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BAZIKEZ MAHPO®OPIEZ

Tunua HA€eKTPOVIKAG
Tithog Mabruatoc MIKPOEAETKTEZ & EN2QMATQMENA ZYZTHMATA
Kwbikdg Mabrpatog EE-6011
Oewpla / Epyaotrplo Oewpla + Epyactiplo
E€aunvo AdaokaAlog T
MOTWTLKEG LOVASEG 6
‘Qpec AtdbaokaAiag 30+2E
Doptog Epyaociag 170
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YrnevBuvog Mabrpatog KaAtodg Mpnyoplog
Abaokwv KaAtodg Mpnyoplog
Erikouptkd Npoowrtiko KouAoUpag pnyoplog
OcwpnTikA AidaokaAia, ETrorreudpevo EpyaoTriplo, ACKATEIG,
Tpomnog Adaokaliog E¢etaoeig
TeAikn E€€Taon, Epyaoieg
AgLohoynon TeAikn €¢étaan 50%, EpyaoTtripio 50%
Mpoarmattovpeva
NMEPIrPA®H
2KOTTOg

O KUpI0G OTOXOG TOU POBAPOTOG €ival N EE0IKEIWON TWV QOITNTWYV PE TRV TEXVOAOYia
TWV MIKPOEAEYKTWY KOl TWV EVOWMATWHEVWY CUCTNPATWY. ZTa TTAdicia  Tou
MaBruatog avaAuetal S1E€0dIKA N XPAON KAl O TTPOYPOUUATIONOG HIKPOEAEYKTWY TNG
oikoyévelag AVR tng Atmel. O trpoypappatiopog die¢dyetal o€ YAWooo avwTéPOou
emmédou. MNa 1o Adyo autd xpnaoiyotroieital To TTakéto AVR Codevision. EidikoTepa
eceTadovTal o1 BOCIKEG OONES TTPOYPAUMATIONOU, N XPAON TNG CEIPIOKAG ETTIKOIVWVIOG,
Kal Twv dlotagewv LCD. MapdAAnAa avaAveTtal n Asitoupyia Twv SIOKOTTWV KAl TwWV
evowpaTwEVWY dlataéewv A/D. ‘Evag emmTpoobeTog aTOX0G €ival n el0aywyn Twv
@OITNTWYV OTNV £vvoId TOU TIPOYPOUUATIOWOU TIpayuaTikou Xpévou. [MapdAAnAa
avaAUovTal Ol POOIKEG OOUEC EVOWMATWHEVWY CUOTNUATWY Kal n peBodoloyia
avdamTuéng Kai UAOTTOINOTG TOUG.




MaOnoiakd AtroteAéopara
"ExovTag OAOKANPWOEI ETTITUXWG TO JABnua ol otroudacTég Ba gival o€ B€on va:

o >xedIACouv Kal va UAOTTOIOUV SIaTAEEIC QUTOUATIOUOU ECW TOU MIKPOEAEYKTI)
AVR.

o [lpoypappaTiCouv Kal va XPNOIYOTIOIOUV Ta BACIKA TrepIpepikd (A/D, UART,
LCD, EEPROM).

o AMNAemdpoUV pe eEWTEPIKES DIATALEIC AIOBNTAPWY (YNPIGKWY KOl
QVaAOYIKWV) Kal evepyoTToINTwy (actuators).

o AvTINETWTTICOUV ATTOTEAEOUATIKA TTPOBAAUATA TTOU ATTAITOUV TTPOYPANPATIONO
TIPAYMATIKOU XpOVOoU JE Xpron SI0KOTTWV.

e 2xedialouv, avaTITUOOOUV KAl UAOTTOIOUV EVOWUATWHEVA GUOTHHATA EIBIKWV
TTPOdIaYPAPWV.

AvTIKEipEVA TTOU KOAUTTTOVTAI

1. Elocaywyn OTIg EVOWHATWHEVES BIATAEEIG
e Tieival T evOWPATWHEVO CUCTAMATA
o Booikd pépn evowpatwuévwy dIoTAgEwY
e 2UYyXPOVEG EQAPHOYEG
o EmMOKOTTNON MIKPOEAEYKTWV

2. Npoypappatiopdg Tou pIKpoeAeykTp Atmel — AVR o¢ yAwooa C péow Tou
AoyiopikoU AVR CodeVision
o [eviké Mepiypappa MNpoypdupatog
>xOAia (Comments)
Tutror Asdopévwy (Data Types)
2uvapTioeig (Functions)
MeTtapAnTég (Variables)
>1a6epéc (Constants)
Opiopdg AlcuBuvong AtmoBrikeuong MNevikwyv MetafAnTtwy 2tnv SRAM
MeTaBAnTég TuTtTou Bit (Bit Variables)
MeTtaTpoTrég TUTTWY
Acikteg (Pointers)
MpootréAaon Tng EEPROM
Aopég (Structures)
Opiopoi — MakpoevToAég (Definitions — Macros)
Xpnon Alakotrwyv (Interrupts)
Evowpdtwon MpoypapudTtwy ZupBoAikng MNwooag
MpooTtréAaon Kataxwpntwv Eic6dou/EE6d0u
MpootréAaon Twv Kataxwpntwy Eicédou/EE¢6dou Ze ETTiredo Bit
>uvapthoeig BiBAIoBrkng (Library Functions)
2uvaptnoeig KaBuoTtépnong (Delay Functions)
>uvaptioeig Tutmmou Xapaktipwyv (Character Type Functions)
MpokaBopiopéveg Zuvapthoels Eioddou/EE6dou (Standard C Input/Output
Functions)




MpokaBopiopéveg ZuvapTtioeig BiBAI0Brkng (Standard Library Functions)
MaBnuartikég Zuvaptioelg (Mathematical Functions)

>uvapTioeig Mpapuarooelpdc (String Functions)

>uvapTioeig MpootréAaong Mvriung (Memory Access Functions)
>uvapTioeig LCD Ma O86veg Mou YtrooTtnpidouv Méxpl 2x40 XapakTipEeg
2uvapTioeig LCD XaunAou Emimrédou

2uvapTioeig LCD YywnAou Emirédou

2 EIPIAKI] ETTIKOIVWVIO

Xpnon LCD

Xpnon Tou evowpatwpévou ADC

Xpnon dlakottwy (Interrupts)

Xpron XPOoVIoTWY — JETPNTWV

Xpnon diaudpewaong TTaAdwy (pulse wave modulation)

3. ApxiTekToVvIKA AoyiouIKoU yia Evowpatwpéva ZuoTRpaTa
o ApxitekTovikr) ATTAOU Bpdyxou emavaAnyng
o ApxiTekTovikr Pe Xprion diakoTrwy (interrupts)
o [loAudiepyaaia - MNMoAuvnuartotroinon (multi-tasking 4 multi-threading)

4. 2xed100p6g EVvowpaTwuévou ZUoTHHATOG
o  XOpPAKTNPIOTIKA CUOKEUNG
o EmAoyA YAIKoU kal ApXITEKTOVIKNG AOYIOHIKOU
e YAotroinan Zuotiuartog Kai OAOKANPwWOTN GUOKEUNG
e Madiki TTapaywyr) CUCKEUNG

Epyaotnplakég AOKNOEIG

EpyaoTtnpiokr] ekmmaideuon Twv @OITNTWY TTPAYHATOTTOIDVTOS 13 €pyaoTnpIoKES
QOKACEIG EOTIAONEVEG OTA BACIKOTEPA QVTIKEIMEVA TNG BewpnTIKAG didackaAiag. Ol
aoknoeig Ba gival TTpocavatoAiopéveg TTAvw oTa akdAouBa TTedia:

Aoknon 1: Avartuélokr didtaén STK600

Aoknan 2: E¢oikeiwon oto mepIBaAlov TTpoypapuaTiopot AVR CodeVision
Aoknan 3: MNepiypappa mpoypdupatog o€ YAwooa C yia Toug HIKpoeAeyKTEG AVR
Aoknon 4-5: Apgidpoueg Nopteg Eioddou/EEdd0u (I/0)

Aogknan 6-7: Xprion aA@apiBuntikig 086vng LCD

Aogknon 8: Zeipiakr) mopTa USART

Aoknon 9: Metatpotréag AvaAoyikoU OHHaTOg 0€ WNQIOKO

Aoknan 10: XpovioTég/MeTpnTEG

Aoknon 11: PWM pe v XpAon XpovioTwvV




Acgknon 12: Aiavioouata AlGKOTTWYV

Aoknon 13: Metarpotréag Wnolakou GAPATOG 0€ avaloyIko

A1d5akTIKEG KAl MaOnoI10KEG BpAOTNPIOTNTEG

O1 yédodoi didaokaliag epiAaupdavouv:

o [lopadooioky didackaAia pe OIAAEEEIC OTIC OTTOIEG XPNOIKMOTTOIOUVTAl TEXVOAOYIES
TTOAUPECWY Kal To OIadiKTUO yia aPECOTEPN Kal  TTAPACTATIKOTEPN CUAAOYN
TTANPOPOPILV

EmiAuon aokroewv

EpyaoTtnpiakég emideielg

EIBAETTOUEVEG EPYOOTNPIAKES AOKNOEIG

E¢opoiwoeig ue xprion H/Y péow egeidikeupévou Aoyiopikou (AVR CodeVision).

O1 padnolakég dpaoTnpIdTNTEG TrEPIAABAavouv

e XpRon amod TOUg OTTOUBACTEG EPYACTNPIOKWY OPYAVWY Kal UANIKWY YIa TNV UAOTTOINCN
KOl avAAUGT KUKAWPATWY PIKPOEAEYKTWV

e EmiAuon aoknoeswv

e YAotroinon opadikwy £pyaciwyV

e XpAon AoyiopikoU vyia oxediaon kal eEopoiwan KUKAWHPATWY Kal  SlaTagewv
QUTOUATOTTOINONG

o ATOMIKNA PEAETN

o E&etdocig (YpOTITEG ) KOI TIPOPOPIKEG)

BiBAloypagia

EAANvIKA:

o [lekpeotln KiapaA «ZuoTtApara MikpoUTroAoyioTwy 2, MikpoeAeykTEG AVR Kal
PIC» ISBN: 9602662697, Ekd60¢Ig ZuppeTpia (45471)

e 2. AharoaBiavég “Elcaywyry otn MHXATPONIKH kal ota evowpatwuéva
ouoTthuara” ISBN: 978-960-92596-2-0 (8297)

e Dix Alan J., Finlay Janet E., Abowd Gregory D., Beale Russell “Etikoivwvia
avBpwTrou — uttoAoyioTry”, ISBN: 960-512-503, Nkioupdag EkdoTikr| (12304)

o «[poypaupuari¢ovrag Tov pikpoeAeykT ) AVR» Gadre Dhananjay, Ekdoo¢€Ig
Td16Aa, 2001

o «EAeyXog KUuKAWMPATWVY Kal  peTpAcewy  pe  H/Y»  TMetaAdg  lwdvvng,
KaAdpoipog lwavvng, MmmouAtaddkng ZTuliavog, Ekddaoeig TCioAa, 2001

ZevoyAwoon:




“Programming Microcontrollers in C (Embedded Technology Series)” Ted
VanSickle, Newnes, Second edition, 2000

“The Microcontroller Application Cookbook (Microcontroller Application
Cookbooks)” Matt Gilliland, Woodglen Press , 2000

“Embedded Microcontrollers” Todd D. Morton, Prentice Hall, 1st edition, 2001

“Exploring C for Microcontrollers: A Hands on Approach” Jivan S. Parab,
Vinod G. Shelake, Rajanish K. Kamat, Gourish M. Naik, Springer, 1 edition ,
2007

“Microcontrollers and Microcomputers: Principles of Software and Hardware
Engineering” Fredrick M. Cady, Oxford University Press, USA , 1997

“Microcontroller Based Applied Digital Control” Dogan Ibrahim, Wiley, 2006

“C Programming for Microcontrollers Featuring ATMEL's AVR Butterfly and
the free WinAVR Compiler” Joe Pardue, Smiley Micros, 2005

“Atmel AVR Microcontroller Primer: Programming and Interfacing (Synthesis
Lectures on Digital Circuits and Systems)” Steven F. Barrett, Daniel Pack,
Mitchell Thornton, Morgan & Claypool Publishers, 2007

“Microcontrollers in Practice (Springer Series in Advanced Microelectronics)”
loan Susnea, Marian Mitescu, Springer, 1 edition, 2005

“Handbook of Microcontrollers” Michael Predko, McGraw-Hill/Tab Electronics,
Pap/Com edition, 1998

“AVR RISC Microcontroller Handbook” Claus Kuhnel , Newnes, 1998

“Introduction to Microprocessors and Microcontrollers” John Crisp, Newnes,
2004

“Automotive Microcontrollers (Progress in Technology)” Ronald K. Jurgen,
SAE International, 1999




EE-6011 - MICROCONTROLLERS AND EMBEDDED

SYSTEMS

BASIC INFORMATION

Department Electronics

Course Title MICROCONTROLLERS AND EMBEDDED SYSTEMS
Course Code EE-6011

Theory /Lab Theory + Lab

Semester 6"

ECTS Credit Units 6

Teaching Hours 3 Theory + 2 Lab

Working Load 170

Obligatory / By Choice Obligatory

Unit Leader Kaltsas Grigoris

Teacher Kaltsas Grigoris

Assistants Koulouras Grigoris

Teaching Lectures, Lab, Exercises, Exams
Assessment Final Exam, Exercises

Final Exam 50%, Laboratory 50%

Prerequisites

DESCRIPTION

Aim

The main objective of this course is to familiarize students with the technology of
microcontrollers and embedded systems. The utilization and the programming of the
Atmel AVR microcontroller family will be discussed in detail during the course. The
programming will be conducted at a higher level language, thus the AVR Codevision
package will be used. Specifically will be analyzed and presented issues such as the
basic programming structure, the use of serial communication and the LCD devices.
In parallel the use of interrupts as well as the embed A/D devices will be studied. An
additional objective is to introduce students to the concept of real-time programming.
At the same time the basic structures of embedded systems and the corresponding
methodology of development and implementation will be discussed.

Learning Outcomes




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

e Design and implement automation devices via the microcontroller AVR.

e Program and use the key peripheral (A/D, UART, LCD, EEPROM).

e Interact with external sensors devices (digital and analog) and
actuators.

e Effectively address problems that require real-time programming using
interrupts.

e Design, develop and implement embedded systems according to
special requirements.

Topics Covered

1. Introduction to embedded devices
o What the embedded systems are
e Key parts of embedded devices
e Current applications
e Microcontrollers Overview

2. Programming the microcontroller Atmel - AVR in C language using the
software AVR CodeVision
e General Program Outline
Comments
Data Types
Functions
Variables
Constants
SRAM storage address definition for global variables
Bit Variables
Type conversions
Pointers
Accessing the EEPROM
Structures
Definitions - Macros
Interrupts
Integration of Assembly Language Programs
Access Input / Output registers
Access Input / Output registers in bit level
Library Functions
Delay Functions
Character Type Functions
Standard C Input / Output Functions
Standard Library Functions
Mathematical Functions
String Functions
Memory Access Functions
Functions for LCD monitors supporting up to 2x40 characters




Low-level LCD Functions
LCD High-Level Functions
Serial communication

Use of LCD

Use the built-in ADC

Use of Interrupts

Use of timers / counters

Use of pulse wave modulation

3. Software Architecture for Embedded Systems
e Simple loop iteration architecture
e Architecture by using interrupts
e Multi-tasking, multi-threading)

4. Embedded System Design

Device Characteristics

Choice of Hardware and Software Architecture
Implementation and System Integration
Device mass production

Laboratory Exercises

Laboratory training of students carrying 13 laboratory exercises focused on key items
of theoretical courses. Training, is oriented as follows:

Exercise 1: Development Board STK600

Exercise 2: Familiarity in programming environment AVR CodeVision
Exercise 3: Program outline in C language for AVR microcontrollers
Exercise 4-5: Bidirectional 1/0 ports (I/O)

Exercise 6-7: Alphanumeric LCD

Exercise 8: Serial Port USART

Exercise 9: Analog to Digital Converter

Exercise 10: Timers/Counters

Exercise 11: PWM by using Timers

Exercise 12: Interrupt Vectors

Exercise 13: Digital to Analog Converter




Teaching and learning activities

Teaching methods include:

Traditional teaching that use multimedia technologies and the Internet for
more direct and contemporary collection of information

Solving exercises

Lab demonstrations

Supervised laboratory exercises

PC simulations using specialized software (AVR CodeVision)

Student’s activities include:

Use of laboratory instruments and materials for the implementation and
analysis of microcontroller circuits

Solving exercises

Implementation of group work

Use software to design and simulate circuits and automation

Self-study

Examinations (written or oral).

Resources

Greek:

MekpeoTln KiopaA «Zuotiuara MikpoUtroAoyioTwy 2, MikpoeAeykTéG AVR Kal
PIC» ISBN: 9602662697, Exdb0o¢ig ZupueTpia (45471)

2. AAatoaBiavég “Eicaywyr] otn MHXATPONIKH kal oTa evowuaTwPéVa
ouoTthuara” ISBN: 978-960-92596-2-0 (8297)

Dix Alan J., Finlay Janet E., Abowd Gregory D., Beale Russell “EtTikoivwvia
avBpwtrou — uttohoyioTh)”, ISBN: 960-512-503, Ikioupdag EkdoTikA (12304)

«Mpoypappariovrag Tov piIKpoeAeykT ) AVR» Gadre Dhananjay, Ekdooe€ig
TOi16Aa, 2001

«EAeyxog KukKAwpdaTtwyv Kol petprioewv  pe  H/Y»  TetaAdg  lwavvng,
KaAdpoipog lwavvng, MmouAtaddkng ZTuliavég, Exkddoeig TCi6Aa, 2001

Foreign Language:




“Programming Microcontrollers in C (Embedded Technology Series)” Ted
VanSickle, Newnes, Second edition, 2000

“The Microcontroller Application Cookbook (Microcontroller Application
Cookbooks)” Matt Gilliland, Woodglen Press , 2000

“Embedded Microcontrollers” Todd D. Morton, Prentice Hall, 1st edition, 2001

“Exploring C for Microcontrollers: A Hands on Approach” Jivan S. Parab,
Vinod G. Shelake, Rajanish K. Kamat, Gourish M. Naik, Springer, 1 edition ,
2007

“Microcontrollers and Microcomputers: Principles of Software and Hardware
Engineering” Fredrick M. Cady, Oxford University Press, USA , 1997

“Microcontroller Based Applied Digital Control” Dogan Ibrahim, Wiley, 2006

“C Programming for Microcontrollers Featuring ATMEL's AVR Butterfly and
the free WinAVR Compiler” Joe Pardue, Smiley Micros, 2005

“Atmel AVR Microcontroller Primer: Programming and Interfacing (Synthesis
Lectures on Digital Circuits and Systems)” Steven F. Barrett, Daniel Pack,
Mitchell Thornton, Morgan & Claypool Publishers, 2007

“Microcontrollers in Practice (Springer Series in Advanced Microelectronics)”
loan Susnea, Marian Mitescu, Springer, 1 edition, 2005

“Handbook of Microcontrollers” Michael Predko, McGraw-Hill/Tab Electronics,
Pap/Com edition, 1998

“AVR RISC Microcontroller Handbook” Claus Kuhnel , Newnes, 1998

“Introduction to Microprocessors and Microcontrollers” John Crisp, Newnes,
2004

“Automotive Microcontrollers (Progress in Technology)” Ronald K. Jurgen,
SAE International, 1999




