1839AAALN3(crossover)

- - & - P e e & [ g €
ae|0,1] AawITlAaINUANINAEIgAYDY v 'lummﬂﬂummgnmwaaﬂszww

A a nil ] - - o = a A
‘Hdmll’h'ﬂll.ﬂ'ﬂ{lﬂdzﬂﬂ 2.2 @auyn Baldwin 1§uﬂﬂul'ﬁﬂlﬂﬂ&lﬂ]ﬂdﬂ’lltﬂ‘)’ﬂdﬂ')ﬁﬁﬂ “Truth”

ve X
19e9d

T (Truth) = {true,very true, fairly true, false,very false, fairly, false}

o 7N @ - ' A : ' A’
lasiuualwdwansunsdusuidnvasudssmauiuluausumside Uil

2

ﬂvzry rrue(v) = (/llrrue (V)) » VE [0’1] (2.22)
#j&rir[y true (v) = (/L[lrue (v))lf2 » VE [0:1] (2.23)
Ko, atse(V) = (,ufam,(v))2 ve [0,1] (2.24)

ﬂfairlyfa!se (V) = (/“lfalse (v))I/Z s VE [091] (2.25)



1/2

12

J J & = o =
gﬂn 2.2 llﬂﬂﬂﬂ?ﬁdﬁﬁ%ﬂ’]?lﬂ%ﬁ”?ﬁﬂ'ﬂﬂ\'ll'(l DU “true” R “false” ANUUEIU Zadeh

undecided
1
fairly false fairly true
false true

o)

= very false very true
LS

=

3

=

o

(7]

e

(10}

0

0

1

absolutely true

3uUn 2.3 Werdtumaidusnfnuesaaulsaandadin “Truth” enaiisiuvas Balwin

Wogaadnidunguiasinmaaiiisusanuaivesdszwniidudulsdniadin

- = ar J ey a e o a = =
wiangfiwusatuit lefioumsnlfianmmuasineaaasdamiuiadasin aniion

"-" Eas 0 = - - ar . o J
MILANVDI Zadeh Tﬂumuﬂiznaummﬁ‘n‘naa%numnnu 3 FIUAIH

(1) frenuIivaslszwatlunguiWedaain
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Amuald vi) (uWodiaalwanmwduing  7=[0,1] Founusranuaieves
dszwan 4 16

v(A) ={(v,,;.1,.)li =3 o W E1 ) E[O,l]} (2.26)

v(not A)=1-(A) ={(1-v,, 1 )|i =1,2,....n:, e[o.1]} (2.27)

(2) YjuamImasinasaslunguiiodaadn

fvualw
V() ={(v, 11,)| 1, (v) €[0,1];v € [0,1]} (2.28)
w(B) = {(v, Hy )| 11z ) €[0,1];v €[0,1]} (2.29)
azldin
v(4) Av(B)=v(A4 and B) = {(v, min {,uA V), 42, (v)})} (2.30)
v(A)vv(B)=v(A4 or B)= {(v,max {,uA V), 1 (v)})} (2.31)
—v(4) = not (v(4)) = {(v,l - 4, (v))} (2.32)
v(4) > v(B)=v(A4— B)=-v(4)v v(B)

={(v,max{(1- z,»)). N (2.33)

Zadeh ldlauaariennusdy dmivAnsondianusilumaljicueslosasin
lasnsmennasinmnaaiydu suiluasine 3 mda true(T), false(F) Ua: unknown
i o
(T+F) laaaanine da'luil

A159N 2.2 URMIANNIIEMIVAGTAN IWNTEReIn aufiany Zadeh

A B A v —A
T T T T F
T F F T F
T T+F T+F T F
F T F T T
F F F F T
F T+F F T+F T

T+F T T+F T T+F
T+F F F T+F T+F
T+F T+F T+F T+F T+F

%8N Zadeh Wa7 Balwin S9ldfisumanuazWentunsidugundnuesdandsand

a - -y
FAN “Truth” muam”lﬂuzﬂn 23
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true = {(v,ym (v)= vlv € [0,1])}
false = {(v P (V) =1- 21 )| v € [0, 1])}

very ;rue={(v,(,um ™)) ve[o,l]}

very false = {(v,(l e (V) v [0,1]}
ve [0,1]}
ve [0,1]}

fairly true = {(v,(;zm (v))m)

fairly false = {(v,(] . (v))“z)
undecided = {(v, l)lv € [0,1]}

absolute true = {(v, )75 (v))lv € [O,l]}; Ha (V)= {{1) : pi= 1}

v£0
absolute false = {(v,,zzm (v))|v € [O,l]}; My (v)= {(1) , V= 0}
;o vz0
(very)ﬂr true — absolutely true o k> w
(very)k false — absolutely false e k - oo
( fairly)k true — undecided e k — oo
( f.:u'jrly)'r false — undecided e & — oo

e & L va A — e “ »” IT: T4 a s
Uan’INu Balwin uﬂﬂumumﬂgnﬂmi and” Usr “or” @Y minimum W&z

maximum uFSIAULazFTNMTNANNIREMIUATFaeInasnm U iansWedsedn

ve ¥
1ia9it

P a e o a wva P a a .
A13191 2.3 UFRAIANNIITIMIVAH AN INTTaedn aufieruves Balwin

(P) (0) (Pand Q) (Pand Q)
false false false False
true false false True
true true true true
undecided false false true
undecided true undecided true
undecided undecided undecided undecided
true very true true very true
true fairly true fairly true true
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(3) mamdaazUanamanmananalaslingujiadasin
mamdaaylmunanmunanslaslingeiedasin anilumsusoiiouvas
faaiisuaiiltluarsnmansuuuidy L-‘F}a'l-ffmﬂ’amﬂmms‘u’nmﬁmqnamomzwaﬁﬁ
WuWadioa lasyinnssensRenuves Modus Ponens Uaz Modus Tollens & wiued
883n138n71 Generalized Modus Ponens : GMP ua: Generalized Modus Tollens: GMT
Tasusasaudraudil e Generalized Modus Ponens: GMP Aamamdasglaning

w1 s (forward data-driven)

GMP:
Premise uis A’
Implication ifuisAthenvisB
Conclusion ‘ vis B’

Taufi GMP Implication fifienueait
A—>B=max{ce{0,1},t(A,c)sB} (2.34)

Generalized Modus Tollens : GMT ﬁam‘:mﬁaaﬁlaﬂ?ﬂmﬂuﬂ‘lﬂmmq(backward goal-

driven)

GMT :
Premise uis B’
Implication ifuisAthenvisB
Conclusion | visA’

= . . aa o &
laufi GMT Implication Hiftenaead

A B=max{ce{0,1},/(B,c)< 4} (2.35)

WoTBUNWALATU(Fuzzy Implication)

ﬁaf.‘ii'au.'lmmmé’uﬁufuuuﬁ‘u%s:whaﬁidulwﬁj(antecedent) LLaHa(consequence) 71
I lunmamdaagdanamanninnews

ANALIUV8I GMP Implication AUFEUNMIUA=AENUVEI GMT Implication AUFUNTT

3 kol = a “= a J" A - v A o G
ﬁ]:mu'lmwﬁ‘n‘nauwaLﬂ'nua:wagnun'maan'l'nmﬁgumm*s t-norm UW&: s-norm
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2.2.3 msHasNIaTw
WogHiatuie nIzvamm I WsdisauuanMWEuwus U vasduna twaldiiu
L]
- =l - as o - oSl W J
auna 20932 uuWeE nazuaumINasAaTuaansavile 3 35asi
(1) AdWodFanaau a:'1641 Fuzzification (1) = 4
lash A DuWodgitasu Hhasimnzauiunmiauguluamii (Real
time control) lasduwaldnnnsiavasiauises
2) ABWoTRuLe3 9:16791 Fuzzification (o) = 4
lasn 4 Wulsdiuvas

P -
T, (u)=1 W u=u,
une 2, (u) 8A89 s u agviweaniuann u,

o o ada v oA o A ° ., '
Wodiuve? iuisimunziudunyefifidygrosuniugedaeshliihsdemsniuga
(3) ’Jii"ltm?ﬂﬁ'muaf(Hybrid number) 2zl Fuzzification(ug) = A4
i | _ o l‘ - « ol s cl. =
laof 4 dulavdavuived delaviaruveife Wediuussisundnluen

nw Eﬁlﬁuflﬂu random number

- s
W, (u)=1 Wa u=u,
J 1] 1]
use z,(u) a989 \e u agvneenilan u,

- o ¢ w ad P - 5 & = v o o oA
lavaruiwes (Wwitmindumenudawuuihsnduuazanudulyle datudanan:

nusganmunanagluzlrainnizneniada

2.2.4 midwraisusuuunsd

m3dualsudaanszuaumslunmamdessi(conclusion) anuangiu(premise) lay
'l'El.'f'iau‘lwmw&'wﬁuﬁsmiwmqna

nyn1InaulWRTUY8INIBUIWBLIUS (Compositional Rule of Inference: CRI)

BNue W
Premise uis A’
Implication ifuis Athenvis B
Conclusion ’ vis B’

We A A JwWadiwaluiannwauwns U laof u el
B, B’ \JdwWadimaluiannwaunns ¥ laofi vel



¥ -
SUNMEENENTN NILIBUINA NI -
L ]

o " - ar s s = ar .‘: [ "X ¥ J
imsudasdundintuiduanuaunuswed R Iu Ux ¥V asvuazm B laaeit

A'oR max-min composition
A™R max- product composition

A'av R max-average composition

AR min-max composition

Max-Min Composition

Ry =R oR, = {((u,w) rnayx{min[/zR' (u,v),,u& (v,w)]})

2
Ve

uelU,velV,we W} (2.36)

Max-Product Composition

R,=R*R, ={((z,:,w),mell/x{,uRI (u,v),,uﬁ2 (v,w)}) uelU,veV,we W} (2.37)

Ve

Max-Average composition

R,=R avR, = ((u,w),max{ﬂ’{’ (u,v)+;131 (v,w)}) uel,veV,weW (2.38)

vel 2

Min-Max composition

R, =R*R, = {((u, w),n}EiJl{maxl:;zRl (u,v),,uRl (v, w)]}) uelU,veV,we W} (2.39)

a aw da » P a - - “ 1a
Finnaulwasunifisuliunfigalunsduinaisudie CRI 189 Zadeh F9azldafia
M3 max uaz min lun13UJuanIs s-norm uaz t-norm euddumansan B’ laes

a
FUNIIU

ueU,veV] (2.40)

B'=A'0R = {(v,max {ﬂliﬂ[ﬂA' (u), 1 (”’V)]})

A'eU

2.2.5 nMsanasiiaTw
NMIANTTA AT ﬁam:mumimmLmﬁwﬂtﬁuaﬁi’ltﬁuaﬁmm:auﬁqﬂ e
Lmﬁvgmaoﬁfn%ﬁ'ﬁmmwmﬂu‘lﬂ'lﬂ'ni:muaguuLannwﬁuﬁnﬁ U v831016Wa naawes
FRiatuiinaedTeaaoiu aail
(1) Max Procedure \uATNIAWIGHLIATYH Tﬂmﬁanmtmﬁv!ﬂ'?'iﬁfi‘lﬁoﬁ'ﬁ'unﬁ

& a i - v o — v o g
Lﬂuﬁ”q'ﬂﬂuqnﬁq@ lWﬂI’ﬂLﬂuﬂ?Llﬂuﬂﬂwlﬁ‘ﬂ‘ﬁla']ﬁwﬂ FIUNIDUFOINILFUNITINIW


CLP10
Textbox

CLP10
Textbox
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u, =max U (u)

uel/

]
=

A’ =) - A' o Lo =
ﬁmﬂmﬁmmmmmm‘lmwuua:ﬂsm'mqﬂ
(2) Mean of Maxima(MOM) Liu35Au818819103T max procedure twaldlunidh
ﬁfhLmefvgmﬁmﬂoﬁiumiLﬂuau’l"ﬁngaqﬂwhﬁ’unmmh TWimmndaiasvasdend
w
L ]

ol 6 A [ - ¥ o L o J’
Gmumﬁon’ﬂumﬂﬂuam'ﬂngafgmmnu Iﬂ u'l-nemmmav.
3 F
o = MOM(A) ZT
J:

e u ﬁamLmsﬁqﬂusia:fhﬁﬁﬂ'wﬂaﬁi’un’mﬂuam"?mgoqmﬁ’uﬁuua: J fAasuanena
w;ﬂ'?'iﬁfhﬁaﬁ’&’umnﬂmm‘ﬁﬂgogmﬁ’uﬁ'u MOoM \Tuisnsfimaunsarldnags e
ﬁ’m%'m:uuf'iGTaan'n'l'&'rmlun’ﬁﬁ'lmmﬁauua:'l:u'ﬁaqmsmwunnﬁaumnﬁn

(3) Center of Area(COA) %38 Center of Gravity(COG) Lﬂudﬁu’lﬂﬂﬁuﬂnmmao
Anfildnmwvasdarisumaiusanan Lwa'l'mﬂumu.'numaoﬁfn-mmﬂwm 2DN17789 COA
vinldlasnsudeiuiildnmwsasiaridumsiiusandnoandu 2 §uingin sz uo

" " d‘ ° ] * (] J A ar A’
ﬂ:'r‘\'ﬂﬂ'il'lﬂﬂ’l'ﬂi]d U NATUAUIVDILFULLIATI FIUNIDUFAIAILFUNITAIU

COA 0
[ Uwydu = [ U@du

COA(A)

lunmafudnsdnlasldaunstieduinlden  Sodssinmmsdunds

9 - ' - o & A

COA @ COG Fuilumamgaguinawmatiniminununismaagudnarvasiui
v - as ool & ar ;
lans i msdwadiiatulasit COG munTousasdnaunTaIil

qu(u)du

=COG(A) =L —
L= jU(u)du

(4) Fuzzy Mean Method(FM) Lﬂuﬁ'ﬁ'f’iﬂﬁ“uﬂ‘gwwmnﬁ‘ﬁ COG aaaralums
fuan Tﬂnmmm:é’un'ﬁmau'lm*faﬂﬁ'whﬁ'uﬁmmmawaaﬁmﬂnmﬁvgm‘lmanﬂw
JUWNS U ua:'l'ﬁshl.a?imJaqusia:mauLﬂuri'f'nmumaqfi'ume'ﬁqﬂmaaLm'a:mm'smau
lad aunsvasnsawadilintu lasds FM uaassaunmsde lUit
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Ny
271;”&

Uy = FM(A) =+5—

NU

Zf’k

k=1

e N, fednumisdisavasdulnandwaluenawduint U uaz %, fAodniadndils
usmunuasiadisarasmulsiandnaudazinauuwennwennus U uaz o, Ao
saumaiumninuesiafisarasdulnandwaudaziney uwanawsunus U

3% FM EWATAdauannnit cos Tasldsdumanladiitasninieaaimlu

NIATUITH
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miaammuﬁ"amuqu IAFLC

3.1 nanwn

1uum‘fm:nmdﬁammanuum‘hmuqu IAFLC lasusnfansansanidu 3 dufle
FIULINITUFAINTDONUULLLULIREIT:UUNSE  Fodsznaudasuuudnaasiadrioiiu
WuuaeINTFINIe  uasszuuWaduene ﬁﬁuﬁaaw:ndﬂﬁomiaanuuuﬁdmuqu
IAFLCURzEIMgAMBIznaNIIMIIeTsAaiisTnwsasszuuNedsla

° v N
3.2 N1IRANULLLUUINADINBTNDINK
a L : 1 = = 4 A ) - v A' o
Twitafeznaniorzuuwad  FlsznaudisuuusiaasNadiasfiuuasuuuiniass
WoTuuu29ni19[13]
3.21 uuudnaaINTINDInn
o w - " Y 4 a P o
uuumaaoﬁ-nf‘ﬁnamufmm"mm'lnauwufmms:uunmauvgﬂnummﬁv!wmnm
waITNAUGIBNYNIBWWaITUFTaINT Tz I M TzuuR TauasWadida

IF '
R':IF zis i AND ... z, is F!
THEN
x(r)=Ax(t)+ Bu(t)
Tasf
ay, a;z a,,
Aj — a';I a?? aén
__a:Jl a, @
Fb;
b"’ I i
B=|7|:C=[d ¢ - <] (3.2)
b,

Wa i=1,2,..,m, RAangnmiduiasuduasveds i m s S1wmveIngms
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dwalsud, F'(j=1,2,.,n) feWadioe, x@ fasdudsaousasszuy, u(t) Aaa
- - AJ - = ' 'd' a ’

wsBunavesszuy, y,@) falondwan i, 4,B,C, fowadindenaeif iusz D; fofag

A [ a ' a

nf i idwaveszuudsdesmldnnmduinaud lasmmduaivvaserdna y

a

(1) il

OEDWAAQ (3.3)
i=]
dla g (z(0) \Dudmeiuesladvasiordumaniiumnsnvasiedian ' lagd

F'=(F, (3.4)
e

S =1 (3.5)

fnualianuduiusvasngmsdunauduasdulsiadiumaanaaasrziuany
-y Iy o &
Ui INIEU 7 ng aofs

R’ : if error is NB
then
x=Ax(t)+ Bu(r)
W =Cx(r)
R’ : if error is NM
then
x = A,x(t)+ Byu(t)
Y, =CGx (1)
R’ - if erroris NS
then
x = Ayx(t) + Byu(t)
¥y = C5x(1)
R - if erroris AZ
then
x = A,x(t)+ B,u(t)

Vi, = Cax(t)
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R’ : if erroris PS
then
x = Asx(t) + Bsu(t)
Ys = Csx(t )
R® : if error is PM
then
x = Agx(t) + Byu(t)

Ys =Cex(2)

R’ : if error is PB
then
x=A,x(t)+ Byu(t)

Y= C','x(t)

WUUSIRaINTTYIatU  azadelaanmindunmi lnalviiszosvannlnainte

— o & ° v a - o
'ﬂENﬂT:U’mm‘mizq i5%. iy 0% LAz —I__25°/o AIUL LLUlJi]’mmﬁ‘]’i%'namuil:m)’m'm 6
- o o v a - v &
Wwuy luﬂﬁ?NﬂUllUU'ﬂqﬂaﬂﬁ'ﬂ“ﬁﬂa\'mu'ﬂﬂﬂﬂ?:u’]“ﬂ’:ﬂ‘lﬂ']Ultﬁqﬂzﬁﬂﬂ“uﬂ 7 wuy

3.2.2 uyuIaaINTE19NIe

° = v P L9 ol - L3 =t L
woudaasvodniiedm ldanitmsduaisudunangm [13] mansadaoula

[ ¢
U
x(t) = Ax() + Bu(t) (3.6)
(1) =Cx(t)+ Du(r)
Tasfi A=Y 4 B= uB
i=1 i=1
C=iﬂ,-C,- : D=iﬂ,ll (3.7)

I

We189(4,B,), i =1,2,...m, mmmmuqu'lﬁ wiisruuWed(3.6) §1INAIVNY
uunﬁaaﬁu’lé’(locaﬂy controllable)uaztnead (4,,C,), i=1,2,..,m, FunTnFunale 9
MRz uuWed3.6) mansndunawuuriesiiuld(ocally observable)

uum‘haaaﬁ‘n“ﬁwn'ﬁm:gna':*'mnnl.mm]"maqﬁfnf‘ﬁﬁmﬁ'uﬁuﬁaﬁ'ﬁ’umnﬂuﬁm"ﬁn
PaIuuUIna Il odiastin i WordumndusundnveswuuitassNadiosin
s ldnnanuduiuiussszauih ludonszuumstudulswed uamﬁo‘lugﬂ?’i
3.1



23

Membership function

A

NB NM NS AZ PS PM PB

P cm

0 10 20 30 40 5 60 70 80
Output

A a a o : s a =
3UN 3.1 anuduiuirasszauhnuawswed

3.2.3 szuuWadasny
5:1.n.|1|'.‘|auné’waouum'i'maaﬁ‘n"’ﬁﬁaqﬁuﬁaoﬁuﬁﬁaawmmfiaﬁuwmﬂué’ryryﬂmﬁu
Yo szuvilaunavvasuuudtassladiintefissoanimatuiudiud wiuddufinge
Tinuuuusassvadiastin
fnualw

&) =r()—y(t) =r(t)—Cx(t) (3.8)

lauh &£(r) AoFanamnadnanel r(f)— y() e r(r) foRIMENNBY ANy sTuuWeF

pE8aIUIIIRaINTnTI(3.6) leldian D wiiugud fe

R = 4 Upa) + 5 u(t)+ 0 r(t) (3.9)
o [-C ojl&n] o 1 '
[y®]=[C 0][;8} (3.10)

Wa 4,B,C Tfgruauaunin (3.7) uasie

A B
rank{ ]=n+1 (3.11)
C 0

wa[14] wausneanwuumMnuuNsdliiuzvuRsFuensuuL9n19(3.9) uaz

(3.10) 'lvTﬁLaﬁmmwua:aaNLmﬂLﬂug‘msﬂﬁ
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3.3 ﬂ'l‘.iﬂﬂﬂllll'l]@nﬂ'ﬁ.lﬁ'&l
auf lanaa 1iudadn 'il:'l-ﬁ"i'i?mﬂw'[waLﬁaaammuﬁ?muqn IAFLC &%IUn3
muqm:uuﬂ‘n‘ﬁmmu 'l.umsaanuuuﬁ’m’mqu IAFLC 2230 nnInfimue 1w

u(t)=-[K, -K] [;gﬂ (3.12)

a o A' AJ
Wumeuguisduesnuuiaasladiasfivyeisaugmented local fuzzy model) laufi
K, fedanvmedoundurasdidufiinaaaiua: K, fasanvonsileunauanmius(state
feedback gain) vaIuVUTIRINTTNBIIUOUALN & NW19N[13] daun mauguWed

PIUU U RINTTI NN aIDH 2w 169N

C':IF z;is F| AND ...z, is F!
THEN
u,(t) =-K.x(t)+ K,&(t) {3.13)

Taufl ¢ Aangmamuguaudud iusz kwlden
k =arg MAX {44,,i=1,2,...,m} (3.14)

o & s a ar 3 J’
AIUU AINIAN IAFLC mmumuqm:nuﬂ‘n?ﬁ'ﬂmﬂ AWIIINFUNNTAD LW

u(t)= iﬂf“, (0= —i/‘: {[K" ki Ligﬂ}

:—[Kk _Kl] I:;g;:l (8.45)

laof 4(i=1,2,...,m) onAinulan(3.5)
suuWadnTanlddaiugu IAFLC Aimldanaunishi(a.15) wu Sufenlaszunsy

[ ] - o, &
ﬂ\‘lzﬂﬁ 3.2 LLﬂ:Nﬁﬂani@N(ﬂavlﬂu



x(t)] [A-BK, BK,
&n) | € 0

¥ =[C 0] {ggi]

x(t) 0
L’(O}{l}m
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(3.16)

Y

“ A A A v
FUn 3.2 uuWsdnilenlidaiugu IAFLC

3.4 MAEHLEDLTAN

N[13] aasanam e WesruuWsduanaaugunish (3.9) MUI0AILAULIY

roadulauan  szuuWadellavassumin.16) ezadosuuvazdulnaasymptotically

stable) o

i@1h<0

i=l

i Mty <= Ay

i=1 i#k

e k=1,2,..,m uaz 4, gnilenaeag

| A = Ao (Q,u)
1o
P=i,ﬁjf{ £ >0
N30 :
P=>p

(3.17)

(3.18)

(3.19)

(3.20)
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LS

(3.21)

T
A-BK, BK A-BK;, BK
~Qy; = k I P+P k 1
~=C =5 0

o A

Tasii g fesasif i, felafin  P; feweindenaefi i fifidnsiauan(positive
definite) Uaz O Aawwaindenefidendiauan

G LﬁﬁEﬁﬂ'w'll.muﬁLl"llJ'H.EM‘LIao‘s:uuﬁ‘ﬂ“ﬁ‘]dﬂG)%:LL?(GN‘[ﬁi]']ﬂﬁﬁﬁf%ﬁaoﬁU’]]qJ]
uaWluaumsfi (3.22)

V =a(t) Pa(t) (3.22)
Toui a=[x g':]T Li’jammgﬁ’uﬁmaa v azler
sy AT T s
V=a(t) Pa(t)+a(t) Pa(t)
T
-B BK A- BK BK
= a()’ [A Lx BEy } P+P[ s = }}a(t)
-C 0 -C 0

= a(r)r{f #Q }a(t) (3.23)

INFNUNIN (3.17) uar (3.18) vl ¥ <0 1Tuase eanu sy ledzuuiadaetae:

o =
wwdosuwuvardulne
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m'sa%'wﬁ'amuqu IAFLC

4.1 NAIUN

‘luuni{tfjummﬁﬁaﬁ')muqu IAFLC Lﬁ'amuqum:mumﬂuﬁaaﬂg‘ﬁﬁms lag
wivaaniiu 2 @wlaun swmanfaurfuszdmsanuad ludmanawriUsznavluionms
ﬁammnuaqmu ’Clwslnaea  wwswlasuauzaaniiiudinea(analog to  digital
converter:A/D) 293utlasddnaailunauzaan(Digital to analog converter:D/A) Laz 2993
wasussauidunszuslWin(voltage to current converter:V/l) sauvastonwITazlsznau
'lﬂﬁ’mﬁ’mmaﬂﬂmnmrjau‘v’iﬁmﬁﬁﬁuamﬂumtm«‘]Lm:'sa%'nﬁwé'mmﬁanﬁ’la'}'ainn
Alf dwseslunsudeslumaifivdeysuazamvaslusunsudeslumssdygno
193 A/D e D/A

4.2 @marsauls

dauarfaunfiduduildimuasiauazszduvesfygrunisdnsdaszning
ﬂauﬁdma'ﬁmzqﬂnmfﬁa:mqu"’:amnnﬂuﬁﬁ’n‘naf Wlanumainzauuazazainlu
MIIANIDUIZNIANG

4.21 'ma'smsﬁamsi’agmmua%nm
n11ﬁﬂﬁa§amsia;3amaatﬂ?aaﬂauﬁqma{ﬁuqﬂmrﬁmuuan fasnunansuuy
W UUUBMIM uuveunIy udu -‘famsﬁmia?%amiﬁagmmuaqmu lavfindaru
wm‘mtmum&nwﬁv'u ﬁwé’a'lsfs”umwﬁuuati'mmnLﬁaqmn'l'Emﬁé'muty'rmuﬂ:qﬂnsri
umdssnIMIfadauuusuu ‘a'aﬁfl'lm"lun*lm'awﬁmﬁav‘ﬁ‘aué’rgq,nmﬁuqﬂmtﬁmu
wanmusavildlaghigeen i:@'fuaaﬁnmaonwéammuum‘mwa:ﬁmuﬂ'lﬁﬁ'oﬁ
803N “1” TIAULTITUIILA -3 V B9 —15 V
aadn “0” TILAVUTIAURILG +3 V B9 +15 V
"fmgﬂuuumsdqﬁagauuum&nma:ﬂiznauﬁ”m 4 §Iufe

g ]
- At e

1. Dalsuau Lwauan'lﬁqﬂnmfﬂmUmamm'hqﬂmrﬁﬁumaﬁaamm’ﬁaga
- L 5 = - { [ = z ' =9
2. iavays Lﬂwua;daﬁmaan'lﬂu'umﬂmuﬂ 5-81a
=9 AJ -~ = ‘ - 0 L5
3. IaaT9gaUNTIA Lﬂuumﬁa'l'ﬁ’lumm'mmaumwuﬂwmm‘uaommwaga
4

. Daillaving 'l-ﬁlﬁauan'lﬁ'ﬂmummﬂud’;ﬁa;daﬁﬁoiu1uﬁiuuum’%‘uu§auué’1

422 1°C nslnaoa
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ﬁnn'ﬁ'aﬁmaomiﬁamiﬁaymmuav‘.nnm"q HADNNILA a?’ﬁﬂﬁiamuwas’muuuagnm

- a -l

A v v A o a . i v o
Taflndyanondiss 9 1du Ieldionld 72C Inslnaea vasu3vm Philips Aledwamms

»

ANFDIZTNINI993773(Integrated Circuit: IC) Lﬁaa:é’omuua:muqumuT.sTé’qnywmﬁm
2 dwrhdu ;esyulTaoniiasdynn Serial Data line W38 SDA uazans

s -

gtttk Serial Clock Line 38 SCL

lumssfudygnmsems  7°Clwilnaea  a:lddyprufiananweiauuvaunsa
wasnaNRIaa TN lEai9dy e o SDA uaz SCL las#i SDA lfmudmanm RTS 1iluda
fouaz CTS 1iudiy @ scL 9:14 DTR iludaindygumwiim uaassasg

Board 1 J; +
- w1 un 2 us 3
0 s - - K2 Interface with Board 2
=S = %m
1o S0V G K
T' 2 aI 2_9‘ Y
= ™
il sz | ge || Tacess ole] ™
12 7 l\ 3 Ba
TR l/ -]
x "
(%] § _m_'_% b B {\ 7 l
T=d e I/
A S & l i :,< u el 1 b
] G \\f SDA
! 1 5
| ——
K1 Serial Port form PC

31 4.1 INIEIIATYYIM SDA Uaz SCL

) an <)

4.2.3 vsulasuanzaaniuadaea uazvvsulasidmaaiiluuantaan

= - o *“ d. a  as ar A |
Wiulasueuzasnidudidaes  axvhwihilunmaduarivsyanalwihiduueus
€a '3 A o . v e P
8ONIINNIMUFAUTET VaInTTUIUMNIAIURUDITTzNIN 1-5 V WTudmanalwini
uddeea  halfiduaygudenndvanduaissnasfueed  dmwnasulasdyaiu
finaailuuauzaaniu i iiduasdygralwihnidudiaesnneias
nauAnaeiAsuliilusygmussdulWififliiesmwine 05 Vv 3zuaaasulas

Fynm 19 2 leiaazy

K3 Interface with Board 1 Board 2
ol
oo 508
o soL
L +3V
™ v
4 1
l 16 'v' - Refd Refl Ref2 Refd
—
PCFB591 Ansiog Dutput WAXS20
9 spa
t sba BA out oo ot

DA in 0 ch 1
A0 AD In D

DA n 1 h 2
DA In 2
DA n 3 Ch 4

DGND

Al AD )
AD In 2
AD i 3
AGND

th 3

Ext

Address Select ;

gﬂﬁ 4.2 1wdadnauzaaniuflneauazfdnaadunausaan
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ndldantaiindludwsamisindyana /2C wslnaea  duwvasmsudasdyanm

&) A aa & 5§ a [ 3
uauzaaniuddnaauazfdnaaidulouzasn wsznavuunIaduaaItWa(Interface
card) UaAIAI3L 4.3

31U 43 usevadninluuniaduiaeiing

4.2.4 wyswlasdyanaussan iMiudunszualnin

nnaygrmusan Wi lannaiesulssdiaealiuueuzasn flldiszning 1-5 v

A as

ﬂ@ﬂauﬂaq

° 4 L d.ﬁ.l [ { s
wwrimsuasuliidunszuslWihifidasewie 420 mA NedeFmYIA
nyzus WA duusaau daly

Current-to-Pressure
Transmitter

Current
Signal

Pneumatic
Control Valve

31 4.4 LLﬁmmwiaqﬂmrﬁmmﬂaaﬂ‘s:LLa'lwWWLﬂuLmﬁmﬁamuqmﬁa
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Zero
Rl Rzero R4
AV~ AMA-
- lic 1k 3 100k
_L V2 Ee 15vo
—-15 V
- R2 LH324“
= A \ 2N2222
100k 2l v 1
. ou
Vin(l~3V) R3 al v Span
\1'\0?; ] Rspan I out € 4~20 mA >
. .
vl — H5V M AN
= 500 250
J:- RS k< RL | oad
A

100k

U 4.5 weuasussduwlwiuunszualuiy

J as * * ~ A

Waluaauawdn 1-5 V aasmsuadsuliiiuntzusglwi 4-20 mA Jamwegdniot
. ve X

@99 lonait

9N KVLU's 22 ldauns

fAvual v, =v,

=

v, =1V al¢ i, =4 m4

(4 mA)R;=1 Vv,

=

v, =5 V atldi, =20 md

(20 mA)R; =5 V -y,

unuen lusgunis

(20 mA)R;=5 V-1 V+(4 md)R,
Ry=250 Q
aanuazle f1 Re Altluasastianilu 250 Q
audaanszug i dunseon almannisindaiinyzua Wi van i uuaaia 22vn
> a i & = - o o @ - - ar
TdiAeauuuinanfiazis flapper tadanlyinliisisuanidfon Joezulsauananizug

WA AT T Nﬁn'rsﬁﬂmuuamﬁagﬂﬁ 4.6
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+ IN

FLAPPER

T

PNEUMAITIC
AMPUFIER

—= P OUT

/: ’F
THROTTLE )|

oy

p7
7 + rid

AIR SUPPLY
INPUT

31] 4.6 nIursIalainTus Wi uuTenn

4.3 dawsanuas

luduilaniudmvasmaiamlsunsunesfmeifsianllsunsudmaiuia
(Visual Basic) V.6 n‘i‘iamuqumzuaun’nﬁﬁuaauﬁ’:mas’fi'mqﬂﬂa lapazutseaniilu
Tusunsugaeldaadl

Subroutine Main_Form

Famflsimin i I ud W nUeIN TURAITI M AN quazTasufFINMTIEandd
NGl (et Main_Form AlFuszdasimuadunisasnaiauuuauny fidi
atfumindwasiinauazimuasamdneiati(sampling time) Fufludaainisdn
dadalunIniugu feudosduin 10 ms uwenandt Tusunsudesiiassasusndinis
Lﬁuiagaﬁ'lﬁmnmi muquué’ﬁoé’olﬁaamrm'[ﬂmnm na"nn*nﬁwmua:u.ﬂm'lugﬂﬁ
4.7

Subroutine Main_Save

lUsunsugias Main_Save a:ﬁwﬁ'\ﬁlunmﬁuﬁagaﬁ'lﬁmnmsmuqu figuwlsfian
Wiurhaduw 3 dawlsda nmﬁ'l'ﬁ‘lumsmuqu FYYIUNINILAN UATFYYIMMIABY
suavueaszuUaUgu lasazivluwuudsnuszlugivassia ASCIl(American Standard
Code Information Interchange) @aiiwdindInaginausndaldlasltlusunsudaines
wlule LLﬁ(ﬂﬂuEﬂ'ﬁl 4.8

Subroutine Main_Start

TUsunsueias Main_Start _i]:ﬁ’mﬁ’ﬂﬁt‘éunwﬁnnﬂﬂmnmmuq;J Folumarheu
i dsazdnadonlusunsudandug tetslumsimifiene g mu é’auam’lugﬂ‘?'i 4.9

Subroutine Main_Controller

TUsunsugias Main_Controller a:ﬁ’mﬁﬁﬁlumiaﬁﬁaﬁﬁmuqu IAFLC doiitunan
G'fauﬁm'lugﬂﬁ 4.10



C Gudu )
:

LEAY Main Form

'

\Ran Serial Port

Subroutine
Main START

Subroutine
Main SAVE

Tails

C = D

nl o ' .
3UN 4.7 usaamsviweslisunsugos Main_Form

C Fusu )
v

Open File

v

Write File

* Time

« Control Signal

» Response Signal

v

.
v D

3UN 4.8 usaamaihnuveslysunsuges Main_Save




Time Base ¢ ]
API Function ¢

- | Clear Variable

Counter = GetTickCount

Initial Value

o

Main Operation

'

(=7

Main_Controller

'

e
C D

il

ounter = Sampling Time

;

I

d o ' .
3UN 4.9 uaainaviuvaslysunsutias Main_Start

( (Gudiu )
:

Local Fuzzy Model

v

Membership Function

v

Global Fuzzy Model

v

-
C» D

51U 4.10 usaan1viuvaslysunsugas Main_Controller
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L‘iaamnqﬂnim"lummﬂmuau:aamﬂuﬁﬁﬂaaua:ﬁ%ﬂamﬂuuau:aan'lﬂwﬂﬂ
fAoa ﬁﬁgﬂuuun’nﬁmmﬂuuuu I’C dninlsununaniumaitedasaofygnouiie
muqu'lﬁ’qﬂmtﬁmdﬁ{f ﬁwml'wﬁ"azmgnﬁaa fmiunInuguFy Y mMIziHIuEY
fryanos SDA uaz ScLlanazFuninds 12C Geazlidaniu 5 snnzia

1J83719(bus not busy) ansiesfintwiiosnuzaeInuume SDA usz ScL iiluae
f«a‘mpﬁv’ag} "fm:umuﬁamsmunaﬂﬁ’agaﬁué’uﬁu‘lﬁ

L'éuﬁunﬂid’mnaﬂﬁ'aa&ﬂ(start data transfer) a:findwilamy SDA fimsasu
‘s:s'fuaa%nmnqﬂﬂs‘i'\ Twwniziens  scL fismuzaaings dunannsfinaiuiin
gz (start)

wyanItgnaadaya(stop data transferindwiioms SDA Tnsuldouwias
'::@Tuaaﬁnmngﬂﬂ@‘il'l Twwosfins scL fisnmzanings aFonaniheduiin
FNNzNEa(Stop)

Toyad1I9ag UnA(data valid) gnziifadudannanizGudulagsauzasin 7
\induunaey SDA ﬁﬁaiagafiﬁﬂm'sdmnaw Wemn SCL \uaaings gmusfiany
SDA #asnafi uﬁ‘alﬁ’qﬂnmf%’ufiagﬂ'lm'i’am:ﬁ:'wi’nﬂu ‘0" via “1" Tayaonaiams
wasuuwaslwmefiony scL usaind wddlelafimufidasnsiiiAamsdianaata
gaau‘qaaugmﬁ AONUzABINTTY SDA Fasnsfianaatiaafians SCL s"iamu:aaﬁngga
winifiannasuulsssoussadnluunsfians  scL ﬁaa%nqqagm‘:’u qﬂmrﬁué’n
(Master) f'iﬁ"lmimuelumsdwnaﬂﬂagm:uﬂaﬂfnwmmfluan'n:%qw‘%aam's:ﬁ'u
Aun e ﬁﬂﬁiagaﬁﬁ'm'ﬁmunam‘fmﬁﬂﬂﬁuﬁﬂwmm‘fu'l@'f

JujTaya(acknowledge) Lﬁﬂ%uné'm’mﬁmiﬁ'lunamﬁ'aa&amnv'hﬁamﬂ'eé’ﬁuLﬁﬂ
'i‘fuashaaugmf lagddezinsdsdayamn 1 DaSenidaivd famuniuasing
WAIMNEITANRINATUTIU ﬁduqﬂninfuﬁna:ﬁﬂnﬁmé’ugrywm%’nu%’ﬁmu"ﬁoé’uﬁ’uﬁﬁ’u
FYYIHUIAN Lﬁ‘Emauauaaﬁm%’ufﬁéommnﬁm maﬁmﬁﬁm:doﬁm%’ujﬁﬁ
FouzaaInEIRILUWTR qﬂmrﬁﬁgnﬁnﬁﬂumiﬁﬂﬁau?aﬁﬂﬁaﬁﬂdaaglummfuﬁa:
ﬁwuﬂﬁﬂ%’ujlﬁamauauaa’lﬁmwm’w‘lﬁ%’uﬁm‘.’m'lmwia:‘lnﬁx‘%‘uu%’auuﬁ'n

Tuddmsuuaaiasa
ia 7 19 6 in 5 1@ 4 in 3 ia 2 i@ 1 i@ 0
1 0 0 1 A2 A1 A0 | R/W

511 4.11 uFeIsum ludd@niuLeaaasa 189 PCF8591
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(N) stable in the sense of Lyapunov WINaywud 7 <0 &8 —d— Wuwanou
{ t

y & ‘ . .
FLNANT negative semidefinite

_ : o v GV . dav . i
(1) asymptotically stable WINaRWUD 7 <0, x#0 &8 7 Wuwanou
t t

FLNAN3 negative semidefinite
(R) asymptotically stable in the large WingaanaaIawly asymptotically stable
nnen xuaz V(x) — oo Lo “x"—)oo wiafidoni V(x) Hanwm:
radially unbounded
NOBHUNN 2 Lyapunov’s Instability theorem

#1332V autonomous (3.19) FuuANTIWINTUTINGT W(x) damiudum

39U £>0 aamﬁaaqmaxﬁ%éa"lﬂﬁnnm x luudinm "x” <&

1) W(x)>0;x#0
) W(x)=0
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(3) W (x) Jaywutdesdaiitaslasnilsnnynaiutsznevsas x

(4) d—Wzo
dt

uaavzuvues et pinyariuiia

§2881971 3 R913B3VY autonomous §3il
X, =—x, +2x'x,
Xy =y
Won V(x)=x +x;
v _ov dx oV d,
dt ox, dt ox, dt
=-2x; (1-2xx,) - 2x;

2

wit d¥
AIUU - 2z11u negative definite wan 1-—-2x,x, >0
t

IslagassvasdsimwannusyuuiBadm

= a.
nquﬁunn 3 3TUU autonomous LTILEU

X¥=Ax

9z asymptotically stable in the large fl ﬂ‘ﬁlﬁ'llﬁﬂ MINURTTIWINTIINUA positive

definite symmetric matrix Q1w tiauil positive definite symmetric matrix P finaauidis?
FOANNDIRUNT

A"P+PA=-Q

—~ (3 -

AU N3th sufficiency RUNAI § matrix P @9na17 WsanWanTu positive definite

V(x) =x"Px

V(x) =x"Px+x" Px
=x' A" Px+ x" PAx
=x"(A"P+PA)x
=-x'Ox



63

wd O 1iu positive definite 69w V' (x) 1w negative definite ananilw norm vas x

fo [ = (x"Px)”

faviu V(x)= ||x||2
e V(x)—> o s “x” —

suvdaaiosluvsuiwaniief sarufia aamnuiund 1(a)

1

Agal N3l necessary aunAszULIEBTIEIezFuloa ud P 1w negative definite

V(x)=—x"Px

V(x) = —[J'CTPx + xTPJ'c]
=g Ox
>0

| 5| g & ' -l P Y v o A

(a9 n Qi positive definite sruvialiisfissaunnguijuni 2 Ssdaudaiudn

° v A v o & = - . v - A a
Amualiidassiu dauu P Juiu positive definite uazayyldinszuvaziistivsniwid

«guloaluy sulanefiaiuila
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NMAAWIN 2V

N1322NUULIZUUAILANAT 835219108

- W
ATz UL lUR
x=Ax+ Bu (1.1)

iwualidy o matugu
u=-Kx (1.2)

9zi7uaauNIM feedback gain matrix K fiazyi e eigenvalue 189 4 — BK fifn

LV T S— ] figafi[15]

& = [y &

naaNN 1. ATIIRAV controllability condition P9Iz U Iz uUL% complete
state controllable a2 TUABUdAS 11

n‘: P [ v [l . e

2NADUN 2. NTWUA closed-loop poles Iﬂasiﬂugﬂ desired characteristic

polynomial
(s—m)(s—s)...(s—p,)=5s"+as"" +...+a, s+a,
Fumaudl 3. imualy state feedback gain matrix K
K=[k k, .. k]
unuasluauns |s/ — 4+ BK| azléiilu
|s] — A+ BK|=(s—14)(s = 11,)-..(s — 11,)

< = ~ 4 o P v a £ a v,
PHADWN 4. UIFUNITIINVUAOUYN 2 LT 3 N LNsUFNYT=aND ﬂa:llﬂﬂ'] state

feedback gain matrix K
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a C‘ - .
A0HWN 1 AT TV x=Ax+ Bu

) 0 1 0
Amuali A= ., B=
[20.6 o} H

i characteristic equation Pa9szuuu

s -1 5
=5°-20.6=0

|sI — 4=
-20.6 s

¥ o J Iy - ¥ W dld o [
wladeay s =+4.539 szuuiidalidiwdosnw daldadmaugu u = —Kx Afidumis
closed-loop poles atifi s =—1.8% j2.4 uazmei state feedback gain K ITVUAILAN

A - o w g
ULEDHINTWANUTIURNDUNIU

¥ = . .
IUaADUN 1. A379FDL controllability matrix

M=[BEAB]:[? (1)]

#1 rank 189 matrix M 1Tu 2 @3un usaliseduni lnale

2uaaun 2. 1 Uuu characteristic polynomial

(s+)(s+1)=(s+1.8— j2.4)(s +1.8+ j2.4)
=5 +3.65+9

uaauil 3. 1 desired characteristic equation

s 0 0o 1] [0
sI — A+ BK|= i o lsse ol* [k k]
B s -1
C-20.6+k  s+k,

=5’ +k,s —20.6 +k,



& - - o a & ' PRy & P
PUADUN 4. LﬂUUﬁuﬂT:ﬁﬂﬁ‘i:WJNﬂumi'ﬂﬂ.ﬂmmm(ﬂmm 2 ar 3
20.6+k =9, k =29.6usz k, =3.6

AIU

K=[k k]
=[29.6 3.6]

9: 16N state feedback gain tWalFlunsaisdiniuqudaly

66



67

NMARWIN A

mimm'ﬂﬁma{mmﬁfamuqumaﬁ

m‘sﬁ']mmmoﬂrﬁﬂmaﬂﬂumimmmmauauao‘naomzmum‘:‘ﬁgnmﬂﬂﬂﬁu
ldmnifiasnnmsmaumimeadiamaniwiowsrisuiolaufimunzaunanfisess
a"'mfuLmuns:mv.msﬁgnmuquﬁu’mﬂu'lﬂ'ld'mmfmao Tasawrzagredelunszun
miﬁﬁﬁ’]ﬁuq\a[zz]
’lun"ﬁaanuuuﬁdmmuﬁm'\ua’mﬂuarjw‘:‘]aﬁi}:ﬁaojﬂ'rmanauaowa"fﬂwaa
NITUIUNNIN AN %oaﬁlugﬂﬂaoﬁaﬁﬁ'ﬂmﬂau Tasaunsam laanlaseaionany
MWBBINTTLIUMT  wiluwensdifinszuimmsiianudusaunismnusimamanin
arv 'l anafiezmiaunsmandiamaafununuWerdudrolonvasszole  udf
munnlFtmmaseunszuums Wanwnieasimanzsuunynnsanuuusny
auld "‘J%ﬁﬁuuamouwivimuﬁa“:‘ﬁ'msﬂ%’ufiﬂci‘hmuquﬁ'laﬁmm Finaes - Alead
nanmitdszanadiresdinasy — flaad damsumsUszanamamwiniwesves
MauaN fed1 Kp 7; waz Tp 'ln“l.ﬁ&h:‘ﬁn‘ﬁmwﬁﬁqﬂ WaliuanInauauaIveIT= UL
Gia‘ﬁmqwuuu'ﬁv'uﬂ'u'lﬂ feulafidudvaiugogaliiiv 25% Emmliuddmuguiile
@ d3T1e9dinaes - Alaad dmsnusasuuude
A.1 Quarter decay ration response by ultimate gain
’J‘ﬁ'x‘fﬂ:ﬁ"mfﬁwwhmswﬁmm’mawﬁmuqmwnnammauauawaa's:uuvﬁam:mu
miﬁgﬂmuqmiamiﬂs"uﬁwaaé’mwmuwaae‘f’m'zquﬁﬂﬁ dlafmsileudynnman
Wduuuutwiwlanitansiag é’afﬁ‘ﬁﬁﬁaaﬁﬁdmuqmmuﬂ Giaaglﬁalﬁmmmﬂi'u
danyle
Qmam}’ﬁmao ultimate gaiﬁ W8z ultimate period V8I3TVUYNUINIMIINIIIATAIT
ﬁmafmaaﬁamuqu Fadwitanssinduszuulasasouas lidndudmmudwarisu
telauvaInszuiums ﬁfumumsmwwwﬁmmrmaw'f'nmuqumaﬁ it
Jumauii 1 Uiusdanues Ky VOININIVAUUDURA lﬁ'ﬁmgﬁuﬁ‘auq IUNA
NMIABLAUDIVRITULLAANTUNT ot aLilasuasiuunerasnisundsnsfizensa
wenafivnlwiAanisundsiiin ultimate gain(K.,) a3 unaMUIEINIUNI99IN ultimate
period(P,,)
Tupaus 2 e K., waz P, #le WuSuifisunuanss a1 ilarmuawin

ﬁmm‘-uaae’hmuqumuﬁau'lmﬁ'lﬁﬁfhtﬂa‘?&rﬂnuﬁwjuﬁug\aqﬂimﬁu 25%



68

Y- .:r = o O 2N v v A :l.
110 Quarter decay ration response by ultimate gain % fivednafedeslinuszuuh
ﬁuammauauaw‘anmﬁﬁmmm’aLmﬁfuﬁa'l'fﬁuni:mumsﬁi'mmjamumiqm

ANWUS tﬂua"m’mr’ﬁqﬁauﬁoqﬂ WalnsUSuadauensaInIzuInnNg

— ' a 3 a - a ad - £ - 3
137191 A.1 ﬂﬂW‘lemEli'llaﬁﬂ'lﬂ’JUF]uW\laﬂ ANUIDVRITLNRDY — 'lﬂﬂﬂﬁ

ARAY aoﬁ'zmuqu Kp T; Tp
r 0.5K., o 0
fila 0.45K., P./1.2 0
Nlod 0.6K,, 0.5 P, 0.125P,,
ct) A
Per(t)
o
O '

- : - o : \ - A =
Eﬂﬂ A1 URAINIINIAT P, IINHANTADURUDIVITEUUNUNIIUNINaLIALUEN LDl

nsdsuanaauenatu K.,

A.2 Process reaction

duimamdwimiime fressniugui ladlasass %ﬂﬂéfﬂqﬁﬁ’:muquﬁaimag
el LL@ia:‘l'n“l@'{ﬁ‘um:mun'ﬁﬁﬁnammauauawiaét’m_,rg'lmﬂguﬂu‘lwﬁmmmﬂugﬂﬁ'z
S rimin "fmﬁﬁans:munﬁﬁ'hiﬁ'[waagﬁqﬂﬁ’nﬁm(m:mumi Type 0 3o laifilwaidu
ﬁtﬂm’nmm"ﬁa*ﬁaué’aqﬂ lassuusnazyinmydszanadwnszuaumsiiuwoulauuunile
fiawha

A.21  nszuammsaudunitsnuuiinarliuaanas(first order plus dead

time) laoiiWandudolaude

Ke—Ls
Ts+1

G(s) =




69

M.2.2 n‘s:u1un135%ﬁ'uﬁa\muuﬁl’laﬂ%’uaﬂ%ad(second order plus dead

time) lapiiWansutnoloude

Ke ks
G(s)=
(ns+1)(z5+1)
Ke™&
G(s)=—f 0<( <l
2 +207s+1
-
lasf
K AafnanusgaITzUUAignuzaga
L fadan TNaauaIvaInNIzUIuMT
T,T), T, AOFIIRIAITITDINTZUIUNT
o ABAIDATINMINUNTBINITZLIUMT

Yy | d - a = =l ool = l's o J
'mn'nmmwmmﬂm‘mam'm'mquw'laﬂhmﬁ process reaction JUUAUMINIAIN
I..: H a - : = “-" s d 1] b a
YUAOUN 1 {Iauam"mu'lmaw‘mﬁLﬂumuuu‘lwummﬂ UAIRNNNaN IR
J v = (%]
AUDIVDINITTUIUNNT fma:'lmﬂunﬂﬂgﬂm S
YURAUN 2 INNIN lﬁﬂﬁﬂLﬁu‘aﬁlﬁﬁﬁﬂi‘!‘ﬂﬁﬁ56]1’lﬂ’l‘ilﬂf_lx1lllu§\'}qﬂ Tasidun
J a a L3 J e ﬂ.
ANRITAANVUNRIAT WA K Luaz T muamlugﬂ'n a.2
- o 8w & . [y
Waltnsdszanad iszuudluuuy first order plus dead time 3zldnanisnau
¥ - t‘: a A ' =
auawanzunmaauv!muuu'lﬂﬂummu n

[Ke ™)1
o) '( Ts+1 ](E)

c(f) = Ku(t - L)(l _e-(r—L)/r)

ﬁ'm%’uﬂ'ﬂmswﬁmai’ﬁm"{uﬁdmuqumaﬁ 2w laananlua1Ien .2

a a & o oV o ad a & a &
19191 A.2 W'l?’]lll@]a?llad(ﬂ')ﬂ')ﬂfzuwvla(ﬂ ﬂ']ll']ﬁ'ﬂﬁ\'l‘ﬁlnaf-uiﬂﬂﬁ

BTAAVDIGIAILAY Kp T, Tp
% T/L - i
#la 0.97T/L L/0.3 0
Wlod 1.2T/L 2L 0.5L




70

\4

Y

u(t)

C(t) A

Plant

A

c(t)

A\ 4

0 /)
3L

T

- a ' - ar
31]7] A.2 URGINENITASUEUDIVDITZVY LLUUE'JJG'I'J S Llﬁ:ﬂ']?'ﬁ']ﬂ"lﬂ"l'i’}lliﬂﬂ‘g TaIa

= a & Z
AILANN ladlap3T process reaction

mimdmnieailesituesdines-ilasd nwilwisedlasdszaouriitu Haanuuy

Fudunazaasrinnsdsulasaziduadnat o lWldnunszuiuese



71

AMAHKIN 9.

o s ‘:I Lo P= =% 6
HRITWIVLN LASUNITANNN

unanan_ 1 lasumsdRuwlunisdszaudsnns  International  Symposium - of

ar J ' a oﬁ'
Communication and Information Technology (ISCIT 2001) 3@UUITWINIUN 14 - 16

WoeAInuw 2544 o4 13salwiisefia Smiaduslnl ludalies

Design of Indirect Fuzzy Controller for Augmented Fuzzy System

unaaun 2 lasunsaRuiludmmsaansas U0 13 adun 1 ningneu 2539

A A
Tusai3e9

n’nﬂ‘s:qnvfﬁ":muqu HNSOFLC lupuaun1s MIMO
Application of HNSOFLC to MIMO Processes



PROCEEDINGS

2001 International Symposium on
Communications and Information Technology

ISCIT 2001

The Merging Decade of
Communication Syeteme and Information [ echnology

November 14 - 16, 2001

Chiang Mai Orchid Hotel, Chiang Mai, Thailand

¢, 0 @D BT JIeN\ $IEEE

72



ISCIT 2001

73

FAC2-01

DESIGN OF INDIRECT FUZZY CONTROLLER FOR
AUGMENTED FUZZY SYSTEM

S. Lertudomsuk™, J. Ngamwiwit* and N. Komine **

*Faculty of Engineering and Research Center for
Communications and Information Technology
KMITL, Ladkrabang, Bangkok 10520, Thailand
Phone:+66-2-326-9989, Fax:+66-2-326-9989
E-mail: knjongk o@kmitl.ac.th

ABSTRACT

This paper presents the design of indirect fuzzy
controller for an augmented fuzzy system
constituted from the global fuzzy model with
added integrator by pole placement method. The
global fuzzy model is constructed from the local
fuzzy model and its membership function. The
simulation results of the closed-loop fuzzy system
using the proposed controller show that the system
performance without offset and the tracking
property can be achieved.

1. INTRODUCTION -

Recently, fuzzy control has been applied to
many industrial applications and fuzzy control rule
create from human knowledge and experience in
the process of control. Takagi and Sugeno[1]
represented fuzzy system model with a linear
input-output relation that had easy controller
design and stability analysis for fuzzy model. Feng
et al.[2] presented fuzzy system by separating into
local fuzzy model and global fuzzy model Local
fuzzy controller can be created from local fuzzy
model by pole placement method. The global fuzzy
system is constructed from local fuzzy model and
its membership function. This controller made the
closed-loop fuzzy system which has sufficient
condition for the stability.

The offset of a closed-system will occur if type
of the plant is zero. Hence, this paper proposes an
indirect fuzzy controller design for an augmented
fuzzy system constructed from the global fuzzy
model with an added integrator. The simulation
results of the proposed closed-loop fuzzy system
show that the system performance with zero offset
can be achieved. The proposed controller that can
track the changed reference signal efficiently is
also shown.

2. FUZZY SYSTEM MODELING

In this section, the fuzzy system modeling that
can be divided into local fuzzy modeling and
global fuzzy modeling will be described
respectively[2].

**School of Engineering
Tokai University
Hiratsuka-Shi, Kanagawa-Ken 259-1292, Japan
Phone:+81-463-58-1211, Fax:+81-463-50-2240
E-mail: komine@keyaki.cc.u-tokai ac.jp

2.1 Local fuzzy model

The fuzzy model that represents a complex
single-input-output system which includes both
fuzzy inference rule and local analytic linear model
can be given by

R':IFz; is F| AND ...z, is F}
Then
() = A x(t) + Buu(t)
&)= Cyx() (1
1=12,...m
where R, denotes the ith inference rule, m is the

number of inference rules, F; (=12...n) are the

fuzzy sets, x(t) is the system state variables, w(t) is
the input variable, y,(t) is the output, (4, B, C) is
the matrix triple of the ith subsystem, and zt)=
[21.23....z,] 15 some measurable system variables,
and where

ay ajy .. ajy b
e I

Gy - By b,
G=[d & -~ & @)

The final system output
m
YO =3 my @ 3)
i=l
is inferred by taking the weighted average of the
outputs y,(2) of all the subsystems, where 4 (z(t)) be

the normalized membership function of the inferred
fuzzy set 7 , and where

n
F'=F ()
J=1

and

ZH:I- (5)

701



2.2 Global fuzzy model

By using a standard fuzzy inference method and
using a singleton fuzzifier, product fuzzy inference
and center-average defuzzifier, the global fuzzy
model can be obtained as [2]

x(t) = Ax(t)+ Bu(t) ®)
()= Cx()

where

A=A ; B=3 4B ;: C=32uC. (7)
i=1 i=1

i=1
If the pairs (4,, By ), i=/2,...,m are controllable,
the fuzzy system (6) is called locally controllable

and if the pairs (4;, C; ), i=1,2,...,m are observable,
the fuzzy system (6) is called locally observable.

3. AUGMENTED FUZZY SYSTEM

In case of closed-loop fuzzy system has offset
when the reference signal is a step function, an
integrator is added to the global fuzzy model for
rejecting this offset. The global fuzzy model added
an integrator is called augmented fuzzy system. Let

Et)=r@)- y(t)=r(t)-Cx(t) (8)

where 7(t) is the reference signal and £ is the output
of the integrator. Then the augmented fuzzy model
is

it)y| A Of|x()| |B 0
Le(t)]_[—c 0][.5(:)}[0}”(‘“[1}(#) 9)
x(t)
=|C 0 10
»t)=[ ][g(:)} (10)

When 4,8 and C are defined by (7) and when [3]
A B
rrm‘c[_c 0:|=n+1 (11)

then a controller that controls the augmented fuzzy
system to be stable can be designed.

4. INDIRECT FUZZY CONTROLLER

The indirect fuzzy controller designed for the
given augmented fuzzy system described in (9) is
presented in this section. The local controller 4 ()
is first designed based on the local models by

C':IF zy1s F| AND ...z, is F,
Then
w (1) = —Kpx(t)+ K,5(1) (12)

where C' is the ith control rule, £; is the integral
gain and & is the state feedback gain at & such that
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k=ag MAX {44, =1,2,...,m}. (13)

Hence the indirect fuzzy controller x(¢) can be
defined as

wlt) = 3 i @) = =2 4y {[ f =8l Eg;]}

t=1 1=1

x(t)
=— = 14
% K] [&(r)] o

where (4, (i=1,2,...,m) are defined in (4) and (5).
Substituting (14) into (9) yields

)] [4-BKe BK][x)] [0
[-f(f)]_[ -C 0 }[ﬁ(t)}[l]rm (15)

(e o [g)

Fig.1 Closed-loop fuzzy system

5. SYSTEM STABILITY
When the augmented fuzzy system (9) is locally
controllable and the condition (11) is satisfied then
closed-loop fuzzy system (15) is asymptotically
stable [2] if

m
3 pdgg <0 (16)
fm=l

or

T iterdoandes (7

i=] ink

where ¥=/,2,..,m and where 3_is defined by

A = Anay (i) (18)
with

P-SAR B>
or -

P:iﬁ (19)
and .
Ch =[Aii.xk Bf]lmp{’"_ix" Bf’} (20)

where f is the constant and A is the eigenvalues.

Choosing as a Lyapunov function candidate

702



v =a@) Pa) (21)

where =[x .f]r, then its derivative along the
solution of (16) is

V = a@) Pal)+a) Pa)

1 |[4-Bkx BK;
= at) “: —c o TP
N P[A— BKy ax,]} o

-C 0

=a@)y {fmeu}acr) (22)

=1

It can be seen that if (16) or (17) are satisfied, then
V<o.

6. SIMULATION RESULTS

Fig. 2 Level process

The open-loop transfer function of the nominal
level process at the level of 40 cm. is given by [4]

G(s) = JL (23)
3300s“ +140s +1

and the nominal open-loop poles are s = - 0.0333
and s =- 0.0091.

Let the inference rules of the fuzzy variable and
the error of water level are defined by 7 rules as

R' :if erroris NB
then
i=Ax()+ Bu(t)
nh= Clx(t)
R :if erroris NM
then

i=Ax(E)+ Bult)
y2 = Cx(t)
R :if erroris Ns
then
i=Ax(t)+ Bu(t)
Py = Ca-r{t)
R :if erroris AZ
then
2= Ax(t) + Bult)
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Yo =Cx(t)
R if erroris PS
then
X = Agx(t) + Bu(t)
Vs =Csx(t)
RC:if erroris PM
then
1= Agx(t) + Bu(t)
Y = Cgx(l)
R’ :if erroris PB
then
i=Ax(@t)+ Bu()
Y2 = Cyx(t)-
Then local fuzzy models are constructed by placing
their open-loop poles at +5%, +10%, +25% apart
from the nominal open-loop poles. Hence 4, 3
and C; of the local fuzzy models including the

nominal one are obtained as follows:

0 1
A= -4 -2
~1.7075x107%  —3.1831x10
i 5 ; .
A= -4 -2
[-2.19042107%  -3.6042x1072 |
. 0 . z
A= -4 -2
|-2.7334x107%  -4.025071072 |
" [ 0 1 1
|-3.0303,10  -4.24245107 |
0 1 1
&= 4 -2
|-3.3460x107  —4.456051072 |
[ 0 1
%= 4 =
| -4 02155107 —4 8823x10
[ 0 1
Ajf= -4 -2 |’
|-47424x107%  -53212510

B=By=By=--= B?:[?] and Ci=Cy=-
=y =[47821x10™ 0].

The global fuzzy model can be constructed
from local fuzzy models and their membership
functions. The membership functions are found
from the relation between the level process and
fuzzy variable as shown in Fig. 3. An augmented
fuzzy system will be obtained by adding an
integrator to the global fuzzy model.

Mem bership
Function

NB NM HS AZ s PM B
1

0 e

T

10 20 30 40 50 11} 70 80 @0

Fig. 3 Relation between membership function
and fuzzy variable
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6.1 Closed-loop fuzzy system performance

The indirect fuzzy controller is designed for
controlling an augmented fuzzy system whose
process is the process at the level of 40 cm. by
placing the dominant closed-loop poles at s =
-0.0504 % j0.051 and the non-dominant closed-loop
pole at s = -1. The damping ratio & and percent
overshoot Py at the dominant closed-loop poles are
0.7 and 4% respectively.

Figure 4 shows the step response of the
proposed closed-loop fuzzy system. It can be
observed that the speed of the response is fast with
percent overshoot of 4.575%. The values of the rise
time ¢, and the settling time 7,(2%) are also shown
in Table 1.

Level(cm)

o 100 200 3oo0 400
Time(s)
Fig. 4 System response at the level of 40 cm

6.2 System performance when the level is
changed

The indirect fuzzy controller designed for
controlling the level process at 40 cm. is also
directly applied to control the process at the level
of 20 and 60 cm. without adjusting its parameters.
The step responses are shown in Fig. 5 and Fig. 6
respectively. The system performances of the three
levels of the process are summarized in Table 1. It
is seen that the system performances do not
remarkably change from the system performance at
the level of 40 cm. This shows the efficiency of the
proposed indirect fuzzy controller.

26
—~ 20 e
- Ml i
[ IS, . S
Fa S A USRS SO N
o
o 100 200 300 400
Time(s)
Fig. 5 System response at the level of 20 cm
B8O -
= 80}
g
=P U DO SR UUUUUOIUIIS: IO ]
H
o, Y W (PR SRR RISVCRS, (HEPSTECITEEIINS | INNTIFIERREERR | (P epn ety Ie
00 100 200 300 400

Time(s)
Fig. 6 System response at the level of 60 cm

Table 1 System performance

Level 1, Po 15(2%)
(em) (s) (% ) (s)
60 47 4.583 84.7
40 43 4.575 84.7
20 47 5575 85
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6.3 Tracking problem

When the reference signal is changed from the
level of 40 cm. to the level of 60 cm. at 200
seconds, it is found from Fig. 7 that the system
response tracks the reference signal properly. The
control signal is also shown in Fig. 8.
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—_
I R ST S
)
=
g ao } AT P vl el § 0.8 6 i 1 e i
o
oo b ]
o
o 100 200 300 400
Time(s)
.-
L]
B
8
100 .
o 100 200 300 400
Time (s)

Fig. 8 Control signal

7. CONCLUSIONS

The indirect fuzzy controller that can reject the
offset of the closed-loop fuzzy system has been
presented. It has been shown that the controller
gives the system responses as desired. It has been
also shown the efficiency of the controller that the
system response can track the changed reference
signal without error at the steady state.
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Abstract
This paper describes the application of hybrid-nested self-organising fuzzy logic controllers to
MIMO processes. The program computer is developed to work as a multi-channel controller by using
the concept time-sharing, in which the controller of each channel can tune its own parameters and
work separately as a SISO controller. In order to apply a multi-channel controller to a MIMO process,
the process have been divided into SISO partial loops, and the controller of each channel is than
applied to control each partial loop of the process. The objective of this proposed method is to avoid
the difficulties in model approximation of the unknown parameter or no knowledge-base processes.
The experimental results show that the controller of each channel can organise its proper parameters in
obtaining the acceptable performances and reducing the effects of the interaction between each control
loop.
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