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Zéklady mikroprocesorovej techniky

1

A — sériové prostriedky (90-104)

Prepojenie elektronickych obvodov, medzi ktorymi sa prenasaju déta, mdze byt realizované pomocou
paralelnej alebo sériovej zbernice.

Paralelna zbernica sa sklada z viacerych paralelnych vodi¢ov (8, 16, 24, 32), po ktorych sa prenasaju data
od vysielata k prijimacu. Komunikdcia je synchrénna, pricom synchronizaciu vysielata a prijimaca
zabezpecuju riadiace signély. Paralelna komunikacia umoZfiuje prenos viacerych bitov sicasne.

Sériova zbernica je tvorena jednym (Simplex, Half-Duplex) alebo dvoma (Full-Duplex) datovymi vodi¢mi.
Sériova ikacia a prenos dat po jednotlivych bitoch za sebou.

Parallel interface example

Receiring side Transmiting side
= MSB) [ 'po - F—.| carve i

il J PR
e () simplex
DD

me—0 5

D2 «—— D2 eoive
me—1 ___ m

oo .58 pg sen

(b) full-duplex

Serial interface example (MSB first)
Recening Transritting
side — (MSE) {LSB)  side

-2
o

D7 Dfi D5 D4 D3 D2
01 1060

ol L) ) hair-dupiex
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Asynchrénny sériovy prenos— Frame Formats

Asynchrénny prenos dat sa realizuje vysielanim resp. prijimanim tzv. rdmcov (frame) s vopred nastavenou

prenosovou rychlostou.

Frame je tvoreny skupinou datovych bitov, synchronizaénymi bitmi (3tart, stop) a volitefnym paritnym

bitom na kontrolu chyby prenosu:

« 1 S3tartovaci bit —vidy log. 0,

* 5,6,7,8alebo 9 datovych bitov,

* Ziadny, parny alebo neparny paritny bit. Parita je kontrolny mechanizmus na urcenie integrity
datovych bitov a vyjadruje, i je pocet log. 1 v datovych bitoch parny alebo nepérny,

* 1lalebo 2 stop bity —vidy log. 1.

Frame
Lsb M

Lsb — Last significant bit

ldle Msb — Most significant bit

i sb
l Stop Bit(s)
Wl afofa]o ofafo uf ™t
Data Line

——

8 Bit Data
11010010 (Example)
Start Bit Parity Bit
Always LOW l Can be 000 or EVEN
0b01001011 = 0x4B = 'K'
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ATmega328P — sériové komunika&né prostriedky

Prenos na sériovej zbernici méze byt:

« asynchrénny - bez pouzitia synchronizaéného signalu, pricom riadenie sa vykondva pomocou
riadiacich bitov, ktoré sa prenasaju spolo¢ne s datovymi bitmi,

* synchrénny - s pouzitim synchronizaéného signalu (hodinového signélu).

it or
e e
data bits » cLock |[
idle B0 123456 T nextbyte 14
rrrrrrrrry

DATA

synchrénny prenos (SPI, 12C)

K asynchrénny prenos - UART /
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ATmega328P— Univerzalny Sy onny/

UDRO — USART Data Register 0

Prijima&/Vysielat— USART (24.)

UCSROA, UCSROB, UCRSOC Generator prenosovej rychlosti

USART Control and Status Register 0A, (0B, 0C)

UBRROH 0XC5.
UBRROL 0xC4.

UBRROL - USART Baud Rate Register 0 Low

1
1
1
1
1
UBRROH - USART Baud Rate Register 0 High I
1

UBRRO = UBRROH * 0x100 + UBRROL

Refimy USART-u a uréenie prenosovej
rychlosti: (Table 24-1)

Asynchrénny normélny méd

- osc
Baud = fe i RR0 + D

o Asynchrénny 2x rychlost méd

fosc
Baud =57 (UBRRO + 1)

DATABUS
S S ———

o Synchronny Master SPI mod
(MSPIM)

Baud = fosc UCSROA 0xCO

2% (UBRRO + 1)

Riadiace a stavové registre
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ATmega328P - rezim UART — Frame Formats (24.5)

Nastavenie parametrov sériového prenosu po resete MCU (UCSROC, UCSROB):
Startbit . stop bit

Asynchrénny prenos (UART). .
Ziadna parita.
Jeden stop bit.

8 — datovych bitov. I:> 1@'@;1"‘“’]“["‘[“5]“[“")(5_

UCSROC.UCPOLO=0 v asynchrénnom méde.

Name:  UCSROC
Offset:  (aC2
Reset: (6
Praperty: -
USART Control and Status Register 0 C
e 1 ] 5 i 3 2 1 ]
UMSELOT | UMSELW | uPMO1 uPam [ usess | wcszmt | uesamn | ucrow
UDOAD uuwnl
Aczess R AW R i K [
R 0 (] 0 ] 0 1 1 ]

USART Control and Status Register0 B

. 1 . s . ) . ' .

o | nom | e | mow | noe | e | wem | ven
hcrens aw B L : L] W : L L] : L1
[ — . . o . 0 0 ’
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A — reZim UART — inicializicia (24.6)

USART sa musi najprv inicializovat, az potom je mozné uskutoénit komunikdciu. Postup je nasledovny:
1. Nastavenie rezimu USART a frame formét v registri UCSROC,

2. Nastavenie prenosovej rychlosti v registri UBRRO v bitoch za sekundu (baud),

3. Povolenie vysielanie dat (Tx) a (alebo) prijimania dét (Rx) v registri UCSROB,

4. Povolenie / zakdzanie prerudenie MCU od &innosti USART v registri UCSROB.

fOSC
#define FOSC 16000000UL

" Bawd=1UBRROT D)
#define BAUD 9600

#define UBRR FOSC/16/BAUD-1 \ l
fosc

void USART_Init (unsigned int ubrr) UBRRO = ————
16*baud

// set baud rate

UBRROH = (unsigned char)(ubrr>>8);

UBRRGL = (unsigned char) ubrr;

// Enable receiver and transmitter;

UCSR@B = (1 << RXEN®) | (1 << TXEN®);

//Set Mode UART, Frame format: 8data, 1stop

UCSROC = (1 << UCSZe1) | (1 << UCSZeo);
} Zmena funkcie vyvodov PD1 a PDO na Tx a Rx
int main (void) { EET) XD _-pCkyf 17} )
while(1) {
}
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ATmega328P — rezim UART — vysielanie cez vyvod Tx (24.7) (24.7.1)

Vysielanie dat cez vyvod Tx (PD1) sa povoluje nastavenim bitu vysielania UCSROB.TXEN.

Vysielanie dat cez vyvod Tx sa zatne zapisom datového bajtu do registra UDRO. Pred zapisom do UDRO
je potrebné overit, ¢i je tento register prazdny, testovanim bitu UCSROA.UDREO.

Posuvny register zabezpecuje odvysielanie jednotlivych bitov podfa parametrov prenosu.

* Ukonéenie vysielania bajtu je signalizované bitom UCSROA.TXCO.

DO0-D7

Bit 7 RXCO: USART Receive Complete
Bit 6 — TXCO: USART Transmit Complete

Bit 5 — UDREO: USART Data Register Empty
Bit 4 - FEO: Frame Error

Bit 3~ DORO: Data OverRun

Bit 2~ UPEO: USART Pariti Error

Bit 1 - U2X0: Double The USART Transmission Speed {
Bit 0~ MPCMO: Multi-processor Communication Mode

Prenos 5 az 8 datovych bitov
void USART_Transmit (unsigned char data)

// Wait for empty transnit buffer
while( !(UCSROA & (1<<UDRE@)) );
// Put data into buffer, send data
UDRe = data;

¥
Reset:
Property: -
USART Control and Status Register 0 A
w7 © s + s z + [
I = = T ) om0 ) T )
p— o ® ® ® 0 W o
P [} 1 o 0 o a [}
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ATmega328P — refim UART- ializécia (24.6)

USART sa musi najprv inicializovat, az potom je mozné uskuto€nit komunikéciu.
Postup je nasledovny:
1. Nastavenie rezimu USART a frame format v registri UCSROC,
2. Nastavenie prenosovej rychlosti v registri UBRRO v bitoch za sekundu (baud),

fosc
16 * (UBRRO + 1)
3. Povolenie vysielanie dat (Tx) a (alebo) prijimania dat (Rx) v registri UCSROB,
4. Povolenie / zakazanie prerusenie MCU od ¢innosti USART v registri UCSROB.

Baud =

8it 7~ RXCIEO: RX Complete Interrupt Enable " oane_| USRI AK KT R G
8it 6 ~ TXCIEO: TX Complete Interrupt Enable ® S0 | VBRTUONE | VAN emAuge Eryy
Bit 5 ~ UDRIEQ: USART Data Register Empty ipt Enable . - - N

Bit 4 — RXENO: Receiver Enable . e i S nowe

Bit 3~ TXENO: Transmitter Enable
Bit 2 - UCSZ02: Character Size N
Bit 1~ RXBBO: Receive Data Bit &

Bit 0~ TXBO: Transmit Data Bit 8

Zmena funkcie vyvodov PD1 a PDO na Tx a Rx

i TX0_Heckyf) )
o ::%%j:un ,-Hx fr

Name: UCSROB

Offset:  DxC1

Reset:  0xD0

Property:

USART Control and Status Register 0 B

P . s . s 2 1 )

oo | om | uoee | mew | mew | v | mew | o
e o o i o o 0 I
[— . o ' o ' 0 0

9 bitovy prenos

Zaklady mikroprocesorovej techniky

8

ATmega328P - reZim UART— prenosov rychlost (24.11)

Register UBRRO[11:0] je 12-bitovy register uréeny na nastavenie prenosovej rychlosti. Volime rychlost s
najmen3ou chybovostou. Pre vyvojovi dosku Arduino UNO (fy;,, = 16MHz) volime prenosovi rychlost
napr. 9600 baud. (Table 24-7)

fouc = 16.0000MHz fonc = 18.4320MHz
U2Xn=0 U2Xn =1 U2Xn=0 U2Xn=1 U2Xn=0 U2Xn=1

UBRRn | Eror UBRRn Error | UBRRn| Error | UBRRn Eror UBRRn Error UBRRn Error
0.0%
0.0% 259 02% 520 0.0%
0.0% 129 02% 259 0.2%
00% 86 -0.2% 173 0.2%
00% 64 02% 129 02%
00% 42 09% 86 02%

fouc = 20.0000MHzZ

0.2% |418 0.1% 239
0.2% |207 02% 19
06% |138 01% 79
02% |103 02% 59
-08% |68 06% 39

02% |51 02% 29 00% 32 4% 64 02%
21% |34 08% 19 00% 21 4% 42 08%
0% |25 02% 14 0.0% 15 17% 32 -14%
-35% |16 21% 9 00% 10 “14% 21 -14%
85% |8 -35% 4 00% 4 B5% 10 -14%
00% |7 00% 4 24% 4 00% 9 0.0%
1 00% |3 00% - - 4 -7.8% — - 4 0.0%
0 0.0% [1 0.0% - = B EE = E E
Max Mbps | 2Mbps 1162Mbps | 2304Mbps  1.25Mbps 2 5Mbps.
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ASClI tabulka - vysielanie jednotlivych znakov (8 bitov - bajt)

Kddovanie znakov klavesnice anglickej abecedy

s rozlisenim velkych aj malych pismen, vratane
Cislic a 3pecidlnych znakov popisuje 7-bitovy kéd a
ASCII (American Standard Code for Information b
Interchange). A
.
Tabulku kédov tvoria tri ¢asti: e
= Riadiace kody (0x00-0x1F, 0x7F) na riadenie 5 :
komunikacie (CR, LF, STX, ETX .. o HT 29 ) a9 1 & i
I . PN [ LF 24 * 4A ] 6A i
i(ody. pre pismend a Cislice, o Vi 2 . pul K P i
= Specidlne znaky. o | F , 4C i o 1
on CR n - 4D M &D m
#define LF @x@A (line feed-posun o riadok) OF SO E . 4E N 03 n
#define CR 0x@D (carriage return-navrat vozika)| —OF sl F I ar o 6F s
#define STX 0x02 (start text) 10 | DLE 30 0 50 » 70 P
#define ETX @x@3 (end text) 1 Dc1 E 1 51 Q n q
12 DC2 32 2 52 R n B
void USART Transmit (unsigned char data); B [ D3 m 3 53 s 7 5
14 DC4 34 4 54 T ™ ¢
int main (void) { 15 | NAK 35 5 55 u 75 u
USART Transmit (@xa1); 16 SYN 36 6 56 v 76 v
USART_Transmit (‘A'); 17 ETB 37 7 57 w 7 w
USART Transmit (LF); 18 | CAN 38 [l 58 X 78 x
USART Transmit (CR); 1 EM 39 9 59 ¥ ™ ¥
} 1A | SUB A = Z 7A =
1B ESC 3B P 5B I B [
1C FS 3C = sC \ 7c
1D Gcs D - 5D 1 7D 1
1E RS 3E > SE - 7E
1F us IF ? sF - F DEL
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Vyslanie textového retazca (n - bajtav)

#include <string.h>
#include <stdio.h>

Forméatované vysielanie textu je mozné realizovat

pomocou funkcie sprintf, ktora sa nachadza v ° N ;
#define LF @x0A (line fedtposun o riadok) kniznici <stdio.h>. Tato funkcia umozfiuje vytvorit ak je UDRO prézdny.
#define CR @x@D (carriage retucn-navrat vozika) textovy retazec v paméati MCU (buffer) podfa °

#define STX @x02 (start text)
#define ETX @x03 (end text)

/- >
void USART_Transmit (unsigned char data)
{

// wait for empty transmit buffer
while( !(UCSROA & (1<< UDRE®)) );
// Put data into buffer, send data
UDRO = data;

void USART Transmit_Text (char *text) {
unsigned char i

for (i=6; i<strien(text); it+)
USART_Transmit (text[i]);

main (void) {
USART_Transmit_text (“Ahoj\n\r<);
USART_Transmit_text (“Ahoj“);
USART_Transmit (LF);
USART_Transmit (CR);

s

zadanych formatovacich parametrov. Jednotlivé
znaky retazca sa nasledne vy3lu pomocou funkcie
USART_Transmit_text.

int sprintf(char *str, const char *format, .

17.3.2025

ATmega328P— rezim UART — vysielanie s pouZitim prerusenia (24.7.3)
Vysiela¢ USART ma dva priznakové bity, ktoré charakterizuju jeho stav:
UCSROA.UDREO - USART Data Register Empty (prazdny datovy register). Tento bit je nastaveny na log. 1,

Zapisom novej hodnoty (bajtu) do UDRO sa tento bit nastavi na log. 0.

UCSROA.TXCO - Transmit Complete (vysielanie ukonéené). Tento bit je nastaveny, ked' bol obsah UDRO
presunuty do posuvného registra a UDRO register je prazdny.

Obidva priznaky mdzu byt pouZité na generovanie prerudeni.

Ak je bit UCSROB.UDRIEO nastaveny na log. 1, potom ak je prazdny datovy register (UCSROA.UDREO)

) vykona sa prerudenie 20 (USART Data Register Empty).

Ak je bit UCSROB.TXCIEO nastaveny na log. 1, potom ak je vysielanie ukongené (UCSROA.TXCO) vykond sa

prerudenie 21 (USART Tx Complete).

carriage return

}

ISR USARTO_TX_vect

USART Transmit_Text (buffer);

sprintf (buffer, "%62d.%62d. %02d:%02d:%02d\r\n", t.date, t.month, t.hour, t.minute, t.second);

}
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ISR USARTO_UDRE_vect (void) {

Name:  UCSROB  Bit 6~ TXCIEO: TX Complete Interrupt Enable
Offsat:  OxC1 Bit 5 — UDRIEO: USART Data Register Empty Interrupt Enable
Reset:  0x00
Prope
USART Control and Status Register 0 B
-7 0 . . s 2 . o
[ [ iciea, [, vomen | men | i | vosaw | mmm | o
Acosss AW A A L o w o
st a o v ' . . o
[a [\Voms Joswuore [ usir onegeertnny |
; 2 [Voms [usmm s o
(void) { «——— ‘
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ATmega328P - reZim UART — priklad poutitia Tx.

UART _Txa.c
int main (void) {

char i

wdt_enable (WDTO_25) ;

DDRB |= (1<<DDBS);
USART_Init (UBRR);

//povolenie WDT 2sec
//inicializacia UART

PORTD |= 1<<PORTD2;
EICRA |= 1<<ISCe1;
EIMSK |= 1<<INTe;
sei();

// Enable INT®

USART_Transmit(CR); USART_Transmit(LF);
USART_Transmit (' ,
USART_Transmit (CR); USART_Transmit(LF);

while(1) {
wdt_reset();
USART_Transmit (CR); USART_Transmit (LF);
USART_Transmit ('@'+i); USART_Transmit ('
if (i< 9) ivt;
else i=0;
PORTB |= (1<<PORTBS); USART_Transmit ('S');
_delay_ms (300);
PORTB &= ~(1<<PORTBS); USART_Transmit ('N');
_delay_ms (500);
PORTB [= (1<<PORTBS); USART_Transmit ('S');
_delay_ms (100);
PORTB &= ~(1<<PORTBS5); USART_Transmit ('N');
_delay_ms (700);

i
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UART_Txb.c

//nastavenie vyvodu LED na vystup
// Enable PD2 pull-up resistor
// Trigger INT@ on failing edge

//Enable Global Interrupt

')5 USART_Transmit('Z'); USART_Transmit('M'); USART_Transmit('T');

ATmega328P— reZim UART — priklad vyslania textu.

ISR (INTe_vect) {

unsigned char i =@, 3;
EIMSK &= ~(1<<INT@);  //Dissable INTG
PORTB |= (1<<PORTBS);  //LED_ON
strcpy (buffer, "ASCIT tabulka\n\r");
USART_Transmit_string(buffer);
for (1=0; 1<56; i++) {
wdt_reset();
65 3<d; ja+)
Sprintf (buffer, "%03d @x¥02X %c | ", @x20+i*4+], 0x20+i*4+], @x20+i%a+]);
USART_Transmit_string(buffer);

}
USART_Transmit (LF); USART_Transmit (CR);
if (1==23) {USART_Transmit (LF); USART_Transmit (CR);

}

PORTB &= ~(1<<PORTES) ;
EIFR |= 1<<INTFO;
EIMSK |= 1<<INTO;

//LED_OFF;
//Clear Flag INT@
//Enable INTo

int
//novy riadok
//vysle index
/Ivysle s

//Vysle N

main (void) {

wdt_enable(WDTO_56aMS) ;
DORB |= (1<<DDB5);
PORTD |= 1¢<PORTD2;
EICRA |= 1¢cISCol;
EINSK |= 1¢<INTO;

EIFR |= 1<<INTFO;
sei();
USART_Init

//Enable WDT 6.5sec

//nastavenie vyvodu PORTBS na vystup
//Enable PD2 pull-up resistor
//Trigger INTG on failing edge
//Enable INTO

//Enable Global Interrupt
(UBRR) ; //inicializacia UART
strcpy (buffer, "UART_Txb.c\n\rVygeneruj prerusenie INTO\N\r");
USART_Transmit_string(buffer);

while(1) {
wdt_reset();

}
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