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ÅSwedish Institute of Computer Science
ïNetworked Embedded Systems group

ÅFredrik Österlind
ïContiki network simulator Cooja

ïNightly Contiki tests



Purpose of today

ÅContiki introduction

ÅGet started with Contiki
ïProgramming

ïHardware: Tmote Sky

ïSimulation in Cooja

ÅHands-on experience



Contiki project

ÅCore group
ï Adam Dunkels (leader), Oliver Schmidt, Fredrik Österlind, Niclas 

Finne, Joakim Eriksson, Nicolas Tsiftes, Takahide Matsutsuka

ÅDevelopers
ï Zhitao He, Simon Barner, Simon Berg

ï 5+ incoming

ÅContributors
ï Thiemo Voigt, Björn Grönvall, Tony Nordström, Matthias Bergvall, 

Groepaz, Ullrich von Bassewitz, Lawrence Chitty, Fabio Fumi. 
Matthias Domin, Christian Groessler, Anders Carlsson, Mikael
Backlund, James Dessart, Chris Morse, é



Agenda

Å9:00-10:30 Contiki basics

ïCommunication, processes, protothreadsé
Å Coffee break

Å11:00-12:30 Tmote Sky exercises

ïContiki examples, shell application

ïParticipants need Instant Contiki

ÅMemory stick

Å Lunch

Å13:30-15:00 Neighbor discovery exercise

ïCollaborative effort



Installing Contiki
http://www.sics.se/contiki/



What is Contiki and where 

does it come from?



Contiki

ÅContiki ïpioneering open source operating system 
for sensor networks
ïIP networking

ïHybrid threading model, protothreads

ïDynamic loading

ïPower profiling

ïNetwork shell

ÅSmall memory footprint

ÅDesigned for portability
ï14 platforms, 5 CPUs in current CVS code



Contiki as a tool

ÅFor building systems

ïProgramming abstractions

ïShell

ïPower-saving mechanisms

ÅFor writing papers

ïPower profiling



Contiki as knowledge transfer

ÅMaking research useful

ïTransfer research results to useable C code

ïPromote simplicity and clarity over 

excessive complexity

ïExample: protothreads

ÅPut research into perspective

ïTransfer knowledge from practice to 

research

ïExample: IP for sensor networks



Contiki features

ÅContiki: loadable modules [Emnets 2004]
ï SOS: loadable modules [MobiSys 2005]

ÅContiki: preemptive threads on top of events [Emnets 2004]
ï TOSThreads: preemptive threads on top of events (TinyOS 2.1.0, 

2008)

ÅContiki: IP in sensor networks [EWSN 2004]
ï IETF 6lowpan: IP over 802.15.4 (2006)

ï IP for Smart Objects Alliance: IP in sensor networks (2008)

ÅContiki: Software-based energy estimation (2007)
ïQuanto (OSDI 2008)

Å Network shell

ïMakes interaction easier

Å Rime stack

ïMakes network programming easier



Contiki target systems

ÅSmall embedded processors with 

networking

ïSensor networks, smart objects, ...

Å98% of all microprocessors go into 

embedded systems

ï50% of all processors are 8-bit

ÅMSP430, AVR, ARM7, 6502, ...



Background: The Arena Project (2000)

LTU, Telia, Ericsson, SICS

ǒHockey players with wireless sensors

ǒBluetooth sensors, camera on helmet

ǒSpectators with direct access to 

sensor readings

ǒTCP/IP used on the Bluetooth-

equipped sensors 

ǒ lwIP stack

ǒLuleå Hockey lost with 1-4...



Background: uIP ïthe worldôs 

smallest TCP/IP stack (2001)
ÅuIP ïmicro IP

ÅOpen source

Å ~5k code, ~2k RAM
ï Smallest configuration ~3k code, ~128 bytes 

RAM

ÅRFC compliant
ïOrder of magnitude smaller than previous stacks

ÅBottom-up design
ï Single-packet buffer

ï Event-driven API

Network

IP ICMP

UDP TCP

Application



lwIP and uIP today

ÅVery well-known in the embedded community

ÅUsed in products from 100+ companies

ÅCovered in several books on embedded networking

ÅPorting uIP in professional magazines

ÅRecommended by leading professionals

ÅCompetence specifically required in job postings



ABB

Acterna LLC

All Set Marine Security 

Altera Corporation

Amirix Systems Inc.

Analog Devices

Aurion Tech

Axon Digital Design B.V.

BMW

Campbell Scientific

NASA

NBS Tech

Nu Horizons

Phytech Holding

PS2Reality

Pumpkin Inc

Qualstar Corporation.

Renesas Technology

Rowley Associates Ltd.

Fraunhofer Institute, Germany 

Odense University College of Engineering, 

Denmark 

Luleå University of Technology, Sweden 

MIT Media Lab, USA 

Stanford University, USA 

University of Alberta, Canada 

University of California, Los Angeles, USA 

University of Cambridge, UK 

Cisco Systems

Compendium Technologies 

Cubic Corporation

Cyan Technology

eCosCentric
emWare Inc.

Engenium Tech

Ericsson AB

Gavitech AG

GE Security

GHI Electronics, LLC

Invector Embedded Tech.

Kreatel

LaBarge, Inc.

Micronet

Microtronix

Shift Right Tech.

SYS TEC Electronic
Tangent Devices Ltd.

Volvo Technology

Wireless Device AB

Xilinx Inc.



Contiki Timeline

2002 2003 2004 2005 20062001 2007 2008 2009

lwIP

uIP
Contiki 1.0

uIP paper [MobiSys 2003]

IP for Sensor networks [EWSN 2004]

Contiki 1.2

ESB port

Contiki paper [EmNets 2004]

Protothreads

Protothreads paper [SenSys 2006]

Dynamic linking [SenSys 2006]

Contiki 2.0

Contiki 2.1

Power profiling [EmNets 2007]

Rime [SenSys 2007]

Power profiling [SenSys 2007]

Best demo @ SenSys 2007

(Mottola, Picco)!

Contiki 2.2

Contiki 2.2.1

Instant Contiki

Cooja



The name Contiki

ÅThe Kon-Tiki raft: sailed across the 

Pacific Ocean with minimal resources



Demo:

Contiki collect + shell




