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Toradex

 Fundada em 2003 na Suica

 Operacao Global com escritorio de engenharia e
vendas: ,
Brasil, USA, China, India, Japao e Vietna

« Computadores em Modulo com processadores ARM

 Familias de Mdédulos
— Colibri (67.6x36.7mm)
 Vybrid (VF50 e VF61) v 09
e IMX6 0
— Apalis (82x45mm) \
e IMX6 Q
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Raul Rosetto Munoz

e Técnico Eletronica - SENAI
 Microcontrolador PIC.

* Engenheiro Eletricista - Universidade Sao Francisco
* Venturus Centro de Inovacao Tecnoldgica (2010 - 2011)
* Microcontrolador PIC e MSP430

 Phi Innovations (2011 - 2014)
* Desenvolvimento de Projetos de sistemas embarcados
utilizando LINUX

e Toradex (2014 - Atual) - 3 meses na Toradex Suica
* Engenharia de Aplicacao e Vendas
* Desenvolvimento de Linux Toradex - Global
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Multicore Assimeétrico

 Diferentes processadores no mesmo chip
— Compartilham os mesmos barramentos e
dispositivos.
* Multicore Simeétrico ¢ comum em diversos
dispositivos
— PC, celulares, tablets
— Dispositivos embarcados

 Multicore Assimétrico pode ser mais
eficiente para diversos cenarios

— Sistemas de tempo real (Hard Real Time)
— CNC/3D plotter/2D plotter
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Abordagem “Tradicional”

 Dois processadores separados
— Processador rodando Linux (ou outro OS) voltado para
aplicacao.
— Microcontrolador rodando RTOS.

« Comunicacao serial + Sinais adicionais para gerar
interrupcoes.

 Nao compartilham membdria.
- Quantidade limitada de memoaria para
a MCU externa.

 Nao compartilham os dispositivos (UART, 12C, CAN).
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ARM

 Cortex-A
— Media/Alta performance
— Cache, FPU, NEON
— Controle grafico
— Conectividade
— Multimedia

— Adequado para um sistema
operacional completo

e Cortex-M MCU
— Baixo custo

— Adequado para firmware e
RTOS
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Vybrid Freescale

Familia de processadores ARM voltados para
dispositivos embarcados.

* VF3XX - Single core - sem DDR
* VF5XX - Single core - DDR
* VF6XX - Multi core - DDR

Vybrid VF6xx Block Diagram

Debug and Trace Core

ARM Gorbex™- M4
Up to 167 MHz
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Toradex Colibri

[ AT i

Colibri VF50 Colibri VF61 Colibri iMX6S Colibri iIMX6D

L

Cortex-A5 400MHz Cortex-(A5-500/M4-167)MHz 1x(Cortex-A9) 1GHz 2x(Cortex-A9) 1GHz
128MB FLASH 512MB FLASH 4GB FLASH 4GB FLASH
128MB RAM 256MB RAM 256MB RAM 512MB RAM

14

2 i
@ -

Viola Volume Carrier Board

Iris Volume Carrier Board
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Exemplos Vybrid VF50 (A5)

* RDP (Remote Desktop Protocol)
Com um processador VF50/128RAM/128FLASH conecta-se por

meio do protocolo RDP em um outro computador Windows.
http://www.youtube.com/v/E5Qj0_rWPNc



http://www.youtube.com/v/E5Qj0_rWPNc

e = freescale

Exemplos Vybrid VF61 (A5+M4)

e XY Plotter

A5 (Linux)- Multimidia/Interface com Usuario/ Conectividade

M4 (ECOS) - Controle de Motores em Tempo Real
http://www.youtube.com/embed/empqTT31boo

-JorQgex

Swiss. Embedded. Computing.



http://www.youtube.com/embed/empqTT31boo
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“Linux
Uboot
Universal Bootloader

Kernel
ToolChain Nicleo do Sistema Operacional OpenEmbedded

Yocto Project

Root File System

Conjunto de aplicacoes

ToolChain: Conjunto de ferramentas que interpretam e criam links do
c6digo para gerar um Binario executavel para determinada
arquitetura.

YOCTO/OpenEmbedded: Projeto Open Source com templates, ferramentas
e métodos para ajudar na criacdo de um Linux personalizado para
Sistemas Embarcados.
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Toolchailn

1) Compilar a propria Toolchain utilizando o OpenEmbedded.

2) Instalar a Toolchain por meio do arquivo ja compilado:
angstrom-eglibc-x86_ 64-armv7at2hf-vfp-neon-toolchain-qte-v2014.06.sh
Enter target directory for SDK (default: /usr/local/oecore-x86 64): ¥

3) Aceite o caminho padrao.

A toolchain que vamos usar pode ser encontrada em:

$ find /usr/local/oecore-x86_64/ -name "arm-angstrom-linux-gnueabi-*"

/usr/local/oecore-x86_ 64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-gcc-nm
/usr/local/oecore-x86_64/sysroots/x86_ 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-nm
/usr/local/ocecore-x86_64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-gcc-ranlib
/usr/local/oecore-x86_64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-g++
/usr/local/oecore-x86_64/sysroots/x86_64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-ar
/usr/local/oecore-x86_64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-gcc
/usr/local/ocecore-x86_64/sysroots/x86_ 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-ranlib
/usr/local/oecore-x86_64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-dwp
/usr/local/oecore-x86_64/sysroots/x86_64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-addr2line
/usr/local/ocecore-x86_64/sysroots/x86_ 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-as
/usr/local/oecore-x86_64/sysroots/x86_64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-readelf
/usr/local/ocecore-x86_64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-size
/usr/local/ocecore-x86_64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-objdump
/usr/local/ocecore-x86_64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-strings
/usr/local/ocecore-x86_64/sysroots/x86_ 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-gcc-ar
/usr/local/ocecore-x86_64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-c++filt
/usr/local/ocecore-x86_64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-cpp
/usr/local/oecore-x86_64/sysroots/x86_64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-gprof
/usr/local/ocecore-x86_64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-elfedit
/usr/local/oecore-x86_ 64/sysroots/x86_64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-gdb
/usr/local/ocecore-x86_64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-gcov
/usr/local/oecore-x86_64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-strip
/usr/local/ocecore-x86_64/sysroots/x86_ 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-1d
/usr/local/ocecore-x86_64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-objcopy
/usr/local/ocecore-x86_64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-1ld.gold
/usr/local/ocecore-x86_ 64/sysroots/x86 64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-1d.bfd
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Iris Carrier Board

a-Toradex

IRIS EXTENSION HEADER o s e = R

ov)
SODIMM_98 13 .’
SODIMM_133 14
SODIMM_103 15
SODIMM_101 16 .’
SODIMM_97 17
SODIMM_85 18 .,
SODIMM_79 19 Mi SD
— .’ ICro
SODIMM 45 20
21 - =

CAPE (3 botdes + 3 LEDs) UART R5232
N —_ 11 12—
et BTN1 TRk Net BTN2 1 =4 Ethernet
Net BTN3 B i Net LEDI 2223
Net TED2 17 18 Net LFDS LVDS DVI-I| 2xUSB Audio Output
— 1O NN —
A5 (LINUX) M4 (Firmware)
ALTO
(GPIO)
98 | PAD 46 PORT1 RMlio_MDIO/
¥ [14] | PTCH R FTM1_GH1 SPID_PCS2 ESAI_FST SDHCO_CMD VIU_DATAT RGON19
133 | PAD_88 PORT2[24] | PTDY QSPI0_B_DATA3 SPI3_PCSH FB_ADS SAI1_TX_SYNG DGCU1_B0
103 | PAD_48 PORT1[16] |PTC3 ﬁmmn—?gﬁ]’ SCI1_RX ESAI_SDO1 SDHCO_DATT VIU_DATA3  DCUD_RO
101 | PAD 47 PORT1[15] | PTC2 RMIID_CRS_DV scit_Tx ESAl_SDO0 SDHCO DATO VIU DATA2  RGON20
RMII0_RXER/ ESAI_SDO3/
97 | PAD_50 PORT1[18] | PTCS MIlo, FIXER SCI1_CTS SPI1_PCS0 ESALSDI2 SDHCO_DAT3 VIU_DATAS  DCU0_GO
RMII0_TXEN/
85 | PAD 53 PORTI21] | PTC8 Mo SPI1_SCK VIU_DATAE  DCUD_B1
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First Steps - Iris Carrier Board

$ picocom -b 115200 /dev/tty<xX>

raul@localhost:~ 4

File Edit View Search Terminal Help
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C f- d E I l
[ Project Explorer 3 BS = m
R C/C++ (default)
CVS Repository Exploring R
o Host name: 192168102
#% GDB Trace -
I - e Connection name: |ARM
import B e Git |
ort C++ Project B LTTng Kernel S [
- — N Description: |VF61
H Remote System Explorer
C Project — [y Resource
Create C project of selected type | -I;', SystemTap IDE
‘ &° Team Synchranizing 48 Remote Systems B = Team
Project name: [HelloWorld_AS Tracing
@ Use default location £ 8
— 2ARM
Project type: Toolchains: e - ﬂh Sftp Files
+ £ GNU Autotools Cross GCC %| , OK b
- & Executable Linux GCC + 5@ My Home
@ Empty Project = ::-:4> Root
® Hello world ANSI C Project
+ @ Shared Library = %f
+ @ Static Library 4
+ & Makefile project + (3 bin
= = General + (5 boot
@ Show project types and toolchains only if they are supported on the platform E FTP Only + 03 dev
Linux
+ etc
B Local - i
[ SSH Only =l & home
@ [T T - B3 Telnet Only (Experimental) = & root
ueie UNIX + (0 Desktop
Prefix | arm-angstrom-linux-gnueabi- # windows Z| BlinkLed

2| BlinkLed_M4.bin

Path | /usr/local/oecore-x86_64/sysroots/x86_64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi =
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Debug no Eclipse

© Debug Configurations

Create, manage, and run configurations ﬁ\'

BV Name: | Helloworld_AS Debug J

Debug Configurations

[ ,:‘ [E) Main™._&- Arguments | % Debugger| k&~ Source| ] Common

[E] c/c++ Application Project:
[ B3R 51 C/C++ Attach to Application [Helloworld_as )
[T] C/C++ Postmortem Debugger C/c++ Application:
| " - [E] C/C++ Remote Application

| Debug/Helloworld_A5S
] HelloWorld_AS Debug

J
[£] ¢/C++ Application & Launch Group | Variables...  SearchProject.. | Brose..

[E] C/C++ Attach to Applicati Build (if required) before launching
Build configuration: Lw |v |
Enable auto build Disable auto build
@ Use workspace settings Configure Workspace Settings...

Connection: [[ARMY |7 ) [ New.. Edit.. | Properties... |

Remote Absolute File Path for C/C++ Application:

| /home/root/HelloWorid_A5 | %u

Commands to execute before application

Skip download to target path.

Using GDB (DSF) Automatic Remote Debugging Launcher - Select other...
Filter matched 6 of 6 items

@
Debugger Options
'
Main | Shared Libraries ~Gdbserver Settings
GDB debugger: {fusr/local/oecore-x86_64/sysroots/x86_64-angstromsdk-linux/usr/bin/arm-angstrom-linux-gnueabi/arm-angstrom-linux-gnueabi-gdb

GDB command file: l"P.gdbinit

$ echo "set sysroot remote:/" > ~/.gdbinit
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Exemplo 1 - BlinkLed

LINUX

Exporta LED1
lApiSysClassExport

Configura LED1 OUTPUT

lApiSysClassDirection

while (1) -

Liga LED1

lApiSysClassSetValue (1)

Sleep 500ms

Desliga LED1

lApiSysClassSetValue (0)
Sleep 500ms
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Exemplo 2 - BlinkLed_M4

Firmware M4

hal set pin function

hal gpio set pin (1)

hal gpio clear pin (0)
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MultiCore Communication library

* Inicializacao/Informacao
* mcc_initialize (Inicializa MCC para um determinado NODE)
* mcc_destroy (Destroi MCC para determinado NODE)
* mcc _get info (Retorna informagdes sobre o MCC)
* Gerenciamento de EndPoint
* mcc_create_endpoint (Cria um endpoint)
* mcc_destroy endpoint (Destroi um endpoint)
« Comunicacao
* mcc_send (Envia menssagem para determinado endpoint)
* mcc_receive copy/mcc _receive nocopy (Recebe menssagem de
um endpoint)
* mcc_msgs available (Retorna a quantidade de menssagens na
fila do endpoint)
* mcc_free buffer (Limpa o buffer da Gltima menssagem da
fungdo mcc _receive nocopy)
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MultiCore Communication library

Core Node Port
A5 0 0 1
M4 1 0 2

mcc_initialize(0); mcc_initialize(0);
mcc_create endpoint([0,0,1],1); mcc create endpoint([1,0,2],2);
mcc_send([1,0,2]) mcc_send([0,0,1])

mcc_recv_copy([0,0,1]) mcc_recv_copy([1,0,2])
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Exemplo 3 - MCC

Firmware M4

Conf LED1+BOTAO1l

Inicializa MCC

while(1)

RECEBE MSG

receive msg
if (BOTAO2 ==

Desliga LED1

mcc_initialize
mcc_create endpoint

mcc_initialize
mcc_create_endpoint

mMCC_recv_copy

1

\

Liga LED1

1 /

if (BOTAO1

ENVIA BT1 (0)

send_msg

ENVIA BT1 (1)

1

mcc_send
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Duvidas?

Raul Rosetto Muhoz
raul.munoz@toradex.com

Toradex Brasil

Rua Luiz Spiandoreli Neto N° 60 — Ed. Paineiras, Sala
304 | Valinhos - SP | Brazil | T: +55 19 3327 3738

Obrigado!
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