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O Neo FreeRunner — Openmoko @_

open source

P High resolution touch screen 2.84” (43mm x 58mm) 480x640
pixels

» 128MB SDRAM memory

P 256 MB integrated flash memory (expandable with microSD
or microSDHC card)

P microSD slot supporting up to 16GB SDHC (Secure Digital
High Capacity) cards (Supported microSD cards)

P Internal GPS module

P Bluetooth

P 802.11 b/g WiFi

» 400Mhz ARM processor
P 2 3D accelerometers

P 2 LEDs illuminating the two buttons on the rim of the case (one bicolor [blue|orange]
behind the power button, 1 unicolor [red] behind the aux button)

P Tri-band GSM and GPRS

P USB Host function with 500mA power, allowing you to power USB devices for short
periods (will drain the FreeRunner battery faster)
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QM Neo Freerunner - GTAQO2 @_

open source

Neo FreeRunner (GTAO02)

Simplified hardware component diagram

2008 Kim Hauritz, some rights reserved - CC: A-NC-SA
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K:) The Open Graphics Project -OGD1 @_

open source
P Prvni navrh je prototypové deska pro PCI OGD1 Open Graphics Development Board
Sbérr’“C' . POd pOrUJe dva DVI porty a TV 8x 256 Mib DDR RAM (4 on reverse side)
V}’/Stu p 2x Dual-Link DVI Transmitters 100-pin Expansion Connector

P Algoritmy pro zobrazovani a akceleraci
grafiky jsou realizované pomoci FPGA

P Pro start OS i podpora VGA
kompatibilniho rezimu - dosazeno jiz
bootovani bezné Gentoo distribuce

P Vlastni navrh HW - GPL licence
P Device Drivers (MIT/X11 licence)

Xilinx” Spartan’™-3 XC354000 FPGA Lattice” XP10 FPGA

P RTL FPGA navrh — Verilog — dvoji licence GPL a proprietarni
P RTL pro PCI bridge ASIC bude uvolnéno pod GPL po zaplaceni ceny navrhu chipu
P Stranky projektu: http://www.opengraphics.org/

P Projekt vznikl pfedevsim jako reakce na problémy s uzavienosti ovladaéll a specifikaci
béznych akcelerovanych grafickych karet. Muze vS8ak byt zajimavy i pro projekty
akcelerovaného zpracovani ruznych jinych dat.
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» Vyuziva nékolik projektli na Katedre fidici techniky (DCE FEL)
» Eurobot Flamingos DCE team (Linux + CAN + vlastni sysless HW)

» RAMA UAV Control System Homepage — letovy SW pro helikoptéru
(Linux + CAN + vlastni sysless HW)

» PowerPC 400 MHz MPC603e
FPU, MMU, 16K I/16K D Caches,
10/100 Ethernet MAC, ATA/IDE,
USB 1.1 Host, 6x UART, SPI,
2x 12C, 3x 125, 2x CAN, GPIO
Timers, 1.5V core, 3.3V external

» 128 MB DDR RAM

» 64 MB NOR Flash

» Operaéni systémy
P Linux 2.6.x

» RTEMS
(GPL + linking exception)

» VxWorks (uzavieny)
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0.

open source

Madel development environment
b .

T e T LR LTS

i'f

et 1l = Ethernet

CAlvopen l Simulator

» BOA 5200 — zaklad MPC 5200
» Matlab Simulink Real Time Workshop pro modelovani zatéze a fizeni
P Cilova platforma Linux + CANfestival + HW FreeScale DSP 56k .



K] Avionika pro UL letadla @_

open source

» OCERA components
LinCAN — CAN driver

» Software Environment
Linux 2.4.26, SVGAlIib, OpenAL, Tiff, ALSA

LCDisplay Sound system
Jf?
PC104 (Linux) CAN
f  Sres | ‘ I
' U Motorola HC12| |Motorola HC12 Motorola HC12
.\vﬁ Air speed sensor Temperature s. Barometric s.
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» Bezpilotni vrtulnik RAMA
3 palubni pocitace
Programovano v C
OS Linux
http://rtime.felk.cvut.cz/helicopter

» Kradejici robot SPEJBL
13 (!) palubnich pocitacu
Programovano v C
OS Linux

» Mobilni robot ReToBot
3 palubnich pocitace
Programovano v C
OS Linux
http://dce.felk.cvut.cz/retobot
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(CNIOS Vided) (TCDTKED) » MCU ARM M9328 MX1 ARM920T
- _ » 32 MB 100 MHz SDRAM (x16 only)

» 4 MB to 32 MB StrataFlash

P 3x UART (MX1) 3.1 Volts levels

» Direct LCD and Keyboard

» CMOS Video Input

» 2x 50-pin PRECI-DIP Ultraminiature
(IO Extension

—
—
—
—
—
—
—
—
—
=
—
L

|

» Power supply +5 VDC from USB or E
+5VDC or 3.1-3.3 VDC external -1 =R - —

» Onboard 1.8 and 3.1 VCD switched 5= ‘
regulators

P Dimensions 50 mm x 79 mm

AN US Extension )
» SW RTEMS, U-Boot, Linux, SYSesS  http://www.pikron.com/pages/products/cpu_boards/pimx1.htm 10
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» AMV infUzni pumpa — RTEMS, uLUt, SuiTk
P Monitoring na PC — Qt + GNU/Linux (pfipadné klient i pro Windows)
P Infrastruktura pro sbér dat — Wifi AP OpenWRT (MIPS Linux, uLUt)

Embedded With

RTEMS

www.rtems.com

| expondt / exhibit
Injekéni pumpa TECHNIC I

virobce / produced by

AMV technics s. 1. 0.

5 Ngitavevatal / axkibired by
DN FORMED BRNO s. r. 0.




O Komunikacni protokol uLan @_

open source

P 1992 potfeba vybrat ve firmé PiIKRON vhodny protokol pro komunikaci mezi MCU (v té
dobé 8051/80552, nyni LPC2xxx, LPC17xx) pro sadu laboratornich pristroju a zarizeni

P V té dobé& ETHERNET nepfichazi pro malé zafizeni v ivahu, dnes sice do Gvahy
prichazi, nevyhoda - topologie jiz neni sbernice

P CAN pékny, ale 8 B na zpravu je malo a neni integrovan vude

P Profibus — diky patentové politice Profibus International nebezpe&na bomba,
zdegradoval na rfeSeni bez slovnikl a objektové vrstvy, v zasadé master-slave

P Volba vlastniho protokolu nad RS-485, fe$eni SW nad UART, 9-bit
B GPL driver Linux, Windows, sysless ARM LPC2xxx, LPC17xx

P GPL/LGPL/MPL feSeni komunikace, objektovych slovnik( a spravy pro zafizeni
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P Pro veskeré zde uvedené HW aplikace je kriticka spolehlivost ¢asovani
P Nutné pouzit RT-Priority, RT Exekutivy (RTEMS) nebo plné preemptivni Linux

P Pozor: dnes i tak strikini pozadavky na burze, i tam je zajem o RT jadro
a odezvy v radu milisekund

Waiting Process
task Makes the context
task runnable
: Interrupt
interrupt handl P e Interrupt
latency andiet context
Intel‘fuptr — et — — Pt — — P — — >
handler scheduler scheduler
duration latency duration

» Free-Electrons Real-time in embedded Linux systems
http://free-electrons.com/docs/realtime/
Michael Opdenacker, Thomas Petazzoni

» Real-Time Linux Wiki — http://rt.wiki.kernel.org/



http://free-electrons.com/docs/realtime/
http://rt.wiki.kernel.org/
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» Nejvétsi oteviena (LGPL, 3-cl BSD) knihovna FPGA navrhu
» Zalozeno 1999 - Damjan Lampret

» Procesoru (8/53):

» OpenRISC, klony Zilog Z80, openMSP430, Plasma (MIPS),
PIC16F84, 8051, 8080, Zet 16-bit x86, PIC16F84, ZCPU, TG68

5 mo8k http://plasmacpu.no-ip.org:8080/
» RadicCe/periferie: ﬂ
b USB 20 Controller Home CPU RT?)DS TCP/IP Author Games

Welcome to the Plasma CPU site.

» Tri Ethernet 10/100/1000 Mbit
» Kryptografie DES, AES & RSA
» HyperTransport Tunnel

This web server is running on a Plasma CPU. The Plasma CPU is an open source
CPU that is written in VHDL and impl ted on a Xilinx FPGA.
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Cross-compiling toolchains

Thomas Petazzoni, Michael Opdenacker, Free Electrons

http://free-electrons.com/docs/toolchains

Compilation
X
Cesonay oy
x86 AR

86
Execution
machine

M
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Nativni a k
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build

host

target

Native build

used to build the normal gcc of a

workstation

build

host

target

Cross-native build
used to build a toolchain that runs on

your target and generates binaries for the

target

rizove vyvojove retezce S

build host target

Cross build

used to build a toolchain that runs on
your workstation but generates binaries
for the target

The most common solution in embedded

build host target

Canadian build

used to build on architecture A a
toolchain that runs on architecture B and
generates binaries for architecture C

16
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Konfigurace a kompilace GCC

../..l../gcc-4.3/configure -v --enable-languages=c,c++ \

--prefix=/usr \

--with-system-zlib --without-included-gettext --disable-nls \
--enable-clocale=gnu \

--enable-threads=posix --enable-tls --enable-secureplt \
--enable-shared \

--enable-objc-gc \

--with-float=soft --enable-cxx-flags=-msoft-float \
--enable-targets=arm-linux-gnu \
--enable-target-optspace \

--enable-symvers=gnu \

--with-arch=armv4t \

--enable-checking=release \

--build=x86_64-linux-gnu \

--host=x86_64-linux-gnu \

--target=arm-linux-gnueabi \
--enable-version-specific-runtime-libs \
--with-headers=/usr/arm-linux-gnueabi/sys-include

Jak skompilovat Binutils, GCC, GLIB-C viz
http://rtime.felk.cvut.cz/hw/index.php/How to build GNU cross-compilers

17
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() _ Kompilace samostatnych GNU bah’kﬁ@_

open source

» Pri priprave baliku
» aclocal: configure.ac — aclocal.m4
» autoheader: configure.ac — config.h.in
» autoconf: configure.ac — configure
» automake: Makefile.am — Makefile.in
» Konfigurace pred kompilaci na cilovém nebo build systému

» <srcdir>./configure —host=arm-linux-gnueabi --enable-feature
--with-package-x=/opt/x
P Makefile.in — Makefile, config.h.in — config.h
P configure je mozné ovliviiit i CFLAGS=x, LDFLAGS=x v prostiedi

» Kompilace
» make all
» Instalace
» make DESTDIR=/packaging/root install

Open-source programovani http://rtime.felk.cvut.cz/osp/



QM Prenositelnost kodu @_

open source

» Je nutné psat Cisté a pouzivat jen to, co je jazykem deklarovano
» Pouzivat pokud to je mozné standardizovana API (napf. POSIX, The
Open Group Base Specifications, IEEE Std 1003.1)

» Nepredpokladat pofadi byte/chart ve slové (little/big-endian)
endian.h:  BYTE _ORDER, LITTLE_ENDIAN, BIG_ENDIAN
byteswap.h: bswap 16, bswap_ 32

» Nepredpokladat poéet bitu v adresacni jednotce (CHAR_BIT)
(napf DSP, kde char/int/long/float/double = 32-bit)
stdint.h: int32_t, uint32_t, obecne intN_t, uintN_t, (u)int_leastN t,
(u)int_fastN _t, (u)intmax_t, size t, ssize t

» Nikdy nepretypovat ukazatel na int a zpét, dokonce ani na long
(pfedevsim, kvuli Win32_64), intptr_t, uintptr_t

P sizeof (struct s), offsetof(struct s, d)

» Nezarovnané pristupy nemusi byt architekturou podporované,

v kazdém pripadeé snizuji vykonnost

» Atomické operace atomic_t a dalsi jsou-li k dispozici
19
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K:) Sitové formaty/serializace @_

open source

"\ /7

» Vnéjsi sitové formaty vzdy oddélovat oddélovat od vnitfnich
B Zarovnani struktur se maze lisit

» Pri pfenosu binarnich dat pouzivat alespon
uint32_t htonl(uint32_t hostlong);
uint16_t htons(uint16_t hostshort);
uint32_t ntohl(uint32_t netlong);
uint16_t ntohs(uint16_t netshort);

P |épe IDL (Interface description language)/External Data
Representation (XDR)

» Sun's ONC RPC
» The Open Group's Distributed Computing Environment
» IBM's System Object Model
» Object Management Group's CORBA
» nebo textové formaty
» XML, XMLRPC, SOAP, HTML, JSON atd.
» Pozor: zjednodusi feSeni ale parsovani je pomalé (FastRPC) o, ‘

Open-source programovani http://rtime.felk.cvut.cz/osp/



O XDR - External Data Representation @_

open source

P Od roku 1995 IETF standard

» ZajisStuje kddovani/zabaleni dat/hodnot zplisobem, ktery je
nezavisly na architekture pouzitého pocitacového systému

» Zakdédovana data mohou byt prenasena heterogennim prostredi

» Encoding - kddovani lokalni reprezentace do prenosového XDR
reprezentace

» Decoding — prevod XDR reprezentace do lokalniho formatu
pouzitému v systému prijemce

» Kodovani Cisel, délek atd. je binarni a polozky jsou zarovnané na
4 byte, datové typy: boolean, int (32 bit), unsigned int (32 bit),
hyper (64 bit), unsigned hyper (64 bit), IEEE float, IEEE double,
quadruple (new in RFC1832), enumeration, structure, string,
fixed length array, variable length array, union, fixed length
opaque data, variable length opaque data, void - zero byte

quantity, optional (some type + present flag) ”

Open-source programovani http://rtime.felk.cvut.cz/osp/



O Remote Procedure Calls (RPC) @_

e Vzdalené volani — popis API funkci dany IDL
P Zakladni mechanizmus pro budovani klient- Machine B
server reseni client (server)
P Na strané klienta volani nahradni funkce program
P rpcprog_clint.c — klient stub >

I
P Ta zabali data do XDR a posle pfes prenosovy ?fné'?.f,(,i

kanal (TCP/IP)

P Na strané serveru data pfijata vygenerovanym
kodem serveru
request

> rpCProgTSYC'C ) S,er\{er Stub ) returnreply ~ completes
P Po dekddovani do lokalni podoby volana
client
program

execute

request | call service

Machine A service
(client) executes

uzivatelska funkce serveru

P Jeji navratova data zakédovana do XDR,
predana klientovi

B Generovana funkce v rpcprog_clnt.c dekéduje http://www.cs.cf.ac.uk/Dave/C/node33.html
data a preda je volajicimu programu

B Pomocné spole¢né funkce v rpcprog_xdr.c a
rpcprog.h

continues

22
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n COHBA = Common Object Request Broker Architecture @_

open source
» SW vrstva/standard (client) main() (server) main()
» umoznuje budovat Object Object
. v . , reference — implementation [~
objektove orientovane
i Al > Generated Generated
apllkace, JeJIChZ stub code —| skeleton code

komponenty mohou byt
. , Object Request <«<—> | Object Request
|mplementovane Broker network | Broker

v ruznych jazycich a

béhovych prostredich
a mohou bézet na Key:
ruznych pocitacich

ORB vendor-supplied code

ORB vendor-tool generated code

» normalizace volani
metod a referenci na
objekty tak, aby byla
sitové stransparentni

User-defined application code

Open-source programovani http://rtime.felk.cvut.cz/osp/



O Odkazy @_

open source

P Free Electrons http:/free-electrons.com/

P LinuxDevices.com http://www.linuxfordevices.com/

P Neo FreeRunner — Openmoko http://wiki.openmoko.org/
P Rockbox http://www.rockbox.org/

» RTIME DCE HW Wiki http://rtime.felk.cvut.cz/hw/
Vlastni HW vytvofeny studenty a ¢leny skupiny, popis pfipravy a pouzivani
programovacich nastroju pro ruzné platformy a odkazy na repository

P Odkazy na nami fe$ené projekty zabyvajicimi se sbérnici CAN
http://rtime.felk.cvut.cz/can/

P Otevieny projekt a navrh protokolu pro laboratorni pfistroje, doméaci a zemédélskou
automatizaci nad linkovou vrstvou RS-485
http://ulan.sourceforge.net/

B Zatim kvuli hrozbam a dezinformacim z Profibus International blokované GPL
implementace protokolu Profibus
http://profim.sourceforge.net/
http://www.pbmaster.org/

P Projekt letového SW pro vriulnik http://rtime.felk.cvut.cz/helicopter/

24
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