MIKROPROCESORSKA KRMILJA
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tutorials /Other 1 student
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Nosilec Dominik Kozjek
predmeta/Lecturer:

Izvajalci predavanj:
Izvajalci seminarjev:
Izvajalci vaj:

Izvajalci klini¢nih vaj:
Izvajalci drugih oblik:

Izvajalci prakticnega
usposabljanja:




Vrsta predmeta/Course
type:

Obvezni strokovni predmet na smeri Mehatronika in
laserska tehnika, ki je izbirni strokovni predmet na

ostalih smereh./Compulsory specialised course in the
study of Mechatronics and laser technology, which is an
elective specialised course in other fields of study.

Jeziki/Languages:

Vaje/Tutorial:

Pogoji za vkljucitev v delo oz. za
opravljanje studijskih obveznosti:

Izpolnjevanje pogojev za vpis v
Magistrski Studijski program II.
stopnje Strojnistvo - Razvojno
raziskovalni program.

Vsebina:

1. Predavanje: Uvod, predstavitev
predmeta

2. Predavanje: Digitalna integrirana
vezja

- Specifikacije

- Izhodi z odprtim kolektorjem/
ponorom

- Vodila

3. Predavanje: Razvoj vezij z
mikrokrmilniki

- Demo in razvojne ploscice - hitra
izdelava prototipov

- Orodja za nacrtovanje vezij (strojne
opreme)

- Tehnologije izdelave vezij

- Testiranje strojne opreme

4. Predavanje: Arhitekture
mikrokrmilnikov

- 8-bitni mikrokrmilniki (Atmel AVR)
- 16-bitni mikrokrmilniki (TT MSP430
ali STM ST10)

- 32-bitni mikrokrmilniki (ARM Cortex-
M)

- Primerjava aplikacije razlicnih
arhitektur v isti krmilni aplikaciji

5. Predavanje: Direktni dostop do

Predavanja/Lectures:

SlovensScina

Slovenscina

Prerequisites:

Meeting the enrollment conditions for
the Master's study programme of
Mechanical Engineering - Research and
Development program.

Content (Syllabus outline):

1. Lecture: Introduction, course
overview

2. Lecture: Digital integrated circuits
- Specifications

- Open collector/drain outputs

- Buses

3. Lecture: Development of
Microcontroller Circuit Boards

- Demo and development boards - rapid
prototyping

- PCB design tools (hardware)

- PCB manuf. technologies

- Hardware testing methods

4. Lecture: Microcontroller
architectures

- 8-bit MCUs (Atmel AVR)

- 16-bit MCUs (TI MSP430 or STM
ST10)

- 32-bit MCUs (ARM Cortex-M)

- Comparing applications of different
architectures in the same control
application

5. Lecture Direct access to MCU
peripherals 1

- Digital I/O (with examples)

- Counters, timers (with examples)



perifernih enot mikrokrmilnika 1

- Digitalni I/O (s primeri)

- Stevniki, asovniki (s primeri)

6. Predavanje: Direktni dostop do
perifernih enot mikrokrmilnika 2

- A/D in D/A pretvorniki (s primeri)

- Komunikacijski vmesniki (s primeri)
7. Predavanje: Prekinitveni sistem

- Viri prekinitev (zunanji, notranji),
njihovi vektorji

- Programiranje prekinitvenih
podprogramov

- Prednostni sistem procesov

8. Predavanje: Serijske komunikacije z
mikrokrmilniki

- RS232, RS422, RS485

- SPI

9. Predavanje: Standardna vodila z
mikrokrmilniki

- I2C

- CAN, LIN

10. Predavanje: Aplikacije
mikrokrmilnikov z nizko porabo

- baterijsko napajanje: znacilnosti,
parametri, tipi

- znacilnosti stanj z zmanjSano porabo
- ukrepi s strojno opremo za
zmanjSanje porabe

- programski ukrepi za zmanjSanje
porabe

11. Predavanje: Operacijski sistemi za
procesiranje v realnem cCasu

- Realno-c¢asovno delovanje in
vecopravilnost v vgradnih sistemih

- Primer: FreeRTOS

o Opravila, razporejevalni algortimi
o Upravljanje: pomnilnika, ¢akalnih
vrst, programskih ¢asovnikov,
prekinitev, resursov

o Storitve komunikacije med opravili
12. Predavanje: Primer razvoja krmilne
aplikacije z FreeRTOS

- Dispozicija aplikacije

- Klici funkcij FreeRTOS

- Implementacija

- Orodja za odpravljanje napak

13. Predavanje: Linux za vgradne
sisteme

- Znacilnosti, distribucije

- Postavitev izbrane distribucije na
mikrora¢unalniku (npr. Raspberry Pi)

6. Lecture: Direct access to MCU
peripherals 2
- A/D and D/A converters (with
examples)
- Communication interfaces (with
examples)
7. Lecture: MCU interrupt system
- Interrupt sources (external, internal),
their vectors
- Programming interrupt routines
- Interrupt priority
8. Lecture: Serial communications with
MCUs
- RS232, RS422, RS485
- SPI
9. Lecture: Standard MCU buses
-12C
- CAN, LIN
10. Lecture: Low power microcontroller
applications
- Battery power: characteristics,
parameters, types
- Characteristics of states with reduced
power consumption
- Hardware measures to reduce power
consumption
- Software measures to reduce
consumption
11. Lecture: Operating systems for real-
time processing
- Real-time operation and multitasking
in embedded systems
- Example: FreeRTOS
--Tasks, scheduling algorithms
-- Management: memory, queues,
program timers, interrupts, resources
-- Task communication services
12. Lecture: Developing a control
application with FreeRTOS (by example)
- Application layout
- FreeRTOS function calls
- Implementation
- Using debugging tools
13. Lecture: Linux for Embedded
Systems
- Features, distributions
- Setting up a selected distribution on a
microcomputer (eg Raspberry Pi)
- Basic admin tasks, using CLI interface
- Application management
14. Lecture Programmable logic: FPGA



- Osnovna administratorska opravila,
uporaba ukaznega poziva

- Upravljanje z aplikacijami

14. Predavanje: Programirljiva vezja
FPGA

- Zgradba in delovanje vezij FPGA

- Razvojno okolje za programiranje
vezij FPGA (primer Xilinx; orodja,
postopki...)

- Implementacije mikrokrmilnikov z
vezji FPGA (primer Xilinx Microblaze)
15. Predavanje: Programiranje vezij
FPGA za krmilne aplikacije

- Osnove programiranja v strojno
opisnem jeziku (Verilog)

- Simulacije delovanja kode - pisanje
testne kode, vizualizacija signalov
(Verilog)

- Razvoj vgradnega krmilnika na
osnovi FPGA (mikrokrmilnik, periferne
enote, krmilni program v jeziku C) -
primer

Temeljna literatura in viri/Readings:

- Structure and operation of FPGAs
- FPGA Programming Development
Environment (Xilinx example; tools,
procedures ...)

- Implementing a MCU in a FPGA (Xilinx
Microblaze example)

15. Lecture: Programming FPGAs for
control applications
- Fundamentals of programming in HDL
(Hardware Description Language)
(Verilog)

- Code simulations - writing test
benches, signal visualization (Verilog)

- Developing a FPGA based embedded
controller (microcontroller, peripherals,
control program in language C) -
example

1. Alvano J. Embedded Systems: Real-Time Operating Systems for Arm Cortex M
Microcontrollers - 2nd edition. CreateSpace Independent Publishing Platform,

2012.

2. Johnson A. More to C - Advanced Programming with C in Linux and on
Raspberry Pi - 1st edition. CreateSpace Independent Publishing Platform,

2017.

3. Monk S. Programming FPGAs: Getting Started with Verilog - 1st edition.

McGraw-Hill Education TAB, 2016.

Cilji in kompetence:

Cilji:

1. Spoznati zgradbo in delovanje
sodobnih digitalnih platform
(mikrokrmilniki in vezij FPGA) ter
moznosti njihove uporabe v
mehatroniki in krmiljenju sistemov,
razumeti njihove zmogljivosti in
specifikacije.

2. Spoznati metode in postopke
razvoja strojne opreme za krmilne
aplikacije na osnovi zmogljivih
mikrokrmilnikov in vezij FPGA s

Objectives and competences:

Objectives:

1. To learn the structure and
operation of modern digital
platforms (microcontrollers and
FPGA circuits) and the possibilities
of their use in mechatronics and
control systems, to understand
their capabilities and
specifications.

2. To learn the methods and
procedures of hardware
development for control



posebnim poudarkom na
interdisciplinarnem pristopu.

3. Spoznati metode in postopke
razvoja krmilnega programja za
mikrokrmilnike s posebnim
poudarkom na verifikaciji.

Kompetence:

1. P6-MAG in S7-MAG: Sposobnost
samostojnega izvajanja zahtevnih
razvojno-raziskovalnih nalog na
podrocju mehatronike in krmiljenja
z uporabo mikrokrmilnikov in vezij
FPGA ter sposobnost kreativnega
reSevanja kompleksnih nalog na
tem podrocju strojnistva.

2. S10-MAG: Sposobnost uporabe
sodobnih raziskovalnih metod in
postopkov. Zmoznost raziskovanja
in prenaSanja spoznanj v prakso.

3. S8-MAG in P5-MAG: Sposobnost
iskanja virov, kriticne presoje
informacij, samostojnega
nadgrajevanja pridobljenih znanj in
poglabljanja znanja na podrocju
mehatronike in krmiljenja.

4. S9-MAG: Usposobljenost za delo v
skupini in interdisciplinarno
povezovanje pri reSevanju RR nalog
na podroc¢ju mehatronike in
krmiljenja.

Predvideni Studijski rezultati:

Znanja:

Z2: Poglobljeno teoreticno,
metodolosko in analiticno znanje na
podrocju uporabe mikrokrmilnikov in
vezij FPGA v mehatroniki, ki je osnova
za zelo zahtevno strokovno delo in
omogoca izvedbo nosilnih nalog v
interdisciplinarnih razvojnih skupinah
na podroc¢ju mehatronike in laserske
tehnike.

Spretnosti:

applications based on powerful
microcontrollers and FPGA circuits
with particular emphasis on an
interdisciplinary approach.

3. To learn the methods and
procedures for the development of
controller software for micro-
controllers, with particular
emphasis on verification.

Competences:

1. P6-MAG and S7-MAG: Ability to
independently perform complex
R&D tasks in the field of
mechatronics and control
engineering using microcontrollers
and FPGA circuits, as well as the
ability to creatively solve complex
tasks in the field of mechanical
engineering.

2. S10-MAG: Ability to apply modern
research methods and procedures.
Ability to explore and put lessons
learned into practice.

3. S8-MAG and P5-MAG: Ability to
search for resources, critically
evaluate information,
independently upgrade the
acquired knowledge and deepen
the knowledge in mechatronics and
control eng.

4. S9-MAG: Ability to work in teams
and interdisciplinary collaborate in
solving R&D tasks in the field of
mechatronics and control eng.

Intended learning outcomes:

Knowledge:

Z2: In-depth theoretical,
methodological and analytical
knowledge on applications of
microcontrollers and FPGA circuits in
mechatronics, which is the basis for
very demanding professional work and
enables the carrying out of leading
tasks in interdisciplinary development
teams in the field of mechatronics and
laser technology.



S2.1 Obvladovanje zelo zahtevnih,
kompleksnih delovnih procesov in
metodoloskih orodij na podrocju
mehatronike.

S2.2 Nacrtovanje in vodenje delovnega
procesa na podlagi ustvarjalnega
resevanja problemov, povezanih s
podroc¢jem mehatronike.

S2.3 Sposobnost izvirnih
dognanj/stvaritev in kriticne refleksije.

Metode poucevanja in ucenja:

P1 Avditorna predavanja z reSevanjem
izbranih - za podrocje znacilnih -
teoreticnih in prakticno uporabnih
primerov.

P2 Obravnava snovi po urejeni in
vnaprej razlozeni sistematiki.

P3 Avditorne vaje, kjer se teoreticno
znanje s predavanj podkrepi z
racunskimi primeri.

P4 Laboratorijske vaje z namenskimi
didakti¢nimi pripomocki (razvojni
sistemi z mikrokrmilniki Arduino in
Raspberry PI, modeli mehatronskih
sistemov, razvojni sistem za vezja
Xilinx FPGA).

P5 Uporaba Studijskega gradiva v
obliki e-verzij: predstavitve predavanj,
zbirke nalog z vaj, navodil za izvedbo
laboratorijskih vaj

P14 Virtualni eksperimenti

P15 Uporaba video vsebin kot priprava
na vaje

Skills:

S2.1 Mastering highly comprehensive,
complex workflows and
methodological tools in the field of
mechatronics.

S2.2 Design and manage workflows
based on creative problem solving
related to mechatronics.

S2.3 Ability for original findings /
creations and critical reflection.

Learning and teaching methods:

P1 Lectures by solving selected -
typical for the eng. discipline -
theoretical and practical examples.

P2 Treatment of the substance in an
orderly and pre-interpreted systematic
manner.

P3 Practical classes where theoretical
knowledge from lectures is supported
by computed examples.

P4 Laboratory exercises with
dedicated teaching aids (development
systems with Arduino and Raspberry
PI microcontrollers, mechatronic
systems models, development system
for Xilinx FPGA circuits).

P5 Use of electronics study materials:
presentation of lectures, workbooks,
instructions for laboratory work

P14 Virtual Experiments

P15 Using video content to prepare for
tutorials

Nacini ocenjevanja: Delez/ Assessment:

Weight
Teoreticna snov (predavanja) 50,00 % Theoretical exam (lectures)
Samostojno delo na vajah 20,00 % Independent classwork
Laboratorijsko delo na vajah 10,00 % Laboratory work (including
(vkljucno s porocili) reports)
Projektni seminar 10,00 % Project
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