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Zaklady mikroprocesorovej techniky

Prednaska Utorok  07:30 — 09:00 PK2_013(L5)
Projektova praca Utorok  09:10 — 10:40; 10:50 - 12:20 PK2_013(L5)
Literatura:

- Prednasky

Livovsky: Mikroprocesorova technika ATmega328P.
Programovanie v jazyku C: http://people.tuke.sk/igor.podlubny/C/index.htm

Datasheet Atmega328P, Dokumentacia MicroChip Studio
https://onlinedocs.microchip.com/oxy/GUID-ECD8A826-B1DA-44FC-BEOB-5A53418A47BD-en-US-12/index.html

Software:
- MicroChip Studio; Avrdude; Terminal v1.9b, Termite (CompuPhase)
- AVR library http://nongnu.org/avr-libc/user-manual/index.html
- https://onlinedocs.microchip.com/oxy/GUID-317042D4-BCCE-4065-BB05-AC4312DBC2C4-en-US-2/index.html

Informacie k predmetu: literatura, softvér na stiahnutie, zdrojové priklady: http://kte.fei.tuke.sk/livovsky/ZMT
Laboratorne cvicenie: notebook, vyvojovy kit s mikrokontrolérom AVR (napr. Arduino UNO)

Predmet ZMT nadvazuje na predmety: ,Zaklady algoritmizacie a programovania®“, ,Pocitacové inzinierstvo v elektronike”,
,Programovanie” a ,Zaklady elektroniky".

Priebezné hodnotenie (zapocet): 0 — 40 bodov, podla narocnosti rieSeného prikladu (12 a 13 tyzden).
Skuska: 0 - 60 bodov pisomna.

Online konzultacia (na poziadanie Studenta): Piatok 09:00-10:00.
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Zapoctové zadania.

Student si v 5. tyzdni zvoli jedno zadanie, ktoré bude samostatne realizovat s moznostou konzultacii na cviéeniach pogas 6. — 11. tyzdfia a
obhajovat v 12. a 13. tyzdni. Minimalne 24 hodin pres konanim obhajoby je potrebné odoslat zdrojovy kdéd s komentarom na kontrolu.
Obhajoba bude pozostavat' z praktickej ukazky rieSenia a drobnych modifikacii rieSenia.

Bodové hodnotenie 0-25.

1. Pripojenim logickej urovne LOW na vyvod PBO0 sa LED (PB5) rozsvieti. LED zostava rozsvietena aj po odpojeni LOW z PBO0. Ak sa pripoji na logicka uroven
LOW na PD7, LED (PB5) zhasne a ostava zhasnuta aj po odpojeni LOW z PD7. (25)

Bodové hodnotenie 0-30.
1. Cyklickym pripajanim a odpajanim log. urovne LOW na INTO sa striedavo zapina a vypina LED. Realizovat pomocou prerusenia INTO. (26)
2. Ak sa pripoji na INTO log. uroveni LOW, LED bude svietit. Ak sa na INT1 pripoji LOW, LED zhasne. RieSit pomocou prerusenia INTO a INT1. (28)
3. Najskér zakaz WDT a nastav blikanie LED s frekvenciou 0,5 Hz. Potom, povol WDT a pozoruj blikanie LED. Ak led neblika spravne (frekvenciou 0,5 Hz),
uprav program tak, aby bola frekvencia blikania 0,5Hz. (30)

Bodové hodnotenie 0-35.

1. Nastav parametre sériového prenosu: 9600 baudov, 8 bitov, ziadna parita, 1 stop bit. Vysielaj 5x po sebe znak (napr. "A,). Skontroluj vyslanie znakov

pomocou programu Terminal alebo Data Visualizer. (31)

2. Napis program, ktory pri prijati znaku "Z" alebo "z", rozsvieti LED. Pri prijati znaku "V" alebo "v", LED zhasne. Ak mikrokontroler prijme akykolvek iny znak,
odosle ho spat’ a su€asne posle aj znak "?". (32)
Napi$ program na meranie teploty Cipu a vypi§ hodnotu teploty do programu Terminal. Ovladaj LED (svieti/nesvieti) podla hodnoty teploty. (33)
Napi$ program, ktory pri prijati slova "Zapni" zapne LED a pri prijati slova "Vypni" LED vypne. Ak prijme lubovolnu inu skupinu piatich znakov, odosle ju spat
a prida znak "?". Pre riadenie komunikacie pouzi riadiace kédy STX a ETX z ASCII tabulky. Prijem znakov rie§ cez preruSenie. (34)
5. Pouzi ¢asovac TCO, aby sa kazdych 5ms vygenerovalo prerusenie. Toto preruSenie pouzi na periodické blikanie LED, pricom LED bude 200ms svietit' a

800ms nebude svietit. (35)

B W

Bodové hodnotenie zapoctu 0-40.
1. Napis$ program na ovladanie LED. Ak MCU prijme znak:"1, - LED sa rozsvieti na 500ms a potom zhasne; "2, - LED sa rozsvieti na 1000ms a potom
zhasne; "3, - LED sa zapne a bude svietit; "4" - LED zhasne a ostane zhasnuta. Casovanie realizuj pomocou &asovaéa TCO. (36)
2. Nastav ¢asovac TCO na rezim Fast PWM a napi$ program, ktory umozni menit jas externej LED (s rezistorom v sérii) od 0% do 100%, na zaklade prijatého
textu v rozsahu ,,000“ az ,100“. (40)
3. Napis program na meranie napatia na AD vstupe. Uprav hodnotu meraného napatia tak, aby menila jas externej LED pomocou PWM v intervale od 0% do
100%. Na zmenu napatia pouzi potenciometer. Hodnotu napatia a odpovedajucu hodnotu jasu zobraz v programe Terminal. (40+10)
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Uvodné informécie

U Plan prednasok a laboratérnych cviceni

Prednasky

1.

> B

B ° B T

10.
11.
12.
13.
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Uvod do predmetu. Ciselné sustavy v elektronike, kédovane

¢isel. Jazyk C. Uvod do digitalnej elektroniky

Polovodicové pamate

ATmega328, pamat, generovanie hodinovych signalov,
manazment napajania, reset

Vstupno — vystupné porty
Externé a interné prerusenia, Watchdog ¢asovac
Sériové komunikacné prostriedky USART
TCO - Normalny madd
TCO — Rychly PWM mdd, Fazovo korektna a CTC PWM
Sériové komunikacné prostriedky SPI
AC komparator, AD prevodnik
EEPROM, FUSE bity
Sériové komunikacné prostriedky - 12C

Predtermin

InStaldcia: - IDE Microchip Studio
- driver pre Arduino kit

Praca s Microchip Studio,
definovanie projektu, preklad projektu

Praca s Microchip Studio
simuldcia projektu, porty

Pouzitie vstupno-vystupnych portov

Praca s preruseniami
Vyber zadania na zapocet

Pouzitie USART. Praca na zadani

Praca s TCO. Praca na zadani
Praca s TCO. Praca na zadani
Pouzitie SPI. Praca na zadani
PouZitie A/D. Praca na zadani
Programovanie EEPROM. Praca na zadani
Zapocet - Prakticka praca s MCU

Zapocet - Prakticka praca s MCU



Uvodné informécie

O Uspesné absolvovanie predmetu ZMT znamena zvladnutie programovania hardvérovych zariadeni mikrokontroléra
AVR - ATmega328P v jazyku C s vyuzitim integrovaného vyvojového prostredia IDE Microchip Studio a
vyvojovej dosky (Arduino UNO).

Digital Ground
Digital I/OlPins (2-13)

ial Qut (TX
Analog Reference Pin Serial Out (TX)

Serial In (RX)
Microchip | | B | 0
Studio ) |SB Plug — 4 /
—woms  ARDUINO . Reset Button
s g, R - Circuit
H “ P s 0 9 "lﬂ P . Serial Programmer
_ATmega328

" Microcontroller

External Power Supply

Reset Pin
3.3 Volt Power Pin

5 Volt Power Pin

Analog In
Pins (0-5)

Voltage In
Ground Pins
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Uvodné informécie

O Integrované vyvojové prostredie Microchip Studio — volba inStalacie len pre 8-bitové AVR mikrokontrolery

E LCCECOS - AtmelStudio Advanced Mode Y2 Quick Launch (Cirl+Q) P - B ¢

File  Edit View  VAssistX ASF  Project Build Debug Tools Window  Help :

< | H® -8 -2 W #l X | - - | B a | P Ml Debug ~ Debug Browser ~ | 5 LINECHO > | ]l F € : 5 @MICROCHIP
S | plov e B @ B, | ATmege2s § Simulstor STUDIO

main.c B X [2CLHility.c

= ZMSenzonLCCECOSWLCCECO S main.c

Selution Explorer - 1 X J FOR AVR" AND
. " SAM DEVICES
o | ®~ = 3 | y ==

sertimel++; ser_time_@4+; msec++; tlin++; cas_odpovedt+; cas_spustaniat+;

cas_zrastaveniat+; cas_buz++; tled++;
bzuciak({);

LEDIndikacia();

TCNT2 = @xc?;

if (push_button_time) push_button_time--;
if (led_sig 1lin®) led_sig lin®--;

if (!led_sig_lin@) SET_LED1E;

if (led_sig linl) led_sig linl--;

if (!led_sig linl) SET_LED1A;

return;

(USARTL_RX_wect) //prerusenie od USB
unsigned char temp, i, xor=@, xortemp=@;

temp=UDRL; //pc_ctrl=8;
//byte_out_serial 1(temp);
if (temp == STX) ibufl = 8;
if (ibuf1<SERBUFLEN) USARTL RxBuf[ibufl++] = temp;
if (temp == ETX) {
USART1 RxBuf[ibufl]="‘@";

Search Solution Explorer (Ctrl+&] O ~

! 12CUtility.h -
| lech
| LinBus.c

| main.h

| MCP23008.c

| PCFB563.c

| ProcesTimer.c
| setATmegal2B.c

S U Y TR TR R N

Properties
main.c File Properties
A
Build Action ~ Compile

Custem Compi
E Misc

for(i=8; i<ibufl-3; i++) xor=xor"USART1_RxBuf[i];
if (USARTL_RxBuf[ibufl-3]<@x3A) xortemp=(USART1_RxBuf[ibufl-3]-'@")*8xle;

else wortemp=(USART1_RxBuf[ibufl-3]-55)%exle;

if (USART1_RxBuf[ibufl-2]<@x3A) xortemp=xortemp+USART1_RxBuf[ibufl-2]-'@";

Error List - Current Project (LCCECOS5)

Current Project - | €3 DErrors | 1 0Warnings | ) 0 Messages

Description &

Error List Qb

Output

Ready
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Build + IntelliSense Search Error List

Project File

https://www.microchip.com/en-us/tools-resources/develop/microchip-studio
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Uvodné informécie

0 KomunikaCny program Terminal - https:/sites.google.com/site/terminalbpp/

g Termninal ¥1.9b - 201301166 - by Br@y++ — O x
s COM Part Baud rate Drata bitg| —Parity Stop bits Handzhaking
" 600 " 14400 57600 5 {7 none || g {* none
= COMTT ~1|| ~ 1200 ¢ 19200 & 115200 . " add C RTS/CTS
ﬁEEp -~ (" 2400 (" 28800 (" 128000 || . _ & even || (15 || ROMAOFF
AUl s ||| ~ 4800 ¢ 33400 ¢ 256000 T mark ™ RTS/CTS+<0MAO0FF
Quit " 9600 ¢ 56000 ¢ custom || * 8  space| | © 2 " RTSon T [ inevert
Settings
= [ Auto Diz/Connect [ Time [ Stream log cuztom BR B Clear  ASCI table|  Scripting ECTs Egco
et fant | . -
[ AutoStart Script [ CR=LF [ Stayon Top |'|'|4|:”:":I |"| ﬂ Graph Remote =D0sk 3R
Receive
CLEAR | [ AucScrol _ResetCrt | [10 2] cm=3 S HE® staitlog | Req/Resp | | Dec [ Bin
f« ASC v Hex
DETmWe05.17.1320:59: 15300 31 A
a7
2E
31
33
1F
3z
an
Kr
35
39
W
Tranzmit
CLEAR |  SendFies | ||:| ! [ CR=CR+LF BREAE. | [E=DTR E=RTS
b acros
Set Macros | b1 b2 b3 b4 4 b5 E b7 k45 k49 410 k471 12
k413 b414 k415 M1E k17 18 k415 b 20 21 b 22 23 b 24
|| [ +CR -» Send |
SetDtTml0.05.1713:20:55Mo670 Py
SndDtTm4 Fl
W
Connected R 453 T 367 Rw Ok
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https://sites.google.com/site/terminalbpp/

Uvodné informécie

0 Komunikacny program Termite 3.4 - htips.//www.compuphase.com/software termite.htm

€D Termite 3.4 (by CompuPhase) = et

Disconnected - didk to connect Clear About Close

Failed to initialize the port,
Flease werify the COM port settings.
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Uvodné informécie

 Avr-libc - http://nongnu.org/avr-libc/user-manual/index.html -

<« c GI' (01 nongnu.org/avr-libc/fuser-manual/modules.hitml

Library

Main Page User Manual Reference

FAQ

- @

Example
Projects

Modules

Here is a list of all modules:

<alloca.h>: Allocate space in the stack
=assert.h>: Diagnostics

=<ctype.h>: Character Operations

<errno.h>: System Errors

<inttypes.h>: Integer Type conversions
<math.h>: Mathematics

<setjmp.h>: Non-local goto

=<stdint.h>: Standard Integer Types
<stdio.h>: Standard 10 facilities

=stdlib.h>: General utilities

<string.h>: Strings

<time.h>: Time

<avr/boot.h>: Bootloader Support Utilities
<avricpufunc.h>: Special AVR CPU functions
<avrieeprom.h>: EEPROM handling
<avrifuse.h>: Fuse Support
<avriinterrupt.h>: Interrupts

<avriio.h>: AVR device-specific 10 definitions
<avr/lock.h>: Lockbit Support

avr-libc: A simple project
<> C @

avr-libc 2.0

Standard C library for AVR-GCC

AVR Libc
Home Page

Main Page User Manual

(i) nongnu.org E s7%

R o B

Library
Reference FAQ

Example
Projects

a-s
................. AVE Libd
Development
__________________________ Pages:

A simple project

Dieeno projeois

At thiz point, you should have the GNU tools configured, built, snd installed on your system. In this chapter, we present 3 simple example of
using the GMU tools in an AVR project. After reading this chapter, you should have 3 better fesl as to how the tools are used and how a

Makefile can be configured.

The Project

This project will use the pulse-width modulstor (E%4) to ramp an LED on and of f every two seconds. An ATS052313 prosessor will b2 us=d 3=

the controller. The circuit for this demonstration is shown in the schematic diagram. If you have a development kit, you should be able to
use it, rather than build the circuit, for this project.

Mote

Meanwhile, the AT2052212 became obsolete. Either use its sucoessor, the (pin-compatible) ATtiny2313 for the project, or perhaps the
ATmegsl or one of its sucoessors (ATmegad48/88/168) which have become guite populsr since the orniginal demo project had been
estsblished. For sll these more modsrn devices, it is no longer necessany to use 3n externnsl crystal for clocking 3= they ship with the
internal 1 MHz oscillator enabled, so C1, C2Z, and Q1 can be omitted. Mormalhy, for this experiment, the escternal circwitny on '/RESET
{R1, C3) can be omitted a= well, lzaving onhy the AYR, the LED, the bypass capacitor C4, and perhaps R2Z. For the ATmegal/ 48,58/ 158,
use PB1 {pin 15 at the DIP-2E package) to connect the LED to. Additionalhy, this demo has been ported to many dif ferent other AVRs.

The kecation of the respective OC pin warnes betwesn different AVRs, and it is mandsted by the AVR hardwars.

(I FE3 [

{AINL) FE1
{&ING FEO [

ATACHERLS

Schematic of circuit for demo project

Y]
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