


Fungsi Keanggotaan Fuzzy

(a) Trangular MF (b) Trapezoidal MF
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(a) triangle(z; 20,60, 80); (c) gaussian(z;50,20);
(b) trapezoid(x;10,20,60,95); (d) bell(x;20,4,50)



A triangular MF is specified by three parameters {a, b, c} as follows:

0, z < a.

L—G g<z<bh.
triangle(z; a, b, c) = EE = g’ -
=0 b E I E C.

0, c<z.

(2.18)

By using min and max, we have an alternative expression for the preceding equation:

triangle(; a, b, ¢) = max (I[li]l (: : 2, z::) ,ﬂ) (2.19)

The parameters {a,b,c} (with a < b < ¢) determine the z coordinates of the three
corners of the underlying triangular MF.



A trapezoidal MF is specified by four parameters {a, b, c,d} as follows:

0, r < a.
H, a<z<hbh.
trapezoid(z;a, b, c,d) = 1, b<z<ec (2.20)
%:—ﬁ, c<zr<d.
0, d<uz.

An alternative concise expression using min and max is

. | . fr—-a , d-=x
trapezoid(z; a, b, c,d) = max (mm (b e 1, T r:) ,U) . (2.21)

The parameters {a, b,c,d} (with a < b < ¢ < d) determine the z coordinates of the
four corners of the underlying trapezoidal MF.



A Gaussian MF is specified by two parameters {c,c}:

(7
gaussian(z;c,0) = e ,
A generalized bell MF (or bell MF) is specified by three parameters {a, b, c}:
1

bell(z;a,b,c) =
1+‘ a<

|2b !



{(a) Changing 'a’
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(b) Changing 'b’




OPERASI LOGIKA PADA FUZZY

* Operator “AND”
e Operator “OR”




Operator “AND”

Four of the most frequently used T-norm operators are
Minimum: Tmin(a,b) = min(a,b) = a A b.
Algebraic product: T,,(a,b) = ab.




Operator “OR”

Maximum: S(a,b) = max(a,b) = aVvb.
Algebraic sum: S(a,b) =a + b— ab.




Contoh Inferensi Fuzzy

« Contoh 1 : (1 aturan, 1 syarat)
« Contoh 2 : (1 aturan, 2 syarat)
« Contoh 3: (4 aturan @ 2 syarat)




Contoh 1 (1 Rules, 1 syarat)

Kasus pengereman otomatis
Fuzzy Rules :

Jika Jarak Dekat maka Rem Penuh
Didefinisikan :

— MF Jarak
— Rem Penu

Berapakah
om ?

Dekat : trapezodial (-2, -1, 4, 12)
n: 100 %

pesar pengereman jika jarak =



Jawab Contoh 1 :

« Mencari derajat keanggotaan dekat :

fx—a d—x _ 6—1(—2) 12 -6 3
aerae = (6:—2,~1,412) = max (min (-—,1,5=),0) = max (min( e 2).0)=2

 Tingkat pengereman :

3
Rem = 2 » 100% = 75%



Contoh 2 : (1 Rules, 2 syarat)

Kasus pengereman otomatis

Fuzzy Rules :

Jika Kecepatan Tinggi dan Jarak Dekat maka Rem Penuh
Didefinisikan :

— MF Jarak Dekat : trapezodial (-2, -1, 4, 12)

— MF Kecepatan Tinggi : trapezoidal (40, 80, 110, 120)

— Operator “DAN” yang digunakan : operator MINIMUM
— Rem Penuh : 100 %

Berapakah besar pengereman jika jarak = 6m dan
kecepatan 60 km/jam ?



Jawab Contoh 2 :

* Mencari derajat keanggotaan jarak dekat :

fx—a d—x _ 6—1(—2) 12 -6
Haskar = (6;=2,-14,12) = mﬂx(mm (b —abac c)’ ﬂ) B mm(mm((—ﬂ —'"12- 4) ’ ﬂ) B

» Mencari derajat keanggotaan kecepatan tinggi :

= (60; 40,80,110,120) = ( ' (I_ﬂ 1d_x) EI)— ( ' (5‘]_40 1 12::1—5::1) ID)—EIE
Keingg: = (60; 40,80,110, T maxymin T e Y ) T e i o 0 M 120 — 110/ T

 Tingkat pengereman :

31
Rem = ma’n{,u.mggi,ﬂdﬂkm} x 100% = min(a,i) » 100% = 50%



Contoh 3 : (4 Rules, 2 syarat)

* Fuzzy Rules:
— Jika Kecepatan Tinggi dan Jarak Dekat maka Rem Penuh
— Jika Kecepatan Tinggi dan Jarak Jauh maka Rem Sedang
— Jika Kecepatan Rendah dan Jarak Dekat maka Rem Sedang
— Jika Kecepatan Rendah dan Jarak Jauh maka Rem Sedikit



FIS Sugeno

« MF Kecepatan Tinggi :
trapezoidal (40, 80, 110, 120)
 MF Kecepatan Rendah :
trapezoidal(-2, -1, 20, 60)
« MF Jarak Jauh:
trapezoidal (8, 16, 21, 22)
« MF Jarak Dekat :
trapezodial (-2, -1, 4, 12)
Rem Penuh : 100 %
Rem Sedang : 50 %
Rem Sedikit : 20 %

« M
« M
e M




Calculation Example
Kecepatan==60
Jarak=10

(x—a d- 60 —40 120 — 60
Kinggi = (60;40,80,110,120) = max(mm( 1 )J[]) — mﬂx(mm( 1 )J[]) = 0,5

b—a' 'd-c 80 —40’ " 120 - 110

Cx—a d—x /60 —(=2) 60 —60
Upanaan = (060; —2,—1,20,60) = mm:(mm (E: — t1,1, - c)’ﬂ) = max(mm((_l} 2 1, 0 E[JJEI) =0

= (10:8,16,21,22) = ( ' (I_ﬂ 13- )ﬂ)— ( ' (m—a 122_1{]) {])—{]25
.H'_F-Eﬂh_ 1 O 'y ] = THaQx\| i h—ﬂ_'l _ld_c_l =mMax|min 15_81 122_211 —

Cx—a d—x 1 10—(=2) 12—10
taekar = (10;=2,~14,12) = max (min(;=2,1,5=7), 0) = max (min (5= 55, 15 =5 ) 0) = 025

Wy = min (Hr,-ﬂgg,-(ﬁn;4{1,3[1,11[1,12[1},Hdﬂkﬂ(ln; —2, —1,4,12}) — min(0.5,0.25) = 0.25
W, = min (#tmm (60;40,80,110,120), 1t ;gu., (10; 3,15,21,22}) = min(0.5,0.25) = 0.25
wy = MIn( frenaan(60; —2,—1,20,60), 4 gopee (10;—2,—1,4,12) ) = min(0,0.25) = 0

W, = mm(#.,,mﬂh (60;—2,—1,20,60), & ;00 (10; 3,15,21;2}) = min(0,0.25) = 0



Defuzzification Sugeno :

0.25% 100 +0.25 x50 +0 x50 + 0% 20 37.5
0.25+0254+0+ 0 05

75

out =



Fuzzy Inference System

« StepsinFIS:
— Fuzzification
— Fuzzy Logic Inference
— Defuzzification




FIS Mamdani

min




FIS Sugeno

Min or
Product

Wy Zy=p,X+q,y+r,

W, Zy=p, X+ QY+,

!! Weighted Average
X y

W;Z:+WaZp
w; + w;

Z=




Proses pengereman otomatis

* Fuzzy Rules:
— Jika Kecepatan Tinggi dan Jarak Dekat maka Rem Penuh
— Jika Kecepatan Tinggi dan Jarak Jauh maka Rem Sedang
— Jika Kecepatan Rendah dan Jarak Dekat maka Rem Sedang
— Jika Kecepatan Rendah dan Jarak Jauh maka Rem Sedikit



FIS Sugeno

« MF Kecepatan Tinggi :
trapezoidal (40, 80, 110, 120)
 MF Kecepatan Rendah :
trapezoidal(-2, -1, 20, 60)
« MF Jarak Jauh:
trapezoidal (8, 16, 21, 22)
« MF Jarak Dekat :
trapezodial (-2, -1, 4, 12)
Rem Penuh : 100 %
Rem Sedang : 50 %
Rem Sedikit : 20 %

« M
« M
e M




FIS Mamdani

 MF Kecepatan Rendah :

trapezoidal (-2, -1, 20, 60)
« MF Kecepatan Tinggi :

trapezoidal (40, 80, 110, 120)
« MF Jarak Jauh:

trapezoidal (8, 16, 21, 22)
« MF Jarak Dekat :

trapezodial (-2, -1, 4, 12)

Rem Penuh : triangle (80,90,100)
Rem Sedang : triangle (40,50,60)
Rem Sedikit : triangle (10,20,30)

« M
« M
« M




Calculation Example
Kecepatan==60
Jarak=10

(x—a d- 60 —40 120 — 60
Kinggi = (60;40,80,110,120) = max(mm( 1 )J[]) — mﬂx(mm( 1 )J[]) = 0,5

b—a' 'd-c 80 —40’ " 120 - 110

Cx—a d—x /60 —(=2) 60 —60
Upanaan = (060; —2,—1,20,60) = mm:(mm (E: — t1,1, - c)’ﬂ) = max(mm((_l} 2 1, 0 E[JJEI) =0

= (10:8,16,21,22) = ( ' (I_ﬂ 13- )ﬂ)— ( ' (m—a 122_1{]) {])—{]25
.H'_F-Eﬂh_ 1 O 'y ] = THaQx\| i h—ﬂ_'l _ld_c_l =mMax|min 15_81 122_211 —

Cx—a d—x 1 10—(=2) 12—10
taekar = (10;=2,~14,12) = max (min(;=2,1,5=7), 0) = max (min (5= 55, 15 =5 ) 0) = 025

Wy = min (Hr,-ﬂgg,-(ﬁn;4{1,3[1,11[1,12[1},Hdﬂkﬂ(ln; —2, —1,4,12}) — min(0.5,0.25) = 0.25
W, = min (#tmm (60;40,80,110,120), 1t ;gu., (10; 3,15,21,22}) = min(0.5,0.25) = 0.25
wy = MIn( frenaan(60; —2,—1,20,60), 4 gopee (10;—2,—1,4,12) ) = min(0,0.25) = 0

W, = mm(#.,,mﬂh (60;—2,—1,20,60), & ;00 (10; 3,15,21;2}) = min(0,0.25) = 0
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Hasil Agregasi

as
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e Centroid Area:
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Perbandingan dgn simulasit MATLAB

B Rule Viewer: Untitled T T B = | B |-

File Edit View Options

Kecepatan = &0 Jarak =10
Rem =70

L

[=)

100

InfaLt: [60 10] Plot points: 4 g4 P left | right|down| up |

Opened system Urtitled, 4 rules Help | Close |




Toolbox Fuzzy pada MATLAB

0 Mew to MATLABT Watch this Video, see Demos, or read Getting Started, x

3IT: Added paths for Simulation Interface Toolkit Version 2011

Jtarting the 3IT Zerver on port £011 ® FIS Edltor

SIT Z3erwver started

Jx = fuz zyl i .
B IS Editor: Untitled E=EE
File Edit View
Untitled
(mamdani}
input1 output1
FIS Mame: ntitled FIS Type: mamdani
And method = - | || Current Yariskle
Qi methoc s T' Mame inputt
AT it
Implication min - o i
' Fange [01]
Agoregation = -
Defuzzification centraid - ' Help Close
System "Urtitled": 1 input, 1 outpot, and 0 rules
.. > )




B IS Editor: Untitled n—

Edit View

Mew FI5. » Mamdani Ctrl+M
Impaort 3 Sugeno L
Export 3

Untitled
Print Ctrl+P emmmmm e
Close Ctrl + W (mamdani
| S -

-
B IS Editor: Untitled2 = | E] |-
File Edit View
Untitled2
------------------- f(u)
(sugena)
input1 output1
FIS Mame: Urtitled2 FIS Type: SUGEND
And method prod - | || Current Yariskle
Qi methoc probar T' Mame inputt
T it
Implication min o i
Fange [01]
Aggregstion max
Defuzzification e - Help Close
System "Untitled2™ 1 input, 1 output, and O rules:




File View

Undo Ctrl +Z
Add Variable.., » Input
Remowve Selected Varnable  Ctrl+X Output
Membership Functions...  Ctrl+2
SUgeEno} 5 i . .
Rules... Ctrl+3 | (Sugeno) B FIs Editor: Untitled2 EERECR
Anfis... Ctrl+4 File Edit View
~H~h~“
———
: Untitied2
nputt -~ e f{u)
e (sugeno} ,
.'-ll'
‘ & #*#
outputl
input2
FIS Mame: Urtitled2 FIS Type: SUGEND
&nd method prod v: Current Wariakle
. N .
Or methad probor - Ame input2
T irpt
Implication min ot i
Range [01]
Aggregstion o
Defuzzification e - Help Close
Reacly




It nama untuk setiap kotak

5 _ i - -
Bl FIS Editor: Untitled2 =NECN X
File Edit View
o
*h""'--...
Untitled2
Kecepatan ) |  emmmmmmad flu}
e (sugeno}
-
##*#
<- Rem
Jarak )
—
FI= Matme: Urititled2 FI= Type: SLIGEND
And method prod - | || Currert Yariable
Or method orohor = Mame @
Type oLt
Implication i il 425
Range [01]

Agigrecation max
Defuzzification e | Help | Close
Renaming output variable 1 to "Rem"




Klik 2x pada kotak input

« Akan muncul Membership Function Editor

P ™
B Membership Function Editor: Untitled2 el
File Edit View
. : . plat points:
FIS Variables Membership function plots 181
mf1 mf2 mf3
Kﬁ -
Jarak N
0 1 1 1 T 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.5 0.7 0.8 0.9 1
input variable "Jarak”
Current “ariahle Current Membership Function (click on MF to select)
Marme Jarak Maime mi1
Type irpLt [ES trimf \
Params
Range 01] [-0.400.4]
Dizplay Range 1] Help Close
Selected variakle "Jarak"




Edit Name, Range, Type, Param

 Input : Kecepatan

B Membership Function Editor: Untitled2 =N X
File Edit View
FIS Variables Membership function plots  PIot points: 151

Lambat Cepat

Kecepatan Rem

XX

o]
n

Jarak
o 1 1 1 T ! i 1 1 1
0 10 20 30 40 50 60 70 20 80 100
input variable "Kecepatan”™
Current “ariahle Current Membership Function (click on MF to select)
Marme Kecepatan Mame Cepat
- . Type trapmf -
Range 0100 Params [40 30 110 120
Dizplay Range [0 100] Help | Close
Changing parameter for MF 210 [40 80 110120]
J




Input : Jarak

flu) 1

XX

ﬁ -

ru Membership Function Editor: Untitled2 = | B |t
File Edit View
FIS Variables Membership function plots  PIot points: 151
Dell-cat I I I I I I Ja;m

Jarak
o I I f L o 1 1 1
0 2 - B 8 10 12 14 16 18 20
input variable "Jarak”
Current “ariahle Current Membership Function (click on MF to select)
Mame Jarak Mame Dekat
- . Type trapmf -
FeTEe 0201 Params [-2 -1 412]
Dizplay Range [0 20] Help Cloze
Zelected variahle "Jarak"
= s —




« Qutput : Rem

B Membership Function Editor: Untitled2 = | B [
File Edit Wiew
- Membership function plots  PIOt pOINts: 181
FIS Variables SULEEL Y IO
P—
XX (u) Penuh
Kecepatan Rem Sedang
Jarak Sedikit
output variable "Rem”
Current Yariable Current Membership Function (click on MF to select) |
Mame Rem Mame Sedikit
Type output Type constant -
Params
20
Range [0 100]
Cizplay Range Help Cloge |
Changing parameter for bF 1 to 20 |



Masuk ke Rule Editor

» Klik dua kali pada kotak e [
pUtlh di FIS Editor ecepetan e ftw)

(sugeno}

B Rule Editor: Untitled2 -

nul
it

File Edit View Options Jarak

If and
Kecepatan is Jarak iz
Lamkbat - Dekat -
Cepat Jauh
none none [
- - |
[ ot ] mot
~ Connection Wit
(] oF
@ and 1 | Delete rule Add rule Change rule | == | ==

Mo rules for system "Untitled 2" Help | Close | |1




Membuat Rule

Bl Rule Editor: Untitled2 sl »n B = | B |-

File Edit View Options

1. If (Kecepatan is Cepat) and (Jarak iz Dekat) then (Rem is Penuh) (1) -
2. If (Kecepatan iz Cepat) and (Jarak iz Jauh) then (Rem is Sedang) (1)

3. If (Kecepatan is Lambat) and (Jarak is Dekat) then (Rem is Sedang) {1)

4. If (Kecepatan iz Lambat) and (Jarak iz Jauh) then (Rem iz Sedikit) (1)

If and Then
Hecepstan iz Jarak iz Fem iz
Lamkat " Dekat - Sedikit "
Cepat Jauh Sedang
naone none Penuh
rone
|| not [ | nat [ | not
— Connection Wigight:

|:|nr

@ and 1 Delete rule

The rule iz added

Change rule | ﬂ J

Help | Close |




Masuk pada Rule Viewer

File Edit |View| Options

1. If (Kec Rules  Ctrl+3 O Dekat) then (Rem is Penuh) (1)
2. If (Kec Surface Ctrl+6 3k is Jauh) then (Rem is Sedang) (1)
3. If (Ketopomo

rrrermerengeeepeal @l 15 Dekat) then (Rem is Sedang) (1)

B Rule Viewer: Untitled2 e S
File Edit View Options
Kecepatan = 50 Jarak =10
Rem = 55
1
2
3
4
0 100 0 20
12 108
|I‘|pu‘t2 [5':' 9 D] Plat pDiI‘ItSZ 101 hove: left | r|ght | down | Up |
Opened system Untitled2, 4 rules Help | Cloge |




Simulasi input output Fuzzy

Masukan

u Rule Viewer: Untitled2 = | B |
File Edit View Options
Kecepatan = 80 Jarak =15 C
Rem = 50
=
1
2 |
3
4
0 100 20 l
12 108

—

Iripait: 120 D

Plot points: 101

Il

left | right|duwn| Lp |

Opened system Untitled2, 4 rules

Help | Close |

Keluaran



