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2.1 HaFvn (Fuzzy Set)
2.1.1 Nguiiwn (Set Theory)
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3. fadFunsiilue1nBn (Membership Function:|1)
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L) Sifiiy 1o u Bumndnvesn A

L, () Tighomifi 0 de u TiidluauBnvsaisn A

AIUY R, :U € {0,1}
w {1, ue A
FaAW =0 ue 4 2.1
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A A szifuwa B fideile mndnnndiveaan A WuamInveawn B uazaundnnn
@ a &4 @ @
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(A=B) <> ((Va€ B)A(VHE A); 2€ A, bE B) 2.2)



5. M1 udUIsa (Subset)
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AMB = {x|x€ A)AKE B)} (2.6)

2.1.2 nquﬁﬁm%wﬂ (Fuzzy Set Theory)
1. Wﬂiilf}zﬂ (Fuzzy set)

flo waveedudy u uaziaidumsiftuandn W, Taok v Wusininlaquessnan

&

L d
Wt U annsofouunudiodadnyaiaei

A= {@L,w)|uveU} @.7)

2. HanFumsiiuanFnuesiflwFien (Membership Function of Fuzzy Set L)
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W, () : U —>[0,1] (2.8)

3. pasimiuveIlaFiea

HsFimn A sxiifuiladion B Aredeaunsn u nadaluenanduing U daniladsums
durundnvesiladiza A whdumileddumsitiuamdavesiladion B Femusadouumnudae
dqansi A=B

(A=B) <> (L, (w) = I, (W), VuE U) (2.9)
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o a ' Vo £ < a T4
HarFumsilumndnveailadizn A doonimsomsuailisunmsdumndovesiladion B 5
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(ACB) € (IL,(w) S W, (), VuE U) (2.10)

5. HeFFunanu (Fuzzy Singleton)

aa a o = o I3 a ~ =] J a
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S(A) = {u€ U| LLy(w)>0} (2.11)

a o
6. ﬂﬁ?ﬁuumai (Fuzzy number)

o L4 4 wa
HaFiuves ae HeFisanliguauianisusuea lagiazmsaeunns

e o « . . < <t v
auguiansueuea lagueslsd (Normalization)  Hadawm A vwlguausansue-ue

aladhnellofadion A nnugaiiy 1

A is normalized € hgt(A) = 1 (2.12)



AUGIUBIREBITA (height of Fuzzy set)  ANUIVOITHsn Ao miladdums

= @ U4
dlumndngegavesiladivn A aunso@ouumudodydnyel het(a)

hgt(A) = max K. (2.13)
uelU

auauiamsneunndueiiledian (Convexity) Hadivn A sxiiguanuiAnmsnounndise

' . y
dis Mansumsilumindnuss A aeandsamiuonlvas Uil

Adis convex <> L,(Au+(1-Ay) = min{LL,(w) 1, (w)}; u,u,€ U, AE[0,1]  (2.14)

¥
7. diEnishuguvesfleFiosn
aounduuy  aeundwuivesflsdin A Wouunudodydnuel A Taolifowlug)

o o a o 4:‘
Wanmumﬂi‘!uﬁm‘mmu

W,(w)=1-L,w (2.15)

yiloy wilsuveailaFin A Wouunuddydnvel AUB Tasiifowlugiladsumeitiu

e
ntl

Lbup(®) = s(LLy(w), L) 2 max {LL, (u), Ly()} (2.16)

Taus o ﬁ”]ﬂﬁﬁami Triangular co-norms

o a ey

N - -} o o
) 13 o-norm %38 s-no s-norm ABHINTU

v 9

[0,13X[0,1] —>[0,1] éaﬁﬂmﬁummﬁ

1. s(UL,(uw),1)=1, s(LL,(u),0)=s(0,LL, (u))=LL, (u) (boundary condition)
2. s(LL, (), A, () = s(ly(u), 1L, () (communitativity)
3. s(L, (w),s(Ph (), L () = s(s(LL, (w), (), L (w) (associativity)

4.8 1L, < L@@ < U
A7 s(LL, (), L @) < shlo(w), M) (monotonicity)
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auwesEATY  BumesIAtuveIladsritumuAedydnvel ANB 1atlowluz

¥
Hansumsduaudnaail

Hpma® = 101, (), My () < min{L, (@), Mg} 217

Ta t o #21R11ANS Triangular norms

A2111AN15 Triangular #39 t-norm  t-norm A® WU [0,11X[0,1] —> [0,1] Fail

ﬂmﬁnﬁﬁﬁ'@ﬁy
1. (L, (w),0)=0, t(LL,(w),1)=t(1,LL, (@)=L, (u) (boundary condition)
2. t(lL, (u), My @) = t(ULCu), 1L (w)) (communitativity)
3. (L, (), t(Lg (), ),)) = (L (), i (u)), L (1)) (associativity) -
4. 81 1L < Ly < Ly
1A% (L, (W), Ly () < (L), Ly () (monotonicity)
2.2 Nas@iaodn (Fuzzy Logic)

< a
2.2.1 NQUAsINMAASUUVAN
=t o A o sg Y g/ ' 1
NQURATINATAT ABranmMINUgmvemsmdeasyiaslsenoudis 3 daw M
W(truth value), MIUJUAMS (vocabulary),  uaz3inmsmdeagamumanmsimamn (reasoning
1 4
proce-duge), Tuassneansyduldiowdnlsznevuadiudail

1. fianueswvealsewniluassnenansydu

Py ¢ a o) a 1w A ¢ <2 a
Usewariluassnenaasydu selimanueiauniny o Welsennlifuifsuazesiisninu
5aMAY 1 Wersewaniitiuesa
2. Uamsnnasinmansuay

[ d
UFiAnInassamaasyau munsouaaIdionsedil



1 ' a o a wva o
A3 1 iarasiinueiwesssnnilumsdfidmsmanssamaaiydu

A B A Y% xV —> & ?
1 1 1 1 0 1 1 1
1 0 0 1 1 0 0 1
0 1 0 1 1 1 0 0
0 0 0 0 0 1 1 0

3. prsmdeasaumdnmsmana

o < o = a oo
nmsmideagdamumdnnismawa Taoldnquiassnmansuuu@uee19dniisuad auto-

.

s ) ¥
logy) dwmiuuitugmlunsmdoasy Aredwdriiuasilfiduiugmlumsmdoaga

o X4 d"
nanMImana llﬁﬂdyl'lﬂﬂu

modus ponens ; (A A (A—>B))—B

modus tollens : ((A—>B) A (—B))—>(—A)
syllogism : ((A—>B) A (B—>C))—>(A—>C)

contraposition : (A—>B)—>((—B)—>(—A))

2.2.2 nquiadasin

AsFaoindungufimnssamaninvnomnannguiassnmaninas (multivalued

logic) InsHuumnueswealsenniiugunlsdandadin - Falszneudi 3 anumilsungui

ATSAFMAATUVVIANAS AIANTS (truth value), M5UIAMS (vocabulary), tazdimsuideasy

AUNANNISINAND (reasoning procedure)
fls8nIa@n (Linguistic Variable)

ainlsdandadn gailvmdeaidu s moufs (x, Tk), U, G, M)

Tno x fie ¥ovoaduls

=

T(x) A9 1¥avImaInIaAnyed x

U #eenanduning Tasiiu e U

X flo Foveardaniafinues x ﬁgna?wmun;] G (3unIUNBY (term)
G fio Syntatic rule 1umsﬁmuﬂ‘§mmlmu X

M 9 Semantic rule TumstivmnaauiAveams X

M(x) fie Rsdduiravsusnanduing U



o a a a do w =4 a o e ] o '
annlsaandoanndwglufledasin fo dus Probability uar Truth FamIsiernsn

HedFumsiiumndnveamenvesdunlsaaniadn “probability” uaasl3lugid 2.1

1

317 2.1 pluaasmiladdumsifiuaundnvssdausaniadin “Probability”

= §a

Tudutionulsdndadin “Truth 197id10013R0 Zadeh tas Balwin  Zadeh ‘1Hiuw
v
BAYDANBUVOINWUTTINITAN “Truth” Aadl
T(Truth) = {true, not true, very true, not very true,..., false, not false,

very false, ..., not very true and not very false,... } (2.18)

uaz 1At mmentgy (Primary term) Y8 ulsaanTafn “Truth” Ao “true” uaz “false”

¥
o4

wasfmuasansumsituauidnveadazimon3a

0.; O0sv<=a

v—a¥ a+l

Ky (V) =1 z( j; asvsg (2.19)
I-a

) v-—1 2. a+l<v<1

| l-a)’ 2 = 7

RV = W (1-V); oSV (2.20)




118.V = (1+a)/2 Hoyadadnu (Crossover)

A a 2 2 v . @ o L 4 L4
a € [0,1] Aemmismumesiveniemdigaved V lumsdaduanugndesvesdsewad

é r
Faonnsouaaadiogii 2.2

9 -

- v d o o a
U7 2.2 guansnilesidumsduminFnveamon “tue” waz “false” Ml Zadeh

b 4
@B Baldwin ldtinusavsansuveanndsaandedn “Truth 1380

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

(2.21)

10°

o U ar o=y L] : A
TaosmmualiadansumsduauSnvewdazmeuiulmuaunsi (2.22) D4 (2.25) B4

aMsouanIRIuzlii 2.3

My ae¥) = (Lo V))'; VE [0,1]
ufairly lmcCV) = (l'l‘h-uc(v))m; V E [0:1]
l"l’very false(v) = (l’l'false(v))2 > V € [0,1]

l’l’fairlyfalse(v) = (l“l’false(v))llz; V e [0,1]

(2.22)
(2.23)
(2.29)
(2.25)



|8

1
faidy
i e
false true
|
very very )
true ]
4
g :
g %l
o —
0 ¥ X

o [ a o a a <
17 23 puaneilanFumsidiuannussdunlsdaniadin “Trath” awilowve Baldwin

a o P e a [] a @ a a o
HaFaesnilunguiassamans ninumanusswesdssnaiidududsdiniaan T
¥ 1 4
'mmuwuﬁu"lﬁ'umnmsﬂqmmsmmssnmaw%’ NMSUHTTaIN  9INOIAAANTEN Zadeh

ar

Taodmdsenovvesilsdasdniiaronu 3 diussil

’ a o < <y a
1. manuesevelsznnilunguilaFasin

fmuald V) duiledialuennimduing v=[o,1] Fumumanueseveslssnnd A
vz 1dh
V() ={(V,W) |i=1.2,..n: VE[0,1]} (2.26)
V(notA) = 1-V(A) = {(1-V, )| i=1,2,...n: V,€ [0,1]} 2.27)

a wa o Pl S a
2. UiEmsnuassnmans lunguileFasin

fvuald
V(A) = {(V,IL, V) | LWE [0,1]: VE [0,1]}
V(B) = {(V,lLM) | LWE [0,11: VE [0,1}



V(A) A V(B) = V(A and B) = {(V,min{LL,(V),lL,(V)})} (2.28)
V(A) V V(B) = V(A or B) = {(V,max{[L,(V),LL;(V\)})} (2.29)
—IV(A) = not(V(A)) = {(V,1-lL,,(V))} (2.30)
V(A)—V(B) = V(A—B) =—V(A)VV(B) (231

= {(V,max{(1-lL,(V)),lL,(V)})}
Zadeh A1 UDAIT19ANDTY dmiviinsandnnuTdumalfianisvesilaFasin
Tasmisvoreanassnenaasydu wniluassng 381 e (T), false (), uaz unknow (T+F) 144

s
a3 il

AIRN 2 UaInUIIdmsud A ledandn muiionuves Zadeh

A B A \Y% —1A
I Je T T F
T F F Vi F
T T+F T+F T ¥
F T F T b
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

UBNIN Zadeh A7 Baldwin &1 ldTonumennazzfansumsiduaundnvessiulssenie

? » b4
@n “Truth” Fauaaalugyi 2.3 fail

true = {(V,lL..V)=V) [VE [0,1]}

false = {(V, e V)=1-LL,_ (V) [VE [0,11}}
verytrue = {(V,(lL,,(V))’ [VE [0,1]}

very false .= {(V,(1-LL,, (V))’ [VE [0,1]}



fairly true
fairly false

undecided

1
absolutely true = {(V,LL (V) [VE [0,11}; L (V) ={

. 1
absolutely false = {(V,LL (V) [VE [0,11}; L (V)= {

(very)* true —> absolutely true

(very)k false —> absolutely false

(fairly)k true —> undecided

(fairly)k true —> undecided

= {(V,(L,, (VD" [VE [0,1]}
= {(V,(-W, V)* [VE [0,1]}
= {(V,D [VE0,1}}

0;

0;

o k—yoo
{9 k—yoo
o k—>oo

(1o k—>00

y s
uonnil Baldwin §aldHemwANGAMS “and” 182 “or” #78 minimum 1A maximum

o o Y a o s - a a wa <t a Yo dy )
ATUAIND llﬁzﬁi'lslﬂ'li’l\lﬂ’ﬂlﬁ)ﬂﬁ'lﬂi‘uﬁ‘lf“ﬁaﬂilﬂ‘\l‘é]»iﬂ'li'ﬂ{]ﬁﬂﬂ'liﬂ‘lf‘]fﬁﬂ%ﬂqﬁﬂﬂu

A131N3 aennuesdmiumlfian slesasin autiewes Baldwin

(P) Q (PandQ) | (PorQ)
false false false false
true false false true
true true true true
undecided false false undecided
undecided true undecided true
undecided | undecided- | undecided | undecided
true very true true very true
true fairly true | fairly true true

b4 as ¥ =35 I~ a
3. msm'uafrszjgnnnanmsmmmaTﬂa%wgygﬂmmamn

s . o b4 = I~ a
msneaslandnmsmawalasldnguAodasin

seidlunsveeiisuveadoeti-

1Y i 4 o 4 o 3
Suasilfluassamnanfuvuiny e ldwideasmundnmsmanaventssnninduiladian
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TAeM3ve10tio1we Modus Ponens (10 Modus Tollens dm3uiwFaoiniSuni1 Generalized

t 4
Modus Ponens : GMP (18 Generalized Modus Tollens : GMT 1R8UEAIMUAIAVAI

. _Generalized Modus Ponens : GMP fisn1smdod 3 ﬂmnmq”lﬂmwa (forward data-driven)

GMP : Premise uis A’
Implication ifuis AthenvisB
Conclusion visB’

) v
TauN GMP Implication Uy WA

A—>B = max{c€ {0,1}, t(A,c)<B} (2.32)
Generalized Modus Tollens : GMT fismisu1deagUainwa lununeg (backward goal-driven)
GMT : Premise visB’
Implication ifuis Athenvis B
Conclusion uis A’

TAoH GMT Implication HHg AT

A—>B =min{c€ {0,1}, s(B,c)<A} (2.33)

fio doulvanuduiusuuuiledsenindume (antecedent) avdura (consequence) i
1 lumsmideagumundnnisimera

ATV GMP Implication AMUAVMT HATHETNUYEY GMT Implication MUAUMIVLIFU
"lé"hﬂmc%‘%nwa“m%’mzi’iyuorjﬁvnmﬁ'an‘h’fﬁdﬂﬁﬁﬁms t-norm 1A% s-norm

Fukami et al [6] IAgnidandnmsi@enilandudmiumsdundinduses GMP uaz GMT

1 4
o

° Y o o ) 0o o
uazshmsmdeagUmundnmsmaua ldnadninimsndmanmududail



M3 4 naaswamsmidedgamumdnnismawa

Tag1% GMP #2oManN15v0 Fukami

Criteria Premise (uis A’) Conclusion (visB?)
1 uis A visB
2a uis (very A) v is (very B)
2b uis (very A) visB
3a u is (more or less A) v is (more or less B)
3b u is (more or less A) visB
4a uis (not A) v is unknown
4b uis (not A) v is (not B)
M5 5 ugasRamsmdeaglaundnmsivane
Taul¥ GMT A20vdnn13v83 Fukami
Criteria " Premise (vis B*) Conclusion (uis A’)
1 v is (not B) uis (not A)
2 v is (not very B) uis (not very A)
3 v is {not more or less‘B) u is (not more or less A)
4a visB u is unknown
4b visB uis A

2.3 maduleisusuuuwd (Fuzzy Inference)

msdumeisud Aenszurumslumsmdeasyl (conclusion) 1INMENF U (premise) Tnvld

4 o o ; o
Jou'lunnuduiusszunurawa (implication)

ngmsaey Indduveamsdumersud (Compositional Rule of Inference : CRI)

fmuald

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

i A, A’ WudsFisaluenanduing U Tashu € U

B, B’ iiluilsF e uonanduing v lash v eV




v 4
Mmsudasdunamsuduanuduwusdad R Tu UXV datiusen B* 18eail

A'oR max-— min.composition

., J AR max— product.composition

B'= " 2.34
A'avR max— average.composition 234)

A'eR min— max.composition

Max-min Composition

R,=R,OR,= {((u, w),r?ez‘llx{min[ uRl.(u,v), Hg, (v,w)]})lu eU,veV,we W} (2.35)

Max-Product Composition

R,=R,*R,= {((u, w),rslea},x{l.tkl (u,v) Mg, (v,w)})lu eUveV,we W} (2.36) -

Max-Average Composition

Hp, (u,v) + Hp, (v,w)
2

R,=R,avR,= (u,w),mz‘ilx{ } lueUyveV,weW (2.37)

Min-max Commposition

R,= R *R,= {((u, w),I;réivn{max[uRl.(u,v), Hp, (v,w)]})lu eU,veV,we W} (2.38)

FEnsneuIndduntonldinngalumssumesus fie CRI o1 Zadeh Favz Tl

L4
013 max (8¢ min TUMSYHIANMS s-norm Uag t-norm Mudwumnsam B> Tadeaunsae 11l

B’ = A’oR = {[v, max {n‘lin[pA,(u),uR(u,v)]})lue U,ve V} (2.39)

A'eU

16
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2.4 MINBEHIATYH (Fuzzification)
a @ ' ¥ o a 4 a
Ho3findu fie nszvaumsmafladisavuenanduing U vesduyn weldiludumys

y
voeszuufsd  nszurumsiaFiaduansanitla 3 35aan

1. I sFFunafU 92187 Fuzzification (wy)=A

ei aa A o A ISt
Tnoh A duileFFunadudadl s@) = {u,} n3o

I, u=u,

“A(”):{o, u#*u,

HedFuiadu WidsRimmesumsaaugulunainda Real-time Control) Tasdunalden

o < [4 3 J ° vy
ﬂ'li’Jﬁ'llﬂ\ll‘lful‘lfﬂillﬁ$Q1Uﬂﬂﬂ15u11‘ln‘1$

a o d 9 & .
2. S Hasdiunues 92149 Fuzzification (u,) = A

Taoft A duilesdriumes

9, (u)=1 B u=nu,

o A (]
was u,(u) apas"  We wegrinesenllniny,

HAadiuwes dudthmunziudunailidynnasuniugs (oise)  Fezmliihwdems

VAU

=, o W 4 - ’ . .
3. 3% lauSmiuiues (Hybrid number) 93 1891 Fuzzification (u,) = A
o a oo S o a Jo ¢ A o o o a
Tavii A dulevSasiiuwes F'levsasiiumes Ae HeFhuweinmndnluen-

ANG: Nﬁﬂf&ﬁu random number

¥ g, (u)=1 o u=u,

d' L
woz 1, (1) anne (1o u agvneen len u,

N s
TevsSafiuwed Whidimsiduuanuianvuanuinedutazainiulyle daiude

[ . o

muziudygnuduyaneglugdmsnssnenada
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2.5 M3ANTEWIATY (Defuzzification)
=) o, s A J I's =1 L=} - o d'i 'S
nmsafsglindu fe nszuaumsmanemiyafissnudimnzauiqa edhuenina

3 J t ¢ o B o
yaiwdatamnuiiull 1dnssaveguuenandining U veusnine msdfladfinduinarsds

L 4 ¥
@ =t

Aofusaaedaae liiaa

a . Y t J { 3 s
1. Max Procedure (udimsailadflindu Insidonsuoninaniimiledsumsiduaundn

P A % ar ~ 4 Y o d’
UTﬂﬂqﬂ lWﬂi%Lﬂuﬂ?llﬂuﬂlﬂQW“K‘mﬂ'WW‘!ﬂ TIITOUTANINIYTUNTIAIU

u, = maxUu)
uel

Add’ﬁ aq A o WY g A ] 3 o o -~ '
UL u')ﬁﬂ]iﬂﬁ]u’]sn'n']‘lﬂ\ﬂﬂuazi'Jﬂli']'ﬂqﬂ uﬁﬁ]zalﬂ mufy'lmﬂ’lnﬂuﬂﬂﬂ'lUU']ﬂ 'ithJ

muzaudmsums ldau

Aoy o

2. Mean of Maxima (MOM) lflmﬁmmummmﬁ max procedure Lwa‘l‘ff"lunsmwmwmwﬂ
fisidumaiiuandngeganivunatdr Tdhnsmausdovesdueninaisimiadsums

- (.Y 73 [ A’
Fumindngaganiiu Tasldaumseail

i

J
u, = MOM(A) = 2, 3

J=1
| Aa s

A A o 3 d o a "W
e v, AeAueniyaunazmilmilandunstuandngegamiiu

A o o Ay < o el a 1w

3 aeduemMyahimnsumsitiuginsngagamiu
a P ° 3 -3 X3 ar i

MoM dhudtmsigwisoilddsuazsiads udfesIidyananiuguiney mng

dmuszuuideansidnarlunissmraniesuaz lifdeamsanugndeanmin
- a . Y

3. Centre of Area (COA) 38 Centre of Gravity (COG) 3Ewyagudnanuesiiuiildns

o ) g o 4 a. o ]
vosilansumsiiuaindn eldifudunuvesiladioning  F3msves coa 1dTasmsuia
4 ’ [
wunldnsvesitandumsilumndneendlu 2 daumidu uazm u, sz ldnnmves u

o 1] 1] é .74 d”
FUMUUBATULINATI T OUTAIAIVAUNITAIT]

Cngf) (w)du = TU (wdu

COA(A)
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Tumaia msdmnalasldaunmsdidui’ldon Salsznumsdnavedds coa
I ] 4 ' i o o ! 4
1ael93% coc  Fuilumsmyaguénanmsdaniminumumsmyagudnatsvesiinuiiidnsm

y
msafdasdNinguIaoleis CoG amnsuansdroaunisaail

qu(u)du

u,= COG(A) = &
U(u)du
U

ac o a 9 o Py -:'l o o asr s
15 COG Li'fluwuuu%mumﬂnqﬂ Luawjmﬂumsmﬂﬂﬁuunmmmsmﬂumlmumm

a L

Y o a 1 actd '

- a a v 0 Y1 & 9 ¥ °
myahunee Tasiesandunannda i ldafigndeandniton ualénarlumsduaaann
4. Fuzzy Mean Method (FM) 1{lu35M1J5ut30n9103% oG isaanalumssmau Ta
msaaszaumsaieu ladaaliinuimaumenvesiusieninaluonanduing U uazldm
mdvvourazmenTudumuvesnuemnavoudarmmsateulad aunisveamsanadlissu

¥
Tao1433 FM aisaiaasaail

Yt

T D=

k=1

u, =FM(A)= - NB AR
271:
k=1

4‘ r=3 o =t ar I'd o o o
we N, Ae SnnuisFiravesdnulsiemyaluenamduing u
A s dqy o d a P ' o o &
Y. fenundvilafudumuvesiladiavosiunlsieninaudazimen vuenanduing U
-] ] & Py - 3 r'd v v o o
u, ﬂamizﬂumivﬂufmwn‘uaaﬁwmmmmmuﬂsmmvgmmazmau VUOANNTUANT U
3% M dhidtisaulaannndt coc Tasldszaunieulndivosninieaniarlums
° & [ d' ' Y o o = ar I's
+ AU «mmmznmzuuwnmu@‘lﬂﬂ1Waﬂmumsvﬂummm‘u0qmuﬂsmmvgmﬂuuunﬁumm
" & e A A P a o ¥ add YA & -~ o ¢ &
miniu Milileannmsailaglindudieii i ldmnganinarvesilaFimavedunlsioinaie

Wusunussurazisa
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2.6 unayy
«::‘ ) A - dd}’ ety A o 1 dy
Tuuniildnandangufiuguvesiladindosedane Ui
noufisauazasin nquiledigauaziladaein dowvesdunlsianiadn nquj oMp
o S 9 ar =} a Cd a o
uaz GMT niFlumemdeagdmumdnmaimgua  nouimsowesud  msaenIndsu 4 wuy
f® Max-min. Composition, Max-product. Composition, Max-average. Composition, Min-max. Compo-
sition
=t = ud‘d v 9 s & ad aa a o as oS a Jd A a o
ﬂqygmsﬁmmmwwnagmmue {HuunNo 'J‘ﬁﬁ‘]ﬁ“lf“]i\‘lmﬁﬂu aﬁﬂmmuumas ’Jﬁvlaﬂiﬁull-
4
151130
wqyﬁmsﬁﬁm&ﬂ%uﬁﬁﬂgﬁ'wﬁu 4 HUVAD Max Procedure, Mean of Maxima, Centre of
Area 130 Centre of Gavity, Fuzzy Mean Method
=t b 1 a’ Y o d? s
ﬂ'lﬂ?’li]vf‘]Lla:‘,TﬂTNﬁi'NﬁN’]‘l'NU'Vlu vzgn‘l‘mfluwanmswugm"lumsaammummnqu

uvudedluunae 'l



o
UNN 3
w =
AmanuANuUUN %

= a aa a 4 )
szuunuguuuuisFaeindlussuumuquil@ounvuanufiaveqyud  Aedums
o @ d é o o .
Yszmnamnilsdonsedusanguesssyuiehmsaginre Taslizdusumsniuguasgili 3.1

é a - = IRy =
0N quRUeINYTIYA (Fuzzy Set) [11] uasiaFaodn (Fuzzy Logic)

INPUT  H FUZZY LOGIC i OUTPUT
CONTROLLER >

317 3.1 nSTUMUMINIVANAIY Fuzzy Controller

y
amuguuuyisdaeiniiInssadeiiugiu 3 daulseneudionude
- miseaSlingy
=t
- nMINURUN TS
- A sEiagy -

4 L4 »
o

4 : ;
FINUFUN 3 daudidwnsoudas ifaloglii 3.2

INPUT R RULE ouTPUT
——»| FuzZIFICATION EVALUATION | DEFUZZIFICATION |

F 3 3

INPUT OUTPUT
MEMBERSHIP RULES MEMBERSHIP
FUNCTION FUNCTION

51/ 3.2 venlaszunsuvesszuuiled
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3.1 mhaWagingy
mswdsundadisailuilsfisaionsulfoudunavedaniun Emor (E) uag Cange of

L4 ]
Error (AE) Weglugidusfad  Tasdauds E uaz AE i 2 @2 anansoudasdiogdii 3.3

OUTPUT
Input FLC c PLANT N
G(s)

i\

U7 3.3 PIEUIUMIAIVANAWAINIUANUDD T

ac a v =Y ) asd ass S a o an e~ o d an o e o
Bmsmsiaginduiiaienu 3 33fe EAsdFunadu FFedTuues 35 leuSatuues
a a /a A yaa Aaa a o 4 ad s v a Py
TavluinniinusiidenlditilsdFufaduiiosnnduitimmnzfuduyavesszuui ldnnms
o o o s a i P o - °
Favesdudumosuaziflumsniunulunaindy (Real-time Control)  FumineAuszuuiisezih
mssenuuuan 11
° 0] o v a T ar = a 1 o
msfmuaglsnvesilendumsiiuaindn (1] veaurazdaulsdunatiognarogduuy mu
v . » y ¥ .
s mmaey pldmdoumany plszaland dudu siafimasmuagisuvsdlasdumaiiuanin
é’ " o o o Y v @& Jdo - ar = A 9
syusgiuauduiusveduna luenawduinituilefisavesdsduyade  danw
YR 4 a < ° 1 g o o a ]
duiusidunudadu fnsszdmuaglinvesilsidumsifiumnsaduuuudadu wu pl
aumdsy n3ezUFmasumany uazdrawduinsuiuuuy hidhudadu fadsezdmuagisa
" ¥
voalansumsuandnduiny bidudadu gu gdszdenit Tuinnidwnifisidmua
Wpsnvesilaindumatinaindadiugdammaoudnurimse T-Function muaumsii 3.1 s
AoansanuduiusvesdunalumanwduminssuilsFiamvesiunlsdunaduuududyu uaz

vy
NoaenseenuuyNes  nedalFnanisslumsiiuinvednessndaie

( 0 u<a
(u—a)/(b—a) ;a<u<b
T(w,b,c)= (c-u)/(c-b) b<u<c @1
0 US> C

4 2
Faannsouaainieglil 3.4
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T-membership function

511 3.4 nsluaasanuiluauida

iissvnlunmsdumesuduuuiled desmsldinaisonszuifuveingmsatuguunn

[ [ a’/’ ©g a 9 @ o o o o 9 o o J
01 1 ng ANTUIANAMITFOUNUAU (Overlap)  Tasmsimuanfesisuamsdoununusziuey
o A P} o 9 " a Vet @ o o 9 o e
fuanuAquUInTaNIeANNFUFeUYesTUY T lastnAvzeenuuidlinesiduanisdeuniunu
el FBiralszang 15-25% [7]  wazmsdeunuiuvesdesdiaa luads ItnsFeunufuuin

] A P »
n1121wa tesnnmnimsnfaouudatusangmisaiugula  wlinansznudenisniuguued

a o o a A | Pt 9 v @ P - .
agegannuin [11  wasludnoiinustesnuyy Idimsdouiunuvesiladinm 2 wait 25%
A £ ] " o
wehidhwasmsiin

o 3 =3 = n’d’n 9 = o ﬂ ada a o o (] o o

aniuhingiinusinnua lamsleafedutuwniTFuiadu Tglsaveslandums
umndndunuvanmaondmn waslinsdeuiuiuvesillodion 2 isah 25% Fag1i 3.5

myioufsdiynves Positive (P), Zero (Z), Negative (N) tag msfmuadandunisiiv

amn¥nvesduls E, AB uaz CI (Control Input) veifludagiii 3.5

"?¢(><)
NEGATIVE 1]ZERO  POSITIVE

-10 -5 0 5 10

511 3.5 Hensumsidluaundnvessius E AE uas

U
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32 ngmismauguied

ngs3iesty (Inference) Aomaadnamuduiusssninsuyadaoiu el 1A ning
Tavofiong Rule) iludradenuduiug Tﬂumslﬁafﬁ‘ﬁ‘mﬁﬁﬁ'ﬂ%x-‘x’fuﬂtjﬁun1nﬁan1‘l’sﬁd
Y0NS tnom e smom  Iumsi CRISEfduuniiqafiods CRIvea Zadeh  tpawin
asarnuaz nanfeslumsdna §angﬁi1i’xyﬂzatj‘lugﬂmq If/Then uaz 1#imaiin Max-Min #4

A ] ° U d [ ) ]
lﬂu’)ﬁﬂi’lﬂﬂﬂmiﬂ’m’)ﬂlﬂ‘lﬂ'llﬂ1ﬂ1!ﬁ ANAIDYIUTU

R, :IFE, =N AND AE, =P THEN CI,=Z
OR
R, :IFE,=Z AND AE ;= Z THENCI = Z
OR

OR
R, :IFE =P AND AE =P THENCI =P
YuUIne):P=Positive, N=Negative, Z=Zero

nnarudiussna AU s INaaIR o3 3.6

IF THEN

error change of error control output
»

rulet N
/\ .......... v

ruie2 « z

rule3 I/\P z N

sensor error sensor chang of error

51U 3.6 uaAINs Inferrence

LY
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3.3 wieinaEingu
= a A & ° o dev ¥ H . &
msuldsuileFimiundeiion  Aemsiuemadniildsndunsu Rule Evaluation %4
' r ¥V
nuaumsue e Tasmaiinuaz i msnfouileFwadundnsaivarnitdeiu luiidiesld
oy o Ll . & a, i =y a @ o
A uauugagut (Center of Gravity)  FuuItilimsiinsanravedunanndnihily

g; ) 3 A:!A v t 1 <4 [ d’
AMNYNABININITOULASENIYADNTIBDNUVUINNT Tauliaunisaatl
I=——F" ;(I=1, 2,...,n) (3.2)

1= RESULT OF CENTRIOD METHOD

u =DEGREE OF MEMBERSHIP

U = STATUS OF IF/THEN RULE
wazuaas 1ddug1i 3.7

IF THEN OUTPUT

error change of error control output
. .

rulet

rule2

A
.

rule3 P z N CENTER OF GRAVITY

88N8OF error sensor chang of error

a e’l‘ ° a1
§'1J‘VI 3.7 UAAIVUADUNITATUINUNIYAFUID I

14 ¥
910 Insaad 19 UGN 3 d9UYD Fuzzy Logic Controller o518 3uddanaadhedu
annseaglididiudegili 38
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Input
1.0
FUZZY SETS
y
INFERENCE IF,...,THEN

1.0

DEFUZZIFICATION 7

Output

3171 3.8 N52UIUNMIAIVNUAIY Fuzzy Logic

3.4 unagpl
y
uniinandunamelumssennvudinuguuuuiled Taouomiu 3 dufe msiedie-
@ Qo e =3 a o
U MRy MmIadasHingu
msiedlindu wwndntimadeniinmsilsdindu mstmuagisveditandumaniiu
a¥n msfmuanisdouiug
aa v ’ < L) acy a ¢ aq =) o a wa
MR sTnanmsdenIEMsdueisud IImsdendjiiams
=5 :\ @ ¥ -2 A Aac <t o o
msadssilingy sznardimsiaenismsafssiingu
y :
TagTuunitldhnmsidenitnmsfladindunvudaiadu dAmuagdswveeitadsumsiiu
aunnduglrumdondmmuasinsdowiuiudu 25%  SEmssumesudifuiuy CrI ves
Zadeh uazldalgiamslunmsdumlesuduuy Max-Min 1azl$38msdsuuyagudaaalu
o s A o < z y ¥
nsadadfindy  deamseenuuudniuguuuuiesditarualuunilvzgaldfiuiugmlumsoen

- wudmmuguuuyied Tasldees hidhududuluunde
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NIDINUVV DI

a A Py a A ] a g
nnunufafvzesnuuummuguuuuisdanuumnluuni 3 Hlasdndudane
o o ¥ o o o P
14 Tsunsunsuiumesitludisenunuswiuneniunesiazsesulasdanytal A/D oz D/A ¥4
» 9 o at < ° a9 o/ n’: a - (:A o
shlddmuguianudiiumshound  Aniinniiwuiifuguemsesnuudnuny
uuuiled Taolfaes Widludaduiudresnnuuunu Feszdwalimmiuvssiinunui
14 v v
anuisa lumsimaugaiuuazimnziussuuiidesnsnansuausiiss [2]
E 4 v ) 3 ]
AseanuULNsNIruaidenldesh lithudadu  dissnniansodsun/don
MIEBAILLVEINTS Idpdudionaziludasy
msesnuuuNsMsnuguuuilsdamnsousneen aiih 3 diufie
1. manfasundsaaiiuilsdsn
2. AYMIIINY

3. nsulasudsSamdundaan

4.1 mseeniuuIsasluauiasaNiaty
' a 9 9 1 ¢ v a 2 Y
‘luﬁ'Juu'nzﬂawanuumws’lnag‘lugﬂﬂaqmnwmﬂﬁuamm FadanFumsitu

s ¥ ] v
mngaluntiduglaumaondagii 41, 420z 43

1(x)
1.0
0.5 P
| ) 5 10

51 4.1 Handumsiuamndniidlu Positive

H(x)
1.

0.5

-5 |o 5

Y

’ J »
g1l 4.2 Hendumsduamndaniiu zero
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H(x)
1.0
N 0.5
-10 -5 | 0o X

51/ 4.3 HanFumsuamnSniidu Negative

v ¥ ¥
MyeRNUUDN9S TugUR 4.1, 4.2 uay 4.3 dulivdnmsiugpevzdosaiennudulild
. [ 4 ¥
auiidmualuiiiszeesdiiadngt (Voltage Limiten) [5]  Taelugi 4.4 (n) iHunavssifia
dnendi Ifiemiyauuvavuaz i 4.5(0) Whinsesiadnauuuuin  desiufussveisnay

] s
UANAN (Differential Amplifier) Aa3U 4.6 TavnanuashuegluTnua lidwFadu

Ra//Rb//R'
(m)
v, Vo
an Rb \
vl
i
vral<0 V>0

V) (m)

Ut 4.4 neshifadnaueminauuvay



RyIIR,/IR,

()

vm<0

vf!f>0
) )

514 4.5 2995918 0NALUUL IR

JUN 4.6 2vsVBANMUANAI
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; 4 g o o .

g 4.4 (n) dedeudnaidiuvindiiduna v, Taol¥ v, dlugud szl lalen
D, livhinszuaiiiesninialen D, gnlunsandulunaliinszus i Tnaru R, uaz'lale D, 931
nszuauaziiodnm v Wuauudalalea D, szvhnssuadinlale b, sz lihinszuaunu

» 14
finszua i Tnaru R, Saensomm [dmuaumisaadl

0 V<0
—{ R
Yo=1-=L(v) wi>0 @
Ra
wazidio W v _ liiflugudlas R =R, a2 ldmmuaunisdadi
( 0 iV, SVr
v =y Ry (4.2)

o & S .
F R, (Vz +Vref) ’Vi >Vref

Farnnsodounsmdguii 44 @) uas (@)

g1l 4.5 () dieleudnmidumanidhiisuna v, Taold v illugudezsinliflaTen D,
vhnssuauaylaTe D, vz lihnszua tieswin’lalen b, gnluneandy Wunalihifinszue i
e R, uaztiledna v, iusuudalaTea D, sz livinssuadanlaTen D, ezihinssiaunu #h

=, ] é J o y
Wifanszud i Tvaru R, Faansomim l@auaunisaii

;V. 20
={ R
By o @
Ra
wazdiol v_ iishi o Tas R =R, v Tmmuamsdail
( 0 V2V,
V = 4.4

Ry
[ 7 .
—- Ra (Vi +Vrefj Vl <Vref

ANNT0RBUNTINAIZIN 4.5 (V) uaz (n)
E 4 H ’
aniulumssenuuy i idanududagui 4.1 seidiuldmngii 4.7 Tasenunsadouns

v [l
ANUFUYBIFasNsHaTnTIANNFUS T UNNR 8RR 4.8 (n) ey 4.8 () sadady
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8
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———A\VW\—e

20K

MWy

1N4148

+ 1N4148

100K//20K
100K

40K

1N4143

A2
74
+ 1N4148

100K//100K//40K

!

1N4t48

o K]

100K

——<——
*—p———rxo AANA—0—> 100K
}q»—m—o—'\/\/\,—m—

Ad
741

100K

+ 1N4148

100K//100K//20K

100K

100K

100K

dl H A 1
31 4.7 Weshesnuywive 1 Tanslangai 4.1

(1 (3)

§=0.2 8§=0.2

(™
7 4.8 uarmsnuFuvesnsaes Tugydi 4.7

1.0

0.5

)
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@

1] b4
uaz 95 R 4.6 musama ldnaunisail

Ry
v, = '(vz'VJ)R_ ;RER,

a

r o ;4 o
Nzl 4.8.(0) anwdudu (1) 10 AL uas A4 gl 4.7 &1 A1 anwduiiu 0.2
uazilios iy A4 Tao A4 durssvonoanuuenann i lFldanudufifiaen Al uag 415
0.2 anududu ) 1Hnn A2 Tugdi 4.7 Fadianusudhu -04 uazanusudui G) 1dnn A3
P & =) o 4 Y
uaz As Tuzlii 4.7 &1 A3 Sanwduily 0.2 uazilesauiu A5 Tas As duresveroanuuan
[] 1 b4
A M ldanuduiinann A3 uaz s Wu 02 wasilissananudusia 3 iduss Tdnsa
Fudagiii 4.8 (v)  TavaeesTugld 4.9 uag 4.11 feenuuume I ldanuduning i 4.2 uaz 4.3
o o o’: P=3 o 1 é o d' A Y o o o t
awdwuiu udnmsmsesnuvuisudornunueesiuzli 4.7 s ldeTuendnms ananld
y y []
udrludiesdu  9nneslugilii 4749 uag 4.11 Aldhimseenuuusgi Itawsediuman
o ° [} o Y 1 a & ° 8 1 &
Funazmumisvesnnusuldodndass  Fusihldaunsessaunuzlsnvesiliidumsiiy

andniitiginselag w. idwmialen ldeddaszdnd

v, 100K <
b IN4148 « A
*—4 100K
At >
O—‘VonK\I— 741 Ad 1K
v"r + 1N4148 741
5] b2
100K//100K//40K 100K
100K
20K
ANV
—kKF—
100K IN414B
<
A2 b 'q
741
" 1N#14B
100K//20K
20K
A 'A'AY;
100K | 6 Iq
L A\NA— 1N4148
A3
741
V,, 100K + ING148

100K//100K//20K

51l 4.9 nesfieenuuuie IR Idnswlaugil 4.2
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v°/(1)
1.0
§=0.2 §=0.2
v’.
™ 05
Vi
v,
5 0 5 '
(™ ()
717 4.10 naasanuduvensamesugn 4.9
20K
AN
, 1 I g
I.—l’—‘\/\/»— 100K 1%
~ —{ >\ 8 M
: + 1N4148 741 75 =
LU A5
4

100K//20K

100K
100K 100K
100K

—n

40K

100K
4 1N4148

e

100K + 1N4148

Vient
(5)
1Q0K//100K//40K

4—4\/\/\«-|

20K

MV

100K <

L AAA—@  IN4148
A3
741 —{>

1N4148

+

100K

(10)
100K//100K//20K

g

317 4.11 2eeseenuuume It ldns gl 4.3
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6] (U]

§=0.2 §=0.2

1.0

0.5

- V;
-10 -5 0

U7 4.12 wamsnamduveansilaaees lugdii 4.1

4.2 mivenuuwsudIungmsnuguisd

ngmsifiesovesitadivnluii 1¥maiin MacMin fefilndndalumi s Samdn
nmaffeunsihmBunmndunefisadui - snfunisosnuuunesluduiidessdeeonuuy
WilluasesSumesimaduszninduyn  Sudumsdumefisnsumueiiasn  1esfivonuuyil

119 0TA LM 13600 [13] iiudamdnssud S oudioy (Comparator) LM 339 [17] AN 4.13
+5V

5K Q2
-+
o2 2N4403
339 é, {
10K
@
1K
+5V
E, > 5K a1
o—e o 2N4403 O-5v
E, 339
o—eo—i—=
&
Voz

4 a 14 o
37 4.13 1esBUIMBSITRTUAIUBUIABN
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vingUfi 3.13 diedlousnandii B, iz E, Taold E,annnh B, vevn ¥ 1 Sudludanfioy
oy Tieninaniay sv dawald Q1 vham e Q1 veniiIfiinssualuea 1, i oTA2
Taofl OTA2 111995 Voltage Follower  fiatiu V,, ¥99 OTA2 fisumdy E, vadvaduii c2 3
eniarity ov dewald Q2 Tivnu  dle Q2 hive Wil hilnssue lunea Inaidhil

OTA1 ¥ ld v, veq OTAl fiAuminy ov

L4
AU V, v8999s93m E, uazlununduiudfleudnardunalasld g, Tesnn B,

14
Yo o

W v, veeesiisuiniy B, Susrannsadoudunsnlddi

v, v,
E>E, E,
E,<E, E,

4.3 M30onUUUNYsIuauaN Sty
&4 o s Py q’: aa o G’l‘ } I's a o e
Aemsiiuayait lAnndussungmsistmianuaimmnuemnasse Tasmainitms

0 ] 3 o o
fIunauVYAgUEnI3 (CENTER OF GRAVITY)  #aumsiiiugdail

P o ——— G=1,__n) (4.5)

I=RESULT OF CENTRIOD METHOD
u=DEGREE OF MEMBERSHP
U= STATUS OF IF/THEN RULES

g J o a ° $ ! @ c’l’ J
Wisannflandumsiuandnveaeniyagnimua litlugdaumdoudnvidaiua

ﬂ a IR ﬁ ' o & W 5’ ] n:” P &
anutugunFnvsadsFisasiuainnaInig muumieammuiumuumnﬁum's'*n 4599
) Y 1 ° v ' 4 4 &
MIDDNUUVNITRUAYUIUAIYATIAIN llﬁ814'1Nﬁi']IJ'YI‘lﬂﬂ'ISé"JUNﬁi"JJJ‘UfNﬂ"IﬂQ'mJ'H"l YIAD
NsvneinauuBnduMamsimenssdyg s Taoseansousnniseeniuues iy

3 dufe
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1. eUVBIMS53W (u, X U)
2. AIUYBIHATIN ()

3. Maidauf 1 msaedIun 2

71# 4.14 20950001 i(ui xU;)

i=]

3 ) P ] o
esfisenuuyludmusaszdiuldmugii 4.14 Falsznsudorssvonsuseiuins s

s'mﬁ'wutgm (Summing Amplifier) Taolv

R f1
' Vi=y, s R, =U,
R "
V=u, R =U (4.6)
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R

1 4
Ay, lunesvnouvunduma Tasisanumeniiy ) Aniuemng

ai

UBARATAIVTTAUNINY

R
Vo= Vt(“ﬂ) =uXU;  ;(=1,...n) 4.7
Ry
Flan
R f1
Vl( RalJ = ulXUl
R n
V,.( Rf ) = u, XU, (4.8)

v ¥
Tugi 4.14 2esswdganunduia A@+1) {ufswmananuaveaies vy

4 e 1 o
Al,..,An 3 V_v93 A(n+1) 9iiaumny
Ry
\NS R WU U+, +u U)

= i(u,. X U,.) 4.9

o Comme s

Tududi 2 nesfieemuunBezidlusagii 4.15

710 4.15 2vsErUms i(ui)

i=l
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e

a ) 3 @ a o
e lugi 415 A dwsesudyapanvunduma Tasdimdygsuening v, fail

{5
V, = Rl] (V4 tV) (4.10)
,n)

MRAR=R,=,.=R_iijo V=u, ;i=l,

(4.11)

satu {—*](U. +ystu,)
Z

’ » . [ ’ } 4 )
Tudud 3 Fuihudruiiaumsi 4.9) msdwaumsi 4.11) saiueesiseeenuuyly

daufi 3 Aedhuncesms Tnoligthmuncesdegui 4.16

Vo

T
v, >K<

UM 4.16 2v3M1s
:; dg - Vo dy
2995 Tug1 4.16 Wunsesiugnilumsms Tavaunsadinsed ldaail

V, = VVK , *.12)

Vi) (i
)& @

Vov2k) _ (v
( Ry ] - {Rl) _ .14
N\ fR |1
v, = {Vz R }{ KJ (4.15)

unua 4.12) Tu (4.13)
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VOLTAGE 0 +V,
SFo——— REFERENCE
AND BIAS |0 -y,
l
X, O—F TRANFER FUNCTION
X, O—1- (X, = X,)(Y, = Yy)
vou [y | Qe BEEAT TANE SuLE 700 Z'_Z2
MULTIPLIER | ! [ SF ( )]
CORE
Y1105
Y, 0—f- '
2 T A Vour
PRECISION
4 VA 0.75 ATTEN e
22 A g OP AMP
OUTPUT 12V PK
XINPUT ~ oF— X g e 15V
(DEMONITATOR) v.. o M&-Z)
+10V F8 A
H2VPK  e—— X, ouT *
MYP534
SF AARERER
OPTIONAL Z INPUT
SUMMING INPUT (NUMERATOR)
+10V PK 10V FS,£12V PK
=<2 Yl z2
v |_ Y, Vg o185V
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A
u, Tl ( n
U 7=
4

2 ul-xUl-J
4.14 2 b

2

{ VA
13T UTUR OUTPUT =%
U Sa—
417

21997 I3UN (
U X =
4.15 L

3 ﬂ“?l 4.18 21399 Defuzzification
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1. mssaumn ldsnnaguueeminafiduduwa nesfiesnuuufovsvoeinmAes Iy
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FLC a(s) >

Input

31 5.1 aszuaumsaruguAIBiIn UL
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nulugl4s
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amtglan - RULE I-n
N5 lug 4.13

A 1-n 195
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JU% 5.2 AMnuguuuuied

-—y



43

5.1 MINIVANNIZUIUMIOUAUNT
Amuguuuyiladmmnsonugunszuiums 18 T lusuiludesd sanendamens
) ' ' a A a d' a 4
uative IheuazazaindemsnlSouiouiielimsnlasunlasvesnszuiumsiiadiu 3185ms
° U do 1 = ° : v @ 9 [
Mruamilanguaie Teuvesvuiumshzinmsniuguiinszuaumssuduniluazsusuaea
mldhmsnaaesimuguuuuiledildhnsesnuuyBtedudgiii s2 - Taeld
A v @ ) 24 1 -~ dor 1
MVANITVURINTEUIMMSIUDSUAUMTY  FaludamvesnszuoumsifendunieTou (Transfer

> v W A d' L dy
Function) Lﬂueuﬂuwmmuaumiﬂ 5.1 99U

1
G(s) = m (5.1)

Fuiluaugi 5.3

SRS s——
T——

UAUAY (1V/Adiv.)  itAUUBU (S0ms/div.)

: o o A
31U 5.3 glveanszurumssuaunia
' +4 9 9 o = : ac

Taois ldeenuuunginedulummunguuuiednimua 9 ngamas Heuristic (Heuristic

Method ) [8] Aai

IF E AND AE THEN CI
1. P P P
‘ 2. P Z P
3. P N P
4. Z P P
5. z 7z z
6. z N N
7. N P N
8 N Z N
9. N N N
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Design of Fuzzy Controller Based on Nonlinear Circuit

Sawang Lertthirasuntorn, Vanchai Riewruja, and Yothin Prempraneerach

This paper presents the design of 'fuzzy controller based on nonlinear circuit. The design
of controller uses fuzzy set and fuzzy logic theory to design fuzzy controller. The controller contains
3 parts; Fuzzification, inference and Defuzzification. The slope of nonlinear circuit used for fuzzification
is adjustable. The circuit is also combine to the analog AND-circuit which operates in current mode
for inference. Defuzzification function applies the principle of Center of Gravity that consist of voltage
amplifier and divider. The circuits are designed as sub-circuits, thus it is flexible to add and remove
the membership function as well as the rule. The controllers with good performance is obtained. This

is illustrated by design results, in which the tuzzy controller result are compared with those obtained
from PID controller.
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ABSTRACT

This paper presents the design of fuzzy controller
based on nonlinear circuit. The design of controller uses.fuzzy
set and fuzzy logic theory to design fuzzy controller. The
controller contains 3 parts; Fuzzification, Inference and
Defuzzification. The slope of nonlinear circuit used for
fuzzification is adjustable. The circuit is also combine to the
analog AND-circuit which operates in current mode for
inference. Defuzzification function applies the principle of

Center of Gravity that consist of voltage amplifier and divider
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The circuits are designed as sub-circuits, thus it is flexible to
add and remove the mcmbcrshié function as well as the rule.
The controllers with good performance is obtained. This is
illustrated by design results, in which the fuzzy controller result

are compared with those obtained from PID controller.
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FEAfURES ’ i DESCRIPTION .
‘o :!:0.25% MAX WURDMNT ERROR The MPY534 is a high accuracy, general purpose

foar-quadrant lnalog multiplier, Its accurately laser -
trimmed transfer characteristics make it casy touse
in a wide variety of applications with a minimum of
external parts and trimming circuitry. Its differential .
X, Y and Z inputs allow configuration &s a multi- '
plier, squarer, divider, square-rooter and other func-
tions while maintaining high accuracy.

‘The wide bandwidth of this new design allows accu-
rate signal processing at higher frequencies suitable .
for video signal procéssing. It is capable of perform-
ing IF and RF frequency mixing, modulation and
demodulation with excellent carrier rejection and
very simple feedthrough adjustment.

An accurate internal voltage reference provides pre- -
cise setting of the scale factor, The differential Z

. . 4 : . mput allows user selécted scale factors from 0.1 to 10
.3 , I : using external feedback résistors.
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SPECIFICATIONS -

ELECTRICAL

At Ta = +25°C and Vy = £15VDC unless otherwiss specitied.
) A . -

79

MODEL .. - ' | i1 MPYS34S MPYS34K . MPYSML MpYBus | Mevsiy

MIN | TYP {MAX I MIN | TYP [ MAX EMIN| TYe | MAX Jain | Tve ] Bax | MIN | oTYR | max fumits
MULTIPLIER ] )
PERFORMANCE :
Transfer Function : & x:t)J\(/Y' = +2 . . . B
Total Error™ *

{10V S X, ¥ S +10V) £10 £0.5 £0.25 o 210 . %
Ta = min to max +15 1.0 +05 +2.0 £10 § . %
Totat Error vs Tempersture 10.022 10.015 40008 40.02 10.01 | W°C
Se¢ate Factor Error | ) *

18F = 10,000V Nominaly™ " 30.3% 0.1 > 028 - . T %
Temperature Coefficient of :

Scaling Voltage +0.02 +0.01 ', , | £0.005 20.02 40,0051 W°C
Supply Rejection (215V 11V) i +001 ] * M c . M %
Nonlinearity: 4 SO LA . "

X (X = 20V pk-pl, ¥ = 10V) 204 | ¥ +02°| £03 2010 | #0902 ¢ - 104 . . [

¥ (Y = 20V pk-pk, X = 10V) . £0.01 | ‘209 10.008] ° % . . . %
Feedthrough™ ) :

*X (¥ Nulled, Yy =20V~ " N> E OB N . .
¥ pkepk, 50H2) 0.3 20.15 | £03 £0.05 | £0.12 10.3 . . )

¥ {X Nulled, Y = 20V . »

! pk-pk, 50Hz) b Dot 201 z0.003f ° : s H . . »
Qutput Ottset Voltage 8 | £30 2 | 418 3 +10 15 | 230 . . .mv
Output Offsst Voltage Drift .} 2004, 100 , . ) V8 500 |, 300 | pvrc
DYNAMICS - . I .. % d A
Small Signs) BW, ; . v — :

 (Your = 0.1V rms) A 1 3’ c /e BN N F - - MHz
% Amplitutde Effor ~ - -~ ¢

! (Cronb-= 1000pF) [ R L] . I (N xHz
Slow Rate (Vour = 20V pk-pk) WMEY 20 . . . Vi
Settling Time 7| NE

' (to 1%, AVour = 2 6 2 r . ., ”
NoisE = ]

Nolse Spectral Density: . { " . . /i
SF =10V i . 08 . . . T
Widéband Nolss: * 7 p . P

L4 10HZ O SMHz w T e . T B . ' &y .

. § = 10M2 10 10kHz -, %0 . > 1 4.4 . WN/ms
QUTPUT Ty W Y i .5 2 . IR B - Y o . . :
Output Voltage Swing ¢ ) o b . e Y S : " ‘y
Output Impedance (f S 1kHz) $ ! 6.1 7 N B o 0
Output Short Circuit Current e . '

' {Ru = 0, Ta % min to mex) i . 20 * R 39 R . mA
Amplifier Open Loop Giln

T(=50Mzy Tt RO KR ‘20 . . . o8
INPUT AMPLIFIERS A d .

. Yand2)
$ignal Voltage Renge

: Differential or .

Common-Mode . +10 M - . v

¢ Operating Differential -t +12 . . . : . v
Offsat Voltage X, Y +8° 1 +20 2 | 210 N 5:] 20 . . mv
Offset Voltage Drift X, ¥ 00 .4, . . 50 ¢ 100 . wre
OffsetVoltegeZ = ggu 5 | 236 22 | +18 |» . 10 45 | 430 . . mv
Offset Voltage Drift 2 . 200 |-, 1 100 . ' 500 300 RuvrC
&EmAr 6 | s |, 0] o . - 0 | 80 . . ¢B
Blas Current . . 08 | 20 L P ' T . ‘ . A
Oftset Current . o1 . 0.05%| .02 . 20 . 20 | pA
Differential Resistance . 10 . * ' . MO
DIVIDER PERFORMANCE (Ze—24) -

Trenster Function (X: > X) M 0¥ (T._:X—.) + Y!' H
Totat Error™ ' ©t

L (X=10V,-10VSZ L .

< +10%) 2078 | - +038| 40.2 20.75 ‘

P X-tv,-vs2 v '

TS+ %20 1.0 { +0.8 | z20 .

0.1V S XS0V, .-
—-1VS2510V) 125 £1.0 08 28 .

*Specifications same as for MPY534K.
i .

P LI

+
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ELECTRICAL (CONT) ,

AUTa 5 +25°C and Vs = £15VDC unless otherwise specified. O O I R IR ST A IR P AVE &
MODEL MPYS3S MPY534K MPYSIAL MPY3348 MPYS24T
N [ vvp Twax Joun | vvr [ auax Jum] vve Jwax | s [ vvr | max | win | 1ve | max | umirs
SQUARE PERFORMANCE R o= Xt | N ] T 3
Transter Funcion . .z, } ) N b el IR I
' 0V, . . . i
Totat Error.{~10V S X S10V) a | o6 - | 203 +0.2 . £0.6 ' . . »
SQUARE-ROOTER o 1 : ] j : ;
PERFORMANCE . . ' . ".‘. . . . *
Transter Function {Z, < Za) 40T | VIOVIZs = Z0) + X ! o . o v
Total Erroc™ (VS Z < 10V) +1.0 $05 $0.25 ., 11.0 105 < %
POWER SUPPLY 1 ' : i
Supply Voltage: ! - e | R TR O : N
Rated Performance . 215 . . 4 : R S vDC
Operating . . c ) 28 REFST I B L 20 | +20 { voC
Supply Gurrent, Quisscent . 2 4 [} i Ta 872 N H st . P ] imA
TEMPERATURE RANGE . ; ST N ;P
Opeiating. i} . [ +70 | ¢ L - 2 N AR 4 R AR 1Y L
St - . . . —e5 +150 . . . 3 . . i* “eg
*Specification samo as for MPY534K, t ’ : i . i
NOTE (1) Figures glvm arq percent of tuli scale, 210V (i. 0. 0.01% = mV). (2) May he ¢ 10 3V uging externgl rsisior --v.' and SF. {3} Irreducible
St i ? tul OV 0! % 2 'J’ oxtorng! lor by and SF. (3]
p due 10 nonlinearity; excludes effect of offsets. " ; VI
ABSOLUTE MAXIMUM RATINGS MECHANICAL
- NOTE:
Parameter mm KL | wevsys, T e = “ Loads i trve position within 010"
Power SupplyVotiage P 120 ., : 0 AT TI  425mm) R et MT g saating plane.
Power [issipation 200mwW 4 = ! s : Pin humbyrs shown for reference
Output Shont-Circuit to Ground Indefinite i - 4 only, Numbm;uy not be marked
Input Voltage {all X, Y and Z) £V, i1l : .l ”‘9‘ i
Operating Temperpiure Rangs 0°Cto ~70°C ~58°C1o -125°C weREs [ mimETens |
Storage Tempgrature Range -g5"Clo-150°C | = i . My "‘,“ .':' “'::
Lead Tomperature {105 soldering) | 300°C L |4 d . 3 ',T“‘_;z; (3 "EF"
. N EYY ¥ 19 - ave” 1are
SpecHication gama as for MPYS34K. o P AN : [ e B i arv-
A o : ! e B48 828 '?'—_
- . T - e e TewTlew ooy
i 4 ¢ MPY$34i ty, N ' [ssapapc |
R k B . lieoe Jery Jees |
Grade Designation b Cave T ooe
Q N 127 .-
J : y s \ . .‘ 2% sad :“ : ;.?uunc.
. . AP M *
- K 0 to 70°C { . ¥ o]0 |31 ] 3ew
. L ot - .
S
T —55to 125°C
. . . 14 NOTE:
Package Designation - Loads In true position within 010"
—_ - - {.25mm) R st MMT at sesting plane.
L - H ._TOAIOO . vy, 4y al 14 * Pin numbers shown oy reference
* D=DIP s $ 3 F only. Rumbers may not be marked
L — < : - . A on pack
PIN. CONFIGURATION (TOP VIEW)., . . r
= :
N X NT.Z 22 N Ve
] H ‘ v R BT A
H L Win | max | MR [ Mmax
CX X2 NG OSF N oMo \ ~tare 1% e e ©
. ‘ V- c 048 A9 o 432 i
» o 18 o2 0.38 [13] .
- DIP ¥ |oas | oso yaa | vez |
- G 100 BASIC 3.84 BASIC
g CE KD 270 (X2 1.9
) 008 EAr okl 030 0.30
LY 120 249 308 $.10
L 300 BASIC 7.62 BASIC
M | -- [ e T T4
v 1o Joww [om | vea]

. 433
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TYPICAL PERFORMANCE CURVES

‘Tak +25°C.vi 2°£15VDC Unlezs omomm noted. -~

i ! “ &
- } . i '
AL IR ] © A EEEDTHROUGH .~ ' -1\ ~
{ : : ' VS FREQUENCY ! '
i % . - - -
. : 3 , ' ,
: 5] . }
I H . 1
t s : ! . ’ “\
N i ]
. £ N i /] /\\
£ 91 ]
4 o2 3 H =
-] . .
s e
£ 4 ‘ 3 .
; § 310 . X feedthrough j |
H '
i x o
! S . 1 i A
¥ ' :
: 3 Y feedihrough )
- . .
g, . )
. ct - ' 1
0 R T e
10 1% 10k 100k 10M
Frequency (Hz)
e
P y COMMON-MODE-REJECTION RATIO
! * V8 FREQUENCY
B 90 = N
. s f N
| -
; T N
: 70 : :
: ” Typlcal for slt Inputs A4, N
g% ‘
St o -
bl
. c %0
g
g 4w AN
20 g
A
P 20
: ’ 1
[ EIRFEEA ] o o R -
. ol i .
© 100 1k R 10k + 100k ™M
H Frequency (Hz)
! s . '
' - NOISE SPECTRAL DENSITY
i VS FREQUENCY
I . 1.8 L ~
¢ .
i < .
v B
s 2
H 2 .
3 ) " '
. 2 . Lt
2 L ; H
! § . \ ' ] ;
[ : - i
} § 0.754— -
2 : i ;
] . ' H
2z 1
0.5 T TvTImn, + TN S 1 :
. 0 1* 10K 100k
b Froquency (Hz)
1} .
;
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BIIS LCURRENTS VS TEM#ERATU‘RE
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! ' t (X YorZ Inpub)
800 pe vt ye L,
.700
L3 "l
M BN

\\ ‘Sc‘ung voltage = 10V —

Bias Current (nA)
-~
8

= \\ Scaling voltage = 3V
200 2 —
h .‘\\'—‘-
100
-40 20 0 20 40 €0 d0. W0 120
Temperature {°C)
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107 Vew

P
L2 e

[}
o
"

bbb
=t++

-

TRt

140

N
- ¢
: . {
Functional -10 : i
Derated Accuracy ¢
t N *
t . .
FREQUENCY RESPQNSE VS .
DIVIDER DENOMINATOR INPUT VOLTAGE i
0 , ;
40 — - . N
\\ Vi % 100mVOC e “
i V2= 10mV, rms
hed
= \
; 20 7 iy - : .
P4 = . V= WDC, ; ’ . :
< . Vi = 100mV, mé N
§ \ -’
"o . \ .
. v fovile N
~10 ‘- v, rms .
20 ]
& 10k 100k oM
Frequency (Hz) .




INPUT/OUTPUT SIGNAL RANGE, *

. VS SUPPLY VOLTAGES o
1 : » .
. % N 4 . .
RS- I g .
2 ouput, Rz 20 A - ‘
g.’o ‘ ,// .. , ] .
%’ .a /// / Al Inputs, SF iro: | 4 '
£ - . o )
P LAY
iV
4

& 10 12 4 8, B 20
Positlve or Negstive Supply (V)

THEORY OF OPERATION |
The transfer function for the MPY534 is: .
SF

—(Zi— Zz)]
wherc
A = Open-loop gam of the output amplifier (Typx-
cally 85dB at DC).
SF = Scale Factor. Laser-trimmed to 10V but adjus-

. table over a 3V to- -10Y range using external
resistor.

X, Y, Z are input voltages. Full-scale input voltigc is
equal to the sclected SF. (Max input voltage =
+1.25SF.) :

An intuitive understanding of transfer function can be
gained by analogy to an op amp. By as:ummg that the
.open-loop gain, A, of the output amphﬁcr is infinite,
inspection of the transfer function reveals that any Vout
can be created with an infinitesimally small quantity
" within the brackets. Then, an application circuit can be
analyzed 'by assigning circuit voltages for all X, Y and Z
inputs and setting the bracketed quantity equal to zero.

For example, the basic multiplier connection in Figure 1,

Z,=Voyrand Z, =
then reduces to:

(Xii— X)) (h — Ya)
SF

This approach leads to a simple relationship which can
, be solved for Vour.

. The scale factor is accurately factory-adjusted to 10V
; and is typically accurate to within 0.1 or less. The scale
factor may be adjusted by connecting a resistor or poten-
. tiometer between pin SF and the —Vs power supply. The
value of the external resistor can bc approximated by:

Rsr = 5.4k0 [

0. The quantily withih'the brackets

—(v(m—0)=o

f
10 — SF]

* Internal device tolerances make this relatioriship accu-
rate to within approximately 25%. Some apphcmons
. can benefit from reduction of the SF by this technique.’

The reduced input bias current and drift achieved by

. FREQUENGY RESPONSE . et
AS A MULTIPLIER |

. K a. ot P B T TP n
10 e - Gy

. WIth X10

Normal
Fesdback Cori
! Attenuator| O
-30 LA I 4 3 o
TTY T T
1“ i 1m LJ + 0y ,'1M " T ey m X
»

© 77 Frequency'(Mz) n T tece

« oty i

this techmque can be likened to opérating the input mr-'
cuitry in a higher gain, thus reducing output contribu-
tions to these effects. Adjustment of the scale factor does
not affect bandwidth.

o xmey —Jx e s |
+10V F8 /o |
B e o PR T SO T
Mesuma | T W | g - x.m. Y.
soun ¥ 2
-5V na :
orTionsL ofrser | o——n % ’
TRIN CINCUIT - == =
TIRUT o——% W 15V
LVE OPTIONAL SUMMING
HK ; INPUT, 2, 10V PK

FIGURE l Baslc Multiplier Conncctxon.

The MPYS534 is fully chnraclenzcd at Vs = 15V but;
opcranon is possible down to 8V with an attepdant.
reduction of i mput and output range capablhty Opera«
tion-at voltages greater than :t]SV allows greater output’
swihg't0 be achicved by using an output feedback atten-
uator (Figure 2).

FIGURE 2. Connections for Scale-Factor of Unity. ;
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BASIC MULTIPLIER CONNECTION

Flgure 1 shows the bas:c connection as a multiplier.
Acturacy is fully specified without any additional user
tm‘nmmg circuitry: Some apphcauons can benefit from

tnmmmg one of rqore of the mpuks The fully d:frercn-‘
tlal inputs fdc:lm\te rcf'creucxng the § mpu! quanmles 1o

the source vbltagc common tetminal for maximum‘accu-:

racy. They also allow usé of simple offsct voltage, tnm-

mifig cnrcdury as shown' od the X mput 7

*The dlffcrcnual Zinput aliows an offset to be summed in
Vobr. Id basic muluphér Opcratnon the Z; input serves as
the output voltage referenct’ and should be connected to
thd ground rcfcrenhe of.the driven system for maximum
acc‘uracy.

' ' . .
‘ Srpye ey ...-.‘_ we N -t

A method of changmg (lowering ) SF by connéeting to
the SF pin was discussed previously, Figure 2 shows
another method of changing the effective SF of the over-
all circuit using an attenuator in the feedback connection
to.Z,. This.method puts the output amplifier in 2 higher
gain and is thus accompanied by, a reduction in band-
width and. an increase in ,output offset voltage. The
larger output offset may be rediiced by applying a trim-
mmg voltage to.the high impedance input, Z;.

The flexibility of the differential Z inputs allows dlrcc(
tonversion of the output quantity to a current. Figure 3
shows the outpuf voltigé dlfferchhally-scnscd across a
series resistor forcing arl outpul-controlled cufrent. Addii
tion of 2 capacttor load then creatcs a time mtegratnon
function usefulin a vdnety of app‘hcatnons stich as powcr
‘computation. i

: ) !

XY 0+ HSUL :
+10V F8 e louy =
CHPK ety . SUT— - o, :
. [i41% ] Ten . lx_'—_xfovii-.!!! x 1”'.‘
s 2 A —— e
N ERTTR EENEN S R )
Cog e rga : ziii—1} CURRERT-SENSING .
¥ iRPUT :
R ES e . :‘Efslfl’oll-.ﬂq J..
IV PR o 18V .5 . ¢ INTESRATOR
S T . CABACITOR
, [SEETEXT)

FIGU RE 3. Conversion of Output to Current.

SQUARER CIRCUIT

Squarer operanon i$ achieved by paralleling the X and Y
Jnputs of the standard multipljer circuit. lnvened output
ican be achieved ‘by teversing (he differetitial mpurierm--
'nals of either (hc X or Y input. Accurac.} in the squanng
smode is typicill§ a factor of two better" than the spccxhcd
!,mulnplcr mod¢ with maxinium error . occurring wl‘
smal| .(less thad 1V) inputs’ Better atcuracy- can bé
achncvcd for $mall mp\n voltagc levels by usmg B rcduccd
.SF value, * :

‘x
DIVIDER OPERATION :
" ~MPY534 cdn bk cohfigured as'a divider &s $Hown in

83

. .Figure 4, High impedance differential inputs for the

numerator and denominator aré achiéved atthe Zand X. |
inputs respeetwely Feedback is applied to the Y; input,
and Yiis normally rcfercnced to output ground. Alternia-
tively, as the' transfer fbncuon implies, an input applied
to Y\ ¢an be summed dhectly into Vour. Sidce the feed-
back tonnedtion is made \o, 3 muluplymt input, the
efl fccuve gain of the output op amip variés ds a function
of the denotfiinator input” voltagc Therefofe the band-
width. of the divider function is ‘proportional fo the
dcnomlnator voltage (see Typical Performanoe Curves).

Accuracy of the dmdcr mode, typlcally ranges from
0.75% to 2.0% for 2 10 to | denominatdr range depénding
on device grade. churacy is ptimarily limited by input
offset voltages and can’ be significantly ithproved by
trimming the bffset 'of the X ihput. A trim voltage of
+3.5mV applied to the “low side™ X input (X: for posi-
tive input voltages on X,) can produce similar accuracies
over a 100 to' | deonominatot range. To trim, apply a
signal which varies from 100mV to 10V-at a fow fre-
quency (less than 500Hz) to both inputs. An offset sine
wave or ramp is suitable. Since the ratio df the quantitics
should be constant, the ideal output would be a constant
10V. Using AC coupling on an oscilloscope, adjust the
offset éontro! for mitiimum output voltage variation.

BEC RN TEeaehe oo

gl i gy ST RV

XINPUT L 4% WoV[Ze 2
[BENOMINAT) Vour m 000~y
+IOVES ¢ h-h
MK ® oot
7 MPYSU
oPTIOMAL  |gr L o zmT
- summma et {0 P [RUMEAN
P oIV PR . K] +10V-F3, 12V PX
‘ ) np—e

: % —lp p——s 15%

|-

FIGURE 4, Basic Divider Gonnection. -

Asoums-ﬁoo‘rtn

A square-rooter connection is shown in Fxgure 5. lnput
voltage is limited to one polarity (posmvc for the con-
nection shown). The diode’ preveits circuit latch-up

o . BUTPUT, 212V PX
Vour = VG =T + %,
kg
v s - HIV | peverse
ophioNAL| - Byt . m‘%% [Rust ge
SuMmING | + - . G ?E?A‘rfvt PAQVIDED)
* INPUT, X {- surrurs V-
U0V PK, |, .. R '
T ——= i mpiT
v _ TVEs
SRV lzvrx

FIQURE 5. Square-Rooter Connection:
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!should the input go negative, The circuit can be config-
tured for negative input and positive output by reversing

input polarity. A load resistancé of @pproximately 10k
must be provided. Trimming for improved accuracy:

-the polamy of both the X and Y inputs. The output would be accomphshcd at lhc Z mpul . i
"polarity can pc reversqi by reversing the diode and X - P H
.APPLICATIONS ¥ ;
! i
: +5¥ MOBULATION A
- ut "l/lw INPUT, £Ew ty, oyt Vour
! ‘:m - - x.._g ..."sa.‘.. - we e
A L e L TN 8 73 Vour =
4 DRERIE TR HES 1 £ [Eu/10V]) €c sla ol
3o
DRI .S WA\ 4 s 4 — Y gt oe
: ——ty - 1L eanneRieot [T 1 'e.‘s".-‘-'}-'
: o Ee sin wl v, -
) . [ °~15V L. B tall e R —;_ - : iV A L LI m..
! BT Y A Y X m!FﬂnunZMauhwlhwmmmleImm
i '~ Sy Operstisa fram 3 tingle tepply is pastible: biss

| FIGURE 6: Difference-of-Squares. T

FIGURE 9. Lincar AM Moqulator‘,. " i,

andt W

. '3 . '.l,':‘ Sty iy ‘.“_; i J..:‘!"_.; ®_ :
1 R L )
: = +i5v A (R A B
X e
. le'[lﬂl mm 3, < Vour =' £129 PX “05: : : ase +15V D T .
: EZERTOSS Y - SR DRCR ¥ 3 AT H = )
: o W X ;
! < xQ '
i SN o 2 | M gma. . . ! _%_
; s \ “ I g T .L A T - SF
o TR SN gt o,
H . % 13 : o LI
1 csemwen o e S e o
H : P W 2 . = T M)
Eu'ﬂv X ., R PR RN S _‘5' -!'.‘.n" LT :—‘—Yl Yy
| worss e o g B e, VT T o T Do
1 , n:m&wnm’zmmmhhv"*mmm ‘mm“'m“-h LU DA D SN & % B .
?

3} Nalse rafared 1o sigas) Inpel with Eg = 25V, Is 80u¥ e typ.
.qmb_xum-mwwmdm )

. FIGURE 7. Voltage-Controlled Amplifier.

FIGURE 10. Percentage Computer.

1o P | 1
» ‘. .
i “
E [ .
i I £ .
X X + i +15Y : - il- % .thj— HW ;
Xa [ii14 . , . - ;
| $ma | wsu | anag Yo o0} ; - x." o oo = 260 1]
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1oxq 3 ¥ Wp— P 1w | v r
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