5.1

(CE?)

51



(Rise time)

RULE BASE
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PROCESS
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delay)

51

(Operating region)

(Time constant)

(Kp) (D

A\ 4

(Time
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(Qin Borders, 1993)

52

RULE-BASE
AV
Rl | R2 |RN
SP + N\ e e
—'(><>|:: FUZZ |Minference | * DEFUZZ |—# PROCESS >
i \:f ce Auq
FLC
5.2
2
ce AV 1
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Av=/(c, ce AV) (5.1)

/
AV | C
SP
511 (Universe of discourse)
e\
e,=SP,-PV, (5.2)

PV,



e, 1

. 08

Ce,

AV

ce,= (e -¢.)
(offset)

1

AV1=SP,

Ce,

109

ce,

64)



AV,

AV,

AV,* = (AV,-5)/5
AV*
AV

AV

. Aut

et“=et/se (Se<e,<Sg

(0<AV, <10)

Cét/'See (“Ace —Ctt™ See)

[-L1]

['111]

110

10

(55)
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7 Am,
51
51
e {PB, PS, ZE, NS, NB}
cé {PB, PS, ZE, NS, NB}
aV {PB, ZE, NB}
Am {PB, PM, PS, ZE, NS, NM, NB}

PB = Positive Big

PM = Positive Medium
PS = Positive Small
ZE = Zero

NS = Negative Small
NM= Negative Medium

NB = Negative Big
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5.13

4 pup2 p3
pd
PI = (pointZ, 0) P2 = (point2, 1) - P3=(point3, 1): P4 =(point4,0)
53
pointl, point2, point3 pointd pointl <
point2 < point3 < point4
point2 = point3

point2 * point3

g
y
s

pointl point2 point3 point4

53
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5.4
NB NS ZE PS» E NB NS ZEPS PB
e
£ 0 1
NB VA PB NB NM NS ZE PS PM PB
AT i—-) * VA VY.V
dman Y dnfnan A dmuu Au” '
| - \
o 0 1 -1 0 1
5.4
514
Viot (1993) 55
£ POTIEP—
Degree &R fasesssvesiiite
of membership|  s/ope 1 SlopEd
point| p(iim2 poil:t}i P0i1|1t4
delta 1 e::Fe'ItaZ
55 e’
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l

delta | = e" - point1

delta 2 = point4 - ¢

&
y #ON
/ delta 1< 0 ™ i
< B . | Degree of membership = 0 ’
. Or aelta < ‘//

N
\\

|

Degree of membership = min(\delta %slope 141celta 2 * slope 2], 1)

5.6 e

PS pointl-pointd
point1=0, point2 = 0.2, point3 = 0.4, pointd = 0.5
e* 0.1
PS
deltal=0.1-0 =0.1

deltal =0.5-0.1=0.4
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slopel=(0-1)/(0-02) =5
slope2 = (1 - 0)/(0.4 - 0.5) = -10
4> (0.1) = mix{|0.1%50.4*(-10)|, I} =mm{0.5,4, 1}=0.5

e* 0.1 PS 0.5

5.15

IF “Level is little higher than a setpoint”
AND “Rate of change in level is close to a setpoint”
AND “Setpoint is in a high gain region”
THEN “Maintain the flowrate of inlet water”

ELSE
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IF “Level is far lower than a setpoint”
AND “Rate of change in level is far from a setpoint”
AND “Setpoint is in a low gain region”

THEN “Increase the flowrate of inlet water a lot”

FLSE ..
(5.10)
IF ¢ is A AND ce is Bj AND AV is Gi THEN make Au Di (5.10)
A,B,C D
e g AV Au

AV

AV 5.1
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58
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(a)
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58
5
5% = 25

5.2,5.3,54
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5.2 )
e=PB,C6=NB ( 4
EF ¢ is PB AND ¢ is NB AND AV is ZE THEN CO is PB {
e=PS,ce=NB ( b

IF € is PS AND ce is NB AND AV is ZE THEN CO is NM (

15
5/

FAM (Fuzzy associative memory) 5.2,5.3 5.4

58
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NS

ZE

PS

PB

NB

NS

ZE

PS

PB

5.2

5.3

NB

NB

NB

NB

NB

NB

NS

NM

NS

NS

PS

PM

NS

NB

NS

NS

NS

PS

ZE
NS
NS
ZE
PS

PS

ZE
NM
NS(f
ZE (g)
PS

PM(d)

\(AVisPB)

PS

NB

PS

PS

PS

PM

PB

PB

PM

2 (AVisZE)

PS

NM (b)

PS
PS (e)
PM

PB

PB

PB(a)

PB
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NB

NS

ZE

PS

PB

Max-Prod

rulem

Max-Min

 IF e is NB AND ce is NB AND AV is NB THEN A

54

NB

NB

NB

NS

NM

NS

NS

PS

PM

ZE

NS

NS

ZE

s

PS

PS

PS

PM

PM

PB

PB

122

3(AV isNB)
PB
PB
PB
Mcc-Mw
Max-Min

is NB
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rulew : IF e is NB AND ce is NS AND AV is NB THEN A is NM

Max-Min 5.9

RULE n N

*
- .
e ce AV min Au

5.9 Max-Min

“AND”

Au

-m= min{faNB(e*), juNB(ce*), fim (AV*)}



=min{ 1,04, 0.7} =0.4

Mn=min{"NB(e*\ HNz(ce*\ Hnb{AV*))

=mi {1,0.6,0.8} = 0.

04
0.6
M

517 «

5.10
point2 point3  point2 point3

> > t >
pamti_pookt 0.6

pOim point3’ /e e oy

0.4

S, BB
- Crisp output
5.10

124

NB

NM

NB
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5.10

m( NB)

pointl =-1.1 point2 = -1 point3 =-0.9 point4 =-0.75
point2, point3 strength = 0.4
slope 1 = (I-0)/(point2-point3) = 1/(-1+1.1) = 10
point2’= (strength - 0)/(slope\) + pointl = 0.4/10 -1.1 = -1
slope2 = (0-1)/(point4 - point3) = -1/(-0.75 + 0.9) = -6.67
point3’ = point4 - (0-strength)/slope2 =-0.75 - (0.4/6.67) = -0.8
NB

pointl =-1.1 point2 = -1 point3 =-0.8 point4 =-0.75

Am= 0.5%[(1-0.8)+(1-0.75)]*0.4 = 0.09
Am

= (1-0.75)"0 5 H0.75 = 0.9
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( NM)

pointl =-0.85 point=-0.5 point3=-0.5 point =-0.25
point2, point3 strength = 0.6
NM

pointl =-0.85 point2 =-0.6 point3=-0.4 point4 =-0.25

An= 0.5*(0.6-0.4)+(0.5-0.25)1%0.6 = 0.24

= (0.85-0.25)*0.5 + 0.25 = 0.55

« KA +WAn
Al Am+ An

(0.9)(0.09)+(0.24)(0.55)
0,00+ 024
=0.64

6 = 100% Au = 0.64*10 *100% = 6.4
6.4

10 7 = 10-64=3.6



5.2

Qin

Zheng (1992)

6 SCe A

SAJ

127

Border (1993)

Yamashita et al. (1987)

5.9
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55

ft
ft
S¢
si i f
f )
e ce,AV
Au
(point 1, point2, point3, point4)
{,s0)
(

¢ 75 NS PS (=1 NS PS
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511
ZE
ce 0 ZE
ZE
(AV)
[1F

AV
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(Au)
Au
NS, ZE  PS
NS  PS
512
|~ y 4 lﬁummtjuma“lum'imuqu
,//\\v / [\\ /\\
- MuEdusnmnInduga
512
/E /E
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SAu
3)
(4)
AV
(5)
SAu
s Al
100
SAu

100,70 45 513514 515
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Se See

0 100

Shu
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N
5.15 1= 45
Sau
Sa» =45
Se
S
( )
Se
S 0
100 G 80 17( =80

54 5.2-5.4) 5.165.17



134

80

(%)
2

[ 3 s v,
20 -+ l _______ IENNDUN IR £ 1L TRV 2 1 b

144 204 264 324 384 444

70

60 + r
-
50 o= L

40 +

(%)

30

20 + ol [ < I o
IFNHoUN ITAUYDAUNAD

l | l 1 | 1 l
0 T T T T T T T

930 990 1050 1110 1170 1230 1290 1350

()
5.17 w1



135

See See 80 17
e
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PS 518
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70

Se
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5.22
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