Fuzzy logika hasznalata
MATILAB segitségével

Fuzzy Logic Toolbox
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e Matlab: numerikus modszereken =

puld matematikal programecsomag, amit

altalanos mérnoki és matematikai sza-
mitasokhoz fejlesztettek ki.

e Toolbox: olyan beépiilo modulok, ame-
lyek kiterjesztik a MATLAB funkciona-
litasat egy—egy specialis matematikai 1l-
letve mernoki tertletre.

e Fuzzy Logic Toolbox: a tuzzy alapu
kovetkezteto rendszerek fejlesztését ta-
mogato toolbox.
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Developers of MATLAR

e A Fuzzy Logic Toolbox (FLT) a MAT-
LAB kornyezetre ¢piilo fligevények és esz-
kozok gylijteménye, amelyek a tuzzy logi-
kan alapulo kovetkeztetési rendszerek 1ét-
rehozasat és fejlesztését segitik. Az FLT
eszkozok az alabbi kategoriakba sorolha-
toak:

— parancssori eszkozok
— eorafikai—interaktiv eszkozok
— SIMULINK blokkok ¢s példak 3
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Developers of MATLAB

o Az FLT és egyéb komponensek Osszetiig-
gese:

Fuzzy

Inference ..I‘-_.'_' ......
System

Simulink

Stand-alone

Fuzzy Engine User-written

M-files
Other toolboxes

MATLAB
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Developers of MATLAR

o A tuzzy alapu kovetkeztetd rendszerek
mukodeése:
1. Bemeno adatok fuzzyifikalasa.
2. Fuzzy operatorok alkalmazasa.
3. Kovetkeztetés végrehajtasa.
4. Aggregacio.
5. Defuzzyfikalas.

Az FLT is ezeket a lépéseket hajtja végre
a mukodes soran. :



Feladat:

Egy etteremben a mindséget két parameéterrel merjuk:
1. Az étel min&sege
2. A kiszolgalas min&sége

Mindkettdt egy 0—tol 10—ig terjedd skalan egy szamertékkel
jellemezzuk.

Keszitsink egy olyan fuzzy kdvetkeztetd rendszert, amely
ezen két paraméter alapjan tanacsot ad, hogy mennyi
borravalot célszer( adni (5%, 15%, 25%).

Hasznaljuk az alabbi nyelvi valtozokat:

1. Az étel minGsege: ehetetlen, finom

2. A kiszolgalas minGsege: szegenyes, jo, kivalo

3. Az adott borravalo: keves, atlagos, b&kez(



A szabalyaink, amelyek alapjan dontést hozunk
legyenek a kdvetkezdk:

1. Ha az étel ehetetlen vagy a kiszolgalas szegényes,
akkor a borravalo legyen keveés.

2. Ha a kiszolgalas jo és az étel finom, akkor a
borravalo legyen atlagos.

3. Ha az étel finom vagy a kiszolgalas kivalo, akkor a
borravalo legyen bdkezd.

Meg tovabbi logikus szabalyokat generaljunk!



Kod szinten a feladat leirasa

[System]
Name="etterem’
Type="mamdani’
Version=2.6
NumInputs=2
MumOutputs=1
NumRules=3
AndMethod="min"
OrMethod="max"
ImpMethod="min"
AgoMethod="max"
DefuzzMethod="centroid"

[Outputl]
MName="borravalo’
Range=[8 25]
MumMFs=3

[Inputl]

Name="etel"

Range=[8 18]

NumMFs=2

MF1="ehetetlen": "trimf',[-4.17 8 5.992]
MF2="finom': "trimf",[4.081 9.987 11.5]

| [Input2]

Name="kiszolgalas’

Range=[8@ 18]

MumMFs=3

MFl1="szegenyes': 'trimf',[-4.167 @ 4.167]
MF2="jo':"trimf',[@.8333 5 9.167]
MF3="kivalo': "trimf',[5.833 10 14.17]

[Rules]

11, ¥ (1) = 2
22, 2(1) - 1
23, 3 (1) = 2

MF1="keves': 'trimf’',[-10.42 @ 10.42]
MF2="'atlagos': 'trimf',[2.883 12.5 22.92]
MF3="bokezu': 'trimf',[14.58 25 35.43]



Fuzzy Logic Designer hasznalata

Command Window

Inditas parancssorbol: Bl .. fuzzyiogicDesigner

4\ Fuzzy Logic Designer - Getting Started

MATLAB

Open Create Generate rules automatically
Open from File | % | Browse | = General Fuzzy Inference Systems (FIS)
Open from Workspace [Selem v |
. S Sk
Recent Files - > = g
Custom FIS from
FIS Data

= Template Fuzzy Inference Systems (FIS)

Learn
i - el =i

|| Get Stan("‘.-d | e ! | | | || | | I I[ _j l

Mamdani and Sugeno Systems

Type-2 Fuzzy Inference Sysiems . fiamdani hiamdani ' Sugeno Sugeno
Type-1 Type-2 Tvpe-1 Type-2

Fuzzy Logic Desjgner
Build Fuzzy Systems Using App

Define Fuzzy Rules Using App
Define Membership Functions Using App
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Inditas menubd

[ PAATLAR R20XIE - academic use
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Kapunk egy szerkesztd ablakot

4 Fuzzy Logic Designer: Untitled

| JL T | = B F: | [ah fad :

| E .- g g Ei= A [al | Number of Samples @ 1 ul ﬁ

| Mew Save Import Input Cutput Rule Add All famdani  Type-1 101 |+| Contral Store Current | Export
| = = Rules to Sugenc  to Type-2 Inference Surface Design v

| FILE ADE COMPOMENTS COMNVERT FIS SIMULATION DESIGNS EXPORT

O

X

DESIGN
|

" DESIGN BROWSER

Set Active Design | |E

| @

Fuzzy Inference System (FIS) Plot

System: Untitled

Membership Function (MF) Editor -Ftul' w

PROPERTY EDITOR: FIS

1 Active

Design

Type

v Untitled

Mamdani Type-1

~ |s=| Untitled
g Inputs
£ Outputs

St= Rules

l ~ SYSTEM BROWSER

Mamdani
Type 1

Type: Mamdani Type-1

Name | Untitled |
And method [mn —— [~]
Or method max. v |
Implication method ’mm—|v|
Aggregation method max v |
Defuzzification method |m|
Inputs: 0

Outputs: 0

Rules: 0
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Az alap beallitasokat megadhatjuk az ikonok
valamelyikének kivalasztasaval

MATLAB

Open Create
Open from File | 5 Browse ... | ~ General Fuzzy Inference Systems (FIS)
Open from Workspace | Select v |
=i s |
Recent Files > -
y A
Custom FIS from
FIS Data
4 ]
DESIGN
rn — [ra
== H O § k3 S= S T Dal | NumberofSamples e V5! &
- — New Save Import Input Output Rule Add All Mamdani  Type-1 2] Rule Control | ™ || Store Current | Export
- o Rules o e J Infererice Surface D £
Yy — i FiLE ADD COMPONENTS CONVERT FIS SIMULATION DESIGNS | EXPORT
‘ C u Stl:l m S}rﬂem D >< DESIGN BROWSER v Fuzzy Inference System (FIS) Plot Membership Function (MF) Editor Rul > © PROPERTY EDITOR: FIS
| Set Active Design | |£| \ﬁl System: etterem? Type: Mamdani Type-1
. Active | Design Type Name etterem2
S"_."EtEm I}'DE | Mamdani TI-"IIpE_1 i | v Lneremz }MamﬂamT -1
e And method min v |
b
N ame Enere ma L implication method min [ ~]
ion method max v |
. T - SYSTEM BROWSER °
Mumber of inputs 2 —| = [ etierem2 Defuzzification method [cenwrois | |
-
¥ 3 g input! (3 MFs) Inputs: 2
» £ Outputs Mamdani Outputs 1
st » = Rules Type 1
Mumber of outputs == s 8
> output1 (3 MFs)
0K '| | Cancel | inpu2 (3 WS,
- System etterem?2: 2 input, 1 output, 9 rules




FIS template-ek hasznalata

= Template Fuzzy Inference Systems (FI5)

o o G
{ \ 1] L1l |
Mamdani | Sugeno Sugeno
Type-1 Type-2 Type-1 Type-2

4\ Fuzzy Logic Designer: mamdanitypel

Adott
szinten

= [E] Al S =
EIZIZI H j g EJ]}J u;] Number of Samples " |__'§r/ IJQ:} |£|P
i Mew Save Impert Cutput Rule Add All Mamdani  Type-1 = Fule c sn_trol 7| Store Current Export
m I ket - - Rules to Sugeno o Type-2 ' Inference Surface Design =
tu d u n k FILE CONVERT FIS SIMULATION DESIGNS EXPORT A
b . | | DESIGN BROWSER Fuzzy Inference System (FIS) Plot Membership Funclion (MF} Editor | Rul > © | PROPERTY EDITOE, o
el esz |_391 Active Design | IE] |ﬁ| System: mamdanitypet - z Mamdani Type-1

te n I Active |Design / Type Name mamdanitype
v marndamlypy Mamdani Type-1 Ant riethod ’ﬁl

Or method max | v |
] |mplication method \EE|
Aggregation method ﬁ|

v SYSTM BROWSER

MI a + e mAmaan Defuzzification method v |
2

g input1 (3 MFs) Inputs:
re n,d szer 1t o e +  Adott
felépitese: ®  szinten
mik a
rendszer
tulajdon-
sagai

output1 (3 MFs)

input2 (3 MFs)

System mamdanitype1: 2 input, 1 output, 9 rules



4 Fuzzy Logic Designer: etterem

DESHGN

|1l O

R
[l

[~y
[l Number of Samples

ES e

%

v

MNew Save Import Mamdani  Type-1 Rule Control Store Current | Export
- - to Sugenc  to Type-2 Inference Surface Design -
FILE ADD COMPONENTS CONVERT FiS SIMULATION DESIGNS EXPORT s
< Fuzzy Inference System (FIS} Plot Membership Function (MF) Editor Rul > PROPERTY EDITOR: INPUT ]

v DESIGN BROWSER

|. Set Active Design | |E

@)

Active |Design I

Type

o

efterem I

Mamdani Type-1

= |4 etterem

SYSTEM BR OWSER
+ 2 Inputy

b kiszolgalas
~ £ Outputs
v borravalo
~ Zl= Rules
rulet
rule2

rule3

System: etterem

etel (2 MFs)

Mamdani
Type 1

kiszolgalas (3 MFs)

System etterem: 2 input, 1 output, 3 rules

borravalo (3 MFs)

MName | etel
’aangke/' | [0 10]

MNumber of MFs: 2
Name Type Parameters
ehetetlen Triangular [-4.17 0 5:992]
finom Triangular [4.01 9937 11.5]
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1. |épés: Alkalmazas nevének és a nyelvi valtozok szamanak megadasa

[4| Custom System = O x
Create
System type | Mamdani Type-1 = |
= General Fuzzy Inference Sys 3
Mame ‘ etterem2 |

Mumber of inputs

[ sst Active Design | (

(@)

Active |Design Type

W efterem2 Mamdani Type-1

r SYSTEM BROWSER o
= |2+ efterem2
v ¥ Inputs

& Outputs

S1= Rules

System: efterem2

oo -
- Mumber of outputs ‘ 1 lT]
| - i '
B
Custom
FIS : . :
[ oK | | Cancel |
4\ Fuzzy Logic Designer: etterem? = O x
DESHGN
Eﬂj ﬁ lj g g k= g |1-1|_| L:’_:j Number of Samples QV/ L“J g
MNew Save Import Input Cutput Rule Add All Mamdani  Type-1 = Rule Contral Store Current | Export
i L Rules ta Sugeno  to Type-2 Inference Surface Design -
FILE ADD COMPOMENTS COMVERT FIS SIMULATION DESIGNS EXPORT e
DESIGN BROWSER Fuzzy Inference System (FIS) Plot Membership Function (MF) Editor Rul > @ PROPERTY EDITOR: FIS o

input1 (3 MFs}

Mamdani
Type 1

input2 (3 MFs)

outputi (3 MFs)

System etterem2: 2 input, 1 output, 9 rules

Type:

Name

And method
Crmethod

Implication method
Aggregation method
Defuzzification method

Inputs:
COutputs:

Rules:

Mamdani Type-1

min 4
R
i __[5]

| max ¥ |
[coos ]
2
1
9
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lepés: Nyelvi valtozok elnevezése, jellemz8ik beallitasa

4\ Fuzzy Logic Designer: etterem?

— O *
DESIGN
I = [, A Rl ol A B\;
I:II_II:I H 'j - [l [l Number of Samples L'fl:, E
New Save Import MF Mamdani  Type-1 = | Rule entrol Store Current | Export
- - to Sugeno  to Type-2 : Inference Surface Design -
FILE ADD COMPOMNENTS ’G‘m MULATION SIGNS T
- DESIGN BROWSER o @fﬁrence System (FIS) Plot,) | Membership Function (WF) Edior | Rul > © /PROPERTY EDITOR: INPT :
| Set Active D95i§"| | & | | ﬁl System: etterem2 ( Name | etel |
Active |Design Type \

v etterem2

Mamdani Type-1

SYSTEM BROWSER

v |4 etterem2

Range | [010] / |
W

|

etel MFs)

Mamdani
Type 1

Name Type Parameters

mf1 Triangular [-0.416667 0 0.416667]
mf2 Triangular [0.0833333 0.5 0.916667]
mf3 Triangular [0.583333 1 1.41667]

input2 (3 MFs)

System etterem?2: 2 inpuf, 1 ocutput, 9 rules

output1 (3 MFs)
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3. lépés: Nyelvi valtozo ertekeihez tagsagi fuggvények megadasa

4\ Fuzzy Logic Designer: etterem? = O *

DESIGM

E:]:' ﬁ "_j _f-\_ La-L_L:“Iﬁ lZL.r_i;l] Number of Samples Lﬁ*/ _IA_& Iél)

MNew Save Import MF T | Mamdani Type-1 1012 Rule Contral " | Store Current Export
- - to Sugeno  to Type-2 E Inference Surface Design -
FILE ADD COMPONENTS CONVERT FIS DESIGNS EXPORT a
+ DESIGN BROWSER o Fuzzy Inference System (FIS) Plot PROPERTY EDITOR: INPUT
_Set Active Design | lEJ [EJ System: etterem?2 Mame | etel
2 R Membership Function Plot
Active |Design Type “ . T = T Range |[ﬂ 10 |
v etterem2 Mamdani Type-1
shetetlen Mumber of MES,
Alame Type Pﬂrameth
ehetetlen Linear Z-sh... |[17.5] \
inom Linear S-sh... |[2.5 9] /
* SYSTEM BROWSER Q
¥ |4 etterem2 o
oy =
~ § Inputs s
- atel 'E
@
ehetetlen =
‘G
finom =
il
b Kiszolgalas E:
~ & Outputs =
v borravalo
» St= Rules
I4 Input membership function 'mf3° removed.” (]

17



3.b: Kiszolgalas nyelvi valtozo ertékeihez fuzzy halmazok rendelése

4\ Fuzzy Logic Designer: etterem

DESIGN

o |H O3

New Save Import

- -

FILE ADD COMPONENTS

i PN}
(A LAl Number of Samples

Mamdani  Type-1 -1,3'. =
to Sugenc to Type-2 -E]
CONVERT FIS

)

Rule
Inference

SIMULATION

e

Control

Surface

v DESIGN BROWSER [+]

(@)

Set Active Designl [E|

Fuzzy Inference System (FIS) Plot

System: etterem

Membership Function (MF) Editor

Rul 2

L7

Active [Design Type

o efterem

Mamdani Type-1

¥ SYSTEM BROWSER v ]

> | etterem
~ & Inputs
~ etel
ehetetlen
finom
~ kiszolgalas
szZegenyes
jo
kivalo
~ & OQOutputs
v borravalo
¢ St= Rules

Degree of Membership

Membership Function Plot

pZEgQenyes

jo

\

=
i

2 3 4 5 6
Input Variable "kiszolgalas”

w

| &

Store Current | Export
Design -
DESIGNS EXPORT a

PROPERTY EDITOR: INPUT

Name | lkiszolgalas |

Range | [010] |

Mumber of MFs: 3

Name Type Parameters
SZegenyes Triangular [0 0 5]

jo Triangular [0510]
kivalo Triangular [5 10 10]

Bl
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3.b: Borravald nyelvi valtozo ertékeihez fuzzy halmazok rendelése

4\ Fuzzy Logic Designer: etterem — >
DESIGN
i j (BT Fa¥p! EJ:L
EE:I ﬁ '_\j _.r’\_ nm | Number of Samples EE L\*/', |£|>
MNew Save Import MF Mamdani  Type-1 1.31'% Rule Control Store Current | Export
- - to Sugeno toType-2 | — Inference Surface Design -
FILE ADD COMPONENTS COMVERT FIS SIMULATICN DESIGNS EXPORT a
* DESIGN BROWSER o Fuzzy Inference System (FIS) Plot Membership Function (MF) Editor Rul > © PROPERTY EDITOR: OUTPUT
| SetActive Design] _ '15'1 |ﬁi‘ System: etterem Mame | borravalo |
= = Membership Function Plot
Active | Design Type ! B Range | [025] |
v eiterem Mamdani Type-1
eves atlagos Number of MFs: 3
] MName Type Parameters
keves Triangular [0D12.5]
atlagos Triangular [0 125 25]
* SYSTEM BEROWSER I+] bokezu Triangular [12.5 25 25]
v [ etterem s
= £
* & Inpuis e
-~ gtel =
&L
ehetetlen =
finom 3
o 4
« kiszolgalas = \
a
szegenyes =
jo
kivalo
~ & Outputs
« borravalo
leves
atlagos \\4
bokezu . ; ) _ |
b St= Rules 0 5 10 15 20 25
Qutput Variable "borravalo™
14 bl
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4: Szabalyok szerkesztése

4\ Fuzzy Logic Designer: etterem == O *
o . [ laly . . E
EB:I ﬁ Iﬂ g A Al Number of Samples| @ L!’/ E
Mew Save Import Input Mamdani  Type-1 B Rule Control Store Current | Export
- - | to Sugeno  to Type-2 Inference Surface Design -
FILE ADD COMPONENTS CONVERT FIS - DESIGMS EXPORT Y
w DESIGN BROWSER v] < srence System (FIS) Plot Membership Function (MF) EdiiGr Rule Editor (v} PROPERTY EDITOR: INPUTS o
Set Active Design||'_%] [@J Systeny, m \ Name Range |MNumber of MFs
Active |Design Type Add All Possible Rules | )Clear All Rules | \ i e P |2
W eiterem Mamdani Typ€-1 pm— 2 kiszolgalas [0 10] 3
Rule Weight | Name \{ |5
1 IF etel i tetlen or kiszolgalas is szegenyes then borrav__ 1| ruled
2 [T etel is nd kiszolgalas is jo then borravalo is atfagos 1 |rule2
3 |lfetelisf iszolgalas is kivalo then borravalo is bo. . 1| rule3 / D3
SYSTEM BROWSER 0ZZaaddasd
~ | etterem
- g Inputs
- gtel
ehetetien
finom enetoseg vd enetsege
~ kiszolgalas abalvo aoceneralasara
SZegenyes
) d = CKE S0P 1e
jo
livalo DIrdird
-~ % Outputs 2 vl .
* bormravalo
keves
atlagos
bokezu
b S+= Rules
14 ‘efterem’ saved as ‘etierem.fis’. ki
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4.b: Szabaly halmaz bdvitése, szerkesztese

4\ Fuzzy Logic Designer: etterem o O x
DESIGN
5 i lah IV
I:|I:|I:I ﬁ |j : il Al Number of Samples @ L\"_",, I‘ﬁﬂ E
Mew Save Import : ; : Mamdani  Type-1 Rule Stare Current | Export
- - [ | || toSugeno to Type-2 | Inference Desig
FILE ADD COMPONENTS CONVERT FIS SIMULATION EXPORT Y
v DESIGN BROWSER o Fuzzy Inference System (FIS) Plot Membership Function (MF) Editor Rule Editor PROEZRTY EDITOR: RULE Qo
Set Active Design I @J |@J System: etterem
Active |Design Type ( Add All Possible Rules | | Clear All Ruies | \ |
{7 etterem Mamdan Type-1
Rule Weight |Name
1 IT etel is ehetetlen or kiszolgalas is szegenyes then borravalo is keves 1| ruled If
2 IT etel is finom and kiszolgalas is jo then borravalo is atlagos 1 y
etel (18 v | | finom v | and
2 IT etel is finom or kiszolgalas is kivalo then borravalo is bokezu
4 ||f etel is ehetetlen and kiszolgalas is jo then borravalo is keves kiszolgalas [is | lszegenyes v |
+ SYSTEM BROWSER o sl - -
- 5 IT etel is ehetetlen and kiszolgalas is kivalo then borravalo is keves
¥ |4 etterem e
% g 5] IT etel is finom and kiszolgalas is szegenyes then borravalo is aflago
Y 5
- etel
ehetetlen
finom
~ kiszolgalas , ,
—— A szabalyokat sulyozhatjuk, Then
o megadhatjuk, hogy milyen borravale s+ | [anagos
kivalo / / 0 0
o mértékben vegylk figyelembe a
¥ g YU o ; ,
- borravalo kdvetkeztetésnél
keves
atlagos
bokezu
* St= Rules
Fule1 i
|4 Added rules to ‘etterem’ with all combinations of input membership functions L]
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5: A fuzzy rendszer mikodtetése, a szimulacios eredmeények

megtekintése (Rule Inference)
S

4\ Fuzzy Logic Designer: etterem = O >

DESIGN

1 j [ FNG — !
I:IIjJ:I ﬁ L = A L] Number of Sample @ L& Mﬁ E
New Save |Import - P e T Mamdani Type-1 Rule Centrol " | Store Current Export

- - to Sugeno to Type-2 Inference surface Design -
FILE ADD COMPONENTS CONVERT FIS ) SihALIL ATION DESIGNS EXPORT Y
v DESIGN BROWSER Q < ce System (FIS) Ploi Membership Function (MF) Editor | Rule Edil{: 7] PROPERTY EDITOR: RULE v
[Semr.tive Design] @ [ﬁ] System: etterem Mame: rulef
Active |Design Type Input values |[5 7] | Weight | 1
ks iz oo 820 el =5 Kiserigalas 2 Connection (®And () Or
1 \__ . T ————— L
[ [is v | [ﬂnom Y. | and
2 4 ] P, O | v | | szegenyes v |
* SYSTEM BROWSER v | L~
~ |+ efterem = |
- & Inputs . /4 ] ~ [
- gtel
ehetetien | Ha a szabalyok
finom . - P N konzekvens részében
- kiszolgalas ! 7
: kapott rész fuzzy
szegenyes l e
i i _ halmazokat aggregaljuk,
kivalo [ majd az eredményt
- o e
o, DR defuzzifikaljuk,
« borravalo = |l | | Se—————— AMD q /
. === S~ o [ megkapjuk a borravalé
a 18 a 10 7 7 7
atlagos mértékét
bokezu
= Z1= Rules
rule a4
4 Added rules to "etterem’ with all combinations of input membership functions 4]
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5: A fuzzy rendszer m(kddtetése, a szimulacios eredmeények
megtekintése (Control Surface)
\

4\ Furzy Logic Designer: etterem

DESIGH

\ L [Aly E{EL
I:Il:l‘l:I ﬁ ﬁ [ [l MNumber of Samples L!:, @
New Save Import Mamdani  Type-1 101= Rule Contral Stare Current | Export
= > to Sugeno  to Type-2 Inference Surface Design -
FILE ADD COMPONENTS CONVERT FIS sl aTioN DESIGNS EXPORT r
+ DESIGN BROWSER Q < Membership Function (MF) Editor | Rule Editor Rule Inferancey Control Surface = o PROPERTY EDITOR: RULE
Set Active Design | [@ System: etterem Name: rule@
Active | Design Type Axes: x [etel v | ¥ [kisznlgalas v|Z [borravalu Weight |'i
I efterem Mamdani Type-1 -
Mesh Points: X | 1517 ¥ | 15 Connection (®)And () Or
Reference Inputs:
[is v | [finom v | and
[is v | [szegenyes ']
v SYSTEM BROWSER [v]
~ |+ etterem =
~ & Inputs
- etel
ehetetlen
finom = Az étel és a kiszolgalas
=
« kiszolgalas = 7 7 .
3 értékek minden
szegenyes = )
i lehetséges
Kivalo kombinacidjaban
» & Qutputs : 2
o Oulp megmutatja a borravald
~ borravaio . , k ,
keves merteket
atlagos
bokezu
v 5= Rulles kiszolgalas
0
rulet g 0 etel
14 “etterem’ saved as 'etterem . fig’

ki
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