SICS

Contiki Hands-on

Siena, Italy
July 2009

Fredrik Osterlind
fros@sics.se




A Swedish Institute of Computer Science
I Networked Embedded Systems group

A Fredrik Osterlind

I Contiki network simulator Cooja
I Nightly Contiki tests

SICS



Purpose of today

A Contiki introduction

A Get started with Contiki
I Programming
I Hardware: Tmote Sky @ === T
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Contiki project

A Core group
i Adam Dunkels (leader), Oliver Schmidt, Fredrik Osterlind, Niclas
Finne, Joakim Eriksson, Nicolas Tsiftes, Takahide Matsutsuka
A Developers
I Zhitao He, Simon Barner, Simon Berg
I 5+ incoming
A Contributors

I Thiemo Voigt, Bjorn Gronvall, Tony Nordstrom, Matthias Bergvall,
Groepaz, Ullrich von Bassewitz, Lawrence Chitty, Fabio Fumi.
Matthias Domin, Christian Groessler, Anders Carlsson, Mikael
Backlund, James Dessart, Chri s Morse, &
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Agenda

A 9:00-10:30 Contiki basics

I Communication, processes, protothreadsé
A Coffee break

A 11:00-12:30 Tmote Sky exercises

I Contiki examples, shell application

I Participants need Instant Contiki

A Memory stick
A Lunch

A 13:30-15:00 Neighbor discovery exercise
| Collaborative effort
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Installing Contiki
http://www.sics.se/contiki/
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The Operating System for Embedded Smart Objects - the Internet of Things

Instant Contiki NN V)

‘Witten by Adam Dunkels, Monday, 25 August 2005

Instant Contiki is & complete development environment in a single-file download: a virtual machine with
all Contiki software developmert tools installed. All that is needed to start using and developing Contiki
software iz the free VMWare Player software, 4 Gh free hard drive space, and the Instant Contiki

= Download Instant Contiki here (ether the zip or the 7z file - watch out for a large
dovwenload).

= Download VMWare Player here (Windows download, Linux BPM download)
» For using Instant Cortiki with the Tmote Sky: Download the FTIM driver here

Compiler and toolset installation has, until novy, been the major burdle for using and developing software
for Contiki. To make software development easy, the Instant Contiki development environment is &
zingle-file dovenload that contains all the necessary tools for Contiki softvware development: the MEP430
goc compiler toolzset, the Cooja Contiki network simulstor, the netsim netvwork simulstor, and programs for
uploading & compiled Contiki system to connected Tmote Sky boards. Instant Contiki is an Uburntu Linux
inztallation that iz run in the VMWare Player software (Windows download, Linux BRPM download)
wehich is available for dovwenload withowt cost.

This video shows Instant Contiki booting, the Contiki build process, and netsim and Cooja running
Cortiki software.

To use the Instant Contiki envarinment, do the fallowing:

Dowenload and install the free VidMNare Player

Download the Instant Contiki image, ether the zip file or the 7z file. Bevware: the files are large
[~1 Gh)l The 7z filz iz smaller but reguires additional softvware to uncompress: 7zip.

» Uncompress the zipor .7z file.

Start the Instant Contiki image by double-clicking on the instant-contiki wme file

Wait until Ubuntu Linux has booted.
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News from the World
Zigbee Mews by FreakLabs

# FEwen With Stirnulus, Smart
Grid Could Face Raough...

# Crozsbow Marks Paradigm
Shift in Environmerntal
Monitoring

# Mew course from Cypress
cowers |owspower RF

+ CEM fnnounces 2009 fward
Finalists

Wiireless Sensor Metworks

= Common #Bee Mistakes

» Securityin 302.13.4 and
figBes networks

= Mrnel targets Zigbee market by
acquiring MeshMNetics
ZigBee...

= SCUBE 2009

WiriH Buzz

= by Meter Giarts Cried Foul
at the Stirulus...

= Smart Meter Installations Grow
Mearly Fivefold

= Srnart Grid: A Matter of
Standard=
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What i1s Contiki and where
does it come from?
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Contiki

A Contiki i pioneering open source operating system
for sensor networks

I IP networking
I Hybrid threading model, protothreads
I Dynamic loading
I Power profiling
I Network shell
A Small memory footprint

A Designed for portability
I 14 platforms, 5 CPUs in current CVS code
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Contiki as a tool

A For building systems

I Programming abstractions
i Shell
I Power-saving mechanisms

A For writing papers
I Power profiling
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Contiki as knowledge transfer

A Making research useful
I Transfer research results to useable C code

I Promote simplicity and clarity over
excessive complexity

I Example: protothreads

A Put research into perspective

I Transfer knowledge from practice to
research

I Example: IP for sensor networks
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Contiki features

A Contiki: loadable modules [Emnets 2004]
I SOS: loadable modules [MobiSys 2005]

A Contiki: preemptive threads on top of events [Emnets 2004]

I TOSThreads: preemptive threads on top of events (TinyOS 2.1.0,
2008)

A Contiki: IP in sensor networks [EWSN 2004]

I IETF 6lowpan: IP over 802.15.4 (2006)

i IP for Smart Objects Alliance: IP in sensor networks (2008)
A Contiki: Software-based energy estimation (2007)

i Quanto (OSDI 2008)

A Network shell
I Makes interaction easier

A Rime stack
I Makes network programming easier
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Contiki target systems

A Small embedded processors with
networking

I Sensor networks, smart objects, ...

A 98% of all microprocessors go into
embedded systems

i 50% of all processors are 8-bit SGEE
AMSP430, AVR, ARM7, 6502, I
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Background: The Arena Project (2000)
LTU, Telia, Ericsson, SICS

0 Hockey players with wireless sensors

0 Bluetooth sensors, camera on helmet

O Spectators with direct access to
sensor readings

0 TCP/IP used on the Bluetooth-
equipped sensors

0 IwlP stack

0 Lulea Hockey lost with 1-4...
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Background: ulPit he wor | do
smallest TCP/IP stack (2001)

A ulP 1 micro IP Application
A Open source

A ~5k code, ~2k RAM UbP | TCP
I Smallest configuration ~3k code, ~128 bytes
RAM IP ICMP
A RFC compliant
I Order of magnitude smaller than previous stacks Network

A Bottom-up design
I Single-packet buffer
I Event-driven API
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lwIP and ulP today

A Very well-known in the embedded community

A Used in products from 100+ companies

A Covered in several books on embedded networking
A Porting ulP in professional magazines

A Recommended by leading professionals

A Competence specifically required in job postings
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@ Contiki 2.2.1

Contiki Timeline

@ Instant Contiki

@ Contiki 2.1

@ Best demo @ SenSys 2007
(Mottola, Picco)!
@ Power profiling [SenSys 2007]

@ Rime [SenSys 2007]
@ Power profiling [EmNets 2007]
@ Contiki 2.0
@ Dynamic linking [SenSys 2006]
@ Cooj a. Protothreads paper [SenSys 2006]
@ Protothreads
@ Contiki paper [EmNets 2004]
@ Contiki 1.2
@ P for Sensor networks [EWSN 2004]
@ ESB port
@ ulIP paper [MobiSys 2003]
® up @ Contiki 1.0

@ P, | | | | | | L
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The name Contiki

A The Kon-Tiki raft: sailed across the
Pacific Ocean W|th mlnlmal resources
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Demo:

Contiki collect + shell







