EE-7B11 - EY®YH 2YZTHMATA

BAZIKEZ NMAHPO®OPIEZ

Tunpa HA€KTpPOVIKAG

Tithoc MaOruartog Eudun Zuotipata
Kwdikdg Mabnuatog EE-7B11

Otwplia / Epyaotrplo @swpla + Epyaotrplo
E€aunvo AldaokaAiag zZ

MIOTWTLKEG LOVASEG 4

Qpeg AdaokaAiag 20+2E

®Odptog Epyaciog 120

Yroxpewtiko / EmAoyng Emtidoyng

YneuBuvog Mabnuatog

Ale€avdpibng AAEEavVEpOG

AldaoKwv

Ale€avdpibng AAEEavVEpOG

Emikoupikd Npoowriko

Tpomocg Awdaokaliag

OcwpnTikA AidbaockaAia, Epyaoctnpiakég aokAoelg Kal eISEIEEIG,
Epyaoieg, E¢eTdoeig

Aflohoynon

Epyaaoieg 30%, TeAik EEETaon 20%, Epyaotrpio 50%

Mpoarnattoupeva

NEPIrPA®H

ZKOTTOG

O oKomog Tou paBnuaTog eival apXLIKA vo ELoAyEL TOUG POLTNTEG OTIG EVVOLEC TNG TEXVNTNG
VONUOOUVNG KAl 0T CUVEXELO VO TTAPOUGLACEL TO TIWE QUTEG UITOPOoUV va XpnoLponoltnouyv
TIPOKELUEVOU VO KATOOKEUAOTOUV udur cuothuata. Ita mAaiola tou pabnuatog Ba o0st
£€udoaon ota Baoctkd epyaleio UTTOAOYLOTIKNG VONUOoUVNG OMWE €lval Ta VEUPWVIKA SikTua
Kot N acadng Aoyikn, evw Ba avaAuBel kal n duvatotnta uAomoinong eVdUWV CUCTNUATWV
pEow UALkou (hardware). TéAdog Ba mapouoLlaoTtouVv edbappoyEC EUPUWY CUCTNUATWY O LA
gUpela TEPLOXN EMLOTNUOVIKWY TESIWV OMwWG €lval n POWUTOTIKN, N TPOCOUOLWGN Kal o
QUTOMATOG EAEYXOG, N AVOYVWPELON TPOTUTIWY, Ta cuoTtpata AfPewc anodpacswy K.a.

MaOnoiakd AtroteAéopara




‘Exovtag oAOKANPWOEL EMLITUXWCE TO HABNua oL ortoudaotég Ba eival og Béon va:

e KOTOVONOOUV TI EVVOLEC KOl TIG BOOIKEG apXEC TwWV cuoTnpATtwy Tou Bacilovtat
oTNV TEXVNTH vonuoaouvn

e Avaluoouv kal va oxedlacouv eudun cuoTpata

e Edapudoouv sudurn cuotiuata ot pla gupsia ykapo mpoPAnUdTwy Tou eival
SUakoAo va enAuBoUV e cupBatikég peBobdoloyieg

AvTIKEIJEVA TTOU KOAUTTTOVTAI

e Ewaywyn ota Eudun Tuotipata

o lotopia twv evuwv cuGTNUATWY

o ’'Eumeipa cuompata - ZUoTNHATA YVOOTG
o Eveun Zvotmuata kat Texynt) Nonpootvn
o YmoAoylotikn Evgpuia

Mnxavikf padnon — Neupwvika Aiktua

o Ewoaywyn ota veupwvika Siktua

o MébBobol ekpadnong (616pBwaong odaipatog, Hebbian, avtaywviotikn)
O ApPXLTEKTOVLKEC VEUPWVLKWV SIKTUWV

o Neupwvika diktua MultiLayer Perceptron (MLP)

o Neupwvika Siktua Radial Basis Function (RBF)

o Avayvwplon TPOTUTIWVY KOl VEUPWVIKA SiKTua

o Edapuoyég veupwvikwy SIKTUWV oTNV enefepyacio ELKOVAG
o Kataokeun veupwvikwy SIKTUWV e UALKO (hardware)

e AUVOULKA CUCTAOTA KOL VEUPOSUVOLULLKN)

o Elwoaywyn ota Suvaulkd cuoTiuata

o Movtéha XWPou KATAoTaonG

o  O®itpo Kalman — Aleupupévo diktpo Kalman

o Kataotdoelg loopporiag — EAKUOTEG

o Nopagevol eEAKUOTEC Kal XAoG

o MNpooopoilwon SUVAULIKWY CUOTNUATWY LE VEUPWVIKA Siktua

e Acadng Aoyikn

o Ewoaywyn otnv Acadn Aoyikn

o Acadn clvola

o Aocadomnoinon - Anoacadomnoinon

o Aocadeic kavoveg

o Aocadeic eheyktég

o Edappoyég aoadwv cUCTNUATWY OTNV OVayVWELoH TPOTUTIWY

e Eloaywyn 0TouG YEVETIKOUG AAYOPLOHOUG KOl TOV EEEALKTLKO UTTOAOYLOUO




Epyaotnplakég ACKAOEIG

Epyaotnplakn ekmaideuon twv doltnTtwy mpaypatonowwviag 13 epyactnplakeG aoKNOELG
E0TIAOUEVEG OTa PBaolkOTepa avtikelpeva tng Bewpntikng SidaokaAiog. Ou acknoelc Ba
elval mpoocavatoAlopéveg mavw oto akdAouBa media:

e ‘Eumelpa Zuotiupata

e Neupwvikd Aiktua (Ekmaidsuon veupwvikwv SIKTUWY — EPapuoyEG oTNV avayvwplon
TPOTUTIWV KalL TNV enefepyacio elkOvVAG)

e Auvaplkd cuotripota — NeupoSuvapikr (Mpocopoiwon SUVOUIKWY CUOTNUATWY LE
VEUPWVLIKA Siktua)

e AcadngAoyikn (ZxeSlaocuoc acadbwv EAeyKTWY)

e Ewoaywyn ota poumnoTikd cuotipata (EAeyxoc avaotpodou ekKpeUOUC HE eudUEic
€AEYKTEC)

A1dakTIKEG KOl MaONOIOKEG OPAOCTNPIOTNTEG

O1 péBodol didaokaliag epIAauBdavouv:

e MNopadoolokn SibaokaAio pe SLOAEEELC OTIC OMOleG XpnoLomoloUvTal TEXVOAOYIEG
TIOAUEOWV Kal To Sladiktuo

e Emiluon aoknoswv

e Edapuoyn tou Aoylopikol Matlab kat twv nmakétwv “Neural network toolbox” kat
“Fuzzy logic toolbox” yia oxediaon eupuwv cuoTNUATWY

e Efopolwoelg pe xprion tou epyadeiou Suvaplkng npooopoiwong Simulink

o  EmBAenopeveg epyaoTNPLOKEG OLOKAOELG

e Epyaotnplakég embeifelg o€ pOUMOTIKO CUCTNO

O1 paBnoiakég SpaocTnpIdTNTES TrEPIAABdavouv
e EmiAuon aoknoswv

e YMomoinon opadLlkwy epyacLwv
e [poypapuatiopd oe Matlab kaBwg kat xprion twv mokétwv “Neural network




toolbox” kat “Fuzzy logic toolbox” yla oxeblaon eudpuwv cuoTUATWY

Xpnaon tou AoywopikoU Simulink yia Suvaplkn pocopoiwaon eupuwv CUCTNUATWY
Xpnowdormnoinon tou Sadiktiou yla tv glpech TpocBeTtwv MAnpodopLWV yla To
padnua.

ATOULKN PMEAETN

Mpamtég e€eTAoel

BiAloypagia

EAANVIKA:

S. Haykin, Neuvpwvika Alktua kat Mnxoavéc Mabnong, Ekddooelg Namacwtnplou,
2010

. Tladéotacg, YoloyLotik vonuoouvn (Topot A kat B), Autoékdoon, 2008

K. Alapavrapdg, Texvntd Nevpwvikd Aiktua, Ekdooelg KAetdaptBuocg, 2007

I. @e0bwpou, Eloaywyn otnv Acadn Aoyikn, Ekdooelg T{LoAa, 2010

I. BAaxaBoag, M. Kedpahag, N. Baclhetadng, @. Kokkopag, H. ZakeAAapiou, Texvntn
vonuoouvn, NkioupSag Ekdotikr, 2006
E. Xatlikog, Matlab yia Emiotripoveg kat Mnxavikoug, Ek6ooelg T{LOAa, 2010

ZevoyAwoon:

A.P. Engelbrecht, Computational Intelligence: An Introduction, 2™ Edition, Wiley

S. Haykin, Neural Networks and Learning Machines, 3 edition, Prentice Hall

S. Haykin, Neural networks, Englewood Cliffs, 2" Edition NJ: Prentice-Hall

C. Bishop, Neural Networks for Pattern Recognition, Oxford University Press

J.M. Zurada, Introduction to Artificial Neural Systems, Pws Pub Co

T.J. Ross, Fuzzy Logic with Engineering Applications, 2™ Edition, Wiley

K. Tanaka, An Introduction to Fuzzy Logic for Practical Applications, Springer

D. E. Goldberg, Genetic Algorithms in Search, Optimization, and Machine Learning,
Addison-Wesley Professional

Z. Michalewicz, Genetic Algorithms + Data Structures = Evolution Programs, Springer
A. Gilat, V. Subramaniam, Numerical Methods with MATLAB, 2" Edition, Wiley

R. Pratap, Getting Started with MATLAB: A Quick Introduction for Scientists and
Engineers, Oxford University Press




EE-7/B11 — INTELLIGENT SYSTEMS

BASIC INFORMATION

Department Electronics

Course Title Intelligent Systems

Course Code EE-7B11

Theory /Lab Theory + Lab

Semester 7"

ECTS Credit Units 4

Teaching Hours 2 Theory + 2 Lab

Working Load 120

Obligatory / By Choice By Choice

Unit Leader

Teacher Alex Alexandridis

Assistants -

Teaching Tutoring, Laboratory, Homework exercises, Exams
Assessment Homework exercises 30%, Final exam 20%, Laboratory 50%

Prerequisites

DESCRIPTION

Aim

This course aims at introducing the students to the basic notions of Artificial Intelligence and
their application in order to build intelligent systems. Emphasis will be given to the
fundamental tools of computational intelligence, including neural networks and fuzzy logic,
while the possibility of hardware implementation of intelligent systems will also be
discussed. Finally, the application of intelligent systems in a large variety of scientific fields
will be presented, including applications in robotic system design, simulation and automatic
control, pattern recognition, decision support systems, etc

Learning Outcomes

Having successfully completed the module, the student will be able to:

e Comprehend the basic notions needed to describe a system based on Artificial




Intelligence

Analyze and design intelligent systems

Implement intelligent systems in a large variety of problems that would be difficult
to address using conventional approaches

Topics Covered

O O O O O O e O O O O O O O O e o O O O

O O O O O O e

Introduction to Intelligent Systems
Historical background on intelligent systems
Expert systems — Knowledge based systems
Intelligent systems and Artificial intelligence
Computational intelligence

Machine learning — Neural Networks

Introduction to Neural Networks

Learning processes (Error correction, Hebbian, competitive)
Neural network architectures

MultiLayer Perceptron (MLP) neural networks

Radial Basis Function (RBF) neural networks

Pattern recognition and neural networks

Neural network applications in image processing

Hardware implementation of neural networks

Dynamical Systems and Neuro-Dynamics
Introduction to dynamical systems

State-Space models

Kalman filter — Extended Kalman filter

Equilibrium points - Attractors

Strange attractors and Chaos

Dynamical system simulation using neural networks

Fuzzy Logic

Introduction to fuzzy logic
Fuzzy sets

Fuzzification — Defuzzification
Fuzzy rules

Fuzzy Controllers
Fuzzy logic applications in pattern recognition

Introduction to genetic algorithms and evolutionary computation




Laboratory Exercises

Laboratory training will be accomplished within 13 lab exercises, which will focus on the
practical applications of the basic theoretical concepts. The laboratory exercises will be
oriented towards the following fields:

e Expert systems

e Neural networks (Neural network training — applications to pattern recognition and
image processing)

e Dynamical Systems — Neuro-Dynamics (Dynamical system simulation using neural
networks)

e Fuzzy logic (Design of fuzzy controllers)

e Introduction to robotics (control of an inverted pendulum using intelligent controllers)

Teaching and learning activities

Teaching methods include:

e Traditional tutoring in classroom with the aid of multimedia and internet

e Problem solving

e Design of intelligent systems using Matlab and the neural network and fuzzy
toolboxes

o Use of “Simulink” software for dynamical simulations

e Supervised laboratory exercises

e Laboratory demonstrations on a robotic system

Student’s activities include:

e Problem solving

e Homework exercises requiring teamwork

e Programming in Matlab and use of the neural network and fuzzy logic toolboxes for
intelligent system design

e Use of “Simulink” tool for dynamical simulation of intelligent systems




Internet search for additional information regarding the course
Self-study
Written exams

Resources

Greek:

S. Haykin, Neupwvika Alktua kat Mnxavéc Mabnong, Ekdooelg Namacwtnplou,
2010

. Tladéotacg, YroAoyLotik vonuoouvn (Topot A kat B), Autoékdoon, 2008

K. Alapavrapdg, Texvntd Nevpwvikd Aiktua, Ekdooelg KAetdaptBuocg, 2007

I. @e0dwpou, Eloaywyn otnv Acadn Aoyikn, Ekdooelc T{LoAa, 2010

l. BhaxaBag, M. Kedpahag, N. Baokeiddng, @. Kokkopag, H. ZakeAapiov, Texvnti
vonuoaouvn, Mkioupdag EkSotikn, 2006
E. Xatlikog, Matlab ywa Emwotrpoveg kat Mnxavikoug, Ekdooelg T{oAa, 2010

International:

A.P. Engelbrecht, Computational Intelligence: An Introduction, 2™ Edition, Wiley

S. Haykin, Neural Networks and Learning Machines, 3 edition, Prentice Hall

S. Haykin, Neural networks, Englewood Cliffs, 2" Edition NJ: Prentice-Hall

C. Bishop, Neural Networks for Pattern Recognition, Oxford University Press

J.M. Zurada, Introduction to Artificial Neural Systems, Pws Pub Co

T.J. Ross, Fuzzy Logic with Engineering Applications, 2™ Edition, Wiley

K. Tanaka, An Introduction to Fuzzy Logic for Practical Applications, Springer

D. E. Goldberg, Genetic Algorithms in Search, Optimization, and Machine Learning,
Addison-Wesley Professional

Z. Michalewicz, Genetic Algorithms + Data Structures = Evolution Programs, Springer
A. Gilat, V. Subramaniam, Numerical Methods with MATLAB, 2" Edition, Wiley

R. Pratap, Getting Started with MATLAB: A Quick Introduction for Scientists and
Engineers, Oxford University Press




