Arhitektura Arduino (ATMega328)




Pre pocetka ...

TED talk Massimo Banzi

https://www.youtube.com/watch?v=UoBUXOOdLXY




Osnovna svojstva

Pin Count 28/32
Flash (Bytes) 32K
SRAM (Bytes) 2K
EEPROM (Bytes) 1K
General Purpose 1/O Lines 23
SPI 2
TWI (12C) 1
USART 1
ADC 10-bit 15kSPS
ADC Channels

8-bit Timer/Counters

16-bit Timer/Counters




Pinovi

(PCINT14/RESET) PC6
(PCINT16/RXD) PDO
(PCINT17/TXD) PD1
(PCINT18/INTO) PD2

(PCINT19/0C2B/INT1) PD3

(PCINT20/XCK/T0) PD4

VCC

GND

(PCINT6/XTAL1/TOSC1) PB6

(PCINT7/XTAL2/TOSC2) PB7
(PCINT21/0COB/T1) PD5 PB4 (MISO/PCINT4)

(PCINT22/0C0A/AINO) PD6 [ | PB3 (MOSI/OC2A/PCINT3)

(PCINT23/AIN1) PD7 [F] 13 PB2 (SS/OC1B/PCINT2)

(PCINTO/CLKO/ICP1) PBO ! 14 PB1 (OC1A/PCINTI)

| PC5 (ADC5/SCL/PCINT13)

|| PC4 (ADC4/SDA/PCINT12)

| PC3 (ADC3/PCINTI 1)

| PC2 (ADC2/PCINT10)

| PC1 (ADC1/PCINTY)

[ PCO (ADCO/PCINTS)

| EONIY

AREF P
AVCC & oo
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PBS (SCKJ"PCINTS) . Crystal/Osc
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Blok dijagram
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Arhitektura

Watchdog
Timer
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Napajanje I takt

neser
Oscillator RESET

Oscillator
Circuits /
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y
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Memorije

debugWIRE

L]
POR /BOD & e

Oscillator RESET LOGIC

Harvard arhitektura Oscillator
Flash — programska memorija Cos
. eneeation
SRAM — memorija podataka:
privremene promenljive, stek,
2K

EEPROM — memorija za _
konstante, look-up tabele i sl. —
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8bit T/C 2 Comg. “ Bandgap
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RESET

XTAL[1..2]




Citanje i upis u SRAM

Clkepy

Address Compute Address

Data {

/

Memory Access Instruction Next Instruction




Watchdog
Timer

debugWIRE

Supervision
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Blok dijagram arhitekture

Data Bus 8-bit
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Zahvat instrukcija | dekodovanje

Data Bus 8-bit

<

Flash
Program
Memory
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Counter
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Status

and Control

A

Instruction
Decoder

l

Control Lines

Addressing
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Unit
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N
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Zahvat instrukcija | dekodovanje

Clkepy
1st Instruction Fetch —<

1st Instruction Execute
2nd Instruction Fetch
2nd Instruction Execute
3rd Instruction Fetch
3rd Instruction Execute
4th Instruction Fetch




Data Bus 8-bit

Flash
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Status
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ALJ operacije - izvrsavaju se u jednom taktu

Cclkepy

Total Execution Time —<

Register Operands Fetch —<_ >
ALU Operation Execute ——___ >

Result Write Back




AVR reqister file

« 32 8-bitna registra opste
namene (RO - R31)

. Nalaze se u SRAM

« Od toga 6 se koriste za
Indirektno adresiranje
(X,Y, Z2)

X-register Low Byte
X-register High Byte
Y-register Low Byte
Y-register High Byte
Z-register Low Byte
Z-register High Byte




Register file
R31 (ZH) R30 (ZL)
R29 (YH) R28 (YL)
R27 (XH) R28 (XL)

Program
counter

Flash program
memory

l

Instruction
register

Instruction
decode

Stack
pointer

Status
register




Skup instrukcija — AL operacije

Mnemonics

Operands

Description

Operation

Flags

#Clocks

ARITHMETIC AND LOGIC INSTRUCTIONS

ADD

Rd, Rr

Add two Registers

Rd « Rd + Rr

ZCNVH

ADC

Rd, Rr

Add with Carry two Registers

Rd« Rd+Rr+C

ZCNVH

ADIW

Rdl.K

Add Immediate to Word

Rdh:Rdl « Rdh:Rdl + K

ZCNVS

SuB

Rd, Rr

Subtract two Registers

Rd « Rd - Rr

ZCNVH

SUBI

Rd, K

Subtract Constant from Register

Rd « Rd-K

ZCNVH

SBC

Rd, Rr

Subtract with Carry two Reqgisters

Rd « Rd-Rr-C

ZCNNVH

SBCI

Rd, K

Subtract with Carry Constant from Reg.

Rd « Rd-K-C

ZCNVH

SBIW

Rdl K

Subtract Immediate from Word

Rdh:Rdl « Rdh:Rdl - K

ZCNVS

AND

Rd, Rr

Logical AND Registers

Rd « Rd = Rr

ZNNV

ANDI

Rd, K

Logical AND Register and Constant

Rd « Rd = K

ZNN

OR

Rd, Rr

Logical OR Registers

Rd « Rd v Rr

ZNV

ORI

Rd, K

Logical OR Register and Constant

Rd « Rd v K

ZNNV

EOR

Rd, Rr

Exclusive OR Registers

Rd « Rd & Rr

ZNV

COM

Rd

One's Complement

Rd « OxFF - Rd

ZONV

NEG

Rd

Two's Complement

Rd « 0x00 - Rd

ZCNVH

SBR

Set Bit(s) in Register

Rd « Rdv K

ZNNV

CBR

Clear Bit(s) in Register

Rd « Rd » (0xFF -

ZNV

INC

Increment

Rd « Rd + 1

ZNNV

DEC

Decrement

Rd « Rd -1

ZNV

TST

Test for Zero or Minus

Rd « Rd « Rd

ZNV

CLR

Clear Register

Rd « Rd® Rd

ZNNV

SER

Set Register

Rd « OxFF

Mone

MUL

Multiply Unsigned

R1:R0« Rd x Rr

ZC

MULS

Multiply Signed

R1:RD + Rd x Rr

ZC

MULSU

Multiply Signed with Unsigned

R1:R0 + Rd x Rr

ZC

FMUL

Fractional Multiply Unsigned

R1:R0 « (Rd x Rr) == 1

ZC

FMULS

Fractional Multiply Signed

R1:R0 +« (Rd x Rr) =<1

ZC

FMULSU

Fractional Multiply Signed with Unsigned

R1:R0 « (Rd x Rr) << 1

zZc

il |lalalalalalalalalalalalalalalmialalalalm|la]|=




Skup instrukcija - grananja

BRANCH INSTRUCTIONS

RJMP

k

Relative Jurmp

PC«—PC+k +1

MNone

lIMP

Indirect Jump to (Z)

PC+ 2

Mone

JMP

Direct Jump

PC«k

MNone

RCALL

Relative Subroutine Call

PC+— PC+k+1

MNone

ICALL

Indirect Call to (Z)

PC+ 2

MNone

CALL!™

Direct Subrouting Call

PC+ k

Mone

RET

Subroutine Return

PC « STACK

MNone

RETI

Interrupt Return

PC « STACK

CPSE

Compare, Skip if Equal

if(RA=RrPC«PC+20r3

MNone

CP

Compare

Rd - Rr

Z, NV.CH

CPC

Compare with Carry

Rd-Rr=-C

Z NV.CH

CPI

Compare Register with Immediate

Rd-K

Z, NV.CH

_L
_n-s—-g-h-h-hmwmmm

SBRC

Skip if Bit in Register Cleared

if (Rrfb)=0)PC«PC+20r3

Mane

5

SBRS

Skip if Bit in Register is Set

if (Rr(b)=1)PC« PC+20r3

Mone

5

SBIC

v
o

Skip if Bit in V'O Register Cleared

if (P(b)=0)PC« PC+2o0r3

MNone

5

SBIS

o
o

Skip if Bit in 'O Register is Set

if (P(b)=1)PC« PC+20r3

Nane

5

BRBS

[
=

Branch if Status Flag Set

if (SREG(s) = 1) then PC+-PC+k + 1

MNone

S

ERBC

i
-~

Branch if Status Flag Cleared

if (SREG(s) = 0) then PC+PC+k + 1

Nane

B

BREQ

=

Branch if Equal

f(Z=1)thenPC+ PC+k+1

MNone

B

BRNE

Branch if Not Equal

ifiZ=0)thenPC« PC+k+1

Nane

S

BRCS

Branch if Carry Set

if(C=1)thenPC+ PC+k+1

Mane

S

BRCC

Branch if Carry Cleared

if(C=0)then PC+ PC+k+1

MNone

S

BRSH

Branch if Same or Higher

if(C=0)thenPC+ PC+k+1

MNone

B

BRLO

Branch if Lower

if(C=1)thenPC+ PC+k+1

MNane

S

BRMI

Branch if Minus

if(N=1)then PC+ PC+k+1

Mone

s

BRPL

Branch if Plus

if(N=0)thenPC + PC+k+1

MNone

B

BRGE

Branch if Greater or Equal, Signed

f(N@V=0)then PC« PC+k+1

MNane

B

BRLT

Branch if Less Than Zero, Signed

f(N®&V=1)then PC« PC+k+1

Mone

S

BRHS

Branch if Half Carry Flag Set

if(H=1)thenPC+ PC+k+1

Mane

S

BRHC

Branch if Half Carry Flag Cleared

if(H=0)then PC+ PC+k+1

MNone

S

BRTS

Branch if T Flag Set

if(T=1)thenPC« PC+Kk +1

Nane

S

BRTC

Branch if T Flag Cleared

if(T=0)thenPC « PC+k+1

MNane

S

BRVS

Branch if Overflow Flag is Set

if(V=1thenPC+ PC+k+1

MNone

s

BRVC

Branch if Overflow Flag is Cleared

if(V=0)thenPC+PC +k+1

MNone

B

BRIE

Branch if Interrupt Enabled

if(I=1)thenPC+ PC+k+1

MNane

B

BRID

El E E el El E ol ol El Eal Eol ol Eal E o

Branch if Interrupt Disabled

if{I=0)thenPC« PC+k+1

MNone

S




Skup instrukcija — prenos podataka

DATA TRANSFER INSTRUCTIONS

MOV Rd, Rr
MOVW Rd, Rr

Move Between Registers
Copy Register Word

Rd « Rr
Rd+1:Rd « Rr+1:Rr

LDI Rd, K

Load Immediate

Rd « K

LD Rd, X

Load Indirect

Rd « (X)

LD Rd, X+

Load Indirect and Post-Inc.

R « (X), X e X +1

LD Rd, - X

Load Indirect and Pre-Dec.

X X -1, Rd « (X)

LD Rd, ¥

Load Indirect

Rd « (Y)

LD Rd, Y+

Load Indirect and Post-Inc.

Rd e (Y), ¥ ¥ + 1

LD Rd, - Y

Load Indirect and Pre-Dec.

Y+ ¥ -1, Rd« (Y)

Rd,Y+q

Load Indirect with Displacement

Rd « (Y +q)

LD Rd, Z

Load Indirect

Rd « (Z)

LD Rd, Z+

Load Indirect and Post-Inc.

Rd « (Z), Z « Z+1

LD Rd, -Z

Load Indirect and Pre-Dec.

ZeZ-1.Rde(2)

Rd, Z+q

Load Indirect with Displacement

Rd « (£+q)

Rd, k

Load Direct from SRAM

Rd « (k)

X, Rr

Store Indirect

(X) « Rr

X+, Rr

Store Indirect and Post-Inc.

(%) & Rr, X « X + 1

=X Rr

Store Indirect and Pre-Dec.

K= X=-1,(X)« Rr

Y, Rr

Store Indirect

(Y) « Rr

Y+, Rr

Store Indirect and Post-Inc.

(Y)e=Rr,Y « Y +1

-Y, Rr

Store Indirect and Pre-Dec.

Y e Y-1,(Y)« Rr

Y+q,Rr

Store Indirect with Displacement

(¥ +qg)« Rr

Z, Rr

Store Indirect

(Z) « Rr

Z+ Rr

Store Indirect and Post-Inc.

(Z) e R.Ze Z+1

-Z,Rr

Store Indirect and Pre-Dec.

ZeZ-11Z)« Rr

Z+q,Rr

Store Indirect with Displacement

(Z+q)«Rr

k, Rr

Store Direct to SRAM

(k) « Rr

Load Program Memory

RO « (2)

Rd, Z

Load Program Mernory

R « (Z)

Rd, Z+

Load Program Memory and Post-Inc

Rd « (Z), Z « Z+1

L3 (L0 |Ld R RS (B3 |Rd [RS[RS RS RS RS [RS [RS RS (RS | B3 (B[RS | RS R | B3 [RS [RS (RS (RS RS | = (= =

Store Program Memory

(Z) « R1:RO

Rd, P

In Port

Rd « P

P, Rr

QOut Port

P« Rr

Rr

Push Register on Stack

STACK + Rr

Rd

Pop Register from Stack

Rd « STACK




Skup instrukcija — bit | test instrukcije

Mnemonics

Operands

Description

Operation

Flags

#Clocks

BIT AND BIT-TEST INSTRUCTIONS

SBI

P.b

Set Bit in /O Register

WO(P,b) « 1

MNone

CBI

P.b

Clear Bit in I/0 Register

WO({P,b) « 0

MNone

LSL

Rd

Logical Shift Left

Rd(n+1) « Rd(n), Rd(0) « 0

ZCNV

LSR

Rd

Logical Shift Right

Rd(n) « Rd{n+1), Rd(7) « 0

ZCNV

ROL

Rd

Rotate Left Through Carry

Rd(0)«C,Rd(n+1)+ Rd(n),C«Rd(7)

ZC NV

Rd

Rotate Right Through Carry

Rd(7)«C,Rd(n)« Rd(n+1),C«Rd(0)

ZCNV

Rd

Arithmetic Shift Right

Rd(n) « Rd({n+1), n=0..8

ZC NNV

Rd

Swap Nibbles

Rd(3...0)«Rd(7...4) Rd(7...4)+« Rd(3..0)

MNone

5

Flag Set

SREG(s) « 1

SREG(s)

5

Flag Clear

SREG(s)« 0

SREG(s)

Bit Store from Registerto T

T « Rrib)

T

Bit Inad from T to Register

Rdib) « T

=
=]
3
1]

Set Carry

Ce1

Clear Carry

C+«0

Set Negative Flag

N« 1

Clear Negative Flag

N+«—0

Set Zero Flag

21

Clear Zero Flag

Ze0

Global Interrupt Enable

|1

Global Interrupt Disable

|0

Set Signed Test Flag

S5+1

Clear Signed Test Flag

S« 0

Set Twos Complement Overflow.

Vo 1

Clear Twos Complement Overflow

Va0

Set Tin SREG

Te1

Clear T in SREG

T« 0

Set Half Carry Flag in SREG

He1

Clear Half Carry Flag in SREG

IT|T|Hd|H[(< (< ||| T|T|IN|INIZ|Z|0|0

alalalalalalala|lalalalalalalalalalalalalalalalalalalm|m




U/l | specijalne funkcije

Data Bus 8-bit

<

Flash
Program
Memory

Program
Counter

Status
and Control

Instruction
Reaqister

3

Instruction
Decoder

i

Control Lines

Direct Addressing

Indirect Addressing

32x8
General
Purpose
Registrers

N

EEPROM

/O Lines

Interrupt
Unit

SPI
Unit

Watchdog
Timer

Analog
Comparator

110 Module

1/O Module 2

1/0 Module n




Tajmeri/brojaci

« 3 tajmera

o Vrlo fleksibilni: izbor
takta, naCina preteka,
generisanja prekida,
PWM signala itd.

« Bice posebno
predavanje o tome

Watchdog

Timer

Watchdog

Supervision
POR/BQOD &
RESET

debugWIRE

v

FROGRAM
LOGIC

Oscillator
v

Oscillator
Circuits /

DATABUS

Clock
Generation

EEPROM

A J

8bit T/C 0

8bit T/C 2

.

L 4

w

L 4
r¢\

A J
"l'¢"|

v \
¢"l|"

PORT D (8}

PORTB (8)

PORT C (7)

I

PC0..6]

ADCE..T]

RESET

KTAL[1 5]




Portovi

3 porta (B, C 1 D)
Preko njih ide
povezivanje
Programabilni
Neki pinovi su

specijalni

Watchdog
Timer

. Power

7
Watchdog
Oscillator

Supervision

i RESET

POR /BOD &

debugWIRE

L ]

FROGRAM
LOGIC

Oscillator
Circuits /

DATABUS

Clock
Generation

EEPROM

o

3

i

!

T

v

8bit T/C O

16bit T/C 1

2

el

A

— )

A

8bit T/C 2

Analog
Comp.

Internal 6
Bandgap

PORT C (7)

|

e g gy g g g g g

PCI0..6] ADC[B..7]

RESET

KTAL[1..2]




U/l Portovi

o Svaki port je kontrolisan sa 3 8-bitna
registra

« DDRX — definise smer tj. da 11 je pin
ulazni il 1zlazni

« PINX — ulazna vrednost na pinu
« PORTX — 1zlazna vrednost na pin




Struktura digitalnin U/I

A

< -

T

PULLUP DISABLE
SLEEP CONTROL
I'O CLOCK

WRITE DDRx

READ DDRx

WRITE PORTx

READ PORTx REGISTER

READ PORTx PIN
WRITE PINx REGISTER

DATA BUS




Ulazni pin

A

1<

—
A

PUD: PULLUP DISABLE
SLEEP:  SLEEP CONTROL

DATA BUS

_|

clk,g I/O CLOCK

WRITE DDRx

READ DDRx

WRITE PORTx

READ PORTx REGISTER
READ PORTx PIN
WRITE PINx REGISTER



|zlazni pin

A

<

DATA BUS

Ll

WRITE DDRx

PULLUP DISABLE : READ DDRx

SLEEP CONTROL : WRITE PORTx

VO CLOCK : READ PORTx REGISTER
READ PORTx PIN
WRITE PINx REGISTER




Ulazni pull-up

« PORTXi =0
bez Pull-up-a
« PORTXxi =1
sa Pull-up-om

_I

WRITE DDRx
PULLUP DISABLE : READ DDRx
SLEEP GONTROL : WRITE PORTx
YO CLOCK : READ PORTx REGISTER
READ PORTx PIN
WRITE PINx REGISTER

DATA BUS




Alternativne funkcije pinova

PUOExn

,I_‘— PUOVxn
:'-.11

DDOExn

DDOVsn

PVOExn

PVOVxn

PTOExn

DATA BUS

DIEOExn

DIEQVxn

SLEEP

2>

PUOExn: Pxn PULL-UP OVERRIDE ENABLE z PULLUP DISABLE

PUOVxn:  Pxn PULL-UP OVERRIDE VALUE : WRITE DDRx

DDOExn:  Pxn DATA DIRECTION OVERRIDE ENABLE : READ DDRx

DDOVsn:  Pxn DATA DIRECTION OVERRIDE VALUE : READ PORTx REGISTER

PVOExn: Pxn PORT VALUE OVERRIDE ENABLE : WRITE PORTx

PVOVxn:  Pxn PORT VALUE OVERRIDE VALUE : READ PORTx PIN

DIECExn: Pxn DIGITAL INPUT-ENABLE OVERRIDE ENABLE : WRITE PINx

DIECYxn:  Pxn DIGITAL INPUT-ENABLE OVERRIDE VALUE : VO CLOCK

SLEEP:  SLEEP CONTROL 4 DIGITAL INPUT PIN n O PORTx

PTOExn: Pxn, PORT TOGGLE OVERRIDE ENABLE ANALOG INPUT/OUTPUT PIN n ON PORTx




Zastita U/l




Serijski protokoli

« USART — univerzalni
asinhroni serijski protokol

« SPI — serial peripheral
Interface

« TWI —two wire interface,
slicno 12C

« Bice posebno predavanje

Watchdog
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debugWIRE
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LOGIC
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L]

8bit T/C 0

16bit T/C 1

E—

8hit T/IC 2
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Comp.

Internal
Bandgap

L)

‘I"¢‘!

Ty

PORTB (8)

PORT C (7)

RESET

KTAL[1..2]

PC[0..6] ADC[B..7]




Analogni deo

Watchdog
Timer

debugWIRE
Supervision ¥
POR/BEOD &

Watchdog FROGRAM
Oscillator RESET LOGIC

. 6 analognih ulaza (A0-A5) —

Circuits /

. 10-bitna A/D konverzija Gentton
« PWM izlazi

EEPROM

3

l

8bit T/C O 16bit TIC 1

— A

8bit T/C 2

[nternal
Bandgap

DATABUS

A

Y h
Y ¢ b ) ¢ h

PORT D (8) PORTB (8) PORT C (7)

RESET

e g’y g g A

KTAL1..2]

PC0..6] ADC[B..7]




Fulse Width Modulation
0% Duty Cycle - analogWrite(0)

25% Duty Cycle - analogWrite(64)

Innn

50% Duty Cycle - analogWrite(127)

LML

75% Duty Cycle - analogWrite(191)

Inipmipmipl

100% Duty Cycle - analogWrite(255)
| 1 | |




Blok Sema A/D konvertora

ADC COMVERSION
COMPLETE IRQ

« 10-bitna A/D konverzija
« 13-260 us N ? .

ADC MULTIPLEXER ) ADC DATA REGISTER
SELECT (ADMUX) (ADCH/ADCL)

« Koristi SAR (eng. T8 ..
successive approximation) [socaecocn] )
princip rada —
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A/D konverzija
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Vezbe — problem poskakivanja tastera (bouncing)




Vezbe - bouncing

I (A

Released Pressed Released

to tN

M Pos: 13.60,us TRIGGER

Type

Source
CH1

Slope

Rising

4 Mode

Ato

AN P e al

Coupling
CH1 1.00% CH1 7242y
<10Hz




Vezbe - debouncing

Problem poskakivanja se moze resiti (eng. debouncing) hardverskim ili
softverskim tehnikama.

Softverska tehnika za resavanje problema poskakivanja kontakata se svodi
na tehniku "sacekaj i vidi". Dakle, nakon detekcije tranzicije (taster
pritisnut) ocitavanjem pina na koji je povezan taster/prekidac potrebno je
generisati odgovarajuce kasnjenje, obicno reda 10 ms, i potom proveriti
da li je ocitano stanje isto Sto je znak da se bouncing zavrSio i mozemo
re¢i da se pritisak desio. U suprotnom prec¢i na pocCetak i na Cekanje
pritiska.




Vezbe - ,softversko diferenciranje”

O

Input Signal

=

if (taster && dozvola)
{

dozvola = 0;
// radi nesto korisno

}

1f (!taster) dozvola = 1;




Vezbe — Citanje tastera

byte ocitaj taster()
{
int tmp = analogRead(0); //stanje tastera se ocitava preko
//analognog ulaza 0

if (tmp > 635 && tmp < 645) //SELECT
return 1;

if (tmp > 405 && tmp < 415) //LEFT 1 :52: 2
return 2; FIGHI L J

if (tmp > 95 && tmp < 105) //UP SW5X6
return 3;

if (tmp > 252 && tmp < 262) //DOWN 1 i 2
return 4; IL_g g__g

if (tmp < 5) //RIGHT SW3Xs
return 5;

DOWN Ii_i_%

return 0; //nije pritisnut nijedan od tastera S
SW5X6

Vin =I(R1 + Ry)

..

SW5X6 R6

IK

T

SELECT Il_i_?ﬁ

SW5X6
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#include <avr/io.h>
#include <util/delay.h>

int main(void)

{
DDRD = 0Oxff; //port D -> izlaz
DDRB |= 1 << 4; //PB4 -> izlaz

PORTB &= ~(1 << 4); //PB4 = 0, cime se ukljucuje tranzistor QO

while (1)

{
PORTD = Oxaa; //ukljucuju se LED na pozicijama 6, 4, 2 i 0
_delay ms(1000);//pauza 1s
PORTD = 0x55; //ukljucuju se LED na pozicijama 7, 5, 3 i 1
~delay ms(1000);//pauza 1s

}

return 0;
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#include <avr/io.h>
#include <util/delay.h>

const unsigned char simboli[] = {

Ix0c, Oxad, 0x27, O0xcid

}; //look-up tabela sa simbolima za ispis na displej (A,b,C,d)

int main(void)

{
unsigned char displej;
DDRD = Oxff; //port D -> izlaz
DDRB = 0x0f; //PB3 - PBO -> izlazi
while (1)
{

for (displej = 1; displej <= 4; displej++)

{
PORTB ~(0x01 << (4=disple]));

PORTD = simboli[displej-11;
_delay ms(2);
}
}

return O ;

//ukljucuje se tranzistor
//na odgovarajuco] poziciji
//ispis simbola iz tabele
//pauza 2ms




HVALA NA PAZNJI




