SISTEME FUZZY

Indrumator de laborator

FUZZY LOGIC SYSTEMS

Laboratory manual

UTPRESS
Cluj-Napoca, 2024
ISBN 978-606-737-711-8



Laura IVANCIU Gabriel OLTEAN

SISTEME FUZZY

Indrumator de laborator

FUZZY LOGIC SYSTEMS

Laboratory manual

UTPRESS
Cluj-Napoca, 2024
ISBN 978-606-737-711-8



Editura UTPRESS

Str. Observatorului nr. 34
400775 Cluj-Napoca

Tel.: 0264-401.999

e-mail: utpress@biblio.utcluj.ro
www.utcluj.ro/editura

Recenzia: Conf.dr.ing. Emilia Sipos
Conf.dr.ing. Botond Kirei

Pregatire format electronic on-line: Gabriela Groza

Copyright © 2024 Editura UTPRESS
Reproducerea integrald sau partiala a textului sau ilustratiilor din aceasta
carte este posibila numai cu acordul prealabil scris al editurii UTPRESS.

ISBN 978-606-737-711-8



Cuprins

Prefata

. Introducere in Fuzzy Logic Toolbox

. Multimi fuzzy. Operatii cu multimi fuzzy aplicate in segmentarea
imaginilor color.

. Simularea sistemelor cu logica fuzzy in MATLAB. Aplicatie — masina de
spalat cu logica fuzzy.

. Sisteme fuzzy de control. Controler de temperatura.

. Aproximarea caracteristicii curent-tensiune a diodei semiconductoare
utilizand un SLF.

. Clasificare substractiva. Modelarea unei functii neliniare de doua
variabile pe baza de date numerice.

. Introduction to Fuzzy Logic Toolbox

. Fuzzy sets. Operations with fuzzy sets applied to colour image
segmentation.

. Simulating Fuzzy Logic Systems in MATLAB. Application - fuzzy logic
washing machine.

. Fuzzy logic control systems. Fuzzy temperature controller.

. Approximation of the current-voltage diode characteristic using a Fuzzy

Logic System.
. Subtractive clustering. Modelling of a two-variable nonlinear function
based on a data set.

13

18

24

29

33

36

43

47

58



Prefata

Acest indrumator de laborator se adreseaza in principal studentilor din anul IV
ai Facultatii de Electronica, Telecomunicatii si Tehnologia Informatiei, specializarea
Electronica Aplicata (romana si englezd). De asemenea, alte categorii studenti care Tncep sa
descopere universul logicii fuzzy pot utiliza acest material.

La Tnceputul fiecarei lucrdri, sunt prezentate obiectivele de invatare si notiunile
teoretice de care studentii au nevoie, pentru realizarea exercitiilor propuse. Toate lucrarile
se rezolva utilizdnd mediul de dezvoltare MATLAB/Simulink, accesat online.

Nivelul de dificultate al lucrarilor creste gradual, de la aspecte generale despre multimi
si sisteme fuzzy Tn primele lucrari, pana la controlere fuzzy, respectiv modelare fuzzy
pe baza datelor numerice, spre final. Se pune accent pe modurile de integrare a
sistemelor fuzzy in aplicatii practice, concrete, cum ar fi segmentarea imaginilor color,
determinarea timpului de spalare al unei masini automate, controlul temperaturii intr-o
incinta termica.

Prin rezolvarea tuturor exercitiilor propuse, studentii dobandesc abilitatile necesare
pentru a crea, implementa si analiza sisteme cu logica fuzzy si a le integra in aplicatii
practice, concrete.

Cluj — Napoca, iunie 2024

Autorii



1. Introducere in Fuzzy Logic Toolbox

Obiectiv: familiarizarea cu functiile si interfetele grafice din Fuzzy Logic Toolbox, parte a
MATLAB/Simulink

Observatie: MATLAB/Simulink se acceseaza online (https://matlab.mathworks.com/), prin logare cu
credentialele MS Teams (cele de tip nume.prenume@student.utcluj.ro).

Termeni si acronime: SLF, FIS, multime fuzzy, grad de apartenentd, suprafatd de control

o Functii si interfete grafice

Mediul de dezvoltare MATLAB/Simulink pune la dispozitie 6 categorii de functii si interfete grafice,
pentru lucrul cu multimi fuzzy (fuzzy sets), respective sisteme cu logica fuzzy SLF (fuzzy inference systems
- FIS):

— GUI editors - editoare cu interfata grafica

- Membership functions - functii de apartenenta

- Command line FIS functions - functii pentru crearea/modificarea/explorarea unui SLF de la linia de
comanda

— Advanced techniques - tehnici avansate

— Miscellaneous functions - functii diverse

- GUI helper files - fisiere auxiliare utilizate de editoarele cu interfata grafica

Pentru a vizualiza in MATLAB functiile si interfetele grafice disponibile, in linia de comanda se scrie:

help fuzzy

o Utilizarea functiilor

Pentru a vedea modul in care poate fi utilizatd fiecare functie, se scrie in linia de comanda
"help [nume_functie]". De exemplu, pentru a vedea cum se utilizeaza functia "trimf", scrieti la linia de
comanda:

help trimf

Rulati in MATLAB exemplul oferit de help-ul functiei "trimf". Analizati semnificatia fiecarei linii de
cod.

Reluati exercitiul 1 pentru o alta functie din grupul "Membership functions". Analizati semnificatia
fiecarei linii de cod.



https://matlab.mathworks.com/
mailto:nume.prenume@student.utcluj.ro

o Lansarea in executie a editorului grafic pentru crearea unui SLF
Pentru a lansa editorul grafic, la linia de comanda MATLAB se scrie:

fuzzylLogicDesigner

Tncarcati in editorul grafic un SLF creat anterior - SLF pentru determinarea méarimii bacsisului in
cazul servirii unei mese la restaurant, disponibil la

https://drive.google.com/file/d/10PvwclvBSoRagxAzjKvE mlJi3D3V8Mip/view?usp=sharing

Descarcati arhiva "tip.zip" si plasati continutul acesteia (cu drag-and-drop) in directorul curent in
care lucreaza MATLAB. Dezarhivarea se face cu dublu click pe fisier.

Din editorul grafic, alegeti: "Import -> From file..." si selectati fisierul "tip.fis".

Fuzzy Inference System (FIS) Plot Membership Function (MF) Editor Rule Editor : PROPERTY EDITOR: FIS
System: tip Type: Mamdani Type-1
Name tip
\ And method [mn — [v]

Implication method |

\ \ Aggregation method |

< Defuzzification method v |
service (3 MFs) Inputs: 2
Mamdani Outputs: 1

Type 1

Rules: 5
\ \
\
\ / bacsis (3 MFs)
\

mancarea (3 MFs)

System tip: 2 input, 1 output, 5 rules

Analizati proprietatile sistemului fuzzy.

Analizati functiile de apartenenta definite pe fiecare dintre variabilele sistemului fuzzy.

Vizualizati suprafata de control.

Analizati modul de definire a regulilor.

Analizati activarea regulilor, din meniul Rule Inference. Care este impactul modificarii conectivului
intr-o regula?



http://www.bel.utcluj.ro/dce/didactic/sf/matlab/tip.zip
https://drive.google.com/file/d/10Pvwc1vBSoRagxAzjKvE_mJi3D3V8Mip/view?usp=sharing
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o Functii pentru crearea/modificarea/explorarea unui SLF din linia de comanda

Tncércati in workspace fisierul "tip.fis" in variabila "tip" utilizand:
tip = readfis ('tip.fis’);

Pentru a vizualiza proprietatile sistemului fuzzy:
getfis(tip)

Pentru a vizualiza diagrama sistemului fuzzy:
plotfis (tip)

Pentru a vizualiza suprafata de control a sistemului fuzzy:
gensurf (tip)
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2. Multimi fuzzy. Operatii cu multimi fuzzy aplicate in segmentarea
imaginilor color.

Obiective: utilizarea functiilor specifice pentru definirea multimilor fuzzy, intelegerea operatiilor
simple cu multimi fuzzy, familiarizarea cu modul de reprezentare a culorilor in MATLAB, intelegerea
operatiilor de baza pentru prelucrarea imaginilor si a conceptului de segmentare a unei imagini

Observatie: MATLAB/Simulink se acceseaza online (https://matlab.mathworks.com/), prin logare cu
credentialele MS Teams (cele de tip nume.prenume@student.utcluj.ro).

Termeni si acronime: MF, parametri ai unei multimi fuzzy, reuniune, intersectie, complement,

segmentare

o Galeria de multimi fuzzy. Utilizarea si editarea unei multimi fuzzy.
MATLAB pune la dispozitie 13 tipuri de multimi fuzzy (MF — membership function):

1

1

1

1

o o o o
linzmf trimnf trapmf linsmf
1 1
L] 0
gaussmf gauss2mf gbellmf
| Q_ | L
o 1]
sigmf dsigmf psigmf sigmf
1 1
0 0

zmf

pimf

smf


https://matlab.mathworks.com/
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Detalii despre orice multime fuzzy, iTmpreuna cu o mica secventa de cod, se acceseaza cu “help
nume_functie”, astfel:

help trapmf

Rulati secventa urmatoare, ce are ca scop afisarea unei multimi fuzzy trapezoidale. Analizati fiecare
linie de cod.

close all % inchide figura anterioara

clear all % sterge toate variabilele existente in workspace

ele % sterge consola (fereastra de comenzi)

x = (0:0.1:10)"'; % Universul discutiei este [0,10], in care se definesc

%$puncte cu pasul de 0.1

[)

params=[2 3 7 9];% parametrii multimii fuzzy trapezoidale

y = trapmf (x,params); % calculeaza valorile functiei de apartenenta
plot(x, y,'linewidth',2);

axis ([0 10 -0.1 1.171);

xlabel ('universul discutiei'); % numele variabilei pe axa orizontala
ylabel ('grad de apartenenta'); % numnele variabilei pe axa verticala

set (gcf, 'name', 'Multime fuzzy trapezoidala', 'numbertitle', 'off'); %

$numele ferestrei

Pe graficul afisat anterior, se adauga reprezentarea gradului de apartenenta al unui punct ales
arbitrar la multimea fuzzy.

hold on

x1=2.75;

ul=evalmf (x1,params, 'trapmf') ;

sprintf ('Valoarea x1=%1.2f are gradul de apartenenta ul=%1.2f',x1,ul);

plot (x1,ul,'r*') $ marcheaza punctul pe grafic
plot ([x1,x1],[0,ul]l,...
'linestyle','-"','color','r'")

plot ([0,x1], [ul,ul]l, ...
'linestyle','-"','color','r")
hold off

Considerati variabila lingvistica “Viteza”, cu universul discutiei [0, 140] km/h. Definiti cinci valori
lingvistice si reprezentati grafic cele cinci mf corespunzatoare, pe aceeasi axa (folositi "hold on").
Multimile fuzzy trebuie sa formeze o partitie fuzzy in intervalul [0,140]. Afisati la linia de comanda
valorile gradelor de apartenenta la fiecare multime a punctelor 10 km/h, 52 km/h, 85 km/h si 100 km/h.

o Operatii cu multimi fuzzy
Reuniunea a doud multimi fuzzy A si B este definita cu ajutorul functiilor de apartenenta:

Haup (x) = max (ua(x), up(x))
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Intersectia a doud multimi fuzzy A si B este definita astfel:

tang (X) = min(pu, (x), ug(x))

Complementul unei multimi fuzzy A este definit astfel:
ta(x) = 1= pu(x)

Rulati secventa urmatoare, pentru afisarea reuniunii a doua multimi fuzzy. Analizati fiecare linie de
cod.

close all

x = (0:0.1:10)"'; % Universul discutiei este [0,10], in care se definesc
$puncte cu pasul de 0.1

ul=gaussmf (x,[1,4]); % prima mf, gaussiana

u2=trimf (x, [3 6.5 9]); % a doua mf, triunghiulara

u reuniune=max(ul,u2); % calculeaza gradele de apartenenta ale reuniunii
$prin operatorul "MAX"

hold on

subplot(2,1,1); % imparte fereastra de reprezentare a unei figuri in doua
$regiunii= verticale

% graficul se afiseaza in fereastra de sus

plot (x,ul,'r'");hold on

plot (x,u2,'m"); hold off

axis ([0 10 O 1.05]);

legend ('A','B');

title('Multimile fuzzy A si B')

subplot (2,1,2) $ se va afisa in fereastra de jos

plot (x, u_reuniune, 'color', 'b', 'linewidth', 2)

axis ([0 10 O 1.05]);

title('Rezultatul reuniunii')

set (gcf, 'name', 'Reuniunea multimilor fuzzy A si B - operatorul "max"',
'numbertitle', 'off'); % numele ferestrei

Multimile fuzzy A siB
T T T

08

04F

02

Rezultatul reuniunii
T

08 F

04F

02




Modificati secventa de cod anterioara, astfel incat sa afisati intr-o singura fereastra, pe grafice
diferite, in ordine: multimile fuzzy A si B, rezultatul reuniunii, rezultatul intersectiei, rezultatul
complementului.

o Reprezentarea culorilor in MATLAB. Spatiile RGB si HSV.

Spatiul RGB (red, green, blue) este definit de cele trei culori primare, rosu, verde si albastru, din care
se pot obtine, prin combinatii aditive, toate celelalte culori ale spectrului. Valorile R, G si B sunt cuprinse
in domeniul [0;1]. Pentru a reprezenta in MATLAB o culoare in spatiul RGB, se poate folosi numele (intreg
sau prescurtat) al culorii, pentru culorile predefinite, sau un vector ce combina valorile componentelor
primare.

Pentru a defini culoarea roz ca fond pentru fereastra curenta, scrieti in linia de comanda:

figure
hold on
set (gcf, 'Color',[1,0.4,0.61);

Modificati culoarea de fond a ferestrei curente la cyan, respectiv verde, utilizdnd atat numele
prescurtat al culorii, cat si reprezentarea vectoriala.

n spatiul HSV (hue, saturation, value), culorile sunt reprezentate prin atributele perceptuale de nuant
(hue), saturatie (saturation) si luminozitate sau valoare (value). Valorile H, S si V sunt reprezentate in
domeniul [0;1]. Tn MATLAB, la deschiderea unei imagini color, reprezentarea sa implicitd este in spatiul
RGB. Conversia reprezentarii in spatiul HSV se face cu functia "rgb2hsv".

o Transpunerea culorilor in multimi fuzzy

Diferitele valori, intre 0 si 1, ale nuantei, H, definesc culorile importante din spectrul vizibil: rosu,
orange, galben, verde, cyan, albastru, indigo (purpuriu), violet (magenta), roz si (la capatul domeniului),
din nou rosu. Pentru reprezentarea culorilor ca multimi fuzzy, universul discutiei este domeniul valorilor
posibile pentru nuanta, variabila din universul discutiei fiind nuanta H. Ca domeniu de valori, se va utiliza
acelasi domeniu cu cel utilizat in prelucrarea digitala a imaginilor, intervalul H=[0; 255] (reprezentare pe 8
biti). Pentru fiecare culoare, se defineste cate o multime fuzzy peste X. Rezulta un total de 9 multimi fuzzy,
cu valorile lingvistice: Red, Orange, Yellow, Green, Cyan, Blue, Purple, Magenta, Pink, definite peste H
(intervalul [0; 255]), cu valori in intervalul [0; 1].

Exercitiul 7
Rulati secventa de mai jos pentru a vizualiza reprezentarea cu multimi fuzzy a culorilor. Analizati

fiecare linie de cod.
close all;
clear all;
eleg
% definirea multimilor fuzzy pentru nuanta:
H=(0:.5:255)"'; S%Suniversul discutiei
Red l=trimf(H, [0 O 21]); % rosu, la stanga
Red r=trimf (H, [234 255 255]); %rosu, la dreapta
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Red=max (Red 1, Red r);

Orange=trimf (H, [0 21 43]); % portocaliu
Yellow=trimf (H, [21 43 80]); % galben
Green=trapmf (H, [43 80 90 128]); % verde
Cyan=trimf (H, [90 128 165]); % turcoaz
Blue=trapmf (H, [128 165 175 191]); % albastru
Purple=trimf (H, [175 191 213]); % violet
Pink=trimf (H, [213 234 255]); %roz

plot (H, Red 1, 'color', 'r');
axis ([0 255 -.1 1.11);

hold on;

xlabel ('nuanta'); % numele variabilei pe axa orizontala

ylabel ('grad de apartenenta'); $ numele variabileil pe axa verticala

set (gcf, 'name’', 'Multimi fuzzy pentru reprezentarea <culorilor',

'numbertitle', 'off'); % numele ferestrei

plot (H, Red r, 'color', 'r');

hold on;

plot (H, Orange, 'color', [1 0.64 0]);
hold on;

plot (H, Yellow, 'color', 'y');

hold on;

plot (H, Green, 'color', 'g'):;

hold on;

plot (H, Cyan, 'color', 'c');

hold on;

plot (H, Blue, 'color', 'b');

hold on;

plot (H, Purple, 'color', 'm' );

hold on;

plot (H, Pink, 'color', [1,0.4,0.61]);
hold off;

08

=
=3

grad de apartenenta
(=]
-

0.2

0 50 100 150 200 250

10



o Segmentarea unei imagini color

Segmentarea unei imagini color presupune izolarea zonelor de o anumita culoare, fata de celelalte
zone. Pentru exemplificare, se va analiza o imagine din care se doreste separarea zonelor (obiectelor) de
culoare dominant rosie, adica reprezentarea lor prin niveluri de gri cat mai apropiate de alb, spre deosebire
de orice alte culori din imagine, care se vor reprezenta prin negru sau niveluri de gri cat mai apropiate de
negru.

Pentru segmentare, se va forma multimea fuzzy CloseToRed, prin care se doreste capturarea zonelor
din imagine care sunt nu doar rosu pur, ci si nuante apropiate de rosu. Multimea fuzzy CloseToRed este
formata aplicand operatiile de baza (reuniune, intersectie, complement):

CloseToRed = Red SAU (Orange SI NU Yellow) SAU Pink

CloseToRed(H) = max(Red(H),min(Orange(H), 1— Yellow(H)) ,Pink(H))

Exercitiul 8

Rulati secventa de mai jos pentru afisarea multimii CloseToRed. Analizati fiecare linie de cod.

figure;

NOT Yellow=1l-Yellow;

OrangeNotYellow=min (Orange, NOT Yellow) ;

CloseRed=max (Red, OrangeNotYellow) ;

CloseToRed=max (CloseRed, Pink);

plot (H, CloseToRed, 'Linewidth', 2, 'color',6'r');

axis ([0 255 -.1 1.11);

xlabel ('nuanta'); % numele variabilei pe axa orizontala

ylabel ('grad de apartenenta'); $ numnele variabilel pe axa verticala

set (gct, 'name’', 'Multimi fuzzy CuloareAproapeRosu', 'numbertitle’,
'off'); % numele ferestrei

Cu cat obiectul sau zona din imagine are nuanta mai apropiata de rosu, cu atat gradul sau de
apartenenta la multimea CloseToRed este mai mare. Reprezentarea vizuala a rezultatului obtinut se face
prin scalarea gradului de apartenenta rezultat in domeniul [0; 255], pentru fiecare pixel. Imaginea
segmentata va contine zone albe sau aproape albe in locul obiectelor rosii sau aproape rosii.

Descarcati arhiva "imagini.zip" si plasati continutul acesteia (cu drag-and-drop) in directorul curent
in care lucreaza MATLAB. Dezarhivarea se face cu dublu click pe fisier.

https://drive.google.com/file/d/1LvgcTts3SRZHJIAHOgAOtzejvt-oUgdpl/view?usp=sharing

Rulati secventa de mai jos pentru segmentarea unei imagini color. Analizati efectul segmentarii
asupra fiecarei imagini din arhiva.

close all; clc; clear all

% imagini disponibile; la un moment dat, se va selecta doar una dintre ele
img='Tiffany24.bmp';

img='Cuticle.bmp';

img='Lenna.bmp';

img='Mouse.bmp';

img="'Peppers2.bmp';

o o° oe

o\°

[o)

OrigImg=imread(img); % citirea imaginii

11
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HSVimg= (rgb2hsv (OrigImg)); % conversie RGB->HSV

Himg= (HSVimg (:,:,1)); % extragerea componentei nuanta Hue, cuprinsa in
$intervalul [0,1]
H= (Himg*255) ; % normalizare la [0, 255]

o

calculul gradului de apartenenta al nuantei pentru fiecare pixel, la
fiecare multime

RedH l1=trimf(H, [0 O 21]);

RedH r=trimf (H, [234 255 255]);
RedH=max (RedH_1, RedH r);
OrangeH=trimf (H, [0 21 43]);
YellowH=trimf (H, [21 43 80]);
GreenH=trapmf (H, [43 80 90 128]);
CyanH=trimf (H, [90 128 165]);
BlueH=trapmf (H, [128 165 175 1911]);
PurpleH=trimf (H, [175 191 213]);
PinkH=trimf (H, [213 234 255]);

o

[)

% normalizare la [0, 255]

RedObj=uint8 (255*RedH) ;

% compunerea multimii "CloseToRed"

NOT YellowH=1-YellowH;

OrangeNotYellowH=min (OrangeH, NOT YellowH) ;

CloseRedH=max (RedH, OrangeNotYellowH) ;

CloseToRedH=max (CloseRedH, PinkH) ;

% afisare

imshow (OrigImg); set(gcf, 'name', 'Original image'); % imagine originala

figure

imshow (RedObj); set(gcf, 'name', 'Red segments'); % evidentiere obiecte
$rosii

figure
imshow (uint8 (CloseToRedH*255)) ; set (gcf, 'name’', 'Close to red
segments'); % evidentiere obiecte aproape rosii
D
} 14 l,ﬁ’ -qﬁ
| / ,“d
[ [ A »* \
A ‘
I

Imagine originala Imagine segmentata dupa rosu Imagine segmentata dupa
rosu si aproape rosu

Creati un script care sa defineasca o multime fuzzy pentru aproximarea unei alte nuante. Afisati
multimea fuzzy rezultata. Realizati segmentarea dupa nuanta si dupa aproximarea nuantei alese.
Pentru testare, puteti utiliza imaginile din arhiva sau alte imagini reprezentative.

12



3. Simularea sistemelor cu logica fuzzy in MATLAB. Aplicatie — masina
de spalat cu logica fuzzy.

Obiective: construirea unui sistem cu logica fuzzy utilizand Fuzzy Logic Toolbox, analizarea diferitelor
metode pentru implicatie si defuzzificare

Observatie: MATLAB/Simulink se acceseaza online (https://matlab.mathworks.com/), prin logare cu
credentialele MS Teams (cele de tip nume.prenume@student.utcluj.ro).

Termeni si acronime: fuzzificare, defuzzificare, implicatie, centroid, bisector, MOM, SOM, LOM

o Controlul proceselor prin sisteme cu logica fuzzy

Una dintre aplicatiile practice importante ale sistemelor cu logica fuzzy este utilizarea lor ca sisteme
de control a proceselor. Controlul proceselor prin sisteme cu logica fuzzy are la baza un suport teoretic
solid si este validat prin aplicatii comerciale. Pentru exemplificare, se va prezenta o aplicatie de control al
timpului de spalare pentru o masina de spalat.

Cand se foloseste o masina de spalat, utilizatorul selecteaza de obicei durata de spalare, in functie de
cantitatea de haine si de tipul si gradul de murdarie al acestora. Pentru automatizarea procesului de
spalare, se pot utiliza senzori de detectie pentru volumul hainelor, respectiv tipul si gradul de murdarie.
Pe baza acestor date, se va alege un anumit timp de spalare.

Deoarece nu se poate defini o relatie matematica precisa intre marimile de intrare (volumul hainelor,
tipul si gradul de murdarie) si marimea de iesire (timpul de spalare). Astfel, timpul de spalare se seteaza
manual, de catre utilizator, pe baza experientei proprii si a incercarilor repetate.

Realizarea unei masini de spalat cu timp de spalare autodeterminat presupune construirea a doua
subsisteme:
- sistemul de senzori - furnizeaza marimile de intrare ale masinii de spalat, preluate din mediul
exterior (hainele din masina)
- unitatea de control - pe baza informatiilor primite de la sistemul de senzori, va lua decizia asupra
timpului de spalare, sub forma unei iesiri de comanda.

Ce tip de senzori pot fi utilizati pentru determinarea volumului hainelor, gradului si tipului de
murdarie, culorii, materialului hainelor?

o Definirea SLF pentru controlul timpului de spalare

Se doreste proiectarea unui sistem de control cu logica fuzzy pentru o masina de spalat, care sa
furnizeze timpul de spalare corect, in functie de anumite informatii despre hainele care trebuie spalate.
Schema bloc a sistemului este:

13
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Grad de murdarie

Timp de spalare
Sistem de control fuzzy .

Tip de murdarie

Sistemul are doua intrari:

- gradul de murdarie - poate fi determinat din transparenta apei

— tipul de murdarie - poate fi determinat din timpul necesar apei in care se inmoaie hainele sa ajunga
cu transparenta la saturatie (fard modificari vizibile ale transparentei). De exemplu, pentru hainele
cu pete de grasime, acest timp va fi mai lung, deoarece grasimea este mai greu solubilad in apa
decat alte tipuri de murdarie.

Sistemul cu logica fuzzy va fi construit utilizand Fuzzy Logic Designer, a carui lansare Tn executie se face
scriind la linia de comanda:

FuzzyLogicDesigner

Fuzzy Logic Designer - Getting Started x
AATT AR
MATLAB
Open Create Generate rules automaticall
Open from File ~General Fuzzy Inference Systems (FIS)
Open from Workspace | Select v | [

Recent Files

FIS from
Data

- Fuzzy Infe Syst (FI5)

L

2
3

Get Started

Mamdani and Sugeno Systems
Type-2 Fuzzy Inference Systems Mamdani Mamdani Sugeno Sugeno
Fuzzy Logic Designer Type-1 Type-2 Type-1 Type-2
Build Fuzzy Systems Using App

Define Fuzzy Rules Using App

Define Membership Functions Using App

Build FI5 Trees Using App
Tune FIS Trees Using App

EEEEEEEEEE
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Se selecteaza optiunea Mamdani Type-1 (sistem fuzzy Mamdani predefinit) si se continuda cu

particularizarea numelor pentru variabilele de intrare, respectiv variabila de iesire.

Mamdani
Type 1

Tip_murdarie (3 MFs)

Multimile fuzzy pentru cele 3 variabile au denumirile, tipul si parametrii din tabelul alaturat. Multimile

Timp_spalare (3 MFs)

definite peste variabilele de intrare formeaza o partitie fuzzy.

Variabila Universul discutiei | Denumire | Tip Parametri
Grad_murdarie | [0...100] % Mic trimf | [-40 0 50]
Mediu [0 50 100]
Mare [50 100 140]
Tip_murdarie [0...100] % NeGras trimf | [-40 0 50]
Mediu [0 50 100]
Gras [50 100 140]
Timp_spalare [0...60] minute FoarteScurt | trimf | [0 8 12]
Scurt [8 12 20]
Mediu [12 20 40]
Lung [20 40 60]
FoartelLung [40 60 60]
Baza de reguli a sistemului este:
. ; Graa_murdarie Mic Mediu Mare
Tip_murdarie
NeGras | FoarteScurt | Scurt Mediu
Mediu | Mediu Mediu | Lung
Gras | Lung Lung FoarteLung

Toate regulile sunt alcatuite utilizand conectivul AND.
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Definiti multimile fuzzy pentru cele 3 variabile si baza de reguli, conform valorilor specificate
anterior.

Operatiile sistemului cu logica fuzzy pentru controlul masinii de spalat sunt:

- fuzzificare - marimea de intrare se transforma in multime fuzzy singleton

- inferenta - de tip max-min (Mamdani)

- defuzzificare - se va folosi defuzzificare de tip centroid (COA - center of area). Succesiunea
raspunsurilor transante obtinute prin acest tip de defuzzificare este suficient de lina pentru a asigura o
suprafata de control fara variatii bruste, cerinta importanta a unui controller de proces. Formula dupa care
se calculeaza valoarea transanta a iesirii, pe baza multimii fuzzy agregata de iesire, in cazul folosirii metodei
de defuzzificare COA (centroid) este:

60
. _JelotF buro(®) _ X220t * turo(t)
0—continuu — 60 0—discret — 60
ft=0 Bmro(£) Y=o Umro(t)

PROPERTY EDITOR: FIS

Type: Mamdani Type-1

Mame | mamdanitype |
And method | min ||
Cr method | max | v |
Implication method |min | v |
Aggregation method |ma:-; | v |
Defuzzification method | centroid | v |
Inputs: 2

Cutputs: 1

Rules: 9

Analizati functionarea SLF vizualizand suprafata de control (Control surface) si operatiile realizate in
sistemul cu logica fuzzy.

Realizati un document in care sa plasati suprafetele de control si valorile numerice obtinute la iesire,

pentru 5 perechi de valori relevante ale variabilelor de intrare, in urmatoarele cazuri:
- Implication: min; Defuzzification: centroid

— Implication: prod; Defuzzification: centroid
- Implication: min; Defuzzification: bisector

16
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- Implication: min; Defuzzification: MOM

De ce suprafata de control a unui sistem de control in general trebuie sa fie cat mai neteda? Care
metoda de defuzzificare este cea mai potrivita si care este cea mai defavorabila pentru implementarea
sistemului cu logica fuzzy de control din aplicatia studiata?
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4. Sisteme fuzzy de control. Controler de temperatura.

Obiective: intelegerea conceptului de controler clasic, intelegerea diferentelor dintre un controler
clasic si un controler fuzzy, vizualizarea raspunsului unui controler fuzzy.

Observatie: MATLAB/Simulink se acceseaza online (https://matlab.mathworks.com/), prin logare cu
credentialele MS Teams (cele de tip nume.prenume@student.utcluj.ro).

Termeni si acronime: controler clasic, controler fuzzy, PID.

o Sisteme de control clasice
Fie un sistem Tn bucla deschisa, avand o intrare de comanda u si o iesire y:

-

Scopul sistemului este sa asigure o anumita valoare dorita la iesire, y*. Sistemul este astfel proiectat
Tncat, In absenta perturbatiilor si a variatiilor parametrilor sistemului, y = y* pentru o anumita intrare
u = u*. Lipsa perturbatiilor nu apare niciodata in practica, adica y* va fi diferit de y, daca sistemul este
lasat sa functioneze in buclad deschisa, pentru intrarea de comanda u = u*. Ca urmare, pentru a asigura
y = y* in prezenta perturbatiilor, este nevoie sa se modifice u fata de u*, astfel incat sa se compenseze
actiunea perturbatiilor. Modificarea u depinde de modificarea y fata de y*, si este realizata de un alt
sistem, conectat intre iesirea si intrarea sistemului initial, numit controler:

u y Yy
O >

Controler

Noul sistem se numeste sistem in bucld inchisd, sau sistem cu reactie. lesirea u a controlerului
reprezinta intrarea de comanda a sistemului si depinde, in general, de erorile la momentele de timp
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anterioare: diferentele dintre iesirea y si iesirea dorita y*, dar si de comenzile u la momentele de timp
anterioare:
u(k) = f(e(k),e(k—1),...,e(k —t),u(k — 1), ..., u(k — t))

unde f defineste legea de control, iar t este ordinul controlerului. Pentru t > 0, controlerul este cu memorie.
Eroarea e se defineste ca:

e(k) =y —y

Tn general, legea de control f este neliniard. in teoria clasicd a controlului, legea de control feste dedusa
pe baza modelului matematic al procesului in bucla deschisa.

Legile clasice de control sunt:
a) legea de control proportionala (P):
u= Ky,xe s> u(k) = K, *e(k)

b) legea de control integrala (1):

u=Ki*fedt

sau, in domeniul discret:
T

u(k) = K Y e(k =)

j=0
c) legea de control derivativa (D):
K d'e
u = * —
7 et

d) combinatii ale acestor legi - de exemplu ,controlerul PI:

u(k) = Kp+e(k) + Ki* Xj-oe(k — )

o Controlere fuzzy

Pentru un sistem fuzzy cu intrarile e(k), e(k-1),..., e(k-t), u(k-1),..., u(k-t), se poate formula o
dependenta lingvistica intre iesirea u(k) si aceste intrari. Controlere fuzzy utilizate Tn practica sunt de ordin
t =1, astfel:

u(k) = f(e(k),e(k — 1), ..., u(k — 1))

Controlerele fuzzy tipice au o forma si mai simplificatd, in sensul ca nu tin cont de iesirea anterioara
u(k-1); in regulile fuzzy sunt luate in considerare doar e(k) si e(k-1), iar iesirea controlerului este variatia
iesirii u, definita ca:

Au(k) =ulk) —ulk —1) > ulk) = Au(k) +uk — 1)
Au(k) = F(e(k),e(k - 1))
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unde F este functia de transfer a sistemului fuzzy, determinata de:
- multimile fuzzy definite peste intrari si iesire

- baza de reguli

- mecanismul de inferenta

- metoda de defuzzificare utilizata.

Tipic, intrarile transante ale controllerului fuzzy sunt eroarea e(k), derivata erorii Ae(k) = e(k) —
e(k — 1), iariesirea este Au(k) = F(e(k),e(k — 1)).

Controler fuzzy Au

he (CLF)

Acest tip de controller fuzzy de ordin 1 (t = 1) a fost propus in 1975 de catre Mamdani si Assilian, si se
numeste CLF de tip Mamdani.

o Controler fuzzy de tip Mamdani - exemplu
Cel mai simplu model de controler fuzzy Mamdani prevede trei multimi fuzzy (Negativ N, Zero ZE,
Pozitiv P), identic definite pentru cele doua intrari, respectiv pentru iesire:

L

.

-1 _05 '0 05 1 e, Ae’ Au

Baza de reguli se deduce tinand cont de obiectivul dorit, y = y*, adicd e = y* - y = 0. Privind nuantat
aceastd valoare nul3 a erorii, obiectivul dorit este “e este ZE”. in plus, se considerd c3 iesirea y a sistemului
variaza in acelasi sens cu comanda u:

— daca u creste, y creste;
— daca u este constant, y este constant;
- daca uscade, y scade;

Baza de reguli contine toate combinatiile posibile ale valorilor lingvistice ale intrarilor (baza de reguli
completa):
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Mecanismul de inferenta utilizat este Mamdani, adica inferenta max-min, iar metoda de defuzzificare
este COA (centroid).

Raspunsul tipic al unui sistem automat de reglare la un semnal treapta poate fi caracterizat de o serie
de parametri:

- timpi de crestere/supracrestere/stabilizare
— supracrestere (mdrimea primei supracresteri peste valoarea stabilita).

du supracrestere +5o4+ y*

e — QR ——

f 1 : v :
v* ' !
& | | :

i |

(. !
1 L |

| : :

— ; * Timp
- | timp de
_—:. o timp de "% stabilizare
< supracrestere

timp de
crestere

o Controler fuzzy de temperatura
Sistemul de control al temperaturii se compune dintr-un proces (cuptorul) si controlerul fuzzy:

Ts +~ error |Controller | power Proces
= | |
Fuzzy [cuptor]

Tout

Senzorle

unde:

- Ts —temperatura dorita in incinta (Set Point Temperature)
- Tout — temperatura masurata (temperatura provenita de la senzorul din incinta cuptorului)
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— error—eroarea (error = Ts — Tout )
- power - puterea necesara incalzirii/racirii (iesirea controlerului de temperatura, respectiv intrarea
de comanda n proces).

Rolul controlerului este de a mentine temperaturii din cuptor egala cu temperatura dorita (7s). Pentru
modelarea generarii si transferului de caldura, este folosit circuitul echivalent din figura:

Th — Tout

—
pnwerTe o

Rho

- ot L

Te

7] |
2
)

Sursa de curent power (putere termica) reprezintd puterea furnizata elementului de incalzire/racire.
Sistemul cuprinde un element de incalzire/racire electric, avand capacitatea Ch=500[J/°C] conectat printr-
o rezistenta Rho=0.143[°C/W] la un cuptor cu capacitatea de incalzire Co=1000[J/°C]. Cuptorul degaja
caldurd in mediul exterior avand temperatura Te, prin rezistenta termica de transfer Ro=0.1["C/W].
Controllerul de temperatura ajusteaza puterea disipatda elementului de incalzire power, comparand
temperatura cuptorului Tout cu temperatura de referinta Ts.

Descarcati arhiva "TempControl.zip" si plasati continutul acesteia (cu drag-and-drop) in directorul
curent in care lucreaza MATLAB. Dezarhivarea se face cu dublu click pe fisier.

https://drive.google.com/file/d/1c XcAD8KaaSrx37ixkdDm-1x JAHESOn/view?usp=sharing

Schema bloc Simulink este prezentata in figura. Pentru a asigura “generalitatea” controlerului fuzzy,
au fost utilizate doua blocuri de conversie liniara la intrare (Scale error, Scale delta_error), si un bloc de
conversie la iesire (Scale_power). Pentru limitarea in interval [-1, 1] a valorilor furnizate la intrarea
controlerului, se utilizeaza blocurile de limitare dubla (Saturation, Saturation1).

Implementati sistemul fuzzy Mamdani de control a temperaturii, conform specificatiilor definite
anterior. Vizualizati suprafata de control. Salvati sistemul fuzzy creat cu numele ,,TempControlM.fis”.
Cititi sistemul fuzzy creat intr-o variabild denumita fTs, utilizand instructiunea readfis.

ncércati modelul Simulink al sistemului de control a temperaturii, “TempControlM.md/”. Initializati
parametri cuptorului, prin rularea script-ului ,HeaterOven_params.m”.

Porniti simularea si activati vizualizarea formelor de unda pe osciloscop (dublu-click pe blocul
Scope). Masurati parametrii sistemului de control: timpul de crestere, timpul de stabilizare,
supracresterea. Notati valorile obtinute.
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Modificati factorii de scalare pentru intrari si iesire, astfel incat performantele sistemului sa fie
imbunatatite.

Reluati exercitiul 2, n ipoteza utilizarii unui controler fuzzy de tip Takagi-Sugeno. Conversia intre
Mamdani si Takagi-Sugeno se face automat, cu optiunea Mamdani to Sugeno. in acest caz, modelul
Simulink utilizat va fi “TempControlTS.md/”. Care dintre cele doua tipuri de sisteme de control are
performante mai bune, pentru valorile initiale ale factorilor de scalare?

External
Tout
temperature
Scope Oven subsystem
-
Tout
P error Tout
P delta_error
-
s_eror
-
s_delta_error
-
-
Power
Power
du
Scale
Saturation error
Power ) 4
L~ error e
Ic | s_eror 0.01 ‘ +
[0] .
< Saturation 1 v Delay
| 4 L~ s_delta_error delta_error /7 1
" hl < 1 {4 -
Fuzzy Logic z
Delay 1 Controller Scale
1 with Ruleviewer delta error s .
- et point
> - tem :
2 perature
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5. Aproximarea caracteristicii curent-tensiune a diodei semiconductoare
utilizand un SLF

Obiective: intelegerea motivatiei utilizarii SLF ca aproximatori universali, experimentarea legaturii
intre multimile fuzzy de intrare si de iesire si baza de reguli, intelegerea operatiilor de
fuzzificare/inferentad/defuzzificare, realizarea unui SLF complet pentru aproximarea unei functii date.

Observatie: MATLAB/Simulink se acceseaza online (https://matlab.mathworks.com/), prin logare cu
credentialele MS Teams (cele de tip nume.prenume@student.utcluj.ro).

Termeni si acronime: aproximare de functii, modelare fuzzy.

o Sisteme cu logica fuzzy ca aproximatori universali

Una dintre aplicatiile importante ale sistemelor cu logica fuzzy este folosirea lor ca aproximatori de
functii. Fiind data o functie grafica y = f(x), care poate fi reprezentata doar aproximativ sub forma analitica,
se poate proiecta un sistem cu logica fuzzy avand x ca intrare si y ca iesire, astfel incat intre valoarea
estimata a luiy, y_est, si f(x), existd o diferenta oricat de mica se doreste, notata e.

ly_est — f(x)| <e

Cu alte cuvinte, sistemul cu logica fuzzy cu intrarea x si iesirea y este un aproximator universal de
functii grafice y = f(x).

o Modelarea fuzzy a caracteristicii i-v a diodei semiconductoare

Se doreste aproximarea regiunii directe a caracteristicii statice curent-tensiune (i-v) a unei diode
semiconductoare, pe baza curbei i-v a componentei determinate experimental (sau luate din catalog).
Sistemul cu logica fuzzy este descris astfel:

— variabila de intrare - valorile tensiunii pe diodad la polarizare directa, v = v_AK, in domeniul
[0 mV, 860 mV]
— variabila de iesire - valoarea curentului anodic prin dioda, i =i_A, in domeniul [0 mA, 450 mA]

SLF astfel definit va caracteriza complet comportamentul electric al diodei in polarizare directa, pentru
v=v_AK, Tn domeniul [0 mV, 860 mV], ignorand variatiile cu temperatura, umiditatea si abaterile de proces
tehnologic de fabricatie a diodei. Deci, sistemul cu logica fuzzy va putea fi utilizat ca un model electric al
diodei.

Principiul modelarii caracteristicii i-v a diodei se bazeaza pe acoperirea graficului neliniar de variatie a
curentului in functie de tensiune prin “zone fuzzy”:
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Exemplu
de zond
fuzzy

Y

Fiecare “zona fuzzy” este descrisa prin:

- o multime fuzzy peste universul discutiei variabilei de intrare v, notata MFVk

- o multime fuzzy corespunzatoare peste universul discutiei variabilei de iesire i, notata MFlk

— o regula fuzzy Rk, care indica faptul ca intre cele doua multimi fuzzy MFVk si MFlk exista o relatie
fuzzy care descrie “zona fuzzy”
Rk: Daca v este MFVk, atunci i este MFlk

Observatie: Pentru zonele cu neliniaritati pronuntate ale graficului, sunt necesare mai multe multimi fuzzy
de intrare si respectiv de iesire.

o SLF pentru modelarea caracteristicii i-v a diodei semiconductoare

SLF pentru modelarea caracteristicii i-v a diodei semiconductoare este compus din:

- multimile fuzzy definite peste universul discutiei variabilei de intrare v, notate MFVk

- multimile fuzzy definite peste universul discutiei variabilei de iesire i, notate MFlk

— baza de reguli fuzzy, ce contine k reguli de forma: Rk: Daca v este MFVk, atunci i este MFlk

Componentele SLF si operatiile prin care o valoare transanta a variabilei de intrare (v =v_0 - tensiunea
pe dioda) este prelucrata, astfel incat la iesire sa se furnizeze o valoare transanta a variabilei de iesire
(i =1i_0 - curentul prin dioda) sunt ilustrate in figura.

Operatiile unui SLF sunt:

o fuzzificare - transformarea marimii transante de intrare intr-o multime fuzzy singleton, cu functia
de apartenenta:

l,v=v
tumsrr, (V) = {0 v+ 17(? ..................................
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e inferenta - pe baza valorii fuzzy de intrare si a fiecarei reguli Rk, deduce rezultatul Yk a regulii

Rk, folosind implicatie de tip min (Mamdani):
HmFory, (i) = min (.uMFVk (UO)I.UMFIk(i))
Multimea fuzzy de iesire a regulii Rk (concluzie partiala) este:

A pwri(i)
MFIk

MFO'k

Limrvk(Vo)

Y

|-
L

0 i
face folosind operatorul max (reuniune):

Agregarea  concluziilor partiale se

o defuzzificare — operatia inversa fuzzificarii, prin care se extrage o valoare transanta din

multimea fuzzy de iesire, rezultata in urma inferentei.

Notatii:

Q = pperatie
I:I = componentd

77 = reprezentarea fuzzy a marimii de intrare/iesire a SLF

Multimi fuzzy Bazd de reguli MAultimi fuzzy
de intrare MFWk R de iesire MFik
u Ry: Dacd v este MFVE u

atunci i este MFIk

legire
tranzanta

_h' i=i-:|

Intrare

Inferent
fuzzy

lesire fuzzy:
multime fuzzy MFOQ’

Intrare fuzzy:
multime fuzzy
simgleton MFSV,
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sistemului sunt:

o Crearea SLF

Exercitiul 1
Implementati sistemul fuzzy cu o intrare si o iesire, utilizand Fuzzy Logic Designer. Specificatiile

variabila de intrare v, cu 9 multimi triunghiulare, notate MFVk, k=1, 2, ..., 9, avand parametrii:

MFV1 - [0 0680] MFV2 - [0 680 690] MFV3 - [680 690 700]
MFV4 - [690 700 720] MFVS5 - [700 720 740] MFV6 - [720 740 760]
MFV7 - [740 760 800] MFVS8 - [760 800 860] MFV9 - [800 860 860]
W e,

A MFRV1 MFV2 MFV9

. {

0

0 I
660 680 700720740 760 800 860 v
[mV]

variabila de iesire i, cu 9 multimi triunghiulare, notate MFilk, k=1, 2, ..., 9, avand parametrii:

MFI1-[001.2] MFI2 - [0 1.2 2.4] MFI3 - [0 2.4 6]
MFI4 - [2.8 6 8] MFI5 - [7 12 17] MFI6 - [15 24 33]
MFI7 - [294765]  MFI8 - [55 150 245]  MFI9 - [390 450 450]
A L
MFI1
MF14 MEI9

w, ! \

i[mA]

1
012 24 2.8 6 7 8 15 17 29 33 55 65 150 245 390 450

baza de reguli, cu 9 reguli de forma: Dacd v este MFVk atunci i este MFlk, k=1, 2, ..., 9

Salvati sistemul creat cu numele “dioda.fis”.
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Vizualizati curba intrare-iesire (tensiune-curent). Setati numarul de puncte pentru afisare la 100.
Comparati curba obtinuta cu caracteristica initiala.

Testati sistemul creat pentru un set de valori transante ale variabilei de intrare:
v={0mV,; 650 mV; 675 mV; 700 mV; 725 mV; 750 mV; 775 mV; 800 mV; 850 mV}. Notati valorile obtinute
la iesire.

Scrieti un script care sa realizeze afisarea graficului curent-tensiune, utilizand functiile readfis,
evalfis, plot.
Observatie: la evalfis utilizati si parametrul NPts = 10000

Identificati zonele de pe grafic in care sunt prezente erori de aproximare mari. Modificati sistemul
fuzzy creat initial, pentru a reduce aceste erori. Salvati noul sistem fuzzy. Afisati pe acelasi grafic cele
doua variante ale curbei caracteristicii curent-tensiune.
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6. Clasificare substractiva. Modelarea unei functii neliniare de doua
variabile pe baza de date numerice.

Obiective: intelegerea conceptului si metodelor de clasificare a datelor, intelegerea notiunilor de clasa
si centru al clasei, familiarizarea cu modul de determinare a preciziei unui model.

Observatie: MATLAB/Simulink se acceseaza online (https://matlab.mathworks.com/), prin logare cu
credentialele MS Teams (cele de tip nume.prenume@student.utcluj.ro).

Termeni si acronime: clasificare transantd, clasificare substractivd, Fuzzy C-Means.

o Clasificarea datelor

Clasificarea este o metoda fundamentala de analiza a datelor, ce are ca scop identificarea gruparii
naturale a datelor dintr-un set de date de dimensiuni mari. Clasificarea datelor este o metoda de invatare
nesupervizata, deoarece valoarea dorita a iesirii (numar de clase, apartenenta fiecarui obiect la 0 anumita
clasa) nu este cunoscuta a priori. Aplicatii tipice ale clasificarii sunt: recunoasterea formelor, extragerea de
caracteristici, cuantizarea vectorilor, segmentarea imaginilor, aproximarea functiilor, data mining.

Tmpartirea in clase se realizeazd pe baza unei multimi de caracteristici ce descriu fiecare obiect.
Rezultatul clasificarii este o structura fixa a partitionarii datelor, adica pentru fiecare clasa se va cunoaste:

e localizarea - centrul clasei

e forma clasei

e gradul de apartenenta al fiecarui obiect la clasa respectiva.

Partitionarea datelor trebuie sa respecte:

- omogenitatea in clase - obiectele din aceeasi clasa sa fie cat se poate de asemanatoare unele cu
altele

eterogeneitate intre clase - obiectele din clase diferite sa fie cat se poate de diferite unele de altele

Un exemplu de masura a similitudinii dintre obiecte este distanta euclidiana, ilustrata Tn imaginea de
mai jos, unde obiectele care sunt apropiate intre ele au fost colorate utilizand aceeasi culoare.

00000000
00000000

S o  S8R83888
Oo o

o & R 8o
le) o

O ® 90

o >¥
%o

0L

°o

(o) -
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Datele de clasificat se reprezinta sub forma vectorilor N-dimensionali:
X; = [xi1, xiz) o, Xy, X; ERN,i=1,..., M
unde N — numarul caracteristicilor fiecarui obiect, M — numarul de obiecte (dimensiunea setului de date).

[ X11 X122+ X1N
x21 xzz es sz

Obiectivul clasificarii este de a gasi cei K vectori, care constituie centrele celor K clase in care se
realizeaza partitionarea datelor:

Cr = [Xk1, Xk2 s Xen L k= 1,...,C

o Tipuri de clasificare

in clasificarea transantd, un obiect apartine in totalitate unei clase, sau nu apartine deloc clasei
respective. Astfel, gradul de apartenenta al unui obiect la o clasa poate fi 0 sau 1. Fiecare obiect apartine
unei clase si nu exista clase vide, nici clase care contin toate obiectele.

n situatii reale, clasificarea transantd este rareori intdlnita, astfel ci se prefera o partitionare a
obiectelor in care un obiect sa poata apartine mai multor clase in acelasi timp, cu diferite grade de
apartenenta, cuprinse intre 0 si 1. Exista doua astfel de tipuri de partitionari:

- clasificare fuzzy — Fuzzy C-Means, clasificare substractiva
- clasificare probabilistica.

o Clasificarea substractiva
Clasificarea substractiva determina numarul de clase si centrele claselor dintr-un set de date. Trebuie
precizata valoarea unei raze ce specifica domeniul de influenta al centrului clasei, in fiecare dimensiune a
datelor.
Etapele algoritmului de clasificare substractiva sunt:
1. Presupune ca fiecare punct de date este un potential centru de clasa si calculeaza probabilitatea
ca acesta sa defineasca un centru, pe baza densitatii punctelor inconjuratoare.
2. Selecteaza punctul cu cel mai mare potential ca fiind primul centru de clasa.
3. Tnl3turd toate punctele din vecinitatea centrului determinat anterior (in conformitate cu raza
precizata), in scopul determinarii urmatoarei clase si a centrului ei.
4. Repetad acest proces pana cand toate punctele se afla in raza de influenta a unui centru de clasa.

o Modelarea unei functii neliniare de doua variabile. Aplicatie la modelarea

functionala a unui amplificator transconductanta
Descarcati arhiva "Date_Machete.zip" si plasati continutul acesteia (cu drag-and-drop) in directorul
curent in care lucreaza MATLAB. Dezarhivarea se face cu dublu click pe fisier.

https://drive.google.com/file/d/1C8PpZT3KuUE3I-Zm8adnTfMPkSvgjywSt/view?usp=sharing

Arhiva contine 6 fisiere: 3 fisiere de tip .mat, in care se regasesc seturile de date, respectiv 3 script-uri
cu extensia.m.
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Pentru construirea modelului care implementeaza functia amplificare = f(frecventd, temperaturd) se
utilizeaza trei seturi de date:

- ‘“gendata” cu dimensiunea 179, pentru generarea sistemului fuzzy initial

- “antdata” cu dimensiunea 35717, pentru antrenarea sistemului fuzzy initial

- ‘“verdata” cu dimensiunea 497, pentru verificarea sistemului fuzzy pe durata antrenarii (in scopul
detectarii suprapotrivirii, daca este cazul)

Domeniul initial de variatie al marimilor de intrare este:
frecventa_ini: [1 Hz, 10 MHz]
temperatura_ini: [-55, +125]°C

Pentru a reduce gama dinamica a datelor de intrare si pentru a lucra doar cu valori pozitive, se
efectueaza urmatoarele transformari:
frecventa = log(frecventa_ini), astfel frecventa va fi cuprinsa in intervalul [0, 7]
temperatura = temperatura_ini + 60, astfel temperatura va fi cuprinsa in intervalul [5, 185]°C

Seturile de date au o structura matriciald, fiecare rand al matricii continand un tuplu de date
[frecventa, temperaturd, amplificare].

Examinati structura celor 3 seturi de date, prin incarcare in workspace, cu dublu-click pe fiecare
fisier .mat.

Pentru generarea sistemului fuzzy initial, se utilizeaza script-ul “generare_aft.m”, in care se va
completa cu secvente de cod, conform instructiunilor din fisier.

Generati sistemul fuzzy initial, utilizand functia genfis2. Examinati proprietatile acestuia, din Fuzzy
Logic Designer.

Ce valoare are parametrul radii?

in cate clase a fost impértit setul de date?

Cate reguli are sistemul fuzzy generat?

Care este legatura dintre numarul de clase, numarul de reguli si structura fiecarei reguli?

Ce tip au multimile fuzzy de intrare? Care este expresia multimilor fuzzy de iesire?

Care sunt centrele claselor, pentru variabilele de intrare? Vizualizati suprafata de control a
sistemului fuzzy initial.

Pentru determinarea preciziei de aproximare a modelului fuzzy initial, se utilizeazd script-ul
“erori.m”, in care se va completa cu secvente de cod, conform instructiunilor din fisier.

Calculati si salvati intr-un fisier:

- valoarea maxima a erorii absolute

eroare_absolutd; = |amplificare_referinta; — amplificare_fuzzy;|

- valoarea maxima a erorii relative

lamplificare_referinta; — amplificare_fuzzy;|
amplificare_referintd;

eroare_relativa; =




- eroarea medie procentuala

N s e s
) o1 |lamplificare_referinta; — amplificare_fuzzy;|
eroare_medie_procentuald = N

i=1

amplificare_referintd;

Pentru antrenarea sistemului fuzzy initial, se utilizeaza script-ul “antrenare_aft.m”, in care se va
completa cu secvente de cod, conform instructiunilor din fisier.

Antrenati sistemul fuzzy initial, utilizand functia anfis.

Ce tip de eroare utilizeaza functia anfis?

Comentati evolutia erorilor pentru seturile de date de antrenare si de verificare. Apare fenomenul
de suprapotrivire?

Considerati ca ar fi utila cresterea numarului de epoci de antrenare? Justificati.

Vizualizati suprafata de control a sistemului fuzzy antrenat. Comparati-o cu cea a sistemului fuzzy
initial.

Identificati modificarile aparute in multimile fuzzy de intrare si de iesire, pe durata antrenarii.

Pentru determinarea preciziei de aproximare a modelului fuzzy final, se utilizeaza script-ul
“erori.m”, in care se va completa cu secvente de cod, conform instructiunilor din fisier.

Calculati si salvati intr-un fisier:

- valoarea maxima a erorii absolute

eroare_absolutd; = |amplificare_referinta; — amplificare_fuzzy;|

- valoarea maxima a erorii relative

lamplificare_referinta; — amplificare_fuzzy;|
amplificare_referint3;

eroare_relativa; =

- eroarea medie procentuala
N .\ s s i
1 |amplificare_referinta; — amplificare_fuzzy;|

eroare_medie_procentuald = — — —
N ¢ 4 amplificare_referinta;
=

Comparati valorile obtinute pentru sistemul fuzzy final cu cele obtinute pentru sistemul fuzzy initial.




1. Introduction to Fuzzy Logic Toolbox

Objective: getting used to the functions and graphical interfaces of Fuzzy Logic Toolbox, part of
MATLAB/Simulink

Note: MATLAB/Simulink is accessed online (https://matlab.mathworks.com/), by logging in with the
MS Teams student credentials (surname.name@student.utcluj.ro).

Terms and abbreviations: FLS, FIS, fuzzy set, membership degree, control surface

0 Functions and graphical interfaces
MATLAB/Simulink offers 6 categories of functions and graphical interfaces dedicated to fuzzy sets and
systems (fuzzy inference system — FIS, fuzzy logic system - FLS):

— GUI editors — graphical interface editors

- Membership functions

— Command line FIS functions - functions for creating/modifying/exploring a FLS
- Advanced techniques

— Miscellaneous functions

- GUI helper files - additional files used by the GUI editors

To visualize the available functions and graphical interfaces in MATLAB, type the following in the
command line:

help fuzzy

0 Working with the functions
To explore how the functions work, type "help [function_name]" in the command line. As an example,
for the "trimf" function, the code is:

help trimf

Run the example presented in the "trimf" function help. Analyse what happens, line by line.

Rerun exercise 1 for another function in the "Membership functions" category. Analyse what
happens, line by line.
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0 Launching the graphical editor for creating a FLS
Type the following in the command line:

fuzzylLogicDesigner

Load a previously created FLS in the graphical editor — the FLS for computing the tip for a
meal at the restaurant, available here:
https://drive.google.com/file/d/10PvwclvBSoRagxAzjKvE_mJi3D3V8Mip/view?usp=sharing
Download "tip.zip" and place the archive (using drag-and-drop) in the current directory of MATLAB.
Double click to unzip and view the contents of the folder.

From the graphical editor, using "Import -> From file..." select "tip.fis".

Fuzzy Inference System (FIS) Plot Membership Function (MF) Editor Ruls Editor : FROPERTY EDITOR: FIS
System: tip Type: Mamdani Type-1
N -
\ N

\ \ Implication method |

Aggregation methed miax v

— Defuzzification method [centoid | ¥ |
service (3 MFs) Inputs: 2
Mamdani
Type 1 Cutputs: 1

f Rules: 5
\ \ / tip (3 MFs)

\
\

\VAR

food (3 MFs)

System tip: 2 input, 1 output, 5 rules

Analyse the properties of the fuzzy system.

Analyse the membership functions for each variable of the fuzzy system.

Visualise the control surface.

Analyse the rule base and the activation of the rules, from the Rule Inference menu. What happens
when the connection of a rule is changed?
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0 Functions for creating/modifying/exploring a FLS from the command line

Load "tip.fis" in the workspace variable "tip" using:
tip = readfis ("tip.fis’);

To view the properties of the FLS:
getfis(tip)

To view the diagram of the FLS:
plotFis(tip)

To view the control surface of the FLS:
gensurf(tip)
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2. Fuzzy sets. Operations with fuzzy sets applied to colour image
segmentation.

Objectives: getting used to the functions for defining fuzzy sets, understanding basic fuzzy sets
operations, understanding the way colours are represented in MATLAB, understanding the basic
operations for image processing and image segmentation

Note: MATLAB/Simulink is accessed online (https://matlab.mathworks.com/), by logging in with the
MS Teams student credentials (surname.name@student.utcluj.ro).

Terms and abbreviations: fuzzy set, membership function, union, intersection, complement,

segmentation

0 Types of membership functions. Using and editing a membership function.
MATLAB offers 13 types of membership functions (MF — membership function):

1

1

1

1!

o 0 o o
linzmf trimnf trapmf linsmf
1 1
0
gaussmf gauss2mf gbellmf
| Q— | L
o o
sigmf dsigmf psigmf sigmf
1 1
0 0
zmif pimf smf
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To view details about any function, as well as a brief usage example, use “help function_name”:

help trapmf

Exercise 1

Copy and paste the following code snippet in the command line. Analyse the code, line by line.

close all % closes all the open figure windows

clear all % removes all variables in the workspace

clc % clears the command window

X = (0:0.1:10)"; % The universe of discourse is [0,10]; the points are
%defined with a step of 0.1

params=[2 3 7 9];% parameters for a trapezoidal membership function

y = trapmf(x,params); % compute the membership function values

plot(x, y, "linewidth",2);

axis([0 10 -0.1 1.1]);

xlabel ("universe of discourse®); % horizontal axis variable name
ylabel ("membership degree"); % vertical axis variable name

set(gcf, "name", "Trapezoidal membership function®, "numbertitle®, "off");
% figure name

Run the next sequence to find the membership degree of the point x1=2.75, to the above defined
trapezoidal fuzzy set.

hold on
x1=2.75;
ul=evalmf(x1,params, "trapmf");
sprintf( "x1=%1.2Ff has the membership degree ul=%1.2f",x1,ul);
plot (x1,ul,"r*") % place the point on the graph
plot ([x1,x1],[0,ul],--.
"linestyle®,"-","color™,"r")
plot ([0,x1],[ul,ul],.--.
“"linestyle®,"-","color","r")
hold off

Let “Speed” be a linguistic variable, with the universe of discourse [0, 140] km/h. Define five
linguistic values and plot the corresponding membership functions on the same axis (using "hold on").
The fuzzy sets must form a fuzzy partition for the [0,140] range. Display at the command line the values
of the membership degrees of points 10 km/h, 52 km/h, 85 km/h and 100 km/h to each fuzzy set.

0 Fuzzy sets operations
The union of two fuzzy sets A and B is defined using the membership functions:

taup(x) = max (us(x), pp(x))

The intersection of two fuzzy sets A and B is defined as:
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tang (%) = min(p, (x), pp(x))

The complement of a fuzzy set A is defined as:
ta(x) = 1= pa(x)

Exercise 4

Run the following code snippet, to plot the union of two fuzzy sets. Analyse the code, line by line.

close all
X = (0:0.1:10)"; % % The universe of discourse is [0,10]; the points are

%defined with a step of 0.1

ul=gaussmf(x,[1,4]); % First membership function, gaussian type
u2=trimf(x,[3 6.5 9]); % second membership function, triangular type
u_union=max(ul,u2); % compute the membership degrees for the union using

%the "MAX™ operator
hold on
subplot(2,1,1); % breaks the figure in two windows
% the current plot appears in the upper window
plot (x,ul,"r");hold on
plot (x,u2,"m"); hold off
axis(J0 10 0 1.05]);
legend ("A","B");
title("Fuzzy sets A and B*)
subplot (2,1,2) % the current plot appears in the lower window
plot(x, u_union,“color®,"b", "linewidth",2)
axis(JO0 10 0 1.05]);
title(C"Union™)
set(gcf, "name®, “Union of A and B fuzzy sets - "max" operator-®,
"numbertitle®, "off"); %figure name

Fuzzy sets A and B

0a8fF

06
04r

02F

0.8

0.6

04

02
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Change the previous code snippet, to plot in a single figure, on different subplots, the following:
fuzzy sets A and B, union, intersection, complement.

0 Colour representation in MATLAB. RGB and HSV colour spaces.

The RGB (red, green, blue) colour space is defined by the three primary colours, red, green and blue,
out of which any other colour can be obtained, by weighted additive combinations. The values of R, G and
B are in [0;1]. To represent any colour in MATLAB in the RGB space, one can use either the name (full or
abbreviated) of the colour, for predefined colours, or a vector that contains the values of the primary
components.

To set a pink background for the current figure, use the following code in the command line:

figure
hold on
set(gcf, "Color~",[1,0.4,0.6]);

Change the background colour of the current figure to cyan, then to green, using both the
abbreviated name and the vector representation.

In the HSV (hue, saturation, value) colour space, colours are represented by the perceptual attributes
— hue, saturation, and value. The values for H, S and V are in [0;1]. The default colour representation in
MATLAB is in the RGB space. To convert from RGB to HSV, the dedicated function is "rgb2hsv".

0 Representation of colours using fuzzy sets

The values between 0 and 1 of the hue component, H, define the colours of the visible spectrum: red,
orange, yellow, green, cyan, blue, purple, magenta, pink, and red again, at the end of the spectrum. To
represent colours as fuzzy sets, the universe of discourse is the range of possible values for hue; when
using an 8-bit representation, the range of values for H is [0; 255]. A different fuzzy set is defined for each
colour, and the linguistic values are: Red, Orange, Yellow, Green, Cyan, Blue, Purple, Magenta, Pink, over
the linguistic variable H (range [0; 255]), with values in [0; 1].

Exercise 7

Run the following code snippet. Analyse the code, line by line.
close all;
clear all;
clc;

% fuzzy sets definition

x=(0:.5:255)"; % universe of discourse
Red_I=trimf(x, [0 O 21]); % red, left
Red_r=trimf(x, [234 255 255]); % red, right
Red=max(Red_1, Red r);

Orange=trimf(x, [0 21 43]); % orange
Yellow=trimf(x, [21 43 80]1); % yellow
Green=trapmf(x, [43 80 90 128]); % green
Cyan=trimf(x, [90 128 165]); % cyan
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Blue=trapmf(x, [128 165 175 191]); % blue
Purple=trimf(x, [175 191 213]); % purple
Pink=trimf(x, [213 234 255]); % pink

plot(x, Red I, "color®, "r");

axis ([0 255 -.1 1.1]);

hold on;

xlabel("hue®); % x axis variable name

ylabel ("membership degree®); % y axis variable name

set(gcf, "name", "Representation of colours as fuzzy sets®, "numbertitle®,
"off"); % Ffigure name

plot(x, Red _r, “color®, °"r");

hold on;
plot(x, Orange, “color®, [1 0.64 0]);
hold on;
plot(x, Yellow, "color®, "y");
hold on;
plot(x, Green, “"color®, "g");
hold on;
plot(x, Cyan, “color®, "c");
hold on;
plot(x, Blue, “color®, "b");
hold on;
plot(x, Purple, “color®, "m" );
hold on;
plot(x, Pink, “color®, [1,0.4,0.6]);
hold off;
4 5E0QQH
1 A 7]
0.8 a
%—; 0.6 7
g 0.4 -
E
0.2 .
0
0 5I0 1II]l] 1;0 2lI]l] 2I5l]

hue
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0 Segmentation of a colour image

Segmentation of a colour image means isolating areas of a certain colour in an image. Let’s assume
the red colour segmentation is desired: the areas or objects coloured in red will be separated, by
representing them using shades of grey. The shades of grey will be very close to white, if the object is
almost red, and darker (even black), if the object is any other colour.

Using the previously defined fuzzy sets for colours, a new fuzzy set is created, called CloseToRed, that
expresses the concept of objects with red dominant colour or objects that are very close to red. The
CloseToRed fuzzy set is defined using the basic operations:

CloseToRed = Red OR (Orange NOT Yellow) OR Pink

CloseToRed(H) = max(Red(H), min(Orange(H), 1- Yellow(H)) , Pink(H))

Exercise 8

Run the following code snippet to plot the CloseToRed fuzzy set. Analyse the code, line by line.

figure;

NOT_Yellow=1-Yellow;

OrangeNotYellow=min(Orange, NOT_ Yellow);
CloseRed=max(Red, OrangeNotYellow);
CloseToRed=max(CloseRed, Pink);

plot(x, CloseToRed, “Linewidth®, 2, "color®,"r");
axis ([0 255 -.1 1.1]);

xlabel("hue"); % x axis variable name

ylabel (“membership degree®); % y axis variable name

set(gcf, "name®, "CloseToRed fuzzy set®, “numbertitle®, "off"); % Ffigure

%name

The membership degree of a pixel to the CloseToRed fuzzy set is proportional to its shade of red. The
visual representation of the result is done by scaling the resulting membership degree in the [0;255], for
each pixel. In the segmented image, the red or almost red areas will be replaced by white or almost white
areas.

Download "images.zip" and place the archive (using drag-and-drop) in the current directory of
MATLAB. Double click to unzip and view the contents of the folder.

https://drive.google.com/file/d/1LvgcTts3SRZHJAHOgAOtzejvt-oUgdp1l/view?usp=sharing

Run the following code snippet to segment a colour image. Analyse the result of the segmentation
for each image in the folder.

close all; clc; clear all

% available images; use only one at once
img="Tiffany24_bmp*;

% img="Cuticle.bmp”;

% img="Lenna.bmp”;

% Emg="Mouse.bmp®;

% Emg="Peppers2.bmp-;

% img="Boats24._bmp~;

Origlmg=imread(img); % reading the image
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HSVimg=(rgb2hsv(OrigImg)); % RGB->HSV conversion
Himg=(HSVimg(:,:,1)); % extracting the hue component, between [0,1]
H=(Himg*255) ; % normalizing to [0, 255]

% computation of the membership degree of each pixel, to each fuzzy set
RedH_I=trimf(H, [0 O 21]);
RedH_r=trimf(H, [234 255 255]);
RedH=max(RedH_1, RedH r);
OrangeH=trimf(H, [0 21 43]);
YellowH=trimf(H, [21 43 80]);
GreenH=trapmf(H, [43 80 90 128]);
CyanH=trimf(H, [90 128 165]);
BlueH=trapmf(H, [128 165 175 191]);
PurpleH=trimf(H, [175 191 213]);
PinkH=trimf(H, [213 234 255]);

% normalizing to [0, 255]

RedObj=uint8(255*RedH) ;

% creating the "CloseToRed" fuzzy set

NOT_YellowH=1-Yel lowH;

OrangeNotYellowH=min(OrangeH, NOT_YellowH);

CloseRedH=max(RedH, OrangeNotYellowH) ;

CloseToRedH=max(CloseRedH, PinkH);

% displaying the images

imshow(Origlmg); set(gcf, "name®, "Original image"); % original image
figure

imshow(RedObj); set(gcf, “name®, “Red segmentation); % highlighting the red
%segments

figure

imshow (uint8(CloseToRedH*255)); set(gcf, "name®, “"Close to red
segmentation); % highlighting the close to red segments

Original image Red segmentation Close to red segmentation

Create a script to define a fuzzy set that approximates a different colour (other than red). Plot the
fuzzy set. Apply the segmentation using the pure colour and the approximated colour.
Use the images in the folder to test the segmentation or download other relevant images.
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3. Simulating Fuzzy Logic Systems in MATLAB. Application - fuzzy logic
washing machine.

Objectives: implementing a fuzzy logic system using the Fuzzy Logic Toolbox, analysing various
methods for implication and defuzzification.

Note: MATLAB/Simulink is accessed online (https://matlab.mathworks.com/), by logging in with the
MS Teams student credentials (surname.name@student.utcluj.ro).

Terms and abbreviations: fuzzification, defuzzification, implication, centroid, bisector, MOM, SOM,
LOM

0 Process control using fuzzy logic systems

One of the most important practical applications of FLSs is using them as "process control systems".
FLSs as control systems rely on a solid theoretical background and are integrated in many commercial
applications. The example chosen in this lab aims to show how the washing time of an automatic washing
machine can be controlled, using a fuzzy logic system.

When using a washing machine, the user manually sets the washing time, based on the volume of
clothes and the type and degree of dirtiness. To automate the washing process, sensors can be used to
detect the volume of clothes and their dirtiness. A certain washing time will be chosen, based on this data.

Unfortunately, a precise mathematical relation between the inputs (volume of clothes, dirtiness) and
the output (washing time) cannot be defined. Thus, the washing time is manually set by the user, based
on previous experience and trials.

Building a washing machine with automatic washing time determination means building the following
two subsystems:
- the sensor system - collects data from the outer environment (the clothes) and send them to the
controller
- the controller system - sets the washing time, based on the information received from the sensor
system.

What type of sensors can be used to determine the volume, color, material, degree and type of
dirtiness of the clothes?

0 Creating the FLS for the control of the washing time

The goal is to create a fuzzy logic controller for a washing machine, that will compute the appropriate
washing time, based on certain information about the clothes. A schematic view of this system is deployed
in the figure below:
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Degree of dirtiness

Washing time

Fuzzy logic control system

»

Type of dirtiness

The two inputs of the system are:

— degree of dirtiness - can be determined by examining the transparency of the water

— type of dirtiness - can be determined by examining the soaking time needed for the water to get
to a constant transparency - transparency saturation. For example, for the clothes with fat stains,
the time is longer, because the fat dissolves slower in water than other types of dirt.

The FLS is built using Fuzzy Logic Designer; to launch the tool, type the following in the command line:

FuzzylLogicDesigner
[Fuzzy Logic Designer - Getting Started -3
A ArpT
MATLAB
Open Create Generate rules automaticall

Open from File |g Browss | ~General Fuzzy Inference Systems (FIS)
Cpen from Workspace | Select v [ B E— N

Bia D |
Recent Files /?

Custom FIS from
FIS Data
- Fuzzy Infi Syst {FIS)
Learn | \
E-Du| !F_.f-unl Biea

@ Get Started m | IJ_|__I| | Em
@ Mamdani and Sugeno Systems =i
m Type-2 Fuzzy Inference Systems Mamdani Mamdani i Sugeno i } Sugeno
@ Fuzzy Logic Designer Type-1 Type-2 Type-1 Type-2
[ Build Fuzzy Systems Using App —
[ﬁ' Define Fuzzy Rules Using App \

oy
E Define Membership Functions Using App o' t'__| :
|E[_;l Tune Fuzzy Systems Using App _| l:="
@ Build FIS Trees Using App
e 5 FIS
| Tune FIS Trees Using App e

b

Select Mamdani Type-1 (predefined Mamdani fuzzy system) and set the names for the input and
output variables.
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AN

A

Degree of dirtiness (3 MFs)

Mamdani
Type 1

A

/

\

\

\ L\

Type_of_dirtiness (3 MFs)

Washing_time (3 MFs)

The fuzzy sets defined over the three variables have the names, types and parameters in the table
below. The fuzzy sets define a fuzzy partition over the universe of discourse, for all three variables.

Variable name Universe of discourse | Name Type | Parameters
Degree_of dirtiness | [0...100] % Low trimf | [-40 0 50]
Medium [0 50 100]
High [50 100 140]
Type_of_dirtiness [0...100] % NonFat trimf | [-40 0 50]
Medium [0 50 100]
Fat [50 100 140]
Washing_time [0...60] minutes VeryShort | trimf | [0 8 12]
Short [8 12 20]
Medium [12 20 40]
Long [20 40 60]
VeryLong [40 60 60]
The rule base of the system is:
Degree_of dirtiness , ,
Type_of dirtiness Low Medium High
NonFat | VeryShort | Short Medium
Medium | Medium | Medium | Long
Fat | Long Long VeryLong

All rules use the AND connector.

Define the fuzzy sets for all three variables and the rule base, as specified in the previous tables.
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The operations of the FLS are:

- fuzzification — turns the crisp input into a singleton fuzzy set

- inference - max-min (Mamdani) type

- defuzzification - centroid (COA - center of area) defuzzification is used. The output values obtained
by using this type of defuzzification guarantee a smooth control surface, which is a very important demand
in control processes. The crisp output of a centroid defuzzification is computed using:

60
" _ Jeco € * Haro () 2%t o (B)
0—continuous — 60 0—discrete — 60
ft=0 Hmro(t) 2¢=0 Hmro(t)

PROPERTY EDITOR: FIS

Type: Mamdani Type-1

Mame | mamdanitype1 |
And method | min | 7|
Cr method |ma:-c | v |
Implication method |min | ¥ |
Aggregation method |ma:-c | ¥ |
Defuzzification method ||:entr|:|id | b I
Inputs: 2

Cutputs: 1

Rules: 9

Analyse the behaviour of the FLS by viewing the control surface and the operations.

Collect the control surfaces and the crisp output values in a document, for 5 relevant pairs of input
values, in the following cases:

- Implication: min; Defuzzification: centroid

— Implication: prod; Defuzzification: centroid

- Implication: min; Defuzzification: bisector

- Implication: min; Defuzzification: MOM

Why does the surface of a control system generally need to be as smooth as possible? Which
defuzzification method is the best, and which is the worst, for the current application?
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FUZZY LOGIC SYSTEMS - LABORATORY

4. Fuzzy logic control systems. Fuzzy temperature controller.

Objectives: understanding how a classical controller works, understanding the differences between
classical and fuzzy logic controllers, visualising the output of a fuzzy controller.

Note: MATLAB/Simulink is accessed online (https://matlab.mathworks.com/), by logging in with the
MS Teams student credentials (surname.name@student.utcluj.ro).

Terms and abbreviations: classical controller, fuzzy controller, PID.

0 Classical control systems
Consider an open loop system, with a control input u and an output y:

.

The goal is to provide a desired output, y*. The system is designed so that, in the absence of
disturbances and variations of system parameters, y = y* for a certain input u = u*. The absence of
disturbances is impossible in real life situations, so y* is different fromy, if the system works in an open
loop, for an input u = u*. Thus, to ensure y = y* when disturbances are present, u needs to be different
from u*, to compensate the disturbances. The change in u depends on the change of y with respect to y*,
and is achieved by connecting another system, called controller, between the output and the input of the

initial system:
u
u—m

Yy Yy




The new system is called closed loop system, or feedback system. The output u of the controller
represents the command input of the system and generally depends on the errors computed at previous
times: differences between output y and desired output y*, but also on the previous commands u:

u(k) = f(e(k),e(k — 1), ...,e(k —t),ulk — 1), ...,u(k — t))

where fis the control law, and t is the order of the controller. For t > 0, the controller has a memory of t.
The error e is computed as:
e(k)=y" -y

Generally, the control law fis nonlinear. In classical control theory, the control law f is inferred based
on the mathematical model of the open loop process.

The classical control laws are:

a) the proportional control law (P):
u= K,*e =>u(k) = K, *e(k)

b) the integral control law (I):

u:Ki*fedt

or the discrete version:
T

u(k) = K;+ Y e(k =)

Jj=0
c) the derivative control law (D):
K d'e
u = *
47 dee

d) combinations of these laws, such as the Pl controller:

u(k) = Kp+e(k) + K; * Xj_oe(k — )

O Fuzzy controllers

Given a fuzzy logic system with the inputs e(k), e(k-1),..., e(k-t), u(k-1),..., u(k-t), a linguistic
dependency between the output u(k) and these inputs can be found. Most commonly used fuzzy
controllers are for t = 1:

u(k) = f(e(k),e(k — 1), ...,u(k — 1))

Typical fuzzy controllers have a even more compact form, where the previous output u(k-1) is not
taken into account. The inputs are only e(k) and e(k-1), and the output of the controller is the variation of
u, defined as:

Au(k) =ulk) —ulk —1) > ulk) = Au(k) +ulk — 1)
Au(k) = F(e(k),e(k - 1))
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where F is the transfer function of the control system, given by:
the fuzzy sets for the inputs and output

the fuzzy rule base

the inference mechanism

the defuzzification method.

Typically, the crisp inputs of the FLS are the error e(k), the variation of the error Ae(k) = e(k) —
e(k — 1), and the output is Au(k) = F(e(k), e(k — 1)).

e

Au

Fuzzy Logic Controller

Ae (FLC)

This fuzzy logic controller with t = 1 was proposed in 1975 Mamdani and Assilian and is called
Mamdani-type FLC.

0 Mamdani-type fuzzy logic controller - example

The easiest way to define the fuzzy sets for inputs and output is by using three fuzzy sets (Negative N,
Zero ZE, Positive P), identical for the two inputs and the output.

I

.

—1 _05 0 05 1 e, Ae'Au

The rule base is deduced knowing that the goal is y = y*, meaning e = y* - y = 0. In other words, the
desired output is “e is ZE”. Additionally, it is assumed that the output y and the command u have the same
type of variation:

— ifuincreases, y increases;
- ifuis constant, y is constant;
- if udecreases, y decreases;

The complete rule base takes into account all possible combinations of the two outputs:
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The inference mechanism is usually Mamdani, that is max-min inference, and the defuzzification
method is COA (centroid).

The typical response of a system for automatically adjusting to a step signal is presented in the next
figure and can be characterized by several parameters:

- rise time, peak time, settling time
— overshoot.

PViSetpoint (%)

&0 &0 1[‘ J 120 140
| — )
14— peak time settling time
-—
rise time

O Fuzzy logic temperature controller
The control system consists of a process (oven) and the fuzzy controller:

Ts +— error]  Fuzzy power Process
Controller - (oven)

Tout

Sensor

where:

- Ts—desired temperature (Set Point Temperature)
- Tout measured temperature (inside the oven)
- error=Ts—Tout
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- power - power required for heating/cooling (temperature controller output, and the command
input of the process).

The purpose of the controller is to maintain the temperature inside the oven at a constant value, equal
to the desired temperature (7s). To model the heat generation and transfer, the following equivalent circuit
is used:

Th —— Tout

p“me@ cr.:: m::: Ro

Te

The power current source (thermal power) represents the power supplied to the heating/cooling
element. The system has an electrical heating/cooling element with a capacity of Ch=500[J/°C], connected
through a resistor Rho=0.143[°C/W], for a heating capacity of Co=1000[J/°C]. The oven dissipates heat into
the exterior (external temperature Te), through the thermal resistor Ro=0.1[°C/W]. The temperature
controller adjusts the power dissipated to the heating element power, by comparing the temperature
inside the oven Tout against the set point (desired) temperature Ts.

Download "TempControl.zip" and place the archive (using drag-and-drop) in the current directory of
MATLAB. Double click to unzip and view the contents of the folder.

https://drive.google.com/file/d/1c XcAD8KaaSrx37ixkdDm-1x JAHESOn/view?usp=sharing

The Simulink block diagram is shown below. To make sure that the controller is universal, linear
conversion blocks were used at the two inputs (Scale error, Scale delta_error) and at the output
(Scale_power). The values at the inputs of the controller are limited to [-1, 1] by means of saturation blocks
(Saturation, Saturation1).

Exercise 1

Implement the Mamdani-type fuzzy logic controller, based on the previous specifications. Visualise
the control surface. Save the system as ,, TempControlM.fis”. Read the system into a variable called fIs,
using readfis.

Open the Simulink model of the temperature control process, “TempControlM.mdl/”. Initialize the
parameters of the oven, by running the ,HeaterOven_params.m” script.

Start the simulation and visualize the waveforms on the oscilloscope (double-click on Scope).
Measure the parameters of the control system: rise time, settling time, overshoot. Save the measured
values.



https://drive.google.com/file/d/1c_XcAD8KaaSrx37ixkdDm-1x_JAHES0n/view

FUZZY LOGIC SYSTEMS - LABORATORY
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Adjust the scaling factors for inputs and output, so that the performance of the control system is
improved.

Repeat Exercise 2, this time using a Takagi-Sugeno type controller. The conversion from Mamdani to
Takagi-Sugeno is done by using the Mamdani to Sugeno option. In this case, the Simulink model is
“TempControlTS.md/l”. Which of the two control systems performs better, for the initial values of the
scaling factors?
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5. Approximation of the current-voltage diode characteristic using a
Fuzzy Logic System

Objectives: understanding the motivation behind using FLSs as universal approximators,
experimenting the connection between input and output fuzzy sets and the rule base, understanding
fuzzification/inference/defuzzification, creating a complete FLS for the approximation of a given function.

Note: MATLAB/Simulink is accessed online (https://matlab.mathworks.com/), by logging in with the
MS Teams student credentials (surname.name@student.utcluj.ro).

Terms and abbreviations: function approximation, function modelling.

O Fuzzy logic systems as universal approximators

One of the most important applications of fuzzy logic systems is function approximation. Let y = f(x)
be a graphical function, with an approximate analytic representation. One can design a FLS with x as input
and y as output, so that the difference e between the estimated value of y, y_est, and f(x), is as small as
required.

ly_est —f(x)| <e

The fuzzy logic system with the input x and the output y is a universal approximator for graphical
functions y=f(x).

0 Fuzzy modelling of the current-voltage diode characteristic

The goal is to approximate the forward bias region of the current-voltage (i-v) characteristic of a
semiconductor diode, based on the i-v plot, obtained either through experiments or from the datasheet.
The FLS is described as follows:

— Input variable — values of the voltage drop across the diode in forward bias, v = v_AK, between
[0 mV, 860 mV]
— Output variable — values of the forward current through the diode, i

[0 mA, 450 mA]

i_A, between

The FLS completely describes the electrical behaviour of the diode in forward bias, for v = v_AK,
between [0 mV, 860 mV], ignoring temperature, humidity and technological deviations variations. Thus,
the FLS can be used as an electriocal model of the diode.

The principle behind modelling the i-v diode characteristic is based on covering the non-linear curve
with “fuzzy areas”:
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varighle

Each “fuzzy area” is described by:

— afuzzy set over the universe of discourse for the input variable v, denoted MFVk

- afuzzy set over the universe of discourse for the output variable i, denoted MFlk

— a fuzzy rule Rk, that indicates the fact that the two fuzzy sets MFVk and MFlk are connected
through a fuzzy relation

kil -
Input variable

Rk: If vis MFVk, then i is MFlk

Note: For the highly non-linear regions of the plot, it is necessary to use more fuzzy sets for input and

output.

O FLS for modelling the i-v diode characteristic

The FLS for modelling the i-v diode characteristic consists of:

— the fuzzy sets over the universe of discourse for the input variable v, denoted MFVk
- the fuzzy sets over the universe of discourse for the input variable i, denoted MFlk
— the fuzzy rule base, with k rules: Rk: : If vis MFVk, then i is MFlk

The components of the FLS and the operations that turn a crisp input (v = v_0 — voltage drop across
the diode) into a crisp output (i =i_0 — current through the diode) are shown in the figure.

The operation of the FLS a

re:

e fuzzification - transforming a crisp input value into a singleton input fuzzy set, with the following

membership function:

UmsFI, ) = {

L,v= v,
0, v+,
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e inference - computing the Yk result of each Rk rule, based on the fuzzy input value and on
each Rk rule, and using the min (Mamdani) implication method:

tmron, (D) = min (uypy, (o), timrr, (D)
The output fuzzy set for the rule Rk (partial conclusion) is:

A pwrkli)
MFIk

MFO'x
Limrvk(Vo)

o

|-
L

i
Aggregating  the partial results is  done using  max  (union) operator:

o defuzzification — the opposite of fuzzification. It extracts a crisp value from the output fuzzy
set, obtained in the inference process.

Notations:
@ = operation
|:| = component
'_ __________ : = fuzzy representation of the input/output variable
Input fuzzy sets MFVk Rule baze Ry Output fuzzy sets MFIk
u Re: If v is MFVk u

then iis MFIk

Crizp
autput

Defuzzi- N
icatio

inference

Fuzzy input: Fuzzy output:
singleton fuzzy fuzzy set
set MFSV, MFO'
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o Creating the FLS

Exercise 1

Implement the FLS with one input and one output, using Fuzzy Logic Designer. The specifications

are:
- Input variable v, 9 triangular fuzzy sets, denoted MFVk, k = 1, 2, ..., 9, with the following
parameters:
MFV1 - [0 0 680] MFV2 - [0 680 690] MFV3 - [680 690 700]

MFV4 - [690 700 720]  MFV5 - [700 720 740] MFV6 - [720 740 760]
MFV7 - [740 760 800] MFV8 - [760 800 860] MFV9 - [800 860 860]

il
A MFV1 MFV2
. y
0 I b

0 660 680 700 720 740 760 800 v

[mV]
— output variable i, 9 triangular fuzzy sets, denoted MFlk, k = 1, 2, ..., 9, with the following
parameters:

MFI1-[001.2] MFI2 -[01.2 2.4] MFI3 - [0 2.4 6]
MFI4 - [2.8 6 8] MFI5 - [7 12 17] MFI6 - [15 24 33]
MFI7 - [29 47 65] MFI8 - [55 150 245] MFI9 - [390 450 450]

A U

MFI1
MF14 MEI9

w/, * \

i[mA]

1
012 24 2.8 6 7 8 15 17 29 33 55 65 150 245 390 450

— rule base with 9 rules as: If vis MFVk theniis MFIk, k=1, 2, ..., 9
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Save the FLS under the name “diode.fis”.
Visualize the input-output curve (voltage-current). Set the number of plot points to 100. Compare
it to the original characteristic.

Test the fuzzy system for a series of crip input values:
v={0mV,; 650 mV; 675 mV; 700 mV; 725 mV; 750 mV; 775 mV; 800 mV; 850 mV}. Write down the output
values.

Write a script that plots the current-voltage characteristic, using readfis, evalfis, plot.
Note: for evalfis, set NPts = 10000

Identify the areas of the plot in which the approximation errors are high. Change the initial FLS to
reduce these errors. Save the new FLS. Display the initial and improved current-voltage characteristic
on the same plot.
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6. Subtractive clustering. Modelling of a two-variable nonlinear function
based on a data set.

Objectives: understanding the concept and methods for data clustering, understanding the meaning
of class and class centre, understanding how the precision of a model is determined.

Note: MATLAB/Simulink is accessed online (https://matlab.mathworks.com/), by logging in with the
MS Teams student credentials (surname.name@student.utcluj.ro).

Terms and abbreviations: crisp clustering, subtractive clustering, Fuzzy C-Means.

0 Data clustering

Data clustering is a fundamental method for data analysis, where the purpose is to identify the natural
data partitions, when having a large set of data. Data clustering is an unsupervised method, as the desired
output (number of clusters, membership of an object to a certain cluster) is not known. Typical applications
of data clustering include: shape recognition, vector quantization, image segmentation, function
approximation, data mining.

Data clustering is done using a set of features that describe each object of the data set. The result of
data clustering is a fixed structure, made of clusters (classes). For each cluster, the following information
is known:

e the cluster’s location — the coordinates of the cluster’s centre

e the cluster’s shape

e the membership degree of each object to the cluster

The data partition has the following properties:

- homogeneity inside a cluster - the objects of a cluster should be as resembling as possible

- heterogeneity between clusters - objects belonging to different clusters should be as different as

possible
A common measure for the resemblance between objects is the Euclidian distance, illustrated in
the image below, where objects belonging to a certain cluster have the same colour.
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The data to be clustered is represented as N-dimensional vectors:
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Xi = [xil,xiz, ...,xL-N],Xi € RN,i = 1, ,M
where N — number of features for each object, M — number of objects (size of dataset).

xll Xlz aes xlN
le sz s x2N

le xMZ e .xMN

The objective of clustering is to find K vectors that are the centres of the K clusters resulted after data
clustering:

Cx = [xkl,xkz, ...,ka],k = 1, ,C

0 Types of data clustering

In crisp or hard or all-or-nothing clustering, the membership degree of any object to a cluster is either
0 or 1. Each object belongs to a cluster, there are no empty clusters and no cluster can contain all the
objects.

In real life, hard clustering is rarely suitable, thus a more “relaxed” clustering method is used, where
each object can belong to several different clusters, with a membership degree between 0 and 1. This type
of clustering can be:

- fuzzy — Fuzzy C-Means, subtractive clustering

— probabilistic.

O Subtractive clustering

Subtractive clustering finds the number of clusters and their centres in a set of data. The influence
area of the centre of the cluster must be specified, for each dimension.

The steps for subtractive clustering are:

1. Assume that every data point is a potential cluster centre. Compute the probability of this
assumption based on the density of the surrounding points.

2. Select the point with the highest potential as the first cluster centre.

3. Eliminate all the points around the centre found in the previous step (according to its influence
area), to find the next cluster and its centre.

4. Repeat step 3 until all the points are part of at least one cluster.

O Modelling a two variable, non-linear function. Application - functional modelling of
a transconductance amplifier

Download "Data_Templates.zip" and place the archive (using drag-and-drop) in the current directory
of MATLAB. Double click to unzip and view the contents of the folder.

https://drive.google.com/file/d/1flvyWwr6X3XWpspKAogf -oWoxgQg75s/view?usp=sharing

The archive contains 6 files: 3 files with the datasets (.mat file extension), and 3 scripts (.m file
extension).

To build the model that implements the gain = f(frequency, temperature) function, 3 datasets are used:

- “gendata” — 179 samples, to generate the initial fuzzy system
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- ‘“antdata” — 35717 samples, to train the initial fuzzy system
- “verdata” — 497 samples, to verify the fuzzy system during training and detect overfitting

The initial ranges of values for the input variables are:
frequency _ini: [1 Hz, 10 MHz]
temperature_ini: [-55, +125]°C

To reduce the range of values and to work with positive values, two transformations are performed:
frequency = log(frequency_ini), so the frequency is in [0, 7]
temperature = temperature_ini + 60, so the temperature is in [5, 185]°C

The datasets are matrices, each row represents the values for [frequency, temperature, gain].

Analyse the structure of the 3 datasets, by loading them into the workspace (double-click on each
.mat file).

To generate the initial fuzzy system, use “generate_aft.m” template, in which you add code
snippets, according with the instructions in the file.
Generate the initial fuzzy system, using the genfis2 function. Examine the properties of the fuzzy
system, using Fuzzy Logic Designer.
What is the value of radii?
How many clusters were determined?
How many rules are in the rule base?
What is the connection between the number of clusters, number of rules and the structure of each
rule?
What type of fuzzy sets are used for the input variables? What are the expressions of the output
fuzzy sets?
What are the centres of the clusters? Visualise the control surface of the initial fuzzy system.

To evaluate the precision of the initial fuzzy model, use the “errors.m” template, in which you add
code snippets, according with the instructions in the file.

Compute and save in a file:

- the maximum value of the absolute error:

absolute_error; = |reference_gain; — fuzzy_gain;|

- the maximum value of the relative error:

|reference_gain; — fuzzy_gain;|
reference_gain;

relative_error; =

— mean percentual error

mean_percentual_error = -
refernce_gain;

N
1 Z |reference_gain; — fuzzy_gain;|
N .

=1
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To train the initial fuzzy system, use “training_aft.m” template, in which you add code snippets,
according with the instructions in the file.

Train the initial fuzzy system, using the anfis function.

What type of error does anfis use?

Analyse the evolution of errors for the training and test datasets. Does overfitting occur?

Do you think increasing the number of training epochs is necessary? Justify your answer.

Visualise the control surface of the trained fuzzy system. Compare it against the control surface of
the initial system.

Identify the changes in the input and output fuzzy sets.

To evaluate the precision of the final fuzzy model, use the “errors.m” template, in which you add
code snippets, according with the instructions in the file.
Compute and save in a file:
- the maximum value of the absolute error:
absolute_error; = |reference_gain; — fuzzy_gain;|
— the maximum value of the relative error:
|reference_gain; — fuzzy_gain;|

relative_error; = -
reference_gain;

= mean percentual error
|reference_gain;—fuzzy_gain;|

1
mean_percentual_error = _Z?I:1 -
N refernce_gain;

Compares these values against the ones obtained for the initial fuzzy system.
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