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V Design a humanoid robot platform, namely
the iICub

RobotCub goals

V Make It the platform of choice for
researchers in artificial cognitive systems

V Study cognition from a developmental
perspective (neuroscience)




‘llt_‘ A scientific approach to robotics
(the geeksd revenge

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

I Clear 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;

T A move from proof by video into proof by experimental evidence, which

|l s progress for artificial cogni tiv
matter of calling us Arobotic scier
science;

I Code quality via natural selection: Code that works poorly tends to die
of f and consequently Aniceo met hod
not survive,

I Ge e ks 0 rimplemaentten, timing, efficiency does matter:
Amuscleso arendt only shown on matt
practical issues as well;

I Acultural experiments: fusing neuroscience and engineering
creates a new culture where new ideas thrive.

N
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The ICub




lit The ICub: quick summary

The iCub is the humanoid baby-robot - . _ )
designed as part of the RobotCub - ko A
project =

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

I The total height is 104cm

I It has 53 degrees of freedom,
Including articulated hands to
be used for manipulation and
gesturing

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

I The robot is GPL/FDL.:
software, hardware, drawings,
documentation, etc.
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A Hands: we started the
design of the iICub from
the hands
I 5fingers, 9 degrees of
freedom, 19 joints
A Sensors: human-like
sensorization (e.g. no lasers)

I Cameras, microphones, gyros,
accelerometers, encoders,
force/torque, t

A Electronics: flexibility for
reseach

I Custom electronics, small,
programmable (DSP)







ASemiconductor strain
gauges

AOn board signal
conditioning, sampling,
and calibration

ADigital output: CAN bus

Design: Nikos Tsagarakis
Electronics: Claudio Lorini
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Promoting the iICub

A RobotCub Open Call
I 31 participants, 7 winners received a copy of the iCub free of charge

I UPMC Paris, Imperial London, Inserm Lyon, TU Munich, METU Ankara,
Pompeu Fabra Barcelona, Urbana-Champaign USA, IST Lisbon, EPFL
Lausanne

A Further devel opment é
I EU project ITALK: 41 C u bavesbeen built
I EU project ImClever: 31 C u il ks built (mid 2010)
I EU project RoboSkin: a skin system compatible with iCub
I EU project CHRIS: safety features for the iCub
A Collaborations
I University of Karlsruhe: new and longer legs
A Simulator:

I Open Source simulator based on ODE/Newton and as a model in
Webots
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Welcome to my brain!



it The ICub software philosophy

A One processor is never enough

A Modularity

A Minimal interference

A Stopping hurts

A Humble approach (thin middleware)
A Exploit diversity




i
lit YARP: the plumbing -f,-aAR

A Designed to increase code sharing and longevity

A YARP is an Open Source software library for
humanoid robotics

A Started in 2002 as an independent project, has been
adopted by the consortium as the middleware for the
ICub platform

A Major overhaul led to version 2




iit  Exploit diversity: portability

A Operating system portability:
I Adaptive Communication Environment

C++ OS wrapper
e.g. threads, semaphores, sockets

A Development environment: CMake

l\(l(%ll(\leLfJiFs, / C ﬂ
evelop '
CMake files, ... ‘ |

Cross-platform Make m— S
desc?’i‘f,ﬁon MSVC files, —l.l]
(-txt) Borland files, /Q.U ‘

CrCt+ [ norary |
IO \ 5T
Makefiles,

Xcodfe“files 7
library ‘



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

iit Modularity
A machine 2 é

machinel 9. motor_control
tracker "
/motor/position
/tracker/position
. A,
machine 3 u[lf
yarpdev yarpview
/camera /tracker/image @
mcast udp
yarpview
A Connections can use different protocols
A Ports belong to processes

A Processes can be on different machines/OS
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A peer-to-peer
A synchronous/asynchronous
A different buffering policies

A protocols:
I local (within process)

I shared memory (same machine)
I tcp, tcp_fast (without ack)

I udp
|
|

More on connections

I mcast
I variants (e.g. binary/text/html)



iit! Physical Network

Example: RobotCub

Gigabit Ethernet (with  tcp, udp, multicast traffic)

pcl04
(Linux/
A Windows)

1 QL o
(Linux/Windows)

blade cluster
(Linux)



iit| YARP development
some numbers

YARPisfi s t a $&ize didnot increase significantly during
the past few years

mblanks lcnmmentl Hmcode

800,000

00,000

400,000

200,000

Jan 00 Jan 01 Jan 02 Jan 03 Jan 04 an 05 Jan 06 Jan OF Jan 08 Jan 09 Jan 10

(source: www.ohloh.net) / /

today
start of RobotCub




it jcub repository: evolution

We started by favoring

|
i 2% Solution Explorer - simple_headcontrol

2| & commits of code In
| T almost any form

- 124 canbus_collector

EH conkroller w1

- 124 INSTALL

Eﬂslmple client

o el A few modules: Meeting
5 ?E‘aﬁn‘i;i'j;h in Genoa, October 20086,
- E’i;j”:;ij:_“;i;mmp CVS repository just

. & ImgTrack.cop established

..... E] i“MakeLists, bxt




it Today 1 January 2010

Solution Explorer - ALL_BUILD W«
SIE:

[5 Selution 'iCub’ (106 projects) 1208 I oduies
.33 abstractHandCtrl I appiications
.33 actionSelection

.33 affActionPrimitives

124 affActionPrimitivesExample
.33 affectiveState

el AuL_suno)
(24 attentionLogger

.33 attentionSelection

.33 attentionSelectionLib
124 autohssociativeMemory
124 ballTracker

.33 blobDescriptor

24 camCalib

.33 camCalibConf

.33 camExtrinsicsCalib

24 camshiftplus

.33 canbusCollector

.33 canLoader0

.33 canLoaderLib

124 colersegmentaticn

24 controlBoardDumper —~ 1 20 d I

.33 controlGaze2 mO u eS

.33 crossPowerspectrumVergence . .

& e ~ 15 applications

.33 cvBlobs

124 dataDumper

.33 demaoAAi

.33 demoGraspManager_IT_ISR .

% :ETDReachManager_ﬂT_ISR A 1 I\/I (! !) I I n eS Of COd e
.33 edisonsegmentaticn

.33 effectDetector

.33 egoSphere

.33 egoSpherelib

.gﬂemotionlnterface | | S t C O n t I n U e S é

[Z endogenousSalience

51 enisndichemnn: __

U U U U 3

60—

40~

20~

r r
2004 2005 2006 2008 2009




iﬁ_\ The ICub repository on SourceForge
(SVN)

A easier to maintain
A some tools for free (ML, download page, statistics)
A better visibility

w blanks Bcomments Emcode

2,000,000
1,500,000
1,000,000

500,000

Jan00 Jan0l Jan02 Jan03 Jan04 Jands Jan0f Jan0F7 Jan0B Jan0® | Jani0

/ /

repository moved to
SourceForge.net,
and subversion

project starts
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Dependencies

ABuildalistofial | owedo deper

A Provide support for a given set of libraries
(instructions for installation, repository)

A Verify dependencies on automatic test
machines
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Software A Compile Status
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Documentation

A Doxygen

A Provided templates for documenting modules and applications
A Documentation is automatically parsed and posted online

A Work to maintain the documentation and keep it accessible
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7) iCub: Software - Mozilla Firefox

File Edit Wiew History Bookmarks Tools Help
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| Main Page | Related Pages |

| Data Structures | Files | Directories | (Qr search )

& container for all software in $ICUB_ROOT/src. More...

Modules

iCub modules

Thiz is the list of iCub modules, i.e.

Graphic User Interfaces

This i= a list of Graphic User Interfaces.

Libraries

This is a list of static libraries.

iCub mod library

Objects that can be conditionally compiled in the main build.

Tools

This is a list of iCub basic tools.

Detailed Description
& container for all software in $ICUB_ROOT/src.

For clarity this is further divided in groups.
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¥ Find: | documenta
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@, iCub: autoAssooativeHemary =1

| ostast | pes | Q-

autoAssoaanveMemory
[iCub modules]

The auto-assocative mamory (AAM) mocule - autoAssocatveMemary - effects the follawng functionality:. More..

| Maim Page | Malated Pages | Modules | .

The auto-assoaative memory (AAM) module - autoAssocstveMemary - effects the following functionality:.
« when an image is presantad to the memary, it attempts to recadl that image;
o if & previcusty-stored image matches the prasented rmage sufficently well, the stored image s recalled;
¢ if no previously-stored image matches sufficiently well, the presented image is stored;

Since images are streamed continuausly, processing an emage (w.e. reading & from the input port and attempting to recall it from the memary) is
tnggered by tha prasenca of the threshold value cn the INPUL port. Tha next iMmage 1o be read and stored/recallad is only processed when a new
threshald is wntten to that port,

The AAM has the folowng inputs:

* an input image

* & match threshold £, 0 2 £ ? 1; storad images which egual or exceed the threshold are recalled (if more than one iImage exceeds the thrashold,

the image with the highast match i1s recalled)
The AAM has the following cutputs:

* an output iImage
* atuple contaming an image i. number and a match velue r, 0 7 r 7 1, Thesa are type integer and double respectively, * *

Depandancias
YARP,
Parameters

Command Line Parameters

The following key-value pairs can be speciied as command-line parametars by prefoong -« 1o the key (e.g. —from file.ni. The velue part can be
changed to sutt your needs; the defsukt vaiues are shown below

. fmm moAsswntweNemory ini specifies the configuration file
. BACA eMemary/cord specifies tha sub-path from $ICUB_ROQT/icubvapp to the configuratan fle
® name aam soeaﬁeu the name o! the modde (used to form the sem of module port nemes)

nmluomm $ten ¥ Bevon o Howchtdl T Metghease

| Do
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Simple example: a countdown

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

int main( int argc , char *
if ( argc !=2) return 1;
Network::init 0;

BufferedPort  <Bottle> out;
out.open (argv [ 1]);
for( int i=10; i>=0; i--){

printt  ("at%d \n", 1i);
Bottle& msg = out.prepare
msg.clear ();
msg.addStrin
msg.addint (i );
out.write  ();

\ Time::delay (1);

( "countdown"

argv []) {

0
);

Network::fini 0;
return 0O;

|
J

[make_count.cpp

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

int main( int argc , char*
if ( argc = 2) return 1;
Network::init 0;

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

argv []) {

int count= 1,

while (count> 0){
Bottle* msg = in.read
count=  msg- > et( 1). asint 0;
printf  ("at %d \n , count);

Network::fini 0;

} return 0;

[ view_count.cpp
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A make count generates a countdown message

Simple example: a countdown

I countdown 10

I countdown 9

I ...
A view count views a countdown message
A Neither program mentions the other

A Neither program dictates how the message will
be transmitted




lit Simple example: a Countdown

$ ./make_count /count C:\> view_count /view ['U
yarp: Port /count listening yarp: Port /view listening

at 10

at9 i

[ 4

I l ®




YARP Network

make_count /count view_count /view




lit Simple example: a Countdown

$ ./make_count /count C:\> view_count /view ['U
yarp: Port /count listening yarp: Port /view listening

at 10

at9 i

[ 4

I l ®




$ ./make_count /count

yarp: Port /count listening

at 10

at9

yarp: output /count to /view, tcp
at 8

at 7

[ 4

Simple example: a countdown

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

I
L

yarp: Input /count to /view, tcp

at 8
at 7

$ yarp connect /count /view

$

Added output: /count to /view, tc‘




YARP Network

make_count /count view_count /view

@
tcp




iit! Simple example: a

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

at9

yarp: output /count to /view, tcp
at 8

at 7

[ 4

untdown Ay

C:\> view_count /view ['U
yarp: Port /view listening
yarp: Input /count to /view, tcp

at 8
at 7

$

$ yarp connect /count /view
Added output: /count to /view, tc‘




it

$ ./make_count /count

yarp: Port /count listening

at 10

at9

yarp: output /count to /view, tcp
at 8

at 7

yarp: output /count to /view2, udp
at 6

[ 4

Simple example: a countdown

C:\> view_count /view L'U
yarp: Port /view listening

yarp: Input /count to /view, tcp
at 8
at7
at6
at 5

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

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

.| yarp: Input /count to /view2, udp
|at6

$ view_count /view?2
yarp: Port /view2 listening

atb




3

YARP Network

make_count /count view_count /view

view_count /view 2

/count




it YARP Devices

A There are three separate concerns related to devices
In YARP:

I Implementing specific drivers for particular devices
I Defining interfaces for device families

I Implementing network wrappers for interfaces

A Basic idea: if you view your devices through well
thought out interfaces, the impact of device change

can be minimized.




it A Light Touch

A New devices come out all the time T needs to be
easy to connect them to existing code

AYARPneedsami ni mal fclass @ matcd r ¢
vendor-supplied library with relevant interfaces
that capture common capabillities

A YARP encourages separating configuration from
sourcecodei separating the np

A Devices and communications remain distinct
concerns
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Example: New WebCam

Super-WebCam
device _ .

Super-WebCam
Vendor-Supplied
Library/Code




Example: New WebCam

YARP Device Interface

Super-WebCam
device

Super-WebCam
Vendor-Supplied
Library/Code

aor)laiu| abew|

Audio Interface || Misc




Example: New WebCam

YARP Device Interface |

Super-WebCam
device __

Super-WebCam
Vendor-Supplied
Library/Code

Reusable code

aor)laiu| abew|

Audio Interface || Misc




Example: Old Framegrabber

YARP Device Interface |

analogue
framegrabbel
§ i
Q
analogue Q l+—
framegrabber _ |
Vendor-Supplied % . Reusable code

Library/Code ~
)
4]

Misc'




Example: Networking

YARP Device Interface [,

Super-WebCam
Vendor-Supplied
Library/Code

aoreJIa)u| abew|

Network proxy

aoeliolu| abew
- Y

Reusable code
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Picolo
framegrabber

n Get an
Interface

(IFrameGrabberlmage)

DragonFly
fireware camera

.| OpenCV Grabber

library interface

FFMPEG Grabber
library interface

Server/Remote
network wrapper

TestGrabber
fake images

Family of Image Sources

\

specific
> hardware

widely
supported

> libraries

for accessing
image sources

_/
any image source,
on another machine

fake source for
testing



3

Family of Audio Sources

nGet a

Interface
(IAudioGrabberSound)

ndo

Microphone
(windows version)

Microphone
(linux version)

PortAudio

" library interface

FFMPEG Grabber
library interface

Server/Remote
network wrapper

\

specific
> hardware

widely
supported

> libraries

for accessing
audio sources

_/

any audio source,
on another machine




3

ESD
(Linux,Windows)

ARnContr ol
Interface

(IpositionControl)

Jrkerr
(Windows)

Dimax
(Windows)

Server/Remote
network wrapper

TestMotor

Family of Motor Controllers

~

specific
hardware

_/

any control interface,
on another machine

fake motors for
testing




it Why Is this useful?

A Allows collaboration between groups whose
robots have different devices

A Makes device changes less painful
A Devices and communications are orthogonal
features

I Can switch from remote use of device to local use
and vice versa without pain

I Local use can be very efficient, just an extra virtual
method call



it

ICub Software Interface

A Challenge: a large community of users
A Simple interface

A A

IPositionControl *DOS; BufferedPort <ImageOf<PixelRgb > >
IEncoders *enc; ImagePort ;

IPidControl  *pid ; A | |
|AmplifierControl *amp; ImageOf<PixelRgb > *image =

A imagePort.read ();

amp >enableAmp( 0); A

pid - >enablePid (0);

pos- >positionMove (0, 45);
A

pos- >positionMove (0, 0);
A

amp >disableAmp ( 0);

pid - >disablePid ( 0);



iit|

A Access to the hardware (the robot) is made
through software interfaces (a pointer to classes).
The 1 nterface I s the nc
and the system (I n theo
much 1 1.e. keep the contact stable).

A Recently improved to keep up with new hardware
and software development:

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

I lAnalogSensor: streams out force feedback and new
finger analog sensors

Software Interface




it The ICub code

A Organized as a set of executables glued with
YARP

A Emphasis on modularity with fine granularity

A Modularity and reuse is achieved at three levels:
I C++ libraries: less common and mostly within groups
I ACubmoduleso : very often, acr os
I applications: getting more mature, also shared




it/ ICub Modules

A 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

A Granularity at this level is quite fine

A Behaviors are obtained by instantiating and connecting networks of
modules




iit  Modules and Applications

A An application is a logical collection of modules with a particular
purpose (e.g. attention system, reaching, grasping, learning of
affordances, crawling, i nteractio
A In practice it is just a collection of configuration files and a text
description in xm|




m‘ Remotization of applications

A standard to describe applications using xml

<application>
<name> myApplication <\name>

<module>
<name> modulel <\name>
<parameters> é <\parameters>
<node> pcl <\node>

<\module>

&

<connection>
<to> /input <\to>
<from> /source <\from>
<\connection>




iit  Remotization of applications

AThrough YARP the application manager performs common tasks
e.g. starting modules with correct parameters, connect and
disconnect ports, check dependencies

AOS independent remote execution, with i/o redirection

Application Manager =10l =l
Application Mame; Test grabbers
Dependencies, parks;
|,|'|:u:|rt1 r
|,|'|:u:urt2 |l
Dependencies, nodes:
||:u:2 - Checkdep
Xml Jpcl r
, Module: On niode: Stdio: Taq:
€ ‘ |':.far|:u:|ev ||:u:1 ||:n:2 |test-gra|:u|:uer1 Rurm | Cerl-c | Kill | Check | Params
é |yarpdev ||:u:1 ||:n:2 |test-gral:ul:uer2 Rur | Crl-c | Kill | Check, | Params
V |yarpview ||:u:2 |nu:une |view1 Fun | Ceel-c | Kill | Check | Params
varpiew |pcz Inone |vigwz Run | Ctl-c | Kill | Check | Params
Conneckions:
|,|'I:est1 ko |,|'view1 pritk: |I:n:|:| |-
|,l'test2 ko: |,l'view2 prok: |I:|:|:| -
Fun Modules | Stop Madules | Kill Madules | pdate | Conneck | Disconneck |
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Software community

A Several iCub have been delivered

A Simulator

A Training activities & summer schools
A Several laboratories are using the iCub software and/or
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robotcub-hackers@lists.sourceforge.net

The entry point to getting help!
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it - -
lit Fingertips
A Capacitive pressure sensor with 12 sensitive
Zones

A 14.5 mm long and 13 mm wide, sized for iCub

A Embedded electronics: twelve 16 bit
measurements of capacitance

I either all 12 taxels independently at 50 Hz or an
average of the 12 taxels at about 500 Hz




iit
A A controlled probe (robot arm) moves along a line on

the top of the fingertip
A Measure spatial sensitivity

The measurements of taxel 1,2,3 for different positions
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