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RobotCub goals

VDesign a humanoid robot platform, namely 

the iCub

VMake it the platform of choice for 

researchers in artificial cognitive systems

VStudy cognition from a developmental 

perspective (neuroscience)



A scientific approach to robotics

(the geeksô revenge!)

Å By providing the iCub to the community, we offer:

ïClear reproducible experiments: papers advertize research, but the 
science stays in the code. Code is published openly and every iCub
owner can use this code to repeat experiments;

ï A move from proof by video into proof by experimental evidence, which 
is progress for artificial cognitive systems and robotics: itôs not just a 
matter of calling us ñrobotic scientistsò, itôs about making robotics into a 
science;

ï Code quality via natural selection: Code that works poorly tends to die 
off and consequently ñniceò methods that are irrelevant in practice will 
not survive;

ïGeeksô revenge:implementation, timing, efficiency does matter: 
ñmusclesò arenôt only shown on mathematical skills but on 
practical issues as well;

ï A cultural experiments: fusing neuroscience and engineering 
creates a new culture where new ideas thrive. 



Month 12 Month 24 Month 36 Month 48 Month 65Month 0



Division of labor

UNISAL, Sheffield, IIT

IST

SSSA

UGDIST

2004 2005 2006 2007 2008 2009

IIT, UGDIST, TLR



The iCub



The iCub: quick summary
The iCub is the humanoid baby-robot 
designed as part of the RobotCub
project 

ïThe iCub is a full humanoid 
robot sized as a three and half 
year-old child

ïThe total height is 104cm

ïIt has 53 degrees of freedom, 
including articulated hands to 
be used for manipulation and 
gesturing

ïThe robot can crawl and sit and 
autonomously transition from 
crawling to sitting and vice-
versa

ïThe robot is GPL/FDL: 
software, hardware, drawings, 
documentation, etc.



iCub features

ÅHands: we started the 

design of the iCub from 

the hands
ï 5 fingers, 9 degrees of 

freedom, 19 joints

ÅSensors: human-like 

sensorization (e.g. no lasers)
ï Cameras, microphones, gyros, 

accelerometers, encoders, 

force/torque, tactileé

ÅElectronics: flexibility for 

reseach
ï Custom electronics, small, 

programmable (DSP)





6-axis force/torque sensor

ÅSemiconductor strain 

gauges

ÅOn board signal 

conditioning, sampling, 

and calibration

ÅDigital output: CAN bus

Design: Nikos Tsagarakis

Electronics: Claudio Lorini





Promoting the iCub

Å RobotCub Open Call

ï 31 participants, 7 winners received a copy of the iCub free of charge

ï UPMC Paris, Imperial London, Inserm Lyon, TU Munich, METU Ankara, 

Pompeu Fabra Barcelona, Urbana-Champaign USA, IST Lisbon, EPFL 

Lausanne

Å Further developmenté

ïEU project ITALK: 4 iCubôshave been built

ï EU project ImClever: 3 iCubôswill be built (mid 2010)

ï EU project RoboSkin: a skin system compatible with iCub

ï EU project CHRIS: safety features for the iCub

Å Collaborations

ïUniversity of Karlsruhe: new and longer legs

Å Simulator:

ïOpen Source simulator based on ODE/Newton and as a model in 

Webots







Wiki

SVN

Part lists

Drawings



The iCub Software



ÅOne processor is never enough

ÅModularity

ÅMinimal interference

ÅStopping hurts

ÅHumble approach (thin middleware)

ÅExploit diversity

The iCub software philosophy



YARP: the plumbing

ÅDesigned to increase code sharing and longevity

ÅYARP is an Open Source software library for  

humanoid robotics

ÅStarted in 2002 as an independent project, has been 

adopted by the consortium as the middleware for the 

iCub platform

ÅMajor overhaul led to version 2



Exploit diversity: portability

ÅOperating system portability:

ïAdaptive Communication Environment 

C++ OS wrapper

e.g. threads, semaphores, sockets

ÅDevelopment environment: CMake

C/C++
library

C/C++
library

C/C++
library

C/C++
library

Project
description

(.txt) 

LINUX:
Makefiles,
Kdevelop
files, ...

WINDOWS:
MSVC files,
Borland files,

...

OSX:
Makefiles,

Xcode files, 
...

http://www.cs.wustl.edu/~schmidt/gifs/F-15_three_shipper.jpg


machine1

machine 3

machine 2

Modularity

ÅConnections can use different protocols

ÅPorts belong to processes

ÅProcesses can be on different machines/OS

/camera /tracker/image

/viewer1

/viewer2

/tracker/position

/motor/position

yarpview

yarpview

motor_control

tracker

yarpdev

mcast

mcast

tcp

udp



More on connections

Åpeer-to-peer

Åsynchronous/asynchronous

Ådifferent buffering policies

Åprotocols: 

ïlocal (within process)

ïshared memory (same machine)

ïtcp, tcp_fast (without ack)

ïudp

ïmcast

ïvariants (e.g. binary/text/html)



Physical Network 
Example: RobotCub

Gigabit Ethernet (with tcp , udp, multicast traffic)  

pc104

(Linux/

Windows) 

blade cluster

(Linux) 

Desktops

(Linux/Windows)  



YARP development

some numbers

(source: www.ohloh.net)

start of RobotCub

YARP is ñstableò, size did not increase significantly during 

the past few years

today



iCub repository: evolution

A few modules: Meeting 

in Genoa, October 2006, 

CVS repository just 

established

We started by favoring 

commits of code in 

almost any form



list continuesé

~120 modules

~ 15 applications

Ą 1M(!!) lines of code

Today ïJanuary 2010
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The iCub repository on SourceForge

(SVN)

repository moved to 

SourceForge.net, 

and subversion

project starts

Åeasier to maintain

Åsome tools for free (ML, download page, statistics)

Åbetter visibility



The ñmanualò

Å Installation instructions

Å List of dependencies

Å More tutorials

Å Documentation and coding guidelines

www.icub.org



Dependencies

ÅBuild a list of ñallowedò dependencies 

ÅProvide support for a given set of libraries 

(instructions for installation, repository)

ÅVerify dependencies on automatic test 

machines



www.icub.orgĄ Software Ą Compile Status

Testing on:

ÅWindows

ÅLinux: Debian

ÅLinux: latest Ubuntu

http://www.icub.org/


Documentation

Å Doxygen

Å Provided templates for documenting modules and applications

Å Documentation is automatically parsed and posted online

Å Work to maintain the documentation and keep it accessible



www.icub.orgĄ software

http://www.icub.org/
http://icub.org/iCub




Examples



Simple example: a countdown

#include <yarp/os/all.h >
#include <stdio.h >
using namespace yarp::os ;

int main( int argc , char * argv []) {
if ( argc != 2) return 1;
Network::init ();

BufferedPort <Bottle> in;
in.open ( argv [ 1]);

int count = 1;
while (count> 0) {

Bottle * msg = in.read ();
count = msg- >get( 1). asInt ();
printf ( "at %d \ n" , count);

}

Network::fini (); 
return 0;

}

#include <yarp/os/all.h >
#include <stdio.h >
using namespace yarp::os ;

int main( int argc , char * argv []) {
if ( argc != 2) return 1;
Network::init ();

BufferedPort <Bottle> out;
out.open ( argv [ 1]);

for ( int i =10; i >=0; i -- ) {
printf ( "at %d \ n" , i );
Bottle& msg = out.prepare ();
msg.clear ();
msg.addString ( "countdown" );
msg.addInt ( i );
out.write ();
Time::delay ( 1);

}

Network::fini (); 
return 0;

}

make_count.cpp view_count.cpp



Simple example: a countdown

Åmake_count generates a countdown message

ïcountdown 10

ïcountdown 9

ï...

Åview_count views a countdown message

ÅNeither program mentions the other

ÅNeither program dictates how the message will 

be transmitted



Simple example: a countdown

$ ./make_count /count
yarp: Port /count listening
at 10
at 9
...

C:\> view_count /view
yarp: Port /view listening

$



YARP Network

/view/count

make_count /count view_count /view



Simple example: a countdown

$ ./make_count /count
yarp: Port /count listening
at 10
at 9
...

C:\> view_count /view
yarp: Port /view listening

$



Simple example: a countdown

$ ./make_count /count
yarp: Port /count listening
at 10
at 9
yarp: output /count to /view, tcp
at 8
at 7
..

C:\> view_count /view
yarp: Port /view listening
yarp: Input /count to /view, tcp
at 8
at 7
...

$ yarp connect /count /view
Added output: /count to /view, tcp

$



YARP Network

/view/count

make_count /count view_count /view

tcp



Simple example: a 

countdown
$ ./make_count /count
yarp: Port /count listening
at 10
at 9
yarp: output /count to /view, tcp
at 8
at 7
..

C:\> view_count /view
yarp: Port /view listening
yarp: Input /count to /view, tcp
at 8
at 7
...

$ yarp connect /count /view
Added output: /count to /view, tcp

$



Simple example: a countdown

$ ./make_count /count
yarp: Port /count listening
at 10
at 9
yarp: output /count to /view, tcp
at 8
at 7
yarp: output /count to /view2, udp
at 6
...

C:\> view_count /view
yarp: Port /view listening
yarp: Input /count to /view, tcp
at 8
at 7
at 6
at 5
...

$ yarp connect /count /view
Added output: /count to /view, tcp

$ yarp connect /count /view2 udp
Added output: /count to /view, udp

$ view_count /view2
yarp: Port /view2 listening
yarp: Input /count to /view2, udp
at 6
at 5
...



YARP Network

/view/count

make_count /count view_count /view

tcp

/view2

view_count /view 2

udp



YARP Devices

ÅThere are three separate concerns related to devices 

in YARP:

ïImplementing specific drivers for particular devices 

ïDefining interfaces for device families

ïImplementing network wrappers for interfaces

ÅBasic idea: if you view your devices through well 

thought out interfaces, the impact of device change 

can be minimized.



A Light Touch

ÅNew devices come out all the time ïneeds to be 

easy to connect them to existing code

ÅYARP needs a minimal ñwrapperòclass to match 

vendor-supplied library with relevant interfaces 

that capture common capabilities

ÅYARP encourages separating configuration from 

source code ïseparating the ñplumbingò

ÅDevices and communications remain distinct 

concerns



Example: New WebCam

Super-WebCam
device

Super-WebCam
Vendor-Supplied 

Library/Code



Example: New WebCam

Super-WebCam
device

Super-WebCam
Vendor-Supplied 

Library/Code

Audio Interface
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YARP Device Interface



Example: New WebCam

Super-WebCam
device

Super-WebCam
Vendor-Supplied 

Library/Code

Audio Interface

Im
a

g
e

 In
te

rfa
c
e

Misc

YARP Device Interface

Reusable code



Example: Old Framegrabber

analogue 
framegrabber

analogue
framegrabber

Vendor-Supplied 
Library/Code

Im
a

g
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c
e

YARP Device Interface

Reusable code

Misc'



Example: Networking
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Family of Image Sources

ñGet an imageò
Interface

(IFrameGrabberImage) 

Picolo
framegrabber

DragonFly
fireware camera

FFMPEG Grabber
library interface

TestGrabber
fake images

Server/Remote
network wrapper

OpenCV Grabber
library interface

specific
hardware

widely 
supported
libraries
for accessing
image sources

any image source, 
on another machine

fake source for
testing



Family of Audio Sources

ñGet a soundò
Interface

(IAudioGrabberSound) 

Microphone
(windows version) 

Microphone
(linux version) 

FFMPEG Grabber
library interface

Server/Remote
network wrapper

PortAudio
library interface

specific
hardware

widely 
supported
libraries
for accessing
audio sources

any audio source, 
on another machine



Family of Motor Controllers

ñControl Positionò
Interface

(IpositionControl) 

ESD
(Linux,Windows) 

Jrkerr
(Windows) 

Server/Remote
network wrapper

TestMotor

Dimax
(Windows) 

any control interface, 
on another machine

specific
hardware

fake motors for
testing



Why is this useful?

ÅAllows collaboration between groups whose 

robots have different devices

ÅMakes device changes less painful

ÅDevices and communications are orthogonal 

features

ïCan switch from remote use of device to local use 

and vice versa without pain

ïLocal use can be very efficient, just an extra virtual 

method call



iCub Software Interface

ÅChallenge: a large community of users

ÅSimple interface
ƛ
IPositionControl *pos;
IEncoders *enc;
IPidControl * pid ;
IAmplifierControl *amp;
ƛ
amp- >enableAmp( 0);
pid - >enablePid ( 0);
pos- >positionMove ( 0, 45);
ƛ
pos- >positionMove ( 0, 0);
ƛ
amp- >disableAmp ( 0);
pid - >disablePid ( 0);

ƛ
BufferedPort <ImageOf<PixelRgb > > 

imagePort ;
ƛ
ImageOf<PixelRgb > *image = 

imagePort.read ();
ƛ



Software Interface

ÅAccess to the hardware (the robot) is made 
through software interfaces (a pointer to classes). 
The interface is the ñcontractò between the user 
and the system (in theory these wonôt change 
much ïi.e. keep the contact stable).

ÅRecently improved to keep up with new hardware 
and software development:

ïICartesianControl: allows controlling the robot in task 
space (position and orientation)

ïIAnalogSensor: streams out force feedback and new 
finger analog sensors



The iCub code

ÅOrganized as a set of executables glued with 

YARP

ÅEmphasis on modularity with fine granularity

ÅModularity and reuse is achieved at three levels:

ïC++ libraries: less common and mostly within groups

ïñiCub modulesò: very often, across groups

ïapplications: getting more mature, also shared



Å The software architecture is made of modules: a module is an 

executable that performs a specific task, and whose interface is 

defined in terms of YARP ports

Å Granularity at this level is quite fine

Å Behaviors are obtained by instantiating and connecting networks of 

modules

iCub Modules



Modules and Applications

ÅAn application is a logical collection of modules with a particular 

purpose (e.g. attention system, reaching, grasping, learning of 

affordances, crawling, interaction history, é)

ÅIn practice it is just a collection of configuration files and a text 

description in xml



Remotization of applications

A standard to describe applications using xml 

<application>

<name> myApplication <\name>

<module>

<name> module1 <\name>

<parameters> é <\parameters>

<node> pc1 <\node>

<\module>    

é

<connection>

<to> /input <\to>

<from> /source <\from>

<\connection>

é



Remotization of applications
ÅThrough YARP the application manager performs common tasks 

e.g. starting modules with correct parameters, connect and 

disconnect ports, check dependencies

ÅOS independent remote execution, with i/o redirection

é

é

.xml



Software community

ÅSeveral iCub have been delivered

ÅSimulator

ÅTraining activities & summer schools

ÅSeveral laboratories are using the iCub software and/or 

YARP



éone of the largest 

open source teams 

in the world, it ranks 

in the top 2% of all 

projects teams 

registered on Ohloh

source: www.ohloh.net



robotcub-hackers@lists.sourceforge.net

The entry point to getting help!



Version 2.0 sneak preview

New mechanics Compliant actuators

Force/torque measurements



The skin
Principle

Lot of sensing points

Structure of the skin







Fingertips

ÅCapacitive pressure sensor with 12 sensitive 
zones

Å14.5 mm long and 13 mm wide, sized for iCub

ÅEmbedded electronics: twelve 16 bit 
measurements of capacitance
ïeither all 12 taxels independently at 50 Hz or an 

average of the 12 taxels at about 500 Hz
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Taxel 3

Taxel 2

Taxel 1

ÅA controlled probe (robot arm) moves along a line on 

the top of the fingertip

ÅMeasure spatial sensitivity




