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1. Visdo Geral: Microprocessadores vs. Microcontroladores
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Visao Geral: Microprocessadores vs. Microcontroladores

o ¥ o

Microprocessador (MPU) Microcontrolador (MCU)
MPU é apenas a CPU e MCU é um sistema
requer componentes computacional completo

externos (memdria, I/0) integrado em um Unico chip
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Visao Geral: Microprocessadores vs. Microcontroladores

Componentes Internos do MCU

Memoria Flash
(Firmware)

SRAM
(Variaveis
Meméria Flash temporarias)

(Firmware)

<«—— Periféricos
S‘I' S;nporizadores,
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Visao Geral: Microprocessadores vs. Microcontroladores

Capacidade de Memoéria
?g KB de I)‘Iash
rograma
32 kB si::n
Flash 2 KB de SRAM
(Programa) (Dados) (Dados)
1 KB de EEPROM
(Armazenamento
nao volatil)
— ! Tenséo e Clock
1.8Vas55V
1kB ;’ x 16 Operaentre 18Ve55V
EEPROM Tensdo de (pad_rtz?lo 5d thobu?'?) com
. g = m ritrro de trabalho ditado
(Dados nao volateis) | Operaqao : "W‘ gor um cristal de 16 MHz
( Arquitetura Harvard: barramentos separados ( Capacidade de Meméria: 32 kB Flash,
para instrucdes e dados, maior velocidade. 2 kB SRAM, 1 kB EEPROM
@ Arquitetura RISC Avancada: 131 instrucdes, @ Tensio de Operagdo: 1,8Va5,5V
maioria executada em 1 ciclo de clock. (na placa Arduino: 5 V via USB ou 5

7V a 12V via conector jack)



2. O "Cérebro" do Uno: O ATmega328P
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Arquiteturas: Von Newmann x Harvard

a4
Unidade de
Controle

<

Ban_'amento
Unico

s

ALU
(Execucdo)

\

(Instrucdes + Dados)

=]

a

a
MEMORIA | MEMORIA \

DE INSTRUGOES DE DADOS
Barramento Unidade de Barramento
=} de Instrucdes Controle de Dados =]
= - o=
=) ALU -]
(Programa) (Execugéo) (Variaveis)
b Y A
Periféricos

MEMORIA UNICA \
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Arquiteturas: Von Newmann x Harvard
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TRACED[0:3] TP Trace
G = Ves
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(2] (2 (1 1) (1)
1 v
Flash XRAM EEPROM"
XTALA1 EUART| | 2AM, 64K X8 | |1roans Keyboard x
e XTALA2 =
interface c51
NRST CORE 1B-bu
VW"-I _[oscaz_m cPU “
vasa| oscszouT ALE/PROG
w5 [ Peei <
EA Parallel /0 Ports & Regul
PA[15:0] GPIOA e 4 Channels <2 2K s
RD = SPI 2K x 8 POR / PFO
PB[15:0) GPIOB M3 4 Channels WR (2 e
ReU Smac ¥ TIM4 4 Channeis A AAA
PD{15:0). erioD K> H
e GP:OE ¥ ¢ UsarT2 O SmanCartos AF @@ (@)@ m|iyajo) AT89C51RD2/ED2
| i T S R - G 1
: . y BF gp & & F E z 2 2383
dctames '3 g spi2 MOSLMISO.SCK NSS 4 E
ETR and BKIN ; 12¢1 SCLSDASMBA e
as
P g & =y oL 80N (1): Alternate function of Port 1
RXTX, CTS, RTS, SSAR (2): Alternate function of Port 3
SmartCard as AF < ,'__‘.|>1 bxCAN USBDP/CAN_TX
USBDMCAN_RX
o <:::>| USB20FS
120it ADC1 | 1F [< ="
Veges —
V:E:p 120it ADC2| IF [<—>]
) < wwee ]

Temp sensor |« STM32F103xx




Arquiteturas: Von Newmann x Harvard

Barramento

Desempenho
Complexidade
Custo

Uso Tipico

|\‘.* :

Comparacao Rapida

Harvard
Duas memodrias separadas
Dois barramentos (instr. e dados)
Alto (busca e acesso simultaneos)
Maior

Maior

MCUs, DSPs, sistemas embarcados,
loT, controle em tempo real
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Harvard von Neumann

Instrugdes Dados Meména ~ Memdria Unica
—— \ \
‘{ )

CPU

Dois mi hos Um caminho
acesso simultineo acesso sequencial

von Neumann
Uma meméria unica
Um barramento compartilhado
Menor (gargalo de acesso)
Menor
Menor

PCs, sistemas gerais, aplicagdes
de propésito geral

—
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Arquiteturas: Von Newmann x Harvard

Harvard von Neumann

Instrugdes Dados :Sri_a-Umca
e — \; - \ —

CPU . — f
Y | =
] P R— CPU
Dois caminhos Um caminho
acesso simultineo acesso sequencial

Harvard von Neumann
Sistemas embarcados, microcontroladores Computadores pessoais, servidores,
(Arduino, PIC, ESP32), DSPs, aplicagoes sistemas operacionais e aplicacoes

em tempo real e loT. de uso geral.




3. Anatomia do Arduino Uno (Pinagem)
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Arduino Uno

Sao Paulo

€ CRISTAL 16 MHz

Gera o sinal de clock que

e & sincroniza o funcionamento e ICSP (Programacio)
@ CONECTOR USB (interface de Gravagio) D e

Conector de 6 pinos usado

Utilizado para transferir o & 0o ¢ ( para programar diretamente
programa (sketch) do J gm0 e s aw oy o microcontrolador e para
computador para o gl Gve miEERUEe S : ’ o comunicagao SPI.

DIGITAL (PWM-~) !

microcontrolador e também S
1¢ N

para alimentacao (5 V). - Rl o
K J 2 TX oW

i xwa: ARDUINO

@ CONECTOR DE ALIMENTAGAO

Permite alimentar a placa
com 7-12 V (recomendado)
ou fornecer 5 V diretamente.

@) CONTROLADOR (ATmega328P)

E o “cérebro” da placa. Executa o programa

Resumo de Conexoes Principais

usB -+ Alimentacao (5V) e Comunicagao (Gravagao) e processa os dados.
Jack DC - Alimentagéo (7-12V)

Pinos Digitais 0-13 -+ PORTD (0-7) e PORTB (8-13)

Pinos Analégicos A0O-AS —+ PORTC - Conversor AD (10 bits)

ICSP — Programacao e comunicacao SPI

13

\_ Cristal 16 MHz -+ Clock do sistema )
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Pinagem do ATmega328P

Arduino Uno e N
TECHNICAL INFOGRAPHIC | 45° R E"’"F 1 (PC5 ) (A5 )
T C_ 0 ) (PDO) CE M (PC4 ) (A4 )
st | T C1 D (CPDlD) cE e (PC3) (A3 D)
i TTES | (e C 2 O (PD2) g 2 (PC2 ) (A2 )
z e 3 (o3 cf 2 (Cpc) CALD
< 4 PD4 ) &0 (_PCO ) (A0 D
et P C D C .
SPAS
Rac é;%n
. e : & (PB5) (13 )
__~.'o&\ (5 ) (PD5) CH 0 (PB4 ) (12 )
< Z s B Ce6 ) (PD6) fE ¥ (Pe3) (11
Prs o PO (7 O (PD7) E g (CPB2) (10 )
\& > T Cre off % D (o
&
SO 5
DC Power Jack v, s AVR Port B Pins
PCB MATERIAL: AVR Port C Pins
SLAVER FR4 GLASS-EPOKY (1) AVR Port D Pins
SR PO @ R (__n_) Arduino Uno Digital Pins
m:mommnmxss[wms“m Arduino Uno Analog Pins 14
A A (Various colors)

0 1 2 3 &



4. Estrutura de um Programa (Sketch)
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Estrutura do Programa
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Estrutura do Software (0 Sketch)
e Fluxo de Desenvolvimento (IDE)

ai»«w- v

\ ' o -
CIomecoovesrres, & T

.2 OGN

C
s-.

#*E8  ARDUINO

void setup() {
Blaco executado uma unica vez
para configuracoes iniciais
(GPI0 entrada/saida)

Gravacao (Upload)
Transferéncia do arquivo binario

compilado para a memdria Flash
do ATmega328P via cabo USB

void loop() {
Laco infinito que executa a
I6gica principal do sistema de
forma ininterrupta logo apos o
término do setup

g
RFOoOWOoOONOOTULIRARWNE

-

Escrita e Compiia¢ao

121} 0 cddigo é escrito em C/C++ 0 Ecossistema Arduino

e a compliagdo (Verify) o "Arduino” é a unido de Hardware,
traduz para linguagem de Software e Comunidade, mas o foco
maquina (.hax), verificando profissional deve ser o dominio do
erros de sintaxe Microcontrolador por tras da placa

16
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Fluxo de Desenvolvimento de Firmware

1. ESCRITA // Cédigo .ino
Escrevemos o cédigo et )

IDE em li {
e Ty pinMode (13, OUTPUT) ;

baseada em C/C++. j 1 : 00C2461000C9473000C9473000C2473005¢ =
, = pinMode(12, OUTPUT); : 0000C2473000C3473000C2473000C34730094
-~ pinMode( 8, INPUT); 3 0000C9473000C9473000C9473000C34730084
2, COMPILACAO NER'FY) ‘ ! ! 4 000C2473000€9473000C3473000€247300
} 5 0000C9458010C9473000C2473000C247300
5 pe . 6 50000C9473000C9473000C2473000C2473005 4
O cédigo ¢ traduzido para ; 1000C3473000C8473000A ARSI ENN :
l em de méquina (hex) void loop() 0002900000000 26| :100150001F91095DE2BIOCFCFo DES30EORC0
nguag maquina {. ggﬁiggj:gg:‘; 217 00E656FF4F24918A579F4FFC018421882
e verificado para erros de sintaxe. { i 004080010204 28 00D1£090£0880F991FECOIEESSFF4FASY
¢ o — 12 000B0000008000201 29 0B491FCO1E458FF4FC591D49161110ECOE
if( digitalRead(8) == 1) | 0000000112415 0 009FB7F8948CI1E22FE0958E238C3285
LS ¢ { 5 00AOEOB1EQ01 2L 0E223E8539FEFDFI1CFS108258FETFB40
0042010094360 00EC91E22BECI38FBFF6CE3FBTEB24802
digitalWrite(12, HIGH); 0008130995082 100 00050190910601A0910701B0910801268562
00c9F08430B1 O 0A89B05C02] 1003000090910601A0910701B09108010156A11DE!
digitalWrite(13, LOW); 00800087780 34 A89B0SC0ZE 000B11D8093050190930601A03307018023
r ) 00089584B58F 7° 00BA2FA92F9¢ 20000801BF91AF919F918F913F912F210F 90"
3 GRAVACAO (UH.OAD) delay(Saa) 3 100B000089580 3© 000811D911D47 ¢ 30000FBEOF301F90189526E8230F0296A11D5F
3 R, . 00DF93282F30 7 00D1F708958F 53 00B11DD2CF789484B5826084BD84B581605C
digitalWrite(12, LOW); 000E656EP4FDA 38 000EFS2FF920E 500084B08525826085808555816085808091
00A9F0162F81 37 00DD24D394E] 60006E00816080936E0010928100802918100

008A099BOI6E 700082608093810080918100816080938100
8000C21AD108E]
000A11CBl1CCI

OOOEF90DF90CE 59

O arquivo compilado é enviado | digitalWrite(13, HIGH); [l 'ocicoomsrolczrotfil
a memodria Flash do ATmega328P | — delay(508); o
via cabo USB. } -

:10038000809180008160809380008091B1008460C7
J0390008093B1008091B00081608093B000809123
007A00846080937A0080917A0082608093
07A0080917A00816080337A0080917A00
000806880937A001092C10061E08DEOOES4
)00CCO061E08CEOOEI4CCO060E0BBEOOESS
00CCO0C6EBDOEN02EALOEOIEEBEIZEIOED
000F92E20E0C22E20E0D22EFE018491F801D%
0000A490F701B490BB2041F181110E247500
000EB2DFOEOEEOFFF1FE85SFF4FA591B4 %1
1008C91A822D1F061E08CE00ES49E0060ED
J008CI1AB22D1F061E0BCEOOEZ49E0060ED
J00BDEOOES49E000ES4220160E08CEOOES4
0009E0061E0BDEOOE249E000E242201C114
000D10499F20E340000DOCF60EOBCEOOE S
460009E0060E0BDEOOES49E00F1CFF824FFCFE T
000001FF

else

{ 18
digitalWrite(12, LOW); )
digitalWrite(13, LOW);

000301B09104
0058F50196A1
700090930201A¢

I/



5. Software de Desenvolvimento (IDE)
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Software de Desenvolvimento (IDE)

B ket 2 fuino 1 [ X |
- ARDUINO

Arquivo Editar Sketch Ferramentas Ajuda

Blink | Arduino IDE 2.0.0-beta.2

Arduino Nano 33 BLE at /dev/... v
Blink.ino .
void secup() | A 19

// put your setup code here, TO run once:

sketch_oct23a

op () { 26 void setup() {

27 ) alize dig p D
28 pinMode (LED_BUILTIN, OUTPUT);
29 Serial.begin(9600);

} 3}

your main code here, to run repeatedly:

33 void loop() {

34 digitalWrite(LED_BUILTIN, HIGH); [ el f { a evel

35 delay(1000); 2 f ) S€ j -
36 digitalWrite(LED_BUILTIN, LOW); urr e LEI Yy K

37 delay(1000); v

38 Serial.println("LED is blinking");

1}

Output  Serial Monitor x ¥y O
New Line v 9600 baud -

LED is blinking
LED is blinking

Arduino/Genuino Uno em COM:

UTF-8 @ Arduino Nano 33 BLE on /dev/cu.usbmodem143201 A4 O
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Framework x Bare metal (C ¢ Asm)

// Coédigo .ino

void setup()

{
pinMode (13, OUTPUT);
pinMode(12, OUTPUT);
pinMode( 8, INPUT);
}
void loop()
{
if( digitalRead(8) =
{
digitalWrite(12, HIGH);
digitalWrite(13, LOW);
delay(500) ;
digitalWrite(12, LOW);
digitalWrite(13, HIGH);
delay(500) ;
}
else
{
digitalWrite(12, LOW);
digitalWrite(13, LOW);
}
}

// Coédigo .c

#define F_CPU 16000000L
#include <avr/io.h>
#include <util/delay.h>
int main(void)

{
DDRB = ©b060110000 ;
PORTB = 0
while (1)
{
if( PINB & (1<<8))
{
PORTB |= (1<<4);
PORTB &= ~(1<<5);
_delay_ms(500);
PORTB A= (1<<4 | 1<<5);
_delay_ms(5600) ;
}
else
{
PORTB &= ~(1<<4);
PORTB &= ~(1<<5);
}
}
}

; Codigo .asm

onm

B8 INSTITUTO FEDERAL

BB DE EDUCAGAO, CIENCIA E TECNOLOGIA
BE  s3oPaulo

; Inclusao das definigoes de pinos fornecidas pelo fabricante

.include "m328pdef.inc"

; Programa alocado no enderago @ da meméria de cédigo.

.ORG B@X0000

; PB5, PB4: out; PBO: in;

LDI R16,0x30
ouT DDRB, R16

DESLIGA_LEDS:

LDI R16,0x00

ouT PORTB, R16
INICIO:

IN R16, PINB

SBRS R16,0
RJMP DESLIGA_LEDS

RCALL  DELAY

SBI PORTB, PBS
CBI PORTB, PB4
RCALL  DELAY

CBI PORTB, PB5
SBI PORTB, PB4
RJMP INICIO

DELAY:
LDI R16,0
LDI R17,0
LDI R18,41
DELAY_LOOP:
INC R16
BRNE DELAY_LOOP
INC R17
BRNE DELAY_LOOP
DEC R18

BRNE DELAY_LOOP
RET

0b00110000 = 0x30
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Framework (Arduino) x Bare metal (C e Asm)

Arduino
3136 Bytes

000€2461000C9473000€9473000C%4730
000C2473000C9473000C2473000CS47.
000C2473000€9473000C2473000C24730
000Cc2473000C9473000C2473000C247.
40000C9458010C3473000C2473000C%4730

000€2473000€9473000€9473000C24730054
000C9473000C2472N0ANNNAANNNDANNIENN

002900000000
002500280028

10000202020203

o

004080010204
000008000201 *
00000011241F
00AOEOB1E00L
00A2010C9436
008130997082
00C9F08430B1
0080008F7780

111108C0D035DE23DCI38FBFDFS1CF1
1F910895DE2BF8CECE93DFS390E0FCO1

E656FF4F24918A579F4FFC018491882354
D1F090E0880F991FFCOIEESSFFAFASS1E "
00B491FCO1EA58FFAFC591D4%161110ECO?
009FB7F8948CI1E22FE0958E238C332881 01
E223EBE39FEFDFI1CFI108958FETFBY402
00EC91E22BECI38FBFF6CFIFBTFB24800150
050190910601A0910701B091080126B5¢2
ABSBO5CO21 4o g 90910601A0910701B09108010196A11D!
B11D8093050190930601A0930

C
712 Bytes

J090002FEF39EE88E1215030408040E

OBA2FA92F 9t

00089584B58F

00B000089580 :10023000811D911D43

000DF93282F30 :10024000D1F708958}
5000E65EFF4FD4 :+10025000EF92FF 920k
6000A9F0162F81 77 2€000DD24D394E]

COFF1FE455FF '° 0BA099B0I6!

000C21AD108E]
O0Al1icB1icCC]
4 :1002A000EF90DF90CE
44 2B0001F920F920F

O009FS3AF93BE
000301B05104
0058F50196A1
00090930201A¢

UABSBOSCOZE 5 : 310(

3 0801BFC1AF919F218F213F212F°
330000FBEOF201F20189526E8230F0296A11D

: B11DD2CF789484B5826084ED84B58160
B4BDB5E5826085BD8585816085808091°
6E0081€080936E0010928100802181000¢
082€080°381008091810081£0809381000C
39000809180008160809380008031B1008460C:

J0008093B1008091B000816508033B00080S1

A 7A00846080937A0080917A0082608093
007A0080917A00816080337A0080217A003F
00806880937A001092C10061E08DEOOES4
00CCO061E0BCENOEI4CCI060EOBBEDOESS
00CCOOC6EBDOEN02EALIOEOIEESEI2EIOED
00F92E20E0C22E20E0D22EFE018491F8010
OA490F701B490BB2041F181110E947500C¢
EB2DFOEOEEOFFF1FE859FF4FA591B4%
420008C21A822D1F061E0BCEOOES49E0060E0T

BDECOES49E000EI4220160E08CEQOES4
9E0061E0BDEOOE249E000E242201C1145¢
D10499F20E340000DOCF60E0BCEOOES4AT
9E0060E0BDEOOES49E0OF1CFF84FFCE!

0C346C000C346C000C346C000C246C00
6C000C246C000C346C0
6C000C346C000C346C00
6C000C246C000C246C00
C346C000C246C000C346C000C346C007
0C246C000C246C0011241FBECFEFDBEQF
/000DEBFCDBFOE2440000C246100F824FFCF 1A
J00B0E384B°15B890E3189818C02C9A2D Y8 TA
00co
0000008581892785B92FEF39E688E12150
0408040E1F700C00000E6CF2C982D98
E3CF
C010E9471000E947000CE010E247200
CE010E946E0047%
C340000
E343E004
08955
08957F

L}
INSTITUTO FEDERAL
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Asm
165 Bytes

02304B900E00582032100FFFBCFO6D05F
DIA2C9803D02D982CIAF6CFO0EQLI0ED 2
29E20395F1F71395E1F72A95D1F70895A
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