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Multidisciplinarity

Engineering:
Mechanical
Electronic
Computer Science

Mathematics
Psychology
Designers
...
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Middleware/frameworks 
ICE
YARP
ROS

Low level

High level
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Computation in robotics

Middleware/frameworks 
ICE
YARP
ROS

Low level

High level

Libraries
Perception: OpenCV, PCL
Motion and Planning: KDL, OpenRave

Visualization and Simulation platforms
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Why middleware?

Use others’ work
We produce SW (that dies with the robot)

Very quick evolution

Hardware/Software diversity
Differences in sensors, actuators, 

bodies
Processors (intel, ARM..), OS/

embedded OS, libraries, 
languages...
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Modular systems

Coupled systems: changes in one part 
trigger changes in another
Leads to complexity
Systems hard to maintain/evolve

This is the path to the Dark Side

Modular robots
Robot software is hardware-specific and 

task-specific
Hardware and task change quickly
Robot complexity is high, so teams of 

developers are needed
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ICE

GPL License

C++, Java, .NET, Python, PHP, 
Ruby, and Objective-C

Linux, Mac, W$ 

Slice (Specification Language for 
Ice)

Synchronous and Asynchronous

Tuesday, July 19, 2011
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ICE

1. Define types and interfaces with Slice

2. Compile the Slice definitions into source code for your chosen programming language

3. Write client-side application code and compile it—together with the code generated by 
the Slice compiler—into a client program.

4. Write server-side application code and compile it—together with the code generated by 
the Slice compiler—into a server program.

GPL License

C++, Java, .NET, Python, PHP, 
Ruby, and Objective-C

Linux, Mac, W$ 

Slice (Specification Language for 
Ice)

Synchronous and Asynchronous
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M. Henning and M. Spruiell, Choosing Middleware: Why Performance and Scalability do (and do 
not) Matter, ZeroC Inc.

If processes are in the same machine
don’t use ICE!
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M. Henning and M. Spruiell, Choosing Middleware: Why Performance and Scalability do (and do 
not) Matter, ZeroC Inc.

If processes are in the same machine
don’t use ICE!
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LGPL license

Portability:
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YARP

LGPL license

Portability:

Abstract details of data flow (keep algorithm and 
“plumbing” separate)

Observer design pattern

“port” objects deliver data to any number of observers

in any number of processes

distributed across any number of computers/OSes

using several communications protocols
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Fronteras de la computación  -  Robotics

YARP

LGPL license

Portability:

Abstract details of data flow (keep algorithm and 
“plumbing” separate)

Observer design pattern

“port” objects deliver data to any number of observers

in any number of processes

distributed across any number of computers/OSes

using several communications protocols

Abstract details of used devices from program 
source code (easy to replace)

Implement specific drivers

Define device families

Implement network wrappers

Tuesday, July 19, 2011



Fronteras de la computación  -  Robotics

YARP: Interfacing libraries and devices

Organization:
libYARP_OS - interfacing with the operating system(s) to support easy streaming 

of data across many threads across many machines. YARP uses the open-
source ACE (ADAPTIVE Communication Environment) library, which is portable 
across a very broad range of environments, and YARP inherits that portability. 
YARP is written almost entirely in C++.

libYARP_sig - performing common signal processing tasks (visual, auditory) in an 
open manner easily interfaced with other commonly used libraries, for example 
OpenCV.

libYARP_dev - interfacing with common devices used in robotics: framegrabbers, 
digital cameras, motor control boards, etc.

Tuesday, July 19, 2011

http://eris.liralab.it/yarpdoc/yarp_os.html
http://eris.liralab.it/yarpdoc/yarp_os.html
http://eris.liralab.it/yarpdoc/group__sig__class.html
http://eris.liralab.it/yarpdoc/group__sig__class.html
http://eris.liralab.it/yarpdoc/group__dev__all.html
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YARP - ports

Connections use different protocols

Ports belong to processes

Processes can be on different machines/OS
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YARP - ports

Connections use different protocols

Ports belong to processes

Processes can be on different machines/OS

The name server is a YARP program that maintains 

a list of all YARP Ports and how to connect to them.
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ROS

Middleware -- robotics suite
Peer-to-peer: Parameter server
Tools-based: Logging, bags, graphs ...
Multi-lingual
Thin
Free and Open-Source

Communications infrastructure
Nodes, messages, topics, services

Applications packages
Interface with other libraries
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OpenCV
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Introduction Model Based Segmentation Sample 1 Sample 2 Polygonal Prism — Sample 3 Euclidean Clustering

Polygonal Prism

Once we have a plane model, we can find

� objects standing on tables or shelves

� protruding objects such as door handles

by

� computing the convex hull of the planar points

� and extruding this outline along the plane normal

Point Cloud Library (PCL)

Fronteras de la computación  -  Robotics

PCL

...split into a collection of smaller, modular C++ libraries: 
libpcl_keypoints: nD interest points 

libpcl_features: nD feature descriptors

libpcl_surface: surface meshing/reconstruction techniques

libpcl_filters: point cloud data filters and smoothing

libpcl_io:I/O operations,3D camera drivers(e.g.,Kinect)

libpcl_kdtree: fast nearest neighbor operations

libpcl_octree: downsampling,compression,change detection

libpcl_range_image: efficient 3D operations

libpcl_sample_consensus: RANSAC,MSAC,MLESAC, planes, spheres, etc

libpcl_segmentation: model segmentation operations

libpcl_registration: point cloud registration methods

libpcl_visualization: 2D/3D visualization library

Tuesday, July 19, 2011
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KDL

Extensive support for :

Geometric primitives: point, frame, twist ...

Kinematic Chains: serial and tree structures 
(D-H parameters)

Kinematic Solvers: various generic forward 
and inverse kinematic algorithms, 
redundancy resolution, ...

Motion Trajectories: Cartesian paths, 
velocity profiles, Cartesian trajectories

Springer Handbook of Robotics

Siciliano, Khatib (Eds.) · ©Springer 20081

26 Part A Robotics Foundations

again locked, while joint 3 is freed to move back to
its original motion limit. Finally, joint 3 is locked, and
joint 2 freed to move likewise to its original motion
limit. In this way, the trace of the reference point is

a closed curve whose area and centroid can be calculated
mathematically.

More details on manipulator workspace can be found
in Chaps. 3 and 10.

1.6 Forward Kinematics
The forward kinematics problem for a serial-chain
manipulator is to find the position and orientation of
the end-effector relative to the base given the positions
of all of the joints and the values of all of the geometric
link parameters. Often, a frame fixed in the end-effector
is referred to as the tool frame, and while fixed in the
final link N , it in general has a constant offset in both
position and orientation from frame N . Likewise, a sta-
tion frame is often located in the base to establish the
location of the task to be performed. This frame gener-
ally has a constant offset in its pose relative to frame 0,
which is also fixed in the base.

A more general expression of the forward kinematics
problem is to find the relative position and orientation of
any two designated members given the geometric struc-
ture of the manipulator and the values of a number of
joint positions equal to the number of degrees of free-
dom of the mechanism. The forward kinematics problem
is critical for developing manipulator coordination algo-
rithms because joint positions are typically measured by
sensors mounted on the joints and it is necessary to cal-
culate the positions of the joint axes relative to the fixed
reference frame.

In practice, the forward kinematics problem is solved
by calculating the transformation between a reference
frame fixed in the end-effector and another reference
frame fixed in the base, i. e., between the tool and sta-
tion frames. This is straightforward for a serial chain
since the transformation describing the position of the
end-effector relative to the base is obtained by sim-
ply concatenating transformations between frames fixed
in adjacent links of the chain. The convention for the
geometric representation of a manipulator presented
in Sect. 1.4 reduces this to finding an equivalent 4×4 ho-
mogeneous transformation matrix that relates the spatial
displacement of the end-effector reference frame to the
base reference frame.

For the example serial-chain manipulator shown
in Fig. 1.3 and neglecting the addition of tool and station
frames, the transformation is

0T6 = 0T1
1T2

2T3
3T4

4T5
5T6 . (1.44)

Table 1.8 contains the elements of 0T6 that are calculated
using Table 1.7 and (1.42).

Once again, homogeneous transformations provide
a compact notation, but are computationally inefficient
for solving the forward kinematics problem. A reduc-
tion in computation can be achieved by separating the

Table 1.8 Forward kinematics of the example serial chain
manipulator in Fig. 1.3, with abbreviations cθi := cos θi and
sθi := sin θi

0T6 =





r11 r12 r13
0px

6
r21 r22 r23

0py
6

r31 r32 r33
0pz

6
0 0 0 1




,

r11 = cθ1 (sθ2 sθ3 − cθ2 cθ3 )(sθ4 sθ6 − cθ4 cθ5 cθ6 )
− cθ1 sθ5 cθ6 (cθ2 sθ3 + sθ2 cθ3 )

+ sθ1 (sθ4 cθ5 cθ6 + cθ4 sθ6 ) ,

r21 = sθ1 (sθ2 sθ3 − cθ2 cθ3 )(sθ4 sθ6 − cθ4 cθ5 cθ6 )
− sθ1 sθ5 cθ6 (cθ2 sθ3 + sθ2 cθ3 )

− cθ1 (sθ4 cθ5 cθ6 + cθ4 sθ6 ) ,

r31 = (cθ2 sθ3 + sθ2 cθ3 )(sθ4 sθ6 − cθ4 cθ5 cθ6 )
+ sθ5 cθ6 (sθ2 sθ3 − cθ2 cθ3 ) ,

r12 = cθ1 (sθ2 sθ3 − cθ2 cθ3 )(cθ4 cθ5 sθ6 + sθ4 cθ6 )
+ cθ1 sθ5 sθ6 (cθ2 sθ3 + sθ2 cθ3 )

+ sθ1 (cθ4 cθ6 − sθ4 cθ5 sθ6 ) ,

r22 = sθ1 (sθ2 sθ3 − cθ2 cθ3 )(cθ4 cθ5 sθ6 + sθ4 cθ6 )
+ sθ1 sθ5 sθ6 (cθ2 sθ3 + sθ2 cθ3 )

− cθ1 (cθ4 cθ6 − sθ4 cθ5 sθ6 ) ,

r32 = (cθ2 sθ3 + sθ2 cθ3 )(cθ4 cθ5 sθ6 + sθ4 cθ6 )
− sθ5 sθ6 (sθ2 sθ3 − cθ2 cθ3 ) ,

r13 = cθ1 cθ4 sθ5 (sθ2 sθ3 − cθ2 cθ3 )
− cθ1 cθ5 (cθ2 sθ3 + sθ2 cθ3 )

− sθ1 sθ4 sθ5 ,

r23 = sθ1 cθ4 sθ5 (sθ2 sθ3 − cθ2 cθ3 )
− sθ1 cθ5 (cθ2 sθ3 + sθ2 cθ3 )+ cθ1 sθ4 sθ5 ,

r33 = cθ4 sθ5 (cθ2 sθ3 + sθ2 cθ3 )
+ cθ5 (sθ2 sθ3 − cθ2 cθ3 ) ,

0px
6 = a3cθ1 cθ2 −d4cθ1 (cθ2 sθ3 + sθ2 cθ3 ) ,

0py
6 = a3sθ1 cθ2 −d4sθ1 (cθ2 sθ3 + sθ2 cθ3 ) ,

0pz
6 = −a3sθ2 +d4(sθ2 sθ3 − cθ2 cθ3 ) .

Part
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subscripts of the joint parameters do not match that of
the joint axis. Waldron [1.28] and Paul [1.29] modified
the labeling of axes in the original convention such that
joint i is located between links i −1 and i in order to
make it consistent with the base member of a serial chain
being member 0. This places joint i at the inboard side of
link i and is the convention used in all of the other modi-
fied versions. Furthermore, Waldron and Paul addressed
the mismatch between subscripts of the joint parameters
and joint axes by placing the ẑi axis along the i +1 joint
axis. This, of course, relocates the subscript mismatch to
the correspondence between the joint axis and the ẑ axis
of the reference frame. Craig [1.30] eliminated all of the
subscript mismatches by placing the ẑi axis along joint
i, but at the expense of the homogeneous transformation
i−1Ti being formed with a mixture of joint parameters
with subscript i and link parameters with subscript i −1.
Khalil and Dombre [1.27] introduced another variation
similar to Craig’s except that it defines the link param-
eters ai and αi along and about the x̂i−1 axis. In this
case, the homogeneous transformation i−1Ti is formed
only with parameters with subscript i, and the subscript
mismatch is such that ai and αi indicate the length and
twist of link i −1 rather than link i. Thus, in summary,
the advantages of the convention used throughout this
handbook compared to the alternative conventions are

αi

ai
ẑi

x̂i–1

x̂i

ẑi–1

x̂i–2

Joint i 

di 

θi–1 

θi 

di–1 

Body i 

Joint
i–1 

Body
i–2 

Body
i–1 

Fig. 1.2 Schematic of the numbering of bodies and joints
in a robotic manipulator, the convention for attaching ref-
erence frames to the bodies, and the definitions of the four
parameters, ai , αi , di , and θi , that locate one frame relative
to another

ẑ5

ẑ4

ẑ6

ẑ1

ẑ3

ẑ2

Fig. 1.3 Example six-degree-of-freedom serial chain
manipulator composed of an articulated arm with no joint
offsets and a spherical wrist

that the ẑ axes of the reference frames share the com-
mon subscript of the joint axes, and the four parameters
that define the spatial transform from reference frame i
to reference frame i −1 all share the common subscript
i.

In this handbook, the convention for serial chain
manipulators is shown in Fig. 1.2 and summarized as
follows. The numbering of bodies and joints follows the
convention:

• the N moving bodies of the robotic mechanism are
numbered from 1 to N . The number of the base is 0.

• the N joints of the robotic mechanism are numbered
from 1 to N , with joint i located between members
i −1 and i.

With this numbering scheme, the attachment of refer-
ence frames follows the convention:

• the ẑi axis is located along the axis of joint i,
• the x̂i−1 axis is located along the common normal

between the ẑi−1 and ẑi axes.

Using the attached frames, the four parameters that
locate one frame relative to another are defined as

• ai is the distance from ẑi−1 to ẑi along x̂i−1,
• αi is the angle from ẑi−1 to ẑi about x̂i−1,
• di is the distance from x̂i−1 to x̂i along ẑi ,• θi is the angle from x̂i−1 to x̂i about ẑi .

Part
A

1.4
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BFL - OpenRave

The Bayesian Filtering Library (BFL):

(Extended) Kalman Filters, 
Particle Filters (or Sequential Monte Carlo methods), etc. 

OpenRAVE

IK
Motion planners
Real time - industrial
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Visualization - replay
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Simulation

Realism
Kinematics of motion
Dynamics of motion
Environment, i.e, gravity
Sensor simulation
Transparent to the user
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Perception

Force/tactile
Inertial/GPS
Sonar
Range
Vision/3d 
...
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Rigid object manipulation

Tuesday, July 19, 2011



Fronteras de la computación  -  Robotics

Rigid object manipulation

Calibration: models
Previous knowledge about objets: models
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Calibration

Hand-eye calibration
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Avoid calibration

POMDP based navigation
Situant la càmera enfront del braç robot i l'objecte entre els dos de manera que la càmera pot 

aportar informació de la distància relativa entre l'objecte i la mà, cosa que serà l'estat en què es troba 
l'agent i que li permetrà actuar segons la política òptima.

Així s'obtenen imatges com la següent:

fig. 27 Exemple visió WAM desde càmera 3D
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In can be always used?
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Avoid previous knowledge

Active modelling

!15
!10

!5
0

5
10

15
20

!20

!10

0

10

55

60

65

70

75

80

(a) Fine registration

!15
!10

!5
0

5
10

15
20

!20

!10

0

10

55

60

65

70

75

80

(b) Result model B

!15
!10

!5
0

5
10

15
20

!20

!10

0

10

55

60

65

70

75

80

(a) Fine registration

!15
!10

!5
0

5
10

15
20

!20

!10

0

10

55

60

65

70

75

80

(b) Result model B

Tuesday, July 19, 2011



Fronteras de la computación  -  Robotics

Planning on deformable objects
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Next best view - camera motion planning
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Plant modelling
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Leaf probing
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Leaf probing
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Manipulation of textiles
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Opportunities
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USA: New prog. 500M$ (NASA, NSF, DARPA)
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Korea: robotics at school (45M$)

IntellAct

European Projects (9050 M€)
Cooperation with Eu labs

Tuesday, July 19, 2011



Fronteras de la computación  -  Robotics

Opportunities

USA: New prog. 500M$ (NASA, NSF, DARPA)
Korea: robotics at school (45M$)

Hacia una instalación de demostración de la capacidad de manipulación remota del Test Blanket System en España, 29/10/2010 Page !

Test Blanket Modules System

IntellAct

European Projects (9050 M€)
Cooperation with Eu labs

ITER - Barcelona
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Guillem Alenyà

Fronteras de la Computación, 2011

Robotics
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Questions?

SO
Real time
Computer architectures
Languages
Communication buses
Real robots - Fukushima, Roomba...
Seguridad: robots entre humanos
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