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Sistemas Embarcados:

Microntroladores

Restricoes Temporais

Sistema de tempo Real Custo envolvido

Sensores

Eficiéncia Energética

Atuadores Nao Customizavel

Interconectividade
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Segmentos:

Ref. *
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Segmentos:

Avionico - A350

PR

- Segmentos

43000 +00g,

¢ o

Ref. *
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Segmentos:

Automotivo

PR

Automotive ECUs Controllers by 2020

= Between 25 and 100 individual ECUs
- Segmentos = With distributed sensors and motor controllers.

Body processing

In Vehicle Infotainment Gateways Body Electronics

Audio Visual, Maps, Traffic, GSM 3G 4G LTE Heating, Ventilation, AC, Lighting,
Mobile phone SIM, Toll payment, WiFi, Bluetooth Electric seat, Windows, Mirrors,
Google services CAN, LIN, Flexray, TTP Cameras, Seat belt, Air bag,

Seat back display Comfort, Convenience

<= 10,000 DMIPS

Powertrain

Dashboard
Instrument display surface, Connected Car
Head-up display, IVI display - Car to car, Crash alert,
™ Service, comms, maps
Insurers’ black box

~ 20,000 DMIPS

Chassis

V2X

Vehicle-to-Vehicle . g : A
Vehicle-to-Infrastructure oadl Y ; Hybrid Electric
Vehicle
> Battery management
Advanced Driver Motor control

Assistance System

Radar / image processing,

Collision avoidance, Pre-crash, Powertrain Chassis

Cruise control, Lane Engine Control Unit, Braking, Steering, Stability
departure, Parking Sensors, Gearbox ABS, VSC, EPS

~ 20,000 DMIPS

VI

~ 40,000 DMIPS

ARM

Ref. *
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Segmentos:

CAN Media O entMcS)gIns Transport
ia Ori ¥ 0
Controller Area Network Ethernet AVB (Audio Video Bridaing)
'Collision Detection Je=—ss Ethernet TSN (Tims-Sensitive Networking)

PR

- Segmentos

=
7~
!

" -
e
¥

LIN
FlexRay Local Interconnect Network

Multifunction Keyless System

Brake-by-Wire System
Ref. *
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Segmentos:

Equip. Médico-Hospitalares

- Segmentos

Ref. *
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Segmentos:

[0T - Internet of Things

The Internet of Things is Everywhere

N

Home/
Industrial

44
Zetabytes
g

Gateway E

DC/Cloud
Sensors

Ref. *
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Segmentos:

Ex: eVTOL - Taxis Aérios

"}&M - b ”’M}L‘M 4

- Segmentos == |

E v \
R
s B e ﬁ' ——
2 X -
3 T

www.airway.com.br/embraerx-revela-novo-conceit—
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Arquitetura:

7 fepleaton o o o

Communication Services

R, L 3 Energy
. Localization Navigation Movement Security Storage
8. Services Services Services Services Services Services Se'\:l;?es TCP/ USB | CAN | BLE | NFC b
P
Low-Level Platform API
7. RTOS wrapper RTOS Adaptation Layer
= 6. RTOS - | .
Arqultetura upper faver RTOS — Architecture Independent Layer

(arch independent)

5. RTOS — lower layer
(arch dependent)

RTOS — Architecture Dependent Layer
4. HAL wrapper HW / HAL Adaptation Layer

3. HW Abstraction
Layer

HAL

2. softwired HW Programmable HW Devices (FPGA,...)

I v e o [

GPS servo motor touch Flash WiFi Eth

INS step-motor  mouse SSD BT usB

compass solenoid microphone HDD BLE CAN

gyroscope muscle wire  keyboard SD WiMax RS-232

accelerometer LCD/LED ANT RS-422/485

magnetometer speaker 6LOWPAN ARINC

barometer NFC MIL-1553

RFID tag RFID reader Ref *
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Arquitetura:

1-Hardwired -

Esta camada é composta por dispositivos:

MCU
Memoria
I/0
Conectores

PCB

Interface Homem - Maquina
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Arquitetura:

2-Softwired l-.

Esta camada é composta por dispositivos:
= FPGA

@ CPLD

GAL

PAL

PLA

E

E

E

E
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Arquitetura:

3-Hardware Abstraction Layer

Esta camada é composta por software:
@ Device Drivers

@ SPI

12C

API

E

E

@ Bibliotecas

E
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Arquitetura:

4-Adaption Layer / V-

Esta camada é composta por software:

@ Interfaceamento comum # fabricantes

@ Converte um padrao comum < fabricantes
@ Utiliza geralmente Funcgoes e Expr. regulares
@ Camada de Padronizacao

@ Camada de Convesao: Genérica < Especifica
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Arquitetura:

5e6-RTOS

Esta camada é composta por software:

@ Real time operating System

B Pouca memoria utilizada

@ Funcoes de suporte reduzida ...

@ Dividido: Parte dependente de arquitetura

@ Parte independente de aquitetura

Prof.: Dr. Paulo Denis Garcez da Luz garcez@professores.utfpr.edu.br www.daeln.com.br 15/40



- Arquitetura

Aula 02 - F4:3 V.1.1 — Sistemas Embarcados ELF74 - www.elf74.daeln.com.br

Arquitetura:

7-RTOS Adaption -

Esta camada é composta por software:

@ Traducao da API do RTOS por uma padrao:
Ex: CMSIS-RTOS

@ Proveé estrutura de nivel superior

B Reduz a adaptacao de codigo em migracoes

@ Dividido: Parte dependente de arquitetura

@ Parte independente de arquitetura

Prof.: Dr. Paulo Denis Garcez da Luz garcez@professores.utfpr.edu.br www.daeln.com.br 16/40



Aula 02 - F4:3 V.1.1 — Sistemas Embarcados ELF74 - www.elf74.daeln.com.br

Arquitetura:

8-Servigos_

Esta camada é composta por software:

@ Reutilizacao de codigo, bibliotecas

- Arquitetura

@ Stacks: Tcp/IP, Usb, Gps, Seguranca, etc
@ Sao de facil portabilidade

@ Compiladas para diferentes plataformas
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Arquitetura:

9-Aplicagio

Esta camada é composta por software:

@ Camada de mais alto nivel

B Programas rodam aqui

= Podemos ter diversos programas rodando
em cooperacao. Programacao concorrente

@ Concorréncia € gerenciada pelo RTOS

Prof.: Dr. Paulo Denis Garcez da Luz garcez@professores.utfpr.edu.br www.daeln.com.br 18/40



- Arquitetura

Aula 02 - F4:3 V.1.1 — Sistemas Embarcados ELF74 - www.elf74.daeln.com.br

Arquitetura:

CISC

Complex Instruction Set C

RISC

Reduced Instruction Set C

Enfase do Hardware Enfase do Software -
Maior qt. de instrucoes Menor qt. de instrugdes que CISC -
Operagdes com memoria nas intrug. Execucao otimizada de calls func. -
Alta taxa de cilcos / s, para pouco codigo Menor qt. modos de enderecamento -

Maior qt. de transistores para armazenar | Utilizacao: larga escala de pipelining -

intrug. complexas Maio qt. transistores para Regist.-

X86 MIPS| RISC-V
https://pt. wikipedia.org/w
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Arquitetura:

CISC

Complex Instruction Set

Codigo de Maquina

Conversao Microcodigo

Microinstrucgoes

Execucao de Microinstrugoes

RISC

Reduced Instruction Set

Codigo de Maquina

Execucao de Instrucao

garcez@professores.utfpr.edu.br
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Arquitetura:

l j I IFPR| Asarquiteturas puras sdo raras atualmente:

@ HCSO08 da Freescale (CISC)
@ PIC da Microchip

- Arquitetura

x86 ¢ CISC, mas suas instrucoes sao decodificadas

em microinstrucoes

Principais Processadores atualmente RISC:
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Arquitetura:

PIC® MCU

1985 1990 1999 2010 2013
PICCPU First Microchip 1 Billion PIC Introduction of PIC MCU Core  More than 12 Billlon
Invention MCU Introduction MCUs shipped Independent Peripherals PIC MCUs shippad
2016
Creation of 8-bit
MCU Powerhouse
1992 1997 2003 2007 2015
AVR CPU First AVRMCU 500 Million AVR  Introduction of AVR More than 7 Billion
Invention Introduction MCUs shipped MCU Event System AVR MCUs shippad

Ref. *
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Arquitetura:

Arm®Cortex®-A7 Arm® Cortex®-M4

up to 800 MHz 209 MHz

L132kB I L1 32kB D
I PR 256kB L2 Cache
External Memories DDR3/DDR3L/LPDDR2/LPDDR3 32-bit @ 533 MHz
. 3xSDMMC | Dual Quad-SPI 16-bit SLC NAND 8-bit ECC

Internal Memories MCU System RAM MCU Retention RAM
384kB 64kB

System RAM 256kB Back up RAM 4kB OTP fuse 3kb

Graphics System
Connectivity LCD-TFT controller 5x LDOs

Internal and External
10/100M or Gigabit Oscillators
Ethernet GMAC Security MDMA + 2x DMA
3x USB 2.0 Host/0TG " Resetand Clock |
with 2 HS PHY Reset and Clook

AES 256, TDES* U g
 vowecec | snA-256 D5, AMAC_ L 8 TO P
MDIO slave

3x Tamper Pins with
DFSDM active Control

- Arquitetura

(8 channels/ fitters) 2x 16-bit advanced
6x SPI/ 3x IS motor control timers

. 6xkc § Secure Peripherals 15x 16-bit timers
4xUART + 4x USART | SecureRTC | 2x 32-bit timers
 &SA §  Analog true RNG

SPDIF 96-bit unique ID Analog
2x 16-bit ADCs
2x 12-bit DACs

D *available for STM32MP151C and STM32MP151F only

Ref. *
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Arquitetura:

Exemplo: Processador ColdFire:

@ Baseado no Processador 68K(CISC) - Atari, Apple

Lisa, Macintosh, etc.

@ Variable-lenght reduce instruction set (VL-RISC)

o Operagf')es baseadas em memoria (CISC)

S m;
o AN :

COLDFIRE =
MCF5204PU25B = ‘I
0KO7D v

HHCM0023 ==H

.'m -

.
 Dew
el
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e
Do
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e
Sre
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-
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e
Twe
S
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T,

N, Ref. *

i

| &
7 ©
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Arquitetura:

o

oldFire occupies the “sweet spot” between complex instruction
set computing (CISC) and conventional fixed-length reduced

- Arquitetura instruction set computing ('), striking an optimum balance
between code density and transistor count. By using Motorola’s
unique Variable-Length (VL) RISC technology, ColdFire combines
the simplicity and optimal performance of a 32-bit RISC

architecture with a memory-saving variable-length instruction

V24

set.
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Arquitetura:

Premissas da Abordage

Reduced Instruction Set Computer

@ Maior desempenho pode ser obtido se cada
instrucao ocupar exatamente uma palavra de
memoria.

@ Esta restricao reduz a complexidade e o numero

de instrucoes que podem ser incluidas na CPU.
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Arquitetura:

Premissas da Abordage

Reduced Instruction Set Computer

@ Todos os operandos de instrucoes aritméticas e
logicas devem estar nos registradores do
processador.

@ Propicio para implementar unidades de
processamento nas quais varias operacoes
necessarias para processar uma sequéncia de

instrucoes sao executadas em pipeline.
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Arquitetura:

‘ Pipeline -
UTrer

@ Conceito de “linha de producao”.

@ A organizacao em fila de processos eleva a “produtividade”.
- Arquitetura

Ref. *
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Arquitetura:

Pipeline -

@ Cortex-M4 possui 3 estagios de pipeline: 1:Fetch, 2:Decode,
3:Execute.

@ Cortex-M4 faz mais em cada estagio para aumentar a

performance.
1st Stage - Fetch 2nd Stage - Decode 3rd Stage - Execute
Address Data Phase } it B
Phase & Write Load/Store &
Back Branch

Instruction
Decode &
Register Read

-

Fetch
(Prefetch)

Branch forwarding & speculaticT

Multiply & Divide }’ Write =i

Shift H ALU & Branch h
_J

Branch

<
Execute stage branch (ALU branch & Load Store Branch)
Ref. *
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Arquitetura:

Pipeline -

@ Cortex-M4 possui 3 estagios de pipeline: 1:Fetch, 2:Decode,

3:Execute.

Cycle 1 2 3 4 5 6 7 8 9
Operation
ADD
SUB
ORR
AND
ORR
EOR

F -Fetch D -Decode E -Execute

Ref. *
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Arquitetura:

Pipeline -
UTrer

@ Cortex-M4 - flush ap6s um salto

Cycle 1 2 3 4 5 6 7 8 9
- Arquitetura Address Operation
0x8000 BX r5
0x8002 SUB
0x8004 ORR
Ox8FEC AND
Ox8FEE ORR
O0x8FFO0 EOR

F -Fetch D -Decode E-Execute

Ref. *
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Arquitetura:

Pipeline -

@ Cortex-M4 - A arquitetura Harvard permite o acesso

simultaneo entre as memorias de e dados.

Cycle 1 2 3 4 5 6 7 8 9
Operation
ADD
SUB
STR
STR
ORR
EOR

F - Fetch D-Decode E —Execute S - Stall
Ea — Execute / STR address phase Ed - STR data phase

Ref. *
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Arquitetura:

Pipeline-

@ Estagios no Cortex-M3 e Cortex-M4.

Instruction fetch can happen several
cycles before:decode and execution

Y

Prof.: Dr. Paulo Denis Garcez da Luz

- -
Instruction 1 fetch 4 decode | Inst1
Instruction 2 fetch decode | Inst2 execution
Instruction 3 ~ felch decode | Inst3
Instruction 4 fetch decode | Inst4
Up to two instructions can be fetched in
one transfer. (16-bit instructions)
Ref. *
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Cortex-M7 Pipeline

Arquitetura:

Pipeline Supel-

@ Estagios no Cortex-M7.

4 2
Load Load Load Load/Store
Store #| || Store #2 || Store #3 Pipeline
34 \ ¥
S ! il —( Retre/ | _, by
e T Decode Issue Execute Execute Write / I ETM Main / ALU
[ (1*t dec) || (2" dec) #l1 #2 Store |j 1 #I Pipeline
[ S——— i \ b =t 3CE, 1 4
- 1
. 6 - d | i el Execute Write / ALU #2
stage, in order, superscalar pipeline 4 Stote Pipeline

* Integer pipe:

* Dual shifters, dual ALUs, one MAC-

capable Multiply
* FPinstrs can be dual issued with \ Pipeline F
integer instrs f& 2)
* Branch Target Address Cache + branch Float Point
: Fl F2 F3 F4 ol
predictor boosts performance Pipeline
\ (optional) J
Ref. *
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Arquitetura:
Pipeline Superesc.

@ Estagios no Cortex-M7.

IF ID | EX [MEM| WB
IF ID | EX MEM| WB
; IF ID | EX |[MEM| WB
't IF ID | EX |[MEM| WB
o IF ID | EX MEM| WB
IF ID | EX MEM| WB
IF ID | EX MEM| WB
IF ID  EX MEM| WB
IF ID | EX [MEM| WB
IF ID | EX [MEM| WB
@ QObs: Dobro de instrugées <> Uma Thread. Ref. *

garcez@professores.utfpr.edu.br

www.daeln.com.br
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Arquitetura:

ARM Cortex-M Instruction Set Architecture

Cortex-M4

Cortex-M3

Cortex-MO/MO+ ‘

(=

(=

EENAEES SRV COOVOMPES SENONREE VYT YIRS VIS MM
TEVRES EEVRGET
VTR NSRS

Cortex-M4 FPU

©oswuT
e oosMutwr
coNz csz © smuso
© toREX S
o ossuss
© LoRsaT
e oosxren
. om © usoos
Comem . mev o REVEE e & UHADDW
(SN AR aEO—
BKPT (BLX© CADC CADD' (ADR) sy smaL
X CPS. AND (ASRS B —— R [
TS SO D osmos o swm EEEMANE D
. DSE. . (CMN (CMP. (EOR © sTRET . - sTRD @ ugaDDN’
©STREXS © © STREXM © uosAx
(& L e ©uqQsuss
Cosxre o osxtH AT
N = ———
REVIE REVSH <POP. PUSH ROR Cusex 0 uow
CSeV. SXTB (RSB (SBC) (STM) Coumuw o usar A
SXTH UXTB STR . STRE STRH CouxTH O wRe UKD
UXTH WFE (SUB (SVC  TST EEYSTE Oouxrets
@D aE» C -MO0/MO+/M1 Cortex-M3 Cortex-M4

ort

%

SIMD - Single instruction, multiple data.

MAC - Multiply and Accumulate Ref, *
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Arquitetura:

NTA

Floating Point

VaBES Vano WLMFP WMPE WOWT VIVTR WLy NTH
C WEMA wowTe
PEHET PRHTE gano QADOLE QADDE QASK QDADD Qosue WFRS VEVTH
QSAK (1=l Q5UB16 QsleE T e e - SEL WFNMA, WAKNY
s s s o — DSP (SIMD, fast MAC) marr — —
SMLALD SMLALDX SMLAWE SHLANT | ﬂ_iL“ VLDOR NRINTH
— o SWLA  SMALAR wHLA VRINTR
. a¢ M0 MR Aw  sm B SIS SHALSR LS VAT
. e¢ BFL BIC  CBNZ €82 P  coP2 sHuL SHAULR wnov VRINTH
. oRex @z oW o oes  ER Shuap e wrics weINTZ
X w2 lowa lowe LR LDRe smuLER SHULET SR vRINTR
- - . oeeT RO e WL
Arqultetura anssnmy emssame Advanced data processingopmsmme :i mm" VHEG -
s me Coma sWisD SNUSDK o
bit field manipulations csax o
. weRcz mL MmN WP ORN DR S5U816 ssuss L
. emn  PXI PP PUSH  REIT  REV scTan SXTABLE wpop
. REVis  RevsH  ROR AR Rs8  sBc SKTRH vADO26 VRS
. serx sV SEV swaL SMULL SSAT UADDE uASX sgRT
OIS G GESHEND  Haos MBS vsTi
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General data processing s c— — o
I/O control tasks © ueRX 0 woF o mmv usues T
hevss mevan  mem onee s aev (EIUNEDIND GEUNIEND GINUSSTEND  UXTABS LKTAH
STRIA STR  STRE STRH su8  svC (EENKTERND GEIUKTHEND GENEFERND UKTB16
D 4 N G O O S SR A Cortex-M4 Cortex-M4 Cortex-M7
i Cortex-M0+ Cortex-M3 Cortex-M7 FPU FPU
@ SIMD - Single instruction, multiple data.
@ MAC - Multiply and Accumulate Ref. *
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VFMA
VLDR
VMLA
(__apCc N ADD N ADR N AND N AR N B ]
(_erc N BA N BiC  NCenZ( cez N cop N COP2 ]
(_ClRex N clz N cvNn N cvP N DBG N FOR _J
(__ioc N b2 N 1oMA N DMDB N LDR N LDRB _J
MOV
G ED G (D GENTED G G
PLD PLI [ Pop N PUsH N RBIT N REV VPOP
[ Revie N RevsH N ROR L RRX N Rs8 SBC
ANDJ( AR ) & ]
= CH GED = &
CMN)C cMe )0 CPs ) DMB__J( EOR ]
(DB IS8 LDMIAN LDR SUB
LDRSBN(LDRSHI( LsL N LSR J
[ MOVI[ MRS ] MSR
[ MV NOP L ORR L POP JIL PUSH L REV ]
(REV16 JCREVSH ROR ) RSB J{ SBC J{ SEV
HD G D & €D E= WFE
D €D € =P ¢EP ¢ W [ 1T )
— Cortex-MO-+ Cortex-M3 Cortex-M4 | Cortex-M4| Cortex-M7
Cortex-M7 FPU FPU
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[ IDE: IAR - Instalacdo .

IAR
SYSTEMS

http://www.elf 74.daeIn.com.br/Pdfs/IAR_I-
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Referéncias:

Extras: -

Video:

2b economics.mkv
Aspectos econémicos na produgdo de microcontroladores

Video:

3a history.mkv
Historico da ARM

* Refs <> Renesas.com, Pixabay.com, wikimedia.org, flickr, community.arm.com, Undergraduated

course Renesas (Prof. Douglas P. B. Renaux e Robson Linhares), ytchannel Gustavo W. Dernardin.
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