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Embedded Linux

Embedded systems are
computers built into special-
purposes devices

Free, portable Linux is B asers
popular for embedded ﬂ

systems

— highly customizable for
minimal use of computing
and power resources ] i 1]

— ability to run without :
vibration-sensitive rotating S .
hard disks ___ S

Kerbango Internet radio

- @ Panasonic
' ; broadband

Sony CoCoon channel server terminal




Embedded

Dozens of embedded Linux
distributions are available; see
LinuxLinks.com

Linux Distributions
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The new LinuxLinks Forums
™ Category Gat _
Yo Saeen’ Click Here!
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Filinus ™

this embedded Linux drtnbution is for the Universal Internet Box (UIB)

My LisnisLinks

Athene ™

&N otyect based opersting system that i3 being developed for use in PC's and embedded systems. i has
Bitin disigned 10 wirk in almost any & i and hardwasn ervirsnment and can be recanfiguend 16 suit 1he
requrements of the taget system, a5 well as indridual users

MLinks

+ Bookmasked ks
« Emallad Newslensr
« ‘Yo own profile

-
 project with the intert of develaping a versatile router and feawall on standard PC hardware, The system i
sanadl enousgh to it o an ATA Comp dise. Statuity and porfor ot af this kiypwar
can be schived with the comect choice of hardware

=
Lynx annunced an ambeddad Lini sohstion today. With avar  dacade in providing enibadded oo
solutions, Lynx is 4 real contender in provding  stable, welkested (09001 and well supponed
rux offenng ElueCst Linux s based on the RedHst €1 and 18 & complete open development emironment

e
mbedded

1
BARIk that allows both native and cross developmant. Chack it ot a1 www lyrx com or at wew bluscat com
Rogembs = BlugPoint Linux ™

[ParSannas # Chinese Linux operating system wich suppor mailtiple knguages and is ey suitable for Asian users
kg LoadFynegr

ahech + Coollinu ™

backup2| a rabust smbeddad operating systom platim that incomarates cpon Linus with real-time ot
G!{l_vh'Zqur waiows Jawa tuchnolo and Coologic sedtwan components. Modular in design Coolinu lends it
S rapid daployment and a high degree of scalabilty

DSPLinus ™

first complete operating System development package available for developars cenating applications for the T)
5471 chip. The software in this package prevdes support for developers who are creabing spphealions b
wiilize the multicore architecture ihat features an integrated on-chip Eihemest 10/100 MAC

I &3 92 (@ 2 |

The Swiss Army Knife of Embedded Linux
EusyBox combmes ting versions of many common UK ubliies into a sngle small executable. It provides munsmabist replacements for
mazt of the utlities yeu wrually fnd i GHTT Seuls, sheluslz, et The utiities = BusyEex generally have frwer aptions than their
Bal-Eeabared GHTY cousms, however, the options that are meluded provide the expected fmctionabity and behave very smuch Bee their
GHT courserpants. BusyBox provides a Burly complets POSTY environment for any small o smmbedded system.
‘BusyBox has been written with size-optimization and lmited resources in mind Ttis alvo extremely modular so you can easdy inchde or
exchide conunasds (or feabires) ab compils e, This makes i casy be cuiteanise your embedded systems. To creals a working sysem,
Just add fdev, fete, and a kernel
EusyBox 15 maintaned by Erk_Andersen, and licensed under the GNT AL PUBLIC LICENSE
Sereenshot
Because everybody loves screenshots, a sereenshot of BusyBos is now available right here.
DMailing List Information
BusyBox now has a mading Estl
To subscribe, go and vt thos page
Latest News
+ 18 September 2002 - BusyBuox 0,604 released T am very pleased to ssmounce that the BusyBox 060 4 (stable) s now

avadlable for download Thes is prenarily a bugl release for the stable series to address all the problems that have turesd up e

the last release. Thas wil be the last release for the 0.60.x senes. T mean i thes e == all further developmens work wil be dons on

the dewelopmest busybos tree, which iz quite 20bd now and theuld soan be gettng its first real release

The changelog bas o the detads, As usual pou can dowrdoad busybos here.
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We used BusyBox for a robotics
project; BusyBox is distributed
free as open source
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Agilent Technologies

Amirix Systems, Inc.

Birdstep Technology

China MobileSoft

Concurrent Computer Corporation
Finite State Machine Labs, Inc.
IBM

LynuxWorks

M-Systems Ltd.

Metrowerks

Micro/sys, Inc.

MontaVista Software
Panasonic

Real-Time Innovations

Red Hat, Inc.

Samsung Electronics Co., Ltd.
Sharp Electronics

SnapGear

Sony Electronics, Inc.



A Real-Time Linux

« Linux (regular or embedded) is not real-time

— it is optimized for fastest average throughput, but no single task is
guaranteed a timing deadline

— tasks may suffer tens or hundreds of milliseconds of delay due to
interference by other tasks

Changes to Linux scheduler for real-time operation are available,
and free

— RTL from New Mexico Tech: X86, PowerPC, Alpha

— RTAI from Milan Polytech: X86, PowerQUICC
RTL and RTAI provide similar mechanism

— RT scheduler runs RT tasks first

— Linux is run as the last task, and is preempted for RT tasks

RT tasks can easily communicate with regular tasks

NIST ¢ Manufacturing Engineering Laboratory ¢ Intelligent Systems Division



Jet engine testing for the Joint .
Strike Fighter by Pratt & Whitney The 10- and 12-Meter Radio Telescopes at

the Kitt Peak Observatory use RTLinux for
data collection and antenna control tasks

FlightSafety uses RT
Linux real-time ethernet gughtLing,
drivers on 5 computers to i
run the avionics chassis,
touch screen and host
computer for an FAA (.
B/C/D certified flight 7 G- :
simulator Rt

NASA FlightLinux
uses real-time Linux
for onboard
spacecraft systems




Fujitsu Automation
The EMC uses RT Limited and Fujitsu
Linux for servo- and Laboratories uses
stepper motor RTLinux to control their

control of machine

bipedal 48cm tall robot,
tools and robots

HOAP

e b m'.q " The Classic Ladder project
] - “d uses RT Linux to create

eyt .
r:]_l ¥ L "1 PLC's in software

. L - L.'_: Platino uses RT Linux
okt s s e for controlling their
- laser cutting machines

NIST ¢ Manufacturing Engineering Laboratory ¢ Intelligent Systems Division



€3  RT Linux Performance
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We have run stepper
motor control tasks at J%
10 microsecond

periods, for a full step z°r
rate of 50 kilohertz

uncompensated jitter: 3.60 microsec

compensated jitter: 0.098 microsec

Jitter due to hardware *°|
effects (cache, bus
contention) can be

reduced to 0.1 05|
microseconds using a
“timer advance” o

software technique

_0 .5 1 1 1 1 1 1 1 1 1
0 10/ 20 30 40 jale} 4] 0 g Q0 100

If this is an inch, " normal Linux jitter is 19 miles!

NIST ¢ Manufacturing Engineering Laboratory ¢ Intelligent Systems Division



€2  Machine Tool Application

The Enhanced Machine
Controller (EMC): NIST

software to test machine
tool and robot standards

Installed on a Bridgeport
3-axis milling machine
typical of small job shops

PC-based control uses simple
I/O board connected to power
electronics for motors

Tcl/Tk graphical user interface
runs in both Linux and Windows

BN TKEMC SE
Eile: Settings  Un Seipts Help

0 Offset: Wark

X 0.6615
3.9150
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3 EMC Architecture

Cartesian linear move, EMCMOT To GUI, FMS Architecture

position circular move Motion Control .
+ l Architecture mmn
10 msec Trajectory [EmcTask]
EMCTASK
Planning o

. Part Program >
Forward | | Inverse Interpreter
Kinematics | | Kinematics
Y
Sequencing
Logic
F Y
shmem, fifo
500 psec 500 psec \ ya /-

¥
Interp0|atOI| |cmd | stat|/19rr | |crrrd\|‘s\lat| err |
~ N

PID 0 e — Coordinating
Servo Unit \ Controller
i Convert
Unit | | Unit l Spindle Auxiliary
Convert | | Convert ‘ Pulse Generator ‘ Controller Controller

| Encoder | | Motor |

Motion controller runs in real-time, with
periods ranging from 10 milliseconds to
10 microseconds

Stepper Motor

Coolant e
Controller
'\)'4/

Other processes run in regular Linux
on nominal 10-millisecond periods




2%

* NIST government software is
public domain, so anyone can use
it for any purpose

« Small shops and hobbyists have
commercialized EMC

SOURCER. RGE™

EMC open-source software is
maintained at SourceForge,
www.sf.net/projects/emc

The “Brain Dead Install” CD
simplifies EMC installation

% EMC Software

“Chips,” the
EMC mascot

< 3 38

Welcome to LinuxCNC.org

Home for nsers of the Enhanced Machine Controller -- EMC

afree and powerfd PC-based CHC machinery Contraller

Hamez 2000

=l
== I L 4% 32 @ 2| i

home page at
www.linuxcnc.org



EMC retrofit on Wells-Index
knee mill machining cast
iron molds at Unique
Machining, Millersville, MD

Engraved tailpiece on

Gibson Maestro guitar, ' Y TN . 2

machined with EMC g _ o

’g_gc’f' t bé’ Dan Falck for T EMC retrofit on Bridgeport
tbson Guitars knee mill drilling copper

tubing for heat exchangers at
Flat Plate, Inc., York, PA
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« U.S. Air Force project to 4-output LN
demonstrate scaleable platform for joystick
paint removal of KC-130 aircraft at

Warner Robins ALC |

 Hazardous environment required
sealed enclosure, no rotating
computer media

« Operator is suspended in cab,
uses joysticks to move cab and
media sprayer with controlled motor motor
XYZ-Yaw motion r position speeds

NIST ¢ Manufacturing Engineering Laboratory ¢ Intelligent Systems Division




Our Computing Needs

« Solid-state “hard disks” for shock- and vibration resistance
« Real-time control for XYZ-Yaw joystick control
« 8 serial “COM1..COM8” ports to motor controllers
* Analog input, digital I/0O to sensors and relays
e Our system:
— PC-104 with Pentium Geode processor
— BusyBox Linux, New Mexico Tech RTL
— DiskOnChip 96 Mb Flash
— Qt/Embedded small X-Windows replacement
— Touch screen w/ custom driver
— RS-232/422 serial; analog input, digital 1/0
— Ethernet for development

NIST ¢ Manufacturing Engineering Laboratory ¢ Intelligent Systems Division



Operator platform is
suspended from fixed ceiling
pulleys by flexible cables

Motors at center of ceiling
mounts control each cable

Serial RS-232 cables link
each motor to embedded RT
Linux computer



Analo \J\oyst ck gives
operator control over XYZ-
Yawyof platform, XYZ-Yaw
of media sprayer




Joystick and graphical
display give the operator
easy-to-understand control
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%% Summary

« Linux is a free operating system with embedded- and
real-time distributions, useful for research and
commercial applications

- Embedded systems need small footprints, low power;
real-time systems need guarantees on timing;
equipment controllers typically need both

* NIST has used both for automation projects ranging
from stepper motor control with 10 microsecond timing
to distributed control with real-time serial links

NIST ¢ Manufacturing Engineering Laboratory ¢ Intelligent Systems Division
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Machine Tool Demo

Sherline mill retrofit with stepper
motors

300 MHz Pentium II, 64 MB RAM

EMC computes stepper motor
pulses every 20 microseconds
(50,000 times per second)

Runs standard numerical control
(NC) programs from computer-
aided design/ manufacturing
(CAD/CAM) systems
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Real-Time Linux Demo

Fantazein clock, hacked
according to Lineo’s Stuart
Hughes

RT Linux gets interrupt
from wand sensor,
schedules timed releases
of byte column outputs to
parallel port

400 microseconds/byte
column
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X4 Real Time Examples

& Execute

Sub-dir

21 Files

Cpp

P File  Edit Wiew l\indow Help J_I_l

fia

Use of Free and Open Source
Software (FOSS) in the U.S.
Department of Defense

-+ Report-2.0.0.pdf

File Edit Document

Elﬁ Lo . 3 Lo 4 AR T

frank

hello
hello_dev_mem
hella_rbuff
kerrnel_resources
measurernents
misc

mutex
new_thread

View Window

Enhancediachine Cantrall

tdakefile
README
rl_cpp .o

FIAME -- the suppart mod

Thiz examples ilustrates use
“iou need to be at the cons

T uze C++ in KTLinu: mod
- inzert ril_cpp.o suppart

- #include ril_cpplhin your
- if you have statically alloca
need initializing, call __do_d

and _ ca_glabal_dtors_au

- linik wour module with crtk

Eu:urder iz important fsee Mal

i the ril.mik file provides ned

Version: 1.2.04n||s &= n

January 2, 2003

Bootable RT Lin
CD available
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Introduction to Linux
for Real-Time Control

National Institute of Standards and Technology
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W Contact Information:

Mr. Frederick M. Proctor
Group Leader, Control Systems Group
National Institute of Standards and Technology
100 Bureau Drive, Stop 8230
Gaithersburg, MD 20899-8230 USA
frederick.proctor@nist.gov

NST 1SD

National Institute of Standards and Technology Intelligent Systems Division
Technology Administration, U.S. Department of Commerce Manufacturing Engineering Laboratory
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