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A study on the Algorithms of Intelligent Control

System using Fuzzy Logic

I Kim, Sang-Bae Lee

Abstract

In this study, proposed the theory and application of T-operators allowing to
remodel the process of more generalized any decision-making to design more
effective fuzzy control systems.  Most of traditional fuzzy control systems and
fuzzy inference algorithms have been designed by MIN and MAX operators.
However, some relevant papers  supported by theoretical backgrounds and
experiments  revealed that given the certain situations, other operators with
better operation than the two traditional ones exist. Using the general
concepts of T-operators to the fuzzy svstems, this paper was proposed a
general and flexible fuzzy inference model that the concepts of T-operators are
applicd to  the traditional fuzzy inference algorithms. Through computer
simulation studies, it was observed that for a given type of plants, fuzzy
inference algorithms using the proposed T-operators perforrn  better than

means of MIN and MAX operators.
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A 2 & T-operators= ©]-£3 H A Ao]A2d

2.1 T-operators9 3

A F7A Zadeh® T-operators 7Fg ®o] &3A dfed, 152 7
A A2 AT A FHFHoE AEHIT ATt
Zadeh® T-operatorse ofzie} Zo] A},

Ti(x,y)=MIN(x,y) Ti(x,y)=MAX(x,y), Ny(x)=1-x.
Weber, Bandler$t 2] o & AL Ee] 93 FEF AdASo|gt e
T-operators® Aol ANHT ATHACH ofefe} 2},

Ta(x,y)=xy, Tax,V)=x+y—xy, Np(x)=1-x.
22 31 Lukasiewicz logics#t &3]& o}#le] T-operatorsv Gilesol| 9]
TH .

Ts(x,y)=MAX(x+y—1,0) T;(x,y)=MIN(x+y 1), Ni(x)=1-x.
a2 3 ofef o] T-operatorst 5E3] AT AL giAw Hel & 22 o}
£ T-operators® 533 Z %71 "o},
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_ Xy ’ _ X+ty—2xy -1
Tulx,y)= X+y—xy"’ Tikx, v I—xy Nix)=1=x.

Webere} 19 3252 g3 22 T-operatorsE A3t c).

X, if y=1 . X, jf v=0
T:(x,y)= v, if x=1 Tilx,y)= v, if x=0
0, 7)€} 1, 7] €}

N;,(X):l_“x

Hamacher= t53% 22 T-operators A|Habaict.

XY Ti(x,y) = A& +Y) +xy(1=2) '

Tf;(X,Y): 1-(1—-D(x+y—xvy) "’ A+xy(1—2R)

Nf;(x):l*x.
Yager< thgit Z-& T-operatorsE A otat g}

Tr(x,y) =MAX(1-((1-x)"+ 1 —-y)») 0),

Ti(x,v)=MIN((x"+y") " 1), NA(x)=1-x
Dombis= t&# o] T-operators® e QT
1

Tx(X,Y): s

BTN N,

1+ —pir (Lo py

T 1+<<i—1>*i(l—1‘f‘>‘”"

X v g
Ng(X)Il‘X.
Dobois and Pradei= T-operators® thg s o] Holatar).

= X,y . _1_ A—x)1~y)

R TS (R RISt Bl V7S (§ Ry
N{;(X):l""x.

Webers  T-operators® th& o z+o] deolabsdct

Tu(x,y)=MAX(XEY_LEKY ()

Th(x,y) = MINGe oy + 20, 1), Ny = =%
Yu Yandongs T-operator® thg 3 7to] vehuyolr)

Tn(x, v)=MAX({(1+D)(x+y—1)— ixy,0),
Th(x,y)=MIN((x+y+ixy,1), Ny(x)=1-x
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714 zt7}e] T-operatorsel @& A AT} Y3 A&FFE Aolvt
Jow oA HAA o7 FFRH LA a3 thE A A A IF
S E F At 2Y3 Te# Tg, T, 3 T, Tgd Tg, To o T3, Ty T, L
3Ty 3 Tpol wi7) W4 ¥ E A@sd T, # Ti, T, # T3, T3 3% T,
T, o T; 2832 Ts# Ts9 o= AR} AE & AUt

2.2 T-operatorsE 7|2 =3 H A F& Wy

TAA A FE Wgel s MINHMAX A2

A 5 ¥R 2AFE, 31 2
g A4 g5 FEY FAH 73S A FEASA AESEJY. 2F
Aut A Ao A oJ"l T-operatorsE A} Z2A Ao AZ o] A
Feo e By Y2 FFIE dds AL AAGFAY. A W FQix

(Ty)e MIN iz (TR U4 d34E Hir. AHd Aibxe] =9 e
A HAok, 283 o] A Rdo] He AMA FAd A &3
uelr Folz FAle] o A3 operatorsE HH37] A3 §FEAHH
< AFst7] Aste] oA B2AAA Y 2d™ oA MIN%HMAXoperator
of F7tste} T-operators® x4 JiEd S At&etgitt. Ao 3o &3

2ol FojArta HYsA.

ol

N
U if xis A; then v is B;
i=1
223 T-operators® 7132 A; 9 B, Alo]9] HA|#AA R s EHWA
=B pd g=
UR, (X, ¥) =T (ua, (%), g (¥y)). (2.1)

7] T+ T-norme|th. #(2.1)& HAZ Ywstd Mamdani® =7 A
ol A FF o= g2 A HHES UE F Jdo. )RS 9
AL AA AAE 73] Hstd EWE A FA wHS A" e AHEA
A =S € Aot 2AWA &9 I8 FFL (-, )22 Agdr}.
a2z pg, (X, v)=f.(pa (%), ps(y)S Zo] 3 & F U

AA HA #FA RS 2 (2.2)q] s 7+ 5 A}
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e,y = T (e, (x,¥) (2.2)
.

Fol ATl e A Bl ROAT A ) 23k B (Ao EA) - 9

WA el Fre) W FE

Bz LA B x7 ATS :Eo] S

doll olah w4 wA RILFE] A(2.3)70] FER

pp(v)= Sup T(ua(x), gr, ,(x,¥), (2.3)
X

o220k (2,300 o Awkshyl % i tay] & opefel g,

N
pp(v)=Sup T(ua(x), T T ualx), pmp (). (2.4)
X 1=1
wECl N=1 o]t (2. 4) ¥ 2 (2.5)8 7to] 7] Exlic),

i (V)= Ta, pp(v)), a=Sup T(us(x), gs(x) olt}, (2.5)
X

HoA2.5)e A Taal Tyl M Ts7ZhAl S Abgsbwl obefell vhepdl A3t 28 57)

Ao vhin o] i oubwlii e A8 4= elr)
(1) /zf,,r:a/\;zg(y)_ a:SUD(;lA'(X)/\/JA(X)).
X
(2) g =aup(y), a=Sup(us (%) pa(x)).
X
(3) gy =MAX(a+ ux(y)—1,0), @=Sup MAX(ur(x)+ ualx—1,0))
X
app(y)

(4) pp(y)= (a+(1—a)up(y))

2= Su 2 (0 p4(X)
P a0+ (1= e (x)) pra(x)
X

@, pp(y) =144
(5) wup - { up(y), a=1d0)
0, 7] e}
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Sup pa(x), pa(x) =144
X

g= |Sup pa(x), pp(x)=149
X
0, 7] €}

2.3 T-operatorsS °] 8§ 3% HA Ao duaF

HAAA 7= Ad TR A dEANE 7HA 2HAZREH 2oz Ao
2 Aojgoly FHEE FALY. g 2o 7ed & Ak
N7l #3& 712 AR A7 AAAQ Feiz thg Ze] 2@}

U if eis E; 22l2 ¢ is C; then Zu is U;
2 i9A #He WA AR ExCxUR A BA BA RE 71E ¥ 5 9
o, 283 289 £25FFe g3y 2ol FojA},

pr (e, c,du)=1_(ug (&), uc(c), py(du)), (2.6)
TZ T-normsE T'2 T-conormsS HAl @8t offs}t #x F ¢ne
Te & sen dA HARA RE 2(2.8)F 2}

pre,c, du) =Tl pg(e), uc(c), py(4u)] (2.7)
N
ur(e,c, du) =, T*l[;zRi(e,c,Au)]. (2.8)

i
S8 £39 T4 94899 W3 U'e oy 2o 78 £ 9Jon 3 (2.9)
© AA FE9 A FAY dvtztd o)),
" C’ - R, (2.9a)
,uUr(Au)———%up )T[ug'(e),/zc»(c),,uR(e,c,Au)]. (2.9b)
e.c

2.4 T-operatorsE o] 83 3 2 A o] 7|

298 2.1°1 T-operatorsE 7122 3 HA| A 7|9 B E JetUr). o}
B Ao FAo AT dut FAEL N2=2 & AAVNE Y& AA A},
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Ry * If e is negative and c¢ is negative then 4 is negative
R, * If e is negative and ¢ is positive then is zero:
Ry © If e is positive and ¢ is negative then 4 is Zero

Ry, If e is positive and ¢ is positive then 4u is positive.

e A g 9o Aol e yaa

“

A dS £835H7) fel Apg

NE @ negative error,

PE ! positive error,

NC o Negative change in the error,

PC © positive change in the error,

NU * Negative change in the process input,
ZU © Zero change in the process input,

PU o Positive change in the process input,

of FH Wl Al ad @EEe 19 2.2604 Welshar)
(T N
e(n Aty ‘ GAU
yinAt
fuzzy controller G plant >
dl
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3 1 2 3 4 5 6

T3 T; | T, T] | T, Ty | T3T] |T,T; | TsT}
TsTs; | T.Tiy | TyT; | T3Ti | TyTi: | Ts5.Ti
T, Ty | Ty Ty | TpT; | T3Ty; | TyT: | T5T3

>

T,T; [T, T3 |T,T; |[T3T; | Ty T3 | TsT3

o te K ihrufofoal |

N
-~

T\Ty | TiTs |ToTs | T3T5 | ToT5 | TsTs

¥ 3.1 25%9 THT o AlEFHo|A A+

AMago] Az F2AT HH=E HAXH F3| v dF Aol st
FL $H EAE Mo dird o ofd AojdigolE el Tt T; & ol &
& HAA A Ado] G Y 2HE BT 22 T, % TiE o4 Ao
7HE FlEol Fon & AEL THT;E ol &8 RS Adstacs T Ax
ATk, 28A 6F7A ] AAZREY 7} 3301] R ARy 52 13 A
Hoe 44 g AsFd fAE ddeE As B oF A

T-norm Ti(i=1,2,3,4)°] ¢ = T—conormi’—} A AHEE W o SHE
AELS T @A

ol

A4 2&

o] =FolA T-operators®d °|&E ZAsl AFZH HA|FEHHA o
Re] && 7hsAdE ol B&FQ ATA ol&d M=z HAFE &
35S MLt 283 d7d ¥ olHELS HAAAANLE R HAFE
7179 AACA FFd S8 NteTEE 21]*16}"11:} =3 MIN# MAX £
HaolHEL 71228 AEF AANFEUNL ‘}31 A & F A= M

2¢ evdolHgEd o8 7ExEF 2R 4174 URES d78A.

o] AFolN MEE oHHHEL ]%11101/\]’\%1 AAE AT HAAFE
7N17EY HAdA F&3A $&ESE ¢ F AU o] =FAAA AA
T-operators® 7|2 =23l HAFE ¢ ZE28 JaEsn o

g ]
857 3l 47HA G Ao Fel hEd HAA AN 2D S HA Y
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Ol ol &ah A A aof Al o] AR WA FE BTezs Hukehi= 3}
ol Al A ebsl T-operators?) =14 $-olah g kol &9}

e Troperators©] o] E 4 eIt zab Aol abe] wislol] dk Al dyol 4 o
e P sl el ab e el o b w)w] il v Tre] Al 51 3o A Qb yl

IINYE MAX 93 4

T-operators::
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