2-1

Widjga

LOR)

Haihua Gaoh
[13] Willams

Propagation Network)

(
Bradshaw
[14] Chen
[15] Li
[16]

(Hybrid System)

PID

Lin

[11]

(Linear Quadratic Regulator,

[12]

(Lyapunov)

Nelson (Back
(CMAC Network)

[32-33]

) ( )
(LQR)
(Adaptive)

11



ANFIS Song  Smith

(Fast IBEDS) Takagi-Sugeno

ANFIS Fast IBEDS

[17] Ghanbari  Farrokhi ANFIS

ANFIS [18]

2-2

(Plant)

(Newton-Euler) “ "
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2-2-1

2-1

2-1

2-1
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2-2 N P

2-2

bx
-
Friction
(b)
22 (a) (b)
Ms = F —bx— N (2-1)
N :md—z(x+lsin6?) (2-2)
dt?
N = mX+mlédcosd—mo?*sing
(M +m)%+bx+m@dcosd-mo?sind=F (2-3)

14



2

P-mg= m%(l cosd) (2-4)

: P—-mg=-mldsind—-ml§?cosd

—Plsind—Nlcosé = 16 (2-5)

O=r+¢ cosp=-cosfd Sng=-snd

P N
(I +m?)@ +mgl sin@ = —mixcosd (2-6)
O=rn+¢ (4 ) ¢ 1 )
. 6.,
p<<1 cosd=-1 snf=-¢, (E) =0 u
F
(I +ml?)g —mglg = mix (2-7)
(M +m)%+bx—mig =u

2-2-2
(2-7)
(I + M) D(s)s* — mgld(s) = mX(s)s® (2-8)
(M +m) X (8)s* +bX (s)s—mld(s)s* =U(s)
(Transform Function) 0
¢ (2-8)

15



X(9 =1 - Ggag

(2-8)

(M +m) {m—%}d)(s)sz +b[w—%}®(s)s— md(s)s? = u(s)
ml S ml S

m

(s) _ q

U(s) S4+b(I +ml?) Ss_(M +m)mgl SZ_brngl S
q q q

q=[(M +m)(I +ml?)—(ml)?]

2-2-3
X = AX +Bu
y=CX+Du
(23 % ¢
X=X
. ~(1+m>b . mfgl® (I +ml?)
M +m) MM M Am)+MmIZT 1M +m)+ Mml?
b=
j= —-mlb %+ mgl (M + m) 4+ ml L
[ (M +m)+Mml (M +m)+Mml [(M +m)+Mml

16

(2-9)

(2-10)

(2-11)

(2-12)

(2-13)

(2-14)



0 1 0 0] i 0 ]
X 0 —(I +ml*)b megl? X | +ml?
x| (M +m)+Mml* (M +m)+Mml? X . (M +m)+Mml?
$| |0 0 0 1) ¢ 0
¢ 0 —mib mgl (M +m) y ml
L I(M+m)+MmIZ (M +m)+Mml? (M +m) +Mmi? |
(2-15)
X
y:m:[l 00 0} X +ﬂ“ (2-16)
¢/ |0 0 1 0||g| |O
¢
2-2-4 ( )
— (Lagrange's
Equation)
L(a,9)=T(q,4)-V(a,9) (2-17)
L q T Y%
L
aa_a_, (2-18)
dt og og
i=1,23--n g u
( ) X 0
2-3 —

17



(x+ksind,kcosd)

m
b
L
k
P (m“)
F
X ( )
o
dm
y k
F
q M
|
® | ()
| X
2-3
T:il\/lx2+j1-dm-v,§ (V, Xz%)
2 2 dt

18



1., 1 , - o,
= Mx +§jp|-dk-[(x+k-cose-9) +(k-sing-6)’ |

_l .2 l . N 2 . N 2
= M +§-p|jdk-[(x+k-cos9-e) +(k-sing-6)*]

:1|v|>'<2+ﬂ[jx2dk+j2x2kcose.9'-dk+jk2cosze-a‘z-dk+j(ksine-9‘)2dk}

2 2

1 2 P .2 . (17 2 A2 N 2 )2
=—Mx"+=||-x"+2%xcosf-0| — |+cos @--| — |+sin“G-0
2 2 2 2

~ L+ L + L mi cosdse + L mizg?
2 2 6
V:jdm-g'dk~cos:9

:jg-cosé?-p,-k-dk
:p,g-cosekj;k-dk

2

I 1
= -c0s@ -— ==mgl cos@
9 5 2mg

1
==mgl cosd
5 mgl cos
(2-19) (2-20) (2-17) Lagrange
L=imse+Lmie +%m| cosOX? +%m| 267 —%mgl cosd
(2-21) (2-18) X ( )

dt ox  ox

(M +m)5<+%m| cosé?é—%ml sinov* =F

19

5|

(2-19)

(2-20)
(2-21)
(2-22)

(2-23)



da _a_j (2-24)

dtod 00

%ml cosex+%mlzé—%mlsin0:0 (2-25)

(2-23)  (2-25)

1
M+m =mlcosé |-., 1 L 0
2 {X}{O Emlsmﬁ@]{)f}{ - ]_{F} (2-26)
1 1 o o0 —Emlsme 0

“mlcosd =ml? 0 0
2 3
(2-26) (2.26) X
j
. }mlz —=ml cos@
{x} _ 1 3
0 }(M +m)m|2—1m2|20052t9 Lcoss  Mam
3 4 2

e+ Lncsngs? - Lar I2gcosfsing
1 6 4

1 1 .
§(M +m)m|2—zm2I2coszt9 —%ml cosOF —%mzlzsinecoseeﬂ(M +m)mg%sin49

(2-27)
(2-27)
(2-27) (Linearization)
(0) 0 —>0=cosd >1 §—>0=sinfd—0 00
0° (2-15)
M-+m 1mI 0
R | I R U (2-28)
1 1 ,|l6] |0 0]|d| |-=mle| |0
=m =ml 2
2
(2-28)

20



1 LML A F
- —| 3 2 1 (2-29)
S(M e mmi® =’ _%m| Mam| |5M90
(2-29) (state-variable form)
0 1 0 0] I 0 ]
X 0 0 megl? X | +ml?
o 2 : 2
X|_ (M +m)+Mml X N (M +m)+Mml F (2-30)
0 00 0 16 0
0 0o o . MM +m) 0 ml
i (M +m)+Mmi? | LM +m)+Mmi? |
= Lme
3
— (2-15)
2-3
1965 L.A. Zadeh
(Fuzzy Sets)
[19]

21



(Queen Mary College) E. H.

Mamdani L. A. Zadeh (Linguistic
Approach) (Fuzzy Inference) (Fuzzy Logic)
[20-21]
1980

(Fuzzy Logic Controller, FLC)

(Adaptation)

(Robustness) (Fault Tolerance)
Qiao  Mizumoto
FLC PD [22] Lewis Liu
FLC [23]
2-4

(Crisp Set)

(Characteristic
Function) (Membership Function)
A X xe X
1 xeA
/JA(X)—{O’ xe A Ha(X) A

22



Ha(X) 1 0 X

A X 1A (X)

(Membership Function)

1a(X) [0,1]

(Membership Grade)

A 1, (x)=0 X

1,(X)=0.8 X A

2-4-1

X ={%, %, %}

“:U,f\(x)
T X

Ha(X)

(« -Cut)

23

A
A
#A(X) =1
A
A
(2-31)
(2-32)



X a
AQI{Xl/Je(X)Z(Z,XE X} (2-33)
(Support)
A X 0
SUpp(A):{xm,} >0,xe X} (2-34)

(Core  Kerndl)

A X 1
Core(A)z{xmf\(x):l,Xe x} (2-35)
A X

Height(A) = max 1, (X) (2-36)

24



A
1.0 —
o
o Height (A
0 / >
' X
< Core(@) e
% o A _ e
be SJDD(A) N
2-4
(Linguistic Variables)
(Linguistic Value)
2-5
0~240(km/hr) [0,240]

25

[24]



0.5
0
(km/ hr)
0 60 120 240
2-5
2-4-2
[0,1]
[25]
(Fuzzy Intersection)
A
B C=AnB
C = 1600 = A 1 (Rotts0) | =min| 1, (9160 (237)
A\
(Triangular Norm T-norm) 2-1

26



2-1

(norm)

Minimum

T..(a&.b)=aab=min(a,b)

Algebraic Product

T,(ab)=a-b=ab

Bounded Product | T,,(a,b)=aob=max(0,a+b-1)
a, b=1
Drastic Product | Ty, (a,b)=anb=1b, a=1
0 a,b<1
(Fuzzy Union)
A
B C=AUB
C = 3009 =] 0. 1159 | =max| i, (0. 50| (239
\4
(Triangular Conorm T-conorm  S-norm)
2-2

27



2-2 (Norm)

M aximum S, (&,b)=avb=max(a,b)

Algebraic Sum | S(a,b)=a+b=a+b—ab

Bounded Sum | S.(ab)=a®b=min(l,a+b)

a, b=0
DrasticSum | Sg(ab)=aUb=1b, a=0
1 a,b>0
(Fuzzy Complement)
A A A
# (%) =1= g1 (X) (2-39)
2-5
(Fuzzy Inference) (Approximate Reasoning)
(Exact Reasoning)
[26] (Fuzzy Imlication
Inference Rules) (Generalized Modus Ponens,
GMP) (Forward Reasoning)

28



(Generadlized Modus Tollens, GMT)

Reasoning)

2-3

(Backward
(Modus Ponens)

(Modus Tollens)

1( ) IFxis A THENYyis B

2( ) xis A

yis B

2-4

1 ) IFxis A THENyis B

2 ) yis®

Xis A

29



2-5-1

IF xis A THEN yis B

Xis A
yis B (2-40)
xis A ( ) yis B ( )
I?
R A B’
2-6
A B
R
Y
2-6

30



2-6  "If-Then" 2-7

Mamdani
Takagi Sugeno
Takgi and Sugeno's
Fuzzy If-Then Rule

KA B
Y
BAEMES B ES
> A M e 1E AR >
B A %

2-7

31



2-5-2

2-8

—>  #EHt e BEEER — AsHt —

T

MR R R
2-8
2-5-3 Sugeno
Takagi-Sugeno ( Sugeno T-S
) Mamdani

2-9

R, :IFx is A andx, is A, THEN Y, =ax +bx +¢

~11

R, (IFx is A andx, is 522 , THENy, =a,x +b,X, +C,

~21

32



X %X w

W = /U_An (Xf) A ,U,.Alz (Xg)

Y =ax+hx+¢
yO
2 WY,
yO — i:%1
W
i=1
Min
m—q&+§§+q
VO = WY +WoY,
/ \N1+W2
Y, :ale"'bzxz"'cz
2-9 Sugeno
ANFIS
Sugeno

33



2-6

If-Then

[27-28]

2-10

2-10

(FLC)

FLC

34



FLC
FLC FLC
FLC

(Scaling Factor)

(Fuzzification)

(PB) (PM) (PS)
(NS (NM) (NB)
1.
A(xa,b,c)
0 ,X<a
x-a ,a<x<b
A(xa,b,c)= b-a
c=X b<x<c
c-b
0 ,C< X
a b c a<b<c
2.

35

¢49)

(2-41)



I1(x;ab,c)

0 ,X<a
x-a ,a<x<b
b-a
I1(xab,cd)=11 ,b<x<c (2-42)
d-x ,c<x<d
d-c
0 ,d <x
ab c d a<b<c<d
G(x;m,o)
_(><—/42)2
G(x;mo)=e 2 (2-43)
m o
B(xa,b,c)
1
B(xab,c)= - (2-44)
X—C
1+ —
a

36



[f—Then

Mamdani Sugeno

(Defuzzification)

(Center of Gravity) (Height)
(1)
o [me(y)- vy (2.1
a ACILY
)
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y == (2-46)
z Hp ( Yi )
i=1 -
I y y’
Y, y | us(¥) Y, B
2.
2N(B)-y,
y =t (2-47)
2.
i=1
n h(B ) B Y
B y
2-7 Sugeno
Mamdani Sugeno
1985

Mandani
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Mamdani Sugeno Sugeno

(Constant) (Linear)

Sugeno
Sugeno

if x is A and B then z=k

A B k (
) Sugeno
Mamdani Sugeno
Sugeno
(
1)
Sugeno
y=a
y=ax+b
Mamdani
1)
@)
Sugeno
( ) Sugeno

39



Sugeno

if x is A and y is B then z=pxx+qgxy+r

Sugeno

Sugeno

Sugeno MATLAB

Sugeno
Sugeno

Sugeno

X e[0,5] Ye[0,10]

(%)
if X small and Y small then Z=-x+y-3
if X small and Y big then Z=x+y+1
if X big and Y small then Z=-2y+2

if X big and Y big then Z=2x+y-6

2-12

40
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Eos T
b=, T
=1
Foz T
i R
@ 0% 1 18 2 2% 3 A8 4 4% 8§
L}

W= g
g0 T I
% 06 ~
5 o T
2oz -

] o

0 -- ' .
2] WIS &, "
& .- H
O T ] ‘ ; '
R .
'tlﬂ _:‘_

Sugeno

Sugeno
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Sugeno

Sugeno
Sugeno Mamdani
Sugeno
1 ( )
2. ( PID )
3.
4.
5.
ANFIS
2-8
(Adaptive Network-Based Fuzzy Inference System)
ANFIS 1993 Jang [9]

(Fuzzy Inference System, FIS)
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If-Then (Knowledge)
(Reasoning Processes)
(Learning)

ANFIS

(Uncertainty) (Imprecisely)

ANFIS

(Fuzzy Clustering)

ANFIS

(Adaptive Neural Network)

43



ANFIS

ANFIS
ANFIS
Mamdani Sugeno
Takagi-Sugeno

PID

ANFIS

ANFIS

Mamdani



Sugeno

If-Then Sugeno
ANFIS
[29]
Sugeno Jang Sugeno
ANFIS 2-13
( 0o, i )

A
X1 <
A

O =pa(%), 1=12 Oy =5 (%), 1=34 (2-48)
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% (

ANFIS

%)

! A( B.)
Ol,i A (AzAqu’Bl’Bz))
) 26 I

Oz,i =W = gy (%) g (%), 1=12

) 2-6 N
w
O, =wf = Wl , 1=12
' W+ W,
) i
O, =Wf=W(px+gx,+r), =12

46

(2-49)

(2-50)

(2-51)

(2-52)



(Jang, 1997)
If-Then

Mamdani

ANFIS

if —then

(Clustering)

K-means Fuzzy c-means

Tsukamoto

(Piecewise)

ANFIS

47

[30-31]

Sugeno



ANFIS Sugeno

(Potential  Energy)

(Kinetic Energy) (Dissipation)  Lagrange
(
)
n
ANFIS
0=x,
0=x, X=X, X=X,
(%5 Up)
x,=[k 0 0 Q]
x = f(x(t),u(t)) (2-53)
f(x(t),u(t)) 4x1 X X(t) u(t)

(2-54)
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Xg:Ug

Xp,Ug

Xo.:Up

Xp,Ug

Xo:Ug

XpsUg

Xo.Ug

XpUg

.l>><. o?<. l\?<. '_><.

[ f(x(t),u(t) |
f,(x(t),u(t))
f,(x(t), u(t))

| F,(x(0),u(®)

8)(1 Xg,Uy axl Xo,Up
axl Xg U 6)(1 Xg,U

ol oon|

a)(1)(!.] axlxu

X(t) = Ax(t) + Bu(t)

49

[ of,

ou

of,
ou

of,
ou

of,

ou

(2-55)

Xo:Ug

XpUg

Xo.Ug

Xo:Ug

(3-54)

(2-55)

(2-56)
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