EXCELENCIA
MARÍA
DE MAEZTU

7/2017 - 6/2021

IRI BIENNIAL
REPORT

2
0
1
7

2
0
1
8

IRI BIENNIAL
REPORT

2
0
1
7

2
0
1
8

1

OVERVIEW

6

Organization
Excellence research program on human
centered robotics
IRI in numbers
Facilities
Services

7
8

RESEARCH

16

Research lines
Kinematics and Robot Design
Mobile Robotics
Perception and Manipulation
Automatic Control
Regional research group recognition
IRI research seminar series

17
18
24
36
50
60
62

3

PUBLICATIONS

60

4

EDUCATION

74

5

TECHNOLOGY TRANSFER

76

Technology transfer projects
Expertise
Services and clients

77
82
83

OUTREACH

84

Activities
Social networks & media appearances

86

FUNDING

88

2

6

7

10
12
15

INDEX

W E L C O M E
IRI is a strong and mature
research center with a history
of 23 years

Juan Andrade
Director
IRI is a strong and mature research center with a history of 23 years
contributing in the fields of robotics and automatic control. In 2017,
the Institute received the María de Maeztu Unit of Excellence Seal
from the Spanish State Research Agency. This seal recognizes IRI
for the impact and international relevance of its research results, and
finances a four-year strategic research program on human-centered robotics, with the aim of consolidating its scientific capacities
and contributing to its international leadership. In addition to this, IRI
completed in 2018 a three-year action plan and received the TECNIO
accreditation from the ACCIÓ Office of the Government of Catalonia. This accreditation will help promote IRI’s technology services to
companies, especially SMEs, and help them become more competitive and innovative.
In addition to these recognitions, our scientists have initiated 22 new
projects in the period 2017-2018, with a budget of 7.2M€, 58% of
which comes from EU competitive calls. The largest of these new
projects is CLOTHILDE, an ERC Advanced Grant awarded to Prof.
Carme Torras to develop a theory of robotic manipulation of textiles.
In this project, robots are being taught manipulation skills through
demonstrations performed by non-expert users, which are then coded using representations of computational topology and improved
through automatic learning techniques.
Other new EU projects initiated this period include the research and
innovation actions IMAGINE for the robotic disassembly of recycled
electronic components, INN-BALANCE for the design of energy management subsystems for fuel-cell-based vehicles, and GAUSS dealing with Galileo-based accurate localization modules for aerial robots.

Besides these R&D actions, IRI also contributes to the ROBOCOM++
project for the preparation of the EU Robotics Flagship, to the SCIROC project for the organization of robotic competitions, and to the
TERRINET European robotics research infrastructure network. These
new activities, together with previous ongoing ones, add up to 45 different projects being executed in this period.
This surge of activity meant a significant growth of the institute personnel of nearly one third its size, passing from 134 people in December 2016 to 171 members in December 2018. We welcomed in
this period Ramon Costa from UPC and Guillem Alenyà and Antonio
Agudo from CSIC with full permanent research positions, and hired
23 postdocs. This increase was accompanied by a growth in research
facilities. We inaugurated in 2018 a new laboratory for research on
Perception and Manipulation in Robotics and are in the process of
reconditioning office space for a total of 570 sqm. We have experienced difficulty consolidating public servant administrative and
technical personnel, a situation we are working to solve in the near
future.
IRI researchers continue publishing the results of their activities in the
top-ranked journals and conferences in their field of expertise. Of these, we celebrate 2 articles in the International Journal on Computer Vision and 3 articles in the IEEE Transactions in Pattern Analysis and Machine Intelligence, as well as 5 articles in the IEEE/CVF Conference on
Computer Vision and Pattern Recognition. The research explained in
these papers provide various solutions to the problems of estimating
the shape of deformable objects and 3D human pose from monocular
image sequences, object recognition, and image and text processing
for article annotation.

Within the robotics field, we are also proud of the paper published in
the IEEE Transactions on Robotics on the subject of motion primitive encoding, dimensionality reduction and reinforcement learning for
bimanual manipulation. As usual, IRI had also relevant presence in the
top-ranked conferences in the robotics field, with 5 papers presented
in the IEEE International Conference on Robotics and Automation,
and 10 in the IEEE/RSJ International Conference on Intelligent Robots and Systems. These papers present contributions to the solution of multiple robotics problems, including motion planning with
contextualized motion primitives; relative entropy policy search; the
design of multi-functional grippers for bimanual manipulation; real
time monocular visual SLAM with points and lines; CNNs for 3D pose
estimation and for vehicle motion estimation; social force models for
human-robot interaction; randomized kinodynamic planning; or the
kinematics and singularity-robust control of parallel robots.
IRI researchers published also this year various control strategies for
energy management in top-ranked journals and conferences. One
article was published in the IEEE Transactions on Industrial Electronics dealing with nonlinear model predictive control for PEM fuel
cell efficiency. Four papers were presented at the American Control
Conference, and 6 the in IEEE Conference on Decision and Control,
addressing nonlinear model predictive control models for wind farm
management, thermal load building, and information exchange in
distributed systems; reset control of boost converters; set-membership estimation for interconnected and linear time-invariant systems;
or the energy management of interconnected grids. All in all, in this
period, IRI researchers published 109 indexed journal papers, 52% of
them in journals in the first quartile of their discipline; 5 books; 14
book chapters; and 146 conference articles.
12 new doctors graduated from IRI during 2017 and 2018. Special recognition is given to Adrià Colomé, who won the 2017 award to the
best PhD thesis in robotics in Spain and was finalist of the Georges
Giralt award for the best thesis in robotics in Europe, for his work on
motion primitive encoding, dimensionality reduction and reinforcement learning for bimanual manipulation; to Àngel Santamaria who
was also finalist of the Georges Giralt award with his work on hierarchical task planning for aerial manipulation; and to Julián Barreiro
who won the best 2017 thesis in control engineering in Spain and the
best European thesis in the field of control for complex and heterogeneous systems, for his study on the role played by evolutionary game
theory in the design of distributed controllers based on optimization.
IRI students also excelled in various competitions this two-year period, including the ASTI Robotics Challenge and the European Robotics League Service Robots Competition.
Best paper awards were given in 2018 to Albert Pumarola and collaborators at the 2018 European Conference on Computer Vision for their
work on anatomically-aware facial animation from single images, and
to Julián Barreiro and collaborators in the ISA Transactions for their
work on dynamical tuning of model predictive controllers using population games. International recognition came also in the form of a
Google Faculty Award to Francesc Moreno to develop geometry-awa-

re convolutional neural networks for non-rigid shape reconstruction,
and in an MIT-Spain grant to Carlos Ocampo to develop reliable
systems to integrate renewable energy sources. Carme Torras was
named IEEE Fellow in 2018, and our robot Tibi greeted politicians at
the Smart Regions event of the Committee of Regions in Brussels
the same year.
Our technology transfer strengthening efforts are already producing some results. IRI researchers signed technology transfer
solutions in over 20 different contracts with industry during this
period. The topics are varied, the most relevant being factory
automation for the companies INFUN, LEYTEC, and ETXE-TAR;
computer vision and inspection for GDE, LABCAT, VOLPAK, and
FICOSA; intelligent adaptive control for HIPLUS; intelligent energy
management for SUMASA; advanced driving assistance systems
consultancy for CIT and IDIADA; and predictive maintenance, cybersecurity, and protection of critical infrastructures for CETAQUA.
Special mention deserves the effort carried out this period on the
search for links between robotics and AI research and the social
sciences, and in particular in addressing the very pertinent issue of
ethics in robotics. IRI was involved in the last edition of the program
Young People, Science and Ethics co-organized by the FCRi and la
Caixa Foundation, in collaboration with the Government of Catalonia, aimed at stimulating youngsters’ critical capacity and encouraging them to participate in ethical debates related to the social
implications around current science-related issues. More than 400
students debated with IRI researchers about the impact of robotics in the labor market, the limits of AI, robotics and affective relationships, or the use of robotic technologies in military and defense.
Moreover, during the months of October and November 2018, IRI
organized, also in collaboration with la Caixa Foundation, a cycle of
debates between roboticists and philosophers addressed to a larger
audience, and versing on the topics of robotics in the workplace,
assistive robotics, autonomy and decision making, human vs artificial intelligence, robotics and affective relations, and transhumanism.
This is only a short summary of the many activities carried out by
our scientific staff in this two-year period. I welcome the reader to
browse through the contents of this report and learn about the rest
of the Institute’s activities and motivations for excellence in robotics
and automatic control research.

1. OVERVIEW

The Institut de Robòtica i Informàtica Industrial is a Joint
University Research Institute of the Spanish Council for
Scientific Research (CSIC) and the Technical University of
Catalonia (UPC).
The Institute conducts basic and applied research in robotics
and automatic control.
It was created in November 1995 and is located in the Parc
Tecnològic de Barcelona, in the Faculty of Mathematics and
Statistics building in the South Campus of UPC in Barcelona,
Spain.

IRI

ADDRESS:
Parc Tecnològic de Barcelona,
C/ Llorens i Artigas 4-6. 08028 Barcelona, Spain

ORGANIZATION
DIRECTOR

Juan Andrade

DEPUTY DIRECTOR

Carlos Ocampo
(until 4/18)

GENERAL MANAGER

Mª Isabel Miguez
(9/17 - 7/18)

DEPARTMENT HEAD

Pablo Jiménez

REPRESENTATIVES

PhD Members: Guillem Alenyà
PhD Students: Víctor Vaquero
Support Personnel: Eduardo Ballesteros
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EXCELLENCE RESEARCH PROGRAM
Human-Centered Robotics

Principal Investigator

Alberto Sanfeliu

Guarantors

Juan Andrade
Gabriela Cembrano
Francesc Moreno
Josep Maria Porta
Federico Thomas
Carme Torras

Period

Budget

July 2017 /
June 2021

2 M€

The María de Maeztu scientific excellence seal has been awarded to IRI by the Spanish State Research Agency for the
period 01/07/2017-30/06/2021.

A 4-year Strategic Research Programme is being conducted in Human-Centered Robotics.
The concept of human-centered robotics addresses the many different situations in which robots are in close contact and
interact with humans. These include, but is not limited to, social robotics with significant human-robot interaction, collaborative robotics in which humans and robots work together to achieve a common task, or assistive robotics in which robotic
technologies are exploited to help the elderly or the impaired.
7 key core challenges were identified that apply to all these domains, and translate into these 7 specific scientific objectives
of significant relevance and novelty.

8

1

Empathic natural human robot interaction and
collaboration

5

Robots need to be accessible to the non-expert. Research is needed to find ways to allow a robot to interact with people in a natural and intuitive way,
combining multiple sensing modalities to understand
gestures, and to produce socially acceptable gestures
and motion. Moreover, research is needed to develop
models of robot behavior that guarantee that a task
can be completed in cooperation with a human.

2

3

4

Robust localization and mapping
Localization and mapping is a key component of any
assistive robotics solution, and it is perhaps one of the
most studied topics in robotics. Whereas there is today
a general consensus on the mathematical formulation
of the problem and on the computational tools needed
for its solution, the objective now is to provide robustness, reliability, and scalability.

Dexterous textile manipulation
Textile manipulation would open a whole range of
possibilities, from increased autonomy of the elderly, to housekeeping or industrial applications. In our
approach to the problem, we seek to develop a theory
of cloth manipulation using tools from computational
topology and machine learning, and to develop the
adequate end effectors and tools to handle cloth with
dexterity.

6

7

Energy supply and optimization
Energy autonomy is also a key factor for the penetration of robust mobile systems in assistive robotics
applications. We seek to develop an innovative fuel cell
system tailored to assistive robotics applications with
improved efficiency, reliability and lifetime, addressing
the problems of space (high energy density) and weight (high specific energy). Additionally, we seek to explore the possibility of obtaining the fuel (hydrogen or
hydrogen rich compounds) from different alternative
means.

Supervision and control of complex dynamic systems
Robots need to react in real time and reliable alongside humans. Hence, the objective is to work on controllers that can change parameters in real time, efficiently
handle constraints and disturbances, and detect faults
and reconfigure to maintain functionality.

Ethical, regulatory and philosophical aspects of
social robotics
Many risks and regulatory issues still need to be resolved prior to the deployment of helper robots. These
issues have passed until now overwhelmingly unattended, concentrating research efforts in developing the
technologies and the prototypes, but they can no longer be obviated. A collaborative effort with experts in
legal frontiers of technology and privacy issues will be
pursued, as well as with experts that can analyze the
ethical perspective.

Robot learning using natural communication
A new paradigm for robot learning will be studied. Exploiting recent advances in the area of visual object recognition, natural language processing, and their combination by means of machine learning tools, we seek
to advance the way a human can instruct a robot using
solely natural language and standard gestures.
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IRI IN NUMBERS
MEMBERS IN THE STAFF

In the biennium 2017-2018, our center continued its
contribution as a scientific reference in the fields of
robotics and automatic control in Spain. We have
seen significant growth in many aspects such as
scientific production and fundraising.

Permanent Research Staff and Postdocs / 38

Our research staff published 255 scientific
papers in journals and conferences in the period
2017-2018, more than in the previous two years.
Growth is appreciated not only in the quantity of
publications, but also in quality, increasing by 29%
the number of articles published in highly-ranked
journals.

PhD Students / 51

Regarding the procurement of competitive funds
for research, we have signed 21 new projects this
two-year period, nearly reaching more than 7.2
million Euros of secured research funds.

Support and Technical Staff / 13

STAFF EVOLUTION
120

38
32
34

Undergraduate and Master Students / 56

100

80

31

31
60

28

36

6

11

13

13

15

15

15

15

14

2014

2015

2016

2017

2018

PhD Students

Service Staff / 14

40

9

Doctors

10

36

39

51

Support

Services

20

Robots / 23

During 2018
TOTAL: 172 persons

PhD THESES DEFENDED

SCIENTIFIC PUBLICATIONS
11
19

3

Journal Articles

109

280
207

13

Conferences

Books and Book chapters

2017

2018

146
Technical Reports
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see page 66

BUDGET OF THE PROJECTS

RESEARCH PROJECTS
Running projects in the
period 2017/2018

14

18

62

34

546

Secured funds for projects
initiated in period 2017/2018
(in thousand of €)

342,9

European Projects

European Projects

National Projects

National Projects

7698,4

Regional Projects

13

9

see page 75

Regional Projects

CSIC Projects

CSIC Projects

Tech. Transfer Projects

Tech. Transfer Projects

8
see page 16

2580,1

4194,9
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FACILITIES

LABORATORIES

Barcelona Robot Laboratory

Kinematics and Robot Design Laboratory

The Barcelona Robot Lab encompasses an outdoor
pedestrian area of 10.000 sq m., provided with 21 fixed
cameras, a set of heterogeneous robots, full wifi, 3G/4G
coverage and partial GPS coverage. It has the capability to process real time images for robotic applications.
The laboratory is used for urban pedestrian mobile robotics research in national and European projects. This
lab is supported by the European project Terrinet and
the national project BRUL.

The Kinematics and Robot Design Laboratory was initially created to validate the practical interest of our
parallel robot designs, but it has rapidly derived into
an active lab where the prototypes designed by the researchers of the Kinematics and Robot Design Group
are implemented as proofs of concept. Such prototypes
include reconfigurable mechanisms, rolling robots, active surfaces, force-sensing structures, and cable-driven
platforms.

Fuel Cell Control Laboratory

Perception and Manipulation Laboratory

The Fuel Cell Laboratory is a singular laboratory, at Spanish level, for fuel cell systems control research. The objective of the Fuel Cell Laboratory is the validation and
testing of control strategies that maximize energy efficiency and extend the life of high and low temperature
PEM fuel cell systems. The laboratory has five fuel cell
test stations equipped with the necessary sensors and
actuators to operate the systems in a safe and automated way, as well as the capability to implement a great
variety of high level and low level controllers. The facilities
are equipped with a monitoring system to comply with
the necessary safety conditions.

The Perception and Manipulation Lab. provides a very
versatile experimental space for both researching and
testing the latest developments in social and service
robotics, with special focus on cloth manipulation. The
Lab. consists of three main spaces: a 35 square meter
area with two assistant TIAGo robots and a robotic
wheelchair, simulating a complete automated apartment, another area with two WAM arms in a very reconfigurable arrangement, and an area with 2 industrial
manipulators and an XY positioner. Additionally, researchers can find a 3 fingered hand, a Delta haptic interface, force sensors, several conventional, high speed,
high resolution, and 3D cameras. The laboratory service
offers quick experimental setup, several standardized
software tools, and expertise in robot control and perception algorithms.

Mobile Robotics Laboratory
The Mobile Robotics Laboratory is an experimental area
primarily devoted to hands-on research with mobile
robot devices. The lab includes two service robots for
urban robotics research based on Segway platforms, a
4-wheel rough outdoor mobile robot, a fully automated
electric vehicle, a six-legged LAURON-III walking robot,
3 Pioneer robots, three aerial autonomous robots (from
500gr to 5Kg of payload) and a vast number of sensors
and cameras. The laboratory is also equipped with an
aerial trial area (4x7m2) which includes a 12-IR-camera
Optitrack positioning system.

Water-cycle Control Systems Laboratory
The aim of this laboratory is to test and validate modelling approaches and advanced control strategies for
dynamic systems associated to industrial processes and
systems related to the water-cycle management. Hence,
it provides different platforms such as pressure, flow and
level processes regarding water, and power and energy
efficiency for machining emulators regarding industrial
processes. With those test benches, researchers from the
institute and collaborations with foreign scientific institutions are established towards performing implementations of baseline advanced control strategies as well as
methodologies that include robust, reliable and fault-tolerant capabilities.

SERVICES

Administration Staff:

- Eduardo Ballesteros
- David Casabuena
- Esther Expósito
- Carme Fernández
- César González
- Eva Llaveria
- Mª Isabel Miguez
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IT Services Staff:

- José Lázaro
- Evili del Rio
- José Luis Roncero

Mechatronics Workshop &
Lab Staff:

Outreach &
Tech Transfer Office:

- Ferran Cortés
- Sergi Hernández

- Anaís Morales
- Víctor Vílchez

Mechatronics Workshop
The Workshop provides support in the design,
construction, and maintenance of electric, electronic, and mechanical devices and prototypes for
the research projects carried out at IRI, as well as
a warehouse of spare parts and materials. Current
rapid prototyping equipment at the Workshop includes CNC machinery, 3D plastic printers and an
electronic design workbench.The workshop provided support to Terrinet European projects and
BRUL National project.

IT Services
The IRI IT service (IRITIC) is responsible for all the
computer and communications infrastructure of
the Institute, as well as user support. We have a
small data center properly suited with rack
servers and communications devices.

Administration
The Institute has the support of an administrative
service in charge of all accounting related to projects and contracts as well as the management of
the whole Institute’s human resources, space and
equipment.

Outreach and Tech Transfer Office
The Outreach and Tech Transfer office was constituted in 2015 as part of the Tecnio certification
program funded by ACCIÓ and with personnel
from the Plan de Garantía Juvenil. It is in charge
of managing dissemination and outreach activities, incluiding press releases, visits, social networks; as well negotiation and management of
tech transfer agreements with industry.

2. RESEARCH

Kinematics and
Robot Design
page 18

Mobile
Robotics
page 24

Perception and
Manipulation
page 36

Automatic
Control
page 50

RESEARCH LINES
The Institute's research activities are organized
in four research lines: (1) Kinematics and Robot
Design, (2) Mobile Robotics, (3) Perception and
Manipulation and (4) Automatic Control.
Three of them tackle various aspects of robotics
research, including indoor and outdoor humancentered human-safe robotics systems, and
the design and construction of novel robotic
mechanisms. Efforts in the fourth line are aimed
at research on modeling, supervision and control
on energy systems and the water cycle.

RESEARCH PROJECTS
IRI's research activities are funded primarily
by grants from the EU Research Framework
Programme and by competitive funds from the
Spanish State Research Agency through various
research funding programs.
Other sources that support our research include
projects funded by the Government of Catalonia,
by our hosting institutions (CSIC and UPC), and
through technology transfer contracts.

KINEMATICS
AND
ROBOT
DESIGN

Group Leader:
Josep Maria Porta
Researchers:
Enric Celaya
Lluís Ros
Vicente Ruiz de Angulo
Patrick Grosch
Federico Thomas

PhD Students:
Ricard Bordalba
Soheil Sarabandi
Arya Shabani

Support Staff:
Daniel González
Arnau Valls
Juan Viana
Robots:
E-Bola
White Herpes
Gonorobot

OVERVIEW
OVERVIEW
The Kinematics and Robot Design Group carries out research on the design, construction and motion analysis
of complex mechanisms and structures. In robotics, these
devices are parallel manipulators, multi-fingered hands, reconfigurable mechanisms or cooperating robots, to name
a few. However, they appear in other domains too, as mechanistic models of locomotive organisms, molecular compounds or nano-structures.
The group seeks to extend the current knowledge on complex articulated systems, and how the motions of such
systems can be planned, simulated, and controlled in an
efficient and reliable way. Broadening such knowledge is
essential for the development of the increasingly-sophisticated devices of today’s robotics, which must be designed
to operate within prescribed workspaces, dexterously manipulating objects, and avoiding singular configurations and
collisions with the environment at all times. Our efforts focus on developing theories to analyze the behavior of such
systems, and on experimentation with physical construc-

tions of the systems. The group activity organizes around
four principal lines: robot design and construction, kinematic analysis, planning and control with dynamical constraints and planning and control of compliant motions.
During the period 2017-2018 the group has worked on the
design of an original reconfigurable parallel robot and on
the construction of a cable-driven parallel robot. Besides,
we developed novel planning algorithms for constrained
systems, singularity-avoidance planners and singularity-robust controllers and distance geometry tools to derive closed-form expressions for the forward kinematics of
Gough-Stewart platforms. The group also addressed fundamental geometric problems in robotics. The research
results have been published in selective conferences, in highly-ranked international journals and in two books of the
Springer collection in Mechanisms and Machine Science.
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RESEARCH AREAS

Robot
design and
construction

The group designs and constructs innovative
mechatronic devices, mainly based on parallel
architectures. Our developments include the
“Wrenchpad” (a six-axis tactile pad), several tensegrity-based robots, a pentaglide, several variations of the Gough-Stewart platform, and different cable-driven robots. The group also works
on the development of reconfigurable robots.
These robots offer the possibility of reducing
the number of actuators necessary to perform a
given task, with the consequent decrease in the
cost of the robot. Moreover, reconfigurations can
also be used to enlarge the robot’s workspace
or to avoid problematic configurations, such as
singularities. The group has recently designed
and built the first reconfigurable parallel robots
worldwide and the objective for the following
years is to strengthen this promising research
line.

Kinematic
analysis

The group develops techniques for linkage position analysis, i.e., for computing all possible
configurations that a linkage can adopt, while
respecting the kinematic constraints imposed
by its joints. The problem finds applications to
robotics, structural biology and computer-aided
design. During the period, the group contributed with distance-geometry methods to simplify
the motion analysis of linkages, with novel grasping methods, and with the development and
distribution of the CuikSuite, a general a software toolbox for the kinematic analysis of general
multibody systems.

20

Planning
and control
with
dynamical
constraints

The group develops methods for closed-chain
motion planning. In robotics this problem
appears, for instance, in parallel manipulators, in
constraint-based object positioning, or in surgery
and humanoid robots. The problem also appears
in biochemistry, when searching for low-energy
paths between different molecular conformations. The group addresses this problem using
novel higher-dimensional continuation methods
that characterize the configuration space in an
incremental way. Currently, we are incorporating
dynamical aspects in the path planning process.
This produces energetically efficient trajectories
which are similar to the ones performed by humans in similar tasks.

Planning and
control of
compliant
motions

To perform manipulation tasks, a robot establishes physical contact with objects in the environment and eventually moves these objects by
exerting forces and torques. Thus, the planning
of manipulation tasks requires reasoning about
the possible contacts and about the forces resulting from (or limited by) them. In the next
years we aim at incorporating these factors in
the planners for closed-chain systems already
developed by the group. This development will
significantly enlarge the range of possible applications of these planners.
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RESEARCH PROJECTS
ROBCAB

KINODYN

Control strategies for cable-driven robot for
low-gravity simulation

Kinodynamic planning of efficient and agile
robot motions

Leader for IRI
Period
IRI Budget

Josep Maria Porta
Federico Thomas
Jan 2015 / Dec 2018

168 432 €

Funding org.

The objective of this project is to design and build a force-controlled cable-driven robot and to use it to simulate
low gravity conditions, such as those of the underwater
environments. The main scientific and technological contribution of this project are within the frame of robots with
force-position hybrid control. Despite their relevance, there are very few commercial robots with such hybrid controllers and the one proposed in this project will be the
first cable-driven robot with such type of control.Beside
the simulation of low gravity conditions, such novel devices would easily find applications in many areas
.The easy transportation of heavy loads is a demandingnecessity in civil infrastructure services, disaster management, automated warehouses, and manufacturing companies, just to name a few. Moreover, a low-gravity simulation
such as the one proposed in this project, can be used, or
instance, in the rehabilitation of lower limb injuries, where
the robot movements and the interaction forces with the
environment should be soften.
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Leader for IRI
Period
IRI Budget

Lluís Ros
Federico Thomas
Jan 2018 / Dec 2020

151 250 €

Funding org.

The objective of this project is to investigate how energy-efficient and agile robot motions can be planned and
executed in an efficient and reliable way. While robot movements are usually rigid and stereotyped, our aim is to
make them more graceful. This does not mean to avoid jagged movements by simply smoothing the trajectory, but
to adapt each movement to the natural frequency of the
robot parts and manipulated objects, taking advantage of
gravity, inertia, and centripetal forces, and thus reducing
the internal forces and global effort of the robot.
The approach taken in the project is to offload lower-level
control loops in their task to achieve feasible, conservative
motions, transferring part of their duty to higher-level motion planners that, by considering the full robot dynamics,
are able to achieve graceful natural motions compliant
with motor torque, energy storage, or material resistance
limitations.

MEQUIRP
Mechatronic equipment for a rapid-prototyping
lab

Leader for IRI
Period
IRI Budget

Federico Thomas

Jan 2018 / Dec 2019

126 807 € (Cofunded 50%)
European Regional

Funding org.

Development Fund
“A way to build Europe”

The aim of this project is to convert an obsolete mechanical workshop into a rapid prototyping unit. Rapid prototyping technology has evolved dramatically in recent years.
Therefore, the current 3D printing equipment, as well as
the rest of the equipment of the IRI workshop have become obsolete.
The scientific-technical equipment that is funded by this
project are a new 3D printer, a 3D scanner, and a laser cutting system. This equipment forms the minimum necessary set to perform 3D prototyping: the scanner is necessary to capture 3D models of the structures on which the
models have to be fitted and the printer and the cutting
machine are necessary to actually build the models designed to accomplish the objectives of the research projects
of the IRI and for the various institutes and companies
with which we collaborate.

23

Group Leader:
Alberto Sanfeliu

MOBILE
ROBOTICS

Researchers:
Renato Alquézar
Juan Andrade
Anaís Garrell
Joan Solà
Support Staff:
Joaquim Casals
Alejandro López
Xavier Rebato
Fernando Herrero
Ana Mª Puig-Pey
Robots:
Tibi
Dabo
Kinton
IRICar

Helena
IRIkobukis
Ona
Teo

PhD Students:
William Chamorro
Marc Dalmasso
Iván Del Pino
Jérémie Deray
Diego Escudero
Óscar Gil
Alex Goldhoorn
Edmundo Guerra
Javier Laplaza
Jordi Magdaleno
Pep Martí
Adrián Peñate
Albert Pumarola
Ely Repiso
Àngel Santamaria
Joan Vallvé
Víctor Vaquero

OVERVIEW
The research activities of the Mobile Robotics line are aimed to
endow mobile robots and ubiquitous computing devices the necessary skills to aid humans in everyday life activities. These skills
range from pure perceptual activities such as tracking, recognition
or situation awareness, to motion skills, such as localization, mapping, autonomous navigation, path planning or exploration.
In the topic of aerial robotics, during the period 2017-2018 the
group continued their work on perception and control of aerial
manipulators in the EU project, AEROARMS; and initiated GAUSS,
a new EU project dealing with the precise positioning of UAV fleets
fusing information from onboard sensors with that of the Galileo
GNSS.
Furthermore, in this period we continued efforts in simultaneous
localization and mapping, and autonomous navigation solutions
for straddle carriers in port container terminals within the LOGIMATIC EU project. The group also continued leading the public end
user driven technology innovation efforts of the EU ECHORD++
project on the Urban Robotics field, identifying cities and citizens
needs and selecting the robotics technologies that meet such demands. In the social robotics topic, the group continued providing
solutions for the safe motion of robots alongside humans in pedes-

trian areas in the national projects ColRobTransp, RobIntCoop, and
RobInstruct. We have also commenced a national project on SLAM
for event-based cameras.
The group continues participating in other EU initiatives, such as
the SCIROC project for the organization of robotics competitions;
the ROBOCOM++ project for the organization of a robotics flagship initiative; and the TERRINET project for the creation of an European robotics infrastructure network.
During this period, the group has also contributed with solutions to
the private sector in the field of human-robot collaboration for the
factories of the future, on human-robot collaboration for the automotive sector, and on the validation of computer vision systems
also for the automotive sector.
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RESEARCH AREAS
Urban
service
robotics

Social
robotics

SLAM
and
robot
exploration
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The group focuses on the design and development of service mobile robots for human assistance and human robot interaction. This includes research on novel hardware and software
solutions to urban robotic services such as surveillance, exploration, cleaning, transportation,
human tracking, human assistance and human
guiding.

The group’s work on social robotics has an emphasis in human robot interaction and collaboration, developing new techniques to predict and
learn human behavior, human-robot task collaboration, and the generation of emphatic robot
behaviors using all types of sensors, computer
vision techniques and cognitive systems technologies.

We develop solutions for indoor and outdoor
simultaneous localization and mapping using
computer vision and three-dimensional range
sensing using Bayesian estimation. The research
includes the development of new filtering and
smoothing algorithms that limit the load of maps
using information theoretic measures; as well as
the design and construction of novel sensors for
outdoor mapping. This research area also studies
methods for autonomous robotic exploration.

Robot
localization
and
robot
navigation

This research area tackles the creation of robust
single and cooperative, indoor and outdoor robot localization solutions, using multiple sensor
modalities such as GPS, computer vision and laser range finding, INS sensors and raw odometry. The area also seeks methods and algorithms
for autonomous robot navigation, and robot formation; and the application of these methods
on a variety of indoor and outdoor mobile robot
platforms.

Object
recognition

The group also performs research on object detection and object recognition in computer vision. Current research is heavily based on boosting, deep learning and other machine learning
methodologies that make extensive use of multiple view geometry. We also study the development of unique feature and scene descriptors,
invariant to changes in illumination, cast shadows, or deformations.

Tracking in
computer
vision

We study the development of robust algorithms
for the detection and tracking of human activities
in indoor and outdoor areas, with applications to
service robotics, surveillance, and human-robot
interaction. This includes the development of
fixed/moving single camera tracking algorithms
as well as detection and tracking methods over
large camera networks.
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RESEARCH PROJECTS
ECHORD ++

AEROARMS

European Clearing House for Open Robotics Development Plus Plus

Aerial robotics system integrating multiple arms
and advanced manipulation capabilities for inspection and maintenance

Leader for IRI
Period
IRI Budget

Alberto Sanfeliu

Oct 2013 / Sep 2018

941 225 € (Total 19,75M€)

Funding org.

Leader for IRI
Period
IRI Budget
Funding org.

Alberto Sanfeliu

Jun 2015 / May 2019

563 881 € (Total 4,72M €)
HORIZON
2020

The European Commission funded ECHORD++, a 5-year
project (2013-2018), which aims at strengthening the cooperation between public bodies, scientific research, and
industry in robotics.

AEROARMS proposes the development of the first aerial
robotic system with multiple arms and advanced manipulation capabilities to be applied in industrial inspection
and maintenance (I&M).

IRI is leading the ECHORD++ PDTI instrument in Urban
Robotics that wants to bridge the technical innovation
through public demand “identifying the cities and citizens
needs and selecting the tailor-made high-quality robotic
technology to close the gap between demand and supply”.

The objectives are: R&D on aerial manipulation to perform
I&M; developing systems which are able to grab and dock
with one or more arms and perform dexterous accurate
manipulation with another arm. Also develop helicopter-based aerial manipulators.

The first phase - Activities for public demand knowledge
- finalized with the selection of the Urban Challenge “To
mechanize sewer inspections in order to reduce the labour risks, objectify sewer inspections and optimize sewer
cleaning expenses” of the City of Barcelona.
In January of 2015, the call for RTD proposals was launched and IRI managed the development of the Solutions
Design, Prototypes and Small Scale series of the selected
proposals arriving to innovative pre-commercial robotic
products at the end of 2018.
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New methods and technologies for platforms which can
fly and manipulate with the coordinated motion of the
arms.Installation and maintenance of permanent NDT
sensors on remote components; Deploy and maintain a
mobile robotic system permanently installed on a remote
structure.
To achieve the above objectives AEROARMS will develop
ed the first aerial telemanipulation system with advanced
haptic capabilities able to exert significant forces with an
industrial robotic arm, as well as autonomous control, perception and planning capabilities. Special attention waspaid to the design and system development in order to
receive future certification taking into account ATEX and
RPAS regulations.

LOGIMATIC
Tight integration of EGNSS and on-board sensors
for port vehicle automation

Leader for IRI

Juan Andrade

Period

March 2016/ Aug 2019

IRI Budget

328 750€ (Total 2M €)

Funding org.

HORIZON
2020

Annual volume at global container terminals will rise by
a 5.6% rate during the next 5 years and reach 840 million
TEU by 2018.The usual way for ports to deal with the increasing demand of sea transport and compete against
competitors is to expand the port in the original site.
There is scarcity of land available for port expansion in
densely populated urban areas where most of European
ports are situated. This fact is causing that many container
terminals are coping with congestion and capacity problems. Therefore, port managers are searching for more
efficient and cost-effective means in the handling of containers while still trying to introduce innovative technical
solutions. Container handling equipment automation is
an innovative technological solution that contributes not
only to improve the utilization rate of equipment and reduce operating costs, but also greatly improve efficiency
of terminals.
LOGIMATIC proposes an ad-hoc advanced location and
navigation solution to enable the automation of existing
port vehicles with a significantly lower cost which will
allow short-medium term investments until the whole port
fleet is renewed with totally autonomous vehicles in the
long term. The project will develop and demonstrate an
innovative location and navigation solution for the automation of the operations of straddle carriers in container
terminals.
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ROBOCOM++
Rethinking robotics for the robot companion of
the future

Leader for IRI

Alberto Sanfeliu

Period

March 2017 / Feb 2020

IRI Budget

26 550 € (Total 4,1M €)

Funding org.

HORIZON
2020

The main objective of the RoboCom++ proposal is to lay
the foundation for a future global interdisciplinary research programme (e.g., a FET-Flagship project) on a new
science-based transformative robotics, to be launched by
the end of the H2020 Programme.
RoboCom++ will gather the community and organise the
knowledge necessary to rethink the design principles and
fabrication technologies of future robots. RoboCom++ will
aim at developing the cooperative robots (or Companion
tobots) of the year 2030, by fostering a deeply multidisciplinary, transnational and federated effort. The mechatronic paradigm adopted today, although successful, may
prevent a wider use of robotic systems. For example, system complexity increases with functions, leading to more
than linearly increasing costs and power usage and decreasing robustness. RoboCom++ will pursue a radically
new design paradigm, grounded in the scientific studies
of intelligence in nature. This approach will allow achieving
complex functionalities in a new bodyware with limited
use of computing resources, mass and energy, with the
aim of exploiting compliance instead of fighting it. Simplification mechanisms will be based on the concepts of
embodied intelligence, morphological computation, simplexity, and evolutionary and developmental approaches.
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TERRINET

GAUSS

The European robotics research infrastructure
network

Galileo-EGNOS as an asset for UTM safety and
security

Leader for IRI
Period
IRI Budget
Funding org.

Alberto Sanfeliu

Dec 2017 / Nov 2021

384 926 € (Total 4,9M €)
HORIZON
2020

After a few decades of intense research and development,
Robotics has produced radical innovation and impact in
many sectors (manufacturing, space, medicine…). In addition Robotics has generated novel scientific and engineering knowledge.
This is due to the unique nature of Robotics, that has evolved from a predominantly engineering-oriented domain,
to a transdisciplinary area including and inspiring many
different disciplines. Europe is an undisputed leader in
Robotics: it has nurtured a large community of researchers, educated many thousand students, created large
and small companies, and established advanced facilities
for conducting scientific research and contributing to technological innovation. However, despite of significant
efforts and achievements, the existing Robotics facilities
are not fully synchronized, and lack common procedures,
thus hampering their enormous potential for world class
research and innovation. Creating a Robotics Research Infrastructure is realistic, timely and essential in the current
and future landscape of Robotics. The European Robotics Research Infrastructures Network (TERRINet) project
aims at building a world-class network with harmonised
services and complementary capabilities where talented
researchers from academia and industry worldwide will
have access and will be able to explore new ideas and establish personal and joint projects.

Leader for IRI
Period
IRI Budget
Funding org.

Juan Andrade

March 2018 / Feb 2021

511 937 € (Total 2,9M €)
HORIZON
2020

The GAUSS project aims fast and thorough achievement
of acceptable levels in terms of performance, safety and
security for both, current RPAS and future UTM operations. UTM helps control, manage and integrate all RPAS
in the VLL airspace to ensure the security and efficiency
of UAS operations.
The key element within GAUSS is the integration and
exploitation of Galileo-EGNOS exceptional features for
precise and secure positioning. These features will enable not only safe, timely and efficient operations but
also coordination among a higher number of RPAS with
appropriate levels of security, as it provides anti-jamming
and anti-spoofing capabilities. Multi-frequency and multi-constellation solutions will be exploited with this purpose. GAUSS will increase resilience in UTM operations and,
at the same time, ensure UTM coordination capabilities to
increase the number of platforms that can share the same
airspace. Precise coordination among UAS in the air, together with individual high precision and secure positioning
are key for the safety of the operations and therefore for
the success of UTM. The UTM infrastructure will also benefit from the GAUSS Galileo-EGNOS based ADS-B solution and encrypted air- ground communications. GAUSS
includes the definition, negotiation and execution of safe
trajectories both in normal operation and in case security
or safety is compromised.

31

SCIROC

ROBOT-INT-COOP

European Robotics League plus Smart Cities Robot Competions

Robot-Human Interaction, Cooperation and
Learning in Urban Areas

Leader for IRI
Period
IRI Budget
Funding org.

Alberto Sanfeliu

Feb 2018 / Jan 2022

31 625 € (Total 1,9M €)
HORIZON
2020

Smart cities offer a unique opportunity to demonstrate
the benefits of using a variety of robotic applications in different living contexts for all European citizens. SciRoc will
call for leading European robotics developers from European companies and research labs to send teams to demonstrate their technologies and systems in high profile
competitive demonstrations in a smart city environment.
SciRoc continues to build the European Robotics League; raising interest through public engagement, validating and disseminating new benchmarks, and accelerating
development through demonstrating the performance of
components and techniques against these benchmarks.
Setting competitions based on these benchmarks in the
Smart City context drives development towards real societal needs.
SciRoc will offer companies as well as researchers a unique opportunity to demonstrate their systems and technology to a wide public audience in a realistic and believable context, and will foster an informed, fact-based
communication about robotics and its societal implications with public stakeholders and the media. The synergy
between smart robots and smart cities adds value to both,
and showcases the technologies which will shape our living spaces in the near future.
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Leader for IRI
Period
IRI Budget

Alberto Sanfeliu

Jan 2014 / June 2017

217 800 €

Funding org.

In a near future, social robots will help humans in everyday
tasks and they will interact and cooperate with humans
in dynamic indoor or outdoor environments. We will find
these types of robots in urban areas, building and private
houses.
The main goal of this project is to advance in the design of
mobile and flying robots that can interact, learn and cooperate with people for urban tasks, adapting themselves
to the environment and changing conditions. Specifically we propose to develop new perception techniques for
robots based on learning and adaptation, to incorporate
visual-servoing techniques for the interaction between
humans-robots, to explore new interaction techniques between mobile-aerial robots with humans and to develop
new cooperation techniques which facilitate the execution
of urban tasks in for example, coordinate navigation, environment exploration or search for objects or persons in
an urban site. We will follow the open research lines of
the previous R&D projects RoboTaskCoop (DPI2010-17112)
and Consolider Ingenio 2012 MIPRCV (CSD2007-00018)
about on line learning and adaptation from the video camera and range laser signals of objects, persons and human activities.

COLROBTRANSP
Robot-human collaboration for the transport of
products in urban areas

Leader for IRI
Period
IRI Budget

Alberto Sanfeliu

Dec 2016 / Dec 2019

217 800 €

Funding org.

The main objective in this project is to advance in the design of new mobile robots that are capable to transport
products in the last mile of urban areas, overcoming with
the help of humans complex situations in navigation and
product delivery. Not only navigation in urban crowded
areas is complex, but also it is important how the robots
overcome complex street situations, for example, streets
semi-blocked due to street repairing or vehicles not well
parked that do not allow to reach the delivery place
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EB-SLAM

MINNA

Event-based simultaneous localization and mapping

Modules of precise positioning for aerial manipulation

Leader for IRI
Period
IRI Budget

Juan Andrade
Joan Solà
Jan 2018 / Dec 2020

108 900 €

Funding org.

We will develop a high-speed, high-dynamic-range localization and mapping device that fuses inertial measurements with those of a dynamic vision system, most commonly known as event-based camera. Such a device could
be used for estimating the movement of an autonomous
vehicle or a UAV, in environments without GPS readings,
undergoing high dynamics, and under conditions of poor
illumination or severe illumination changes.
The problem is multidisciplinary, requiring expertise in
computer vision, inertial systems and stochastic estimation. The approach to solve it is unconventional because
we will use event cameras. These cameras, unlike conventional ones, provide asynchronous sequences of events at
very high speeds of those pixels that change in the scene, rather than full image frames at much lower frequencies. Such type of cameras have very seldom been used
previously as proprioceptive sensors to estimate motion,
which is the challenge we seek to explore. When fused
with an IMU, the device will be able to recover 3D position,
orientation, velocities and acceleration with respect to the
gravity direction. And since events from the camera come
at the microsecond precision, the computed estimates
can be published at rates approaching the MHz.
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Leader for IRI
Period
IRI Budget

Juan Andrade

July 2018 / June 2021

80 000 €

Funding org.

The objective of this project is to consolidate the research
tasks in precise positioning for aerial robotics that have
been developed throughout the European projects ARCAS, AEROARMS and GAUSS, and to prepare the research
group with a solid base to be able to face the scientific
challenges in this topic that supposes the concurrence to
new calls for projects.
Specifically, it is intended to take advantage of the results
of the ARCAS and AEROARMS projects to generate an
accurate standard and multiplatform positioning prototype that can be used in the GAUSS project, as well as
in other future projects and initiatives. This prototype will
be developed on the ROS programming system and using
the tool developed by the WOLF research group.
The precise positioning prototype being developed at IRI
would have two different modules. On the one hand, it
calculates estimates of platform movement and speed
from the fusion of sensory information embedded in the
platform, i.e. inertial sensors, magnetometers, pressure
sensors, LiDar, vision, etc. The second module uses pseudorange information from the Galileo satellite positioning
system using the single and double difference techniques.
The results of both methods will be integrated and merged into the WOLF tool.

BRUL
Barcelona Robotic Urban Lab

Leader for IRI
Period
IRI Budget

Alberto Sanfeliu

Jan 2018 / Dec 2019

179 193€

Funding org.

The objective of the project Barcelona Robotic Urban Lab
is the update of the present urban robotic labs equipment
of the Institut de Robòtica i Informàtica Industrial (IRI) to
consolidate as European excellence robotics infrastructure. The participation of IRI as a partner of the European
project TERRINet, has positioned the IRIs robotics labs,
equipment and robots, as scientific infrastructure, sharing
platforms, knowledge, technologies and resources with
other 14 European infrastructures.
The IRIs urban robotic lab is unique in Europe, offering
outdoor and indoor facilities that can be used for scientific-technologic experiments in urban robotics, oriented to
research centers of public and private institutions, universities and companies.
This laboratory will be used also for the research in Human-Centered-Robotics of the program of excellence of
Maria de Maeztu of IRI, as well as for the EU project TERRINet.
This project is for the acquisition of new infrastructure
equipment for the Barcelona Robot Lab.

Group Leader:
Carme Torras

PERCEPTION
AND
MANIPULATION

Researchers:
Antonio Agudo
Maria Alberich
Guillem Alenyà
Francisco Belchí
Júlia Borràs
Adrià Colomé
Sergi Foix
Aleksandar Jevtic
Pablo Jiménez
Joan Lobo
Marc Maceira
Francesc Moreno
Lorenzo Porzi
Jordi Sánchez
Javier Segovia

PhD Students:
Antonio Andriella
Gerard Canal
Franco Coltraro
Juan A. Delgado
Javier García
Alejandro Hernández
David Martínez
Alberto Olivares
Antonio Rubio
Alejandro Suárez
Aleksandar Taranovic
Nicolás Ugrinovic
Support Staff:
Rishabh Jangir
Robots:
Estirabot
Stäubli
Zyonz
TIAGo (2)

OVERVIEW
Research of this line focuses on enhancing the perception,
learning, and planning capabilities of robots to achieve higher degrees of autonomy and user-friendliness during
everyday manipulation tasks for assistive, service and collaborative robotics.

demonstration approach, as well as teaching the robot to
accomplish tasks requiring planning through rule learning;
and computer vision and deep learning techniques for the
detection of human body configurations and recognition of
user actions and intentions.

Some topics addressed are the geometric interpretation of
perceptual information, construction of 3D models of both
rigid and deformable objects, human pose and behavior
recognition, robot action selection and planning, reinforcement learning, and teaching by demonstration.
Domestic, service and industrial robotics require the easy
acquisition of 3D object models and user-friendly programming of manipulation tasks. Therefore, the efforts of our
group are oriented toward 3D active perception combining several sensory modalities, such as color vision, depth from time-of-flight, structured light, stereo, and haptics;
teaching manipulation skills to a robot under a learning by
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RESEARCH AREAS

Learning
by
demonstration

We devise methods to learn object-action relations to accomplish tasks at different levels of
abstraction, where object models are generated
from visual and depth information, and actions,
involving manipulation skills, are learned from
demonstrations provided by a human using multimodal algorithms that combine vision and haptics.

Planning
for perception
and manipulation

We are interested in planning algorithms for
object modeling, with special interest in deformable objects. High-level task formulations are
integrated with low-level geometry-based methods and simplified physical models, as well as
with an on-line sensory-based treatment of uncertainty so as to come up with specific sequences of motion commands.
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Perception of
rigid and non
rigid objects

Our objective is to investigate computer vision
algorithms for interpreting and understanding
scenes from images, with applications in robotics and medical imaging. In particular, our activities are concentrated on retrieving rigid and
non-rigid shape, motion and camera pose from
single images and video sequences.
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ERC Advanced Grant: Cloth manipulation Learning from
demonstrations / CLOTHILDE
Principal Investigator

Researchers

Carme Torras

Maria Alberich
Guillem Alenyà
Juan Andrade
Pablo Jiménez
Francesc Moreno
Vicente Ruiz de Angulo
Federico Thomas

Period

Budget

January 2018 /
December 2022

2,5 M€

Project description
Textile objects pervade human environments and their versatile manipulation by robots would open up a whole range of
possibilities, from increasing the autonomy of elderly and disabled people, housekeeping and hospital logistics, to novel
automation in the clothing internet business and upholstered product manufacturing.
Although efficient procedures exist for the robotic handling of rigid objects and the virtual rendering of deformable objects, cloth manipulation in the real world has proven elusive, because the vast number of degrees of freedom involved in
non-rigid deformations leads to unbearable uncertainties in perception and action outcomes.
This proposal aims at developing a theory of cloth manipulation and carrying it all the way down to prototype implementation in our Lab. By combining powerful recent tools from computational topology and machine learning, we plan to
characterize the state of textile objects and their transformations under given actions in a compact operational way (i.e.,
encoding task-relevant topological changes), which would permit probabilistic planning of actions (first one handed, then
bimanual) that ensure reaching a desired cloth configuration despite noisy perceptions and inaccurate actions.
In our approach, the robot will learn manipulation skills from an initial human demonstration, subsequently refined through
reinforcement learning, plus occasional requests for user advice. The skills will be encoded as parameterised dynamical
systems, and safe interaction with humans will be guaranteed by using a predictive controller based on a model of the
robot dynamics. Prototypes will be developed for 3 envisaged applications: recognizing and folding clothes, putting an
elastic cover on a mattress or a car seat, and helping elderly and disabled people to dress.
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RESEARCH PROJECTS
I-DRESS

SOCRATES

Assistive interactive robotic system for
support in dressing

Social cognitive robotics in the european
society

Leader for IRI
Period
IRI Budget
Funding org.

Leader for IRI

Carme Torras

Dec 2015 / Nov 2018

140 000 €
HORIZON
2020

IRI Budget
Funds are provided by
national research funding
organisations (MINECO)

The main objective of the project is to develop a system
that will provide proactive assistance with dressing to
disabled users or users such as high-risk health-care workers, whose physical contact with the garments must be
limited to avoid contamination. The proposed robotic system consists of two highly dexterous robotic arms, sensors for multi-modal human-robot interaction and safety
features.
The system comprises three major components, each of
strong impact to the field of assistive service robotics:
(a) intelligent algorithms for user and garment detection
and tracking, specifically designed for close and physical
human-robot interaction,
(b) cognitive functions based on the multi-modal user
input, environment modelling and safety, allowing the robot to decide when and how to assist the user, and
(c) an advanced user interface that facilitates intuitive and
safe physical and cognitive interaction for support in dressing. The developed interactive system will be integrated
on commercial WAM robotic arms and validated through
experimentation with users and human factor analysis in
two assistive-dressing scenarios.
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Period

Funding org.

Guillem Alenyà

Nov 2016 / Oct 2020

495 745 € (Total 3,8M €)
HORIZON
2020

The research in social robotics has a common theme of
interaction quality, which is a concept for characterization
of how a specific mode of interaction is fit for a given task,
situation, and user. Interaction quality often changes, for
instance if an older adult gets tired and loses focus when
interacting with a robot. Interaction quality also depends
on the robot’s functionality and design. In general, Interaction Quality is a complex interplay between several performance measures and design parameters. In SOCRATES
we address these issues from a range of perspectives
To address the aim of successful multidisciplinary and
intersectoral training, SOCRATES training is structured
along two dimensions: thematic areas and disciplinary
areas. The thematic perspective encapsulates functional
challenges that apply to R&D.
The following five thematic areas are identified as particularly important, and hence are given special attention
in the project: Emotion, Intention, Adaptivity, Design, and
Acceptance. The disciplinary perspective encapsulates
the necessity of inter/multi- disciplinary and intersectoral
solutions.

IMAGINE
Robots understanding their actions by imagining
their effects

Leader for IRI
Period
IRI Budget
Funding org.

Carme Torras

Jan 2017 / Dec 2020

500 625 € (Total 3,7M €)
HORIZON
2020

Today´s robots are good at executing programmed motions, but they do not understand their actions in the
sense that they could automatically generalize them to
novel situations or recover from failures. IMAGINE seeks
to enable robots to understand the structure of their environment and how it is affected by their actions. “Understanding” here means the ability of the robot (a) to determine the applicability of an action along with parameters
to achieve the desired effect, and (b) to discern to what
extent an action succeeded, and to infer possible causes
of failure and generate recovery actions.
The application domain is the recycling of electromechanical appliances. Current recycling practices do not automate disassembly, which exposes humans to hazardous
materials, encourages illegal disposal, and creates significant threats to environment and health. IMAGINE will
develop a TRL-5 prototype that can autonomously disassemble prototypical classes of devices. Since only onethird of EU e-waste is currently recovered, the project addresses an area of high economical and ecological impact.

43

ROBINSTRUCT
Instructing robots using natural communication
skills

Leader for IRI
Period
IRI Budget

Francesc Moreno
Juan Andrade
Jan 2015 / Dec 2018

160 688 €

Funding org.

Putting together tools from computer vision, machine
learning, natural language processing and robotics. Specifically, to teach robots in a natural and human-like manner
we will first develop parsers to represent both video and
natural language data using an intermediate abstraction
level.
We will then investigate learning approaches to discover
mappings between the visual/textual content and the robot action space. In order to bring these assistive robots
to outdoor and uncontrolled scenarios. , the human-torobot communication skills will be combined with new
algorithms to reliably localize the robot in very large 3D
maps and for long periods of time, even in GPS-denied
areas.
For this purpose, we will integrate novel computer vision
pose estimation algorithms with inertial sensors.
The two main objectives we pursue are commercially and
socially relevant robotics technologies, as endorsed by
our three EPOs. With the development of such technologies, the project will contribute to more flexible and general use of robots in assistive tasks, as well as more robust
service robots able to navigate and interact in previously
unknown and unstructured environments.
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HUMOUR

SIMBIOTS

Markerless 3D human motion understanding for
adaptive robot behavior

Facilitate an introduction of the robotics to nous
processos and applications dintre of the industry

Leader for IRI
Period
IRI Budget

Francesc Moreno
Guillem Alenyà
Jan 2018 / Dec 2020

166 980€

Funding org.

Coordinator &
IRI Leader
Period
IRI Budget
Funding org.

Guillem Alenyà

Jan 2018 / Dec 2020

363 371 € (Cofunded 34,6%)
European Regional
Development Fund
“A way to build Europe”

The goal of HuMoUR is to develop novel computer vision
tools to estimate and understand human motion using a
simple camera and use this information as a demonstration to teach a general purpose robotic assistant to perform new complex manipulation tasks. In Robotics, this
learning paradigm is referred to as Learning from Demonstration: a non-expert teacher repetitively executes a
task so the robot can learn the steps and variability of the
actions. Typical setups take place in controlled laboratory
facilities and consist of a manipulator arm teleoperated by
the user through a haptic device. In order to bring this technology to the next stage of development and out of the
laboratory, we will research novel markerless methodologies to capture 3D human pose and motion from monocular cameras and adapt existing reinforcement learning
algorithms such that they can be carried out at end-users
home.

Globally, the introduction of robotics to production processes becomes a key tool for improving productivity
and flexibility. On the other hand, there is a main problem
when introducing robots in an industrial process that is
the need to protect the operator placing the robot inside
a cell delimited by physical barriers to restrict human access with the robot in motion and In addition, sensors and
security mechanisms are provided to deactivate the robot
in the event of detecting an incursion into the robot workspace. This and other limitations, such as the high cost
represented by the change of function or configuration of
the robot, restrict the use of the robot to a limited number
of applications.

We plan to demonstrate our developments on three main
scenarios: (a) Feeding a person and (b) brushing a persons hair, where stable spoon/brush trajectories need to
be adapted to the pose of the head. (c) Help dressing
a person, where the perception algorithms will need to
tackle strong body occlusions caused by clothes and the
robot will need to rapidly react to sudden changes of the
persons pose.

- The implementation of shared work spaces between robots and safe operators, where the robots work autonomously and / or cooperatively, guaranteeing the safety of
the workers, allowing the elimination of physical barriers.

SIMBIOTS project focuses on two lines of work aimed at facilitating the introduction of robotics to
new processes and applications within the industry:

- The improvement of ergonomics and productivity in implementing collaborative robots that work cooperatively
with operators.
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MANIPLUS

TEXTILROB

Robotic manipulation of deformable objects

Robots for clothing management

Leader for IRI
Period
IRI Budget

Carme Torras

Jan 2013 / Dec 2018

170 000 €

Funding org.
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Leader for IRI
Period
IRI Budget

Carme Torras

Dec 2013 / Dec 2018

150 000 €

Funding org.

While the manipulation of rigid objects has been widely
addressed in the robotics community, the manipulation
of deformable objects is an incipient research field, on
which the Perception and Manipulation group has centered its activity.

Whereas handling a rigid object changes only its pose,
namely six parameters (three for position and three for
orientation), the manipulation of a piece of clothing takes
place in a potentially infinite-dimensional shape-state space.

In this project the algorithms developed for the perception, learning and manipulation planning of plant
leaves (within the Garnics project) and clothing (within
the PAU+ project) are being integrated and placed in a
common framework, so as to turn them into software infrastructure of the lab available to future projects and
contracts with industry.

This huge dimensionality jump renders geometry-based
techniques developed for rigid objects non-applicable
in this context, and calls for the use of machine learning
approaches.
In this project, the learning algorithms specifically developed for robotic manipulation of textile objects are being
integrated and placed in a common framework, so as to
establish a software infrastructure in the lab to facilitate
the implementation tasks in research projects such as the
ERA-Net project I-DRESS and the recently obtained ERC
AdG project CLOTHILDE.

SAMMIR
Safe multi-modal interaction with robot manipulators

Leader for IRI
Period
IRI Budget

Carme Torras

Jan 2016 / Dec 2017

19 000 €

Funding org.

Human-robot collaborative tasks require close interaction
through the use of natural interfaces while maintaining a
high level of safety for both the human and the robot. The
project focuses on human-robot interaction as the key
robotics technology by advancing the robot abilities for
physical, social, and cognitive interaction while taking into
account safety as an essential criterion for collaborative
task execution.
Research has been performed in collaboration between
CSIC and three renowned international research centers
and has allowed the integration of CSIC knowledge in perception, vision-based interaction and robot control with
each of the partners main expertise domains, namely natural language processing for robotics (Umea University,
Sweden), human-robot collaboration (Ben-Gurion University, Israel) and robot safety (Bristol Robotics Lab, UK).
The Spanish company Pal Robotics has provided access
to their newly-developed robotic platform and technical
expertise to implement the project research results, thus
ensuring relevant industrial involvement in the project.
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BIOTROS

R3OBJ

Benefits of integrating IoT in Services Robotics

3D reconstruction, localization and automatic
segmentation of objects from images

Leader for IRI
Period
IRI Budget

Guillem Alenyà

Nov 2018 / Nov 2019

5 000 €

Funding org.

This project seeks to investigate the benefits of adding
smart devices to domestic environments and making
them available to an assistive robot. In recent years, a large variety of IoT Internet devices have been developed
which can monitor environment variables and control active parts. Some initiatives attempt to standardize protocols and access methods for these devices. On the other
hand, the robotics of services has advanced enormously
thanks to the fact that there are robust solutions to critical parts, such as voice recognition or navigation, avoiding
obstacles.
Now is the right time to unite these two worlds and effectively interconnect the robot with the environment. The
robot will not only multiply its capabilities of action, but
also increase its ability to obtain data. In particular, if you
do not have enough information with your own sensors
and cameras or it is ambiguous, you could connect to the
surrounding cameras network and obtain images from different points of view and places.
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Leader for IRI
Period
IRI Budget

Antonio Agudo

Nov 2018 / Nov 2019

5 000 €

Funding org.

In this project, considering just a collection of RGB images, our goal is to simultaneously infer the 3D configuration of shape categories that appear in the images, the
3D location of the camera from where each of them was
taken, as well as the segmentation in categories. The problem is inherently ill-posed by definition, especially if no
training data is considered in advance to reduce the solution space. This implies the exploration of new geometric
and probabilistic priors, capable of coding the restrictions
that allow to accurately infer the reconstruction and segmentation of the objects observed. The new constraints
will be imposed by means of optimization techniques designed for use, in order to obtain unsupervised, unified,
and efficient algorithms, capable of operating on mobile
devices solely from visual information.

MARE
Robotic manipulation: demonstration and reinforcement learning

Leader for IRI
Period
IRI Budget

Carme Torras

Dec 2018 / Dec 2021

150 000 €

Funding org.

This project aims at consolidating, placing in a common
framework, and making available in the Perception and
Manipulation Lab the software packages for robotic manipulation being developed by the members of our research
group. In this context, the algorithms for perception (color
and depth vision, forces and moments), kinematic modeling and dynamic simulation, task planning, and learning
are oriented to the manipulation of deformable surfaces
(clothes, paper, vegetable leaves), since this is the priority of the group, in which several European projects have
been carried out and new proposals are being developed.

Group Leader:
Maria Serra

AUTOMATIC
CONTROL

Researchers:
Joaquim Blesa
Gabriela Cembrano
Ramón Costa
Attila Husar
Julio A. Luna
Carlos Ocampo
Vicenç Puig
Damiano Rotondo
Congcong Sun
Sebastian Tornil
Support Staff:
Tom Creemers
Brais González
Uxía Reija
Vicente Roda
Luis Romero
Maite Urrea

PhD Students:
Mª Laura Sarmiento
José A. Aguilar
Pau Segovia
Eugenio Alcalá
Sara Siniscalchi
Wicak Ananduta
Carlos Trapiello
Julián Barreiro
Yashan Xing
Andreu Cecilia
Ruicon Yang
Ildlberto De los Santos
Ye Wang
Jenny L. Díaz
Yousif Eldigair
Carlos García
Mohammadreza Javadiha
Sara Ifqir
Fatemeh Karimi
Mohamadou Nassourou
Masoud Pourasghar
Zahra Rasouli
Unikrishnan Raveendran
José Luis Sampietro
Alberto San Miguel
Elma Sanz
Víctor Sanz

OVERVIEW

The main objective of the AUTOMATIC CONTROL line is
to develop basic and applied research in advanced control,
with special emphasis on modelling, control and supervision of nonlinear, complex and/or large-scale systems.
The group has acquired specific expertise in the application
of advanced control techniques to environmental resources
management, specifically in the water and energy fields.
The current topics of the research line are:

1 - Advanced control and optimal management of complex
and large-scale systems
2 - State and parameter estimation
3 - Data mining and data validation/reconstruction
4 - Real-time supervisory control, fault diagnosis and
falt-tolerance, prognosis and system health monitoring
5 - Decision support systems for resource management
and policy making
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RESEARCH AREAS
Advanced control,
supervision and
optimal
management of
complex and
large-scale
systems

The study of large-scale systems requires new
methodologies for modeling, control and supervision. The main issues of large-scale systems
control include model order reduction, structural
analysis, decentralized hierarchical and/or distributed control using Model Optimal and Predictive Control.
The main application fields are water networks,
electrical grids, autonomous power generation
systems and robotics.

State and parameter
estimation

State estimation and parameter identification
are important aspects of advanced control
systems that permit to minimize the number
of sensors and arrive to non-measurable variables. These aspects are also addressed by the
research group, which has proposed in different
applications, designs of non-linear observers of
different complexity.

Data mining and
validation/
reconstruction
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The group has begun studying data mining as a
technology to support control systems, whose
performance is improved with the use of large
amounts of information.

Real-time supervisory
control, fault
diagnosis
and fault-tolerance,
prognosis and
system
health monitoring

Decision support
systems for
resource
management and
policy making

Real-time fault detection and isolation and
fault-tolerant control are relevant topics to obtain reliable systems that have been studied by
the group continuously during decades. Complementary aspects as sensor/actuator location
for control and diagnosis are also addressed.
On the other hand, life time of components has
become one of the main issues of dynamic systems. This has motivated the research of new
state of health and prognosis methodologies
and instruments.

A large variety of real-time resource allocation
problems dealing with long- and medium-term
resources management typically appear in public services and industry. Some examples are
water management (both surface and pipeline
systems), energy generation and distribution,
and environmental planning. The operation of
these systems requires dealing with multiple, heterogeneous constraints. Not just physical constraints are to be met, but also those imposed
by regulations, operational practices, economy,
ecology, etc. The overall aim is to step away from
the classical trial-and-error-based simulation
approach and create real problem-solving tools
for optimal management of large-scale resources management problems.
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RESEARCH PROJECTS
GRACEFUL

EFFIDRAIN

Global Systems rapid assessment tools through
constraint functional languages

Efficient integrated real-time control in urban
drainage and wastewater treatment plants for
environmental protection

Leader for IRI
Period
IRI Budget
Funding org.

Tom Creemers

Feb 2015 / Jan 2018

357 311 € (Total 2,4M €)
HORIZON
2020

The making of policies coping with global systems is a
process that necessarily involves stakeholders from diverse disciplines, each with their own interests, constraints
and objectives. People play a central role in such collective
decision making and the quest for solutions to a problem
generally intertwines its very specification. Simulators can
assist in this process provided they employ adequate high-level modelling to separate the political question from
the underlying scientific details.
This project lays the base for a DSL aimed at building scalable rapid assessment tools for collective policy making
in global systems. This can be achieved through foundational scientific work at different levels: from the high-level, political modelling, adapting the social discipline of
group model building (as used in business organizations),
through visual forms of CP as well as gamification aspects, down to the needs for a host language, combining
CP and FP. Special emphasis is put on domain-specific
constraints, constraint composition, and composable solvers and heuristics. Results are applied and validated for
the problem case of climate-resilient urban design, but
the ambition is a general framework applicable to many
other systems. The case study is assessed by an external multi-disciplinary advisory board of stakeholders that
guides the specification process and evaluates needs and
usability of the tools.
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Leader for IRI
Period
IRI Budget

Gabriela Cembrano

Oct 2015 / March 2019

152 825 € (Total 1,29M €)

Funding org.

The main goal is to demonstrate an integrated real time
control (RTC) strategy of UDNs and WWTP to minimize
the pollution of receiving waters, through the use of real-time quantity and quality data. Real-time control (RTC)
based on model predictive control (MPC) has been shown
to produce efficient management strategies for UDNs.
However, up to date, RTC developments have been based
on managing flows, not taking into account the polluting
load (quality) of the carried water, which varies considerably throughout the rain events and the storage periods.
Similarly, the efficiency of the processes depends on both
the quantity and the quality of the treated water and untreated water may be refused at different by-pass points
producing CSO.
1. Extending existing MPC techniques in use by the consortium, to include both quality and quantity control;
2. Including fault tolerance mechanisms in RTC, so that the
system may cope with sensor, actuator, network integrity
or communication malfunction;
3. Demonstrating the functionality of the proposed control system in two pilots to prove wide applicability;
4. Disseminating the results of integrated management of
UDN and WWTP for awareness of public and private administrations through project stakeholders;
5. Derive guidelines for replication and for European environmental regulation.

INCITE
Innovative controls for renewable sources integration into smart energy systems

Leader for IRI
Period
IRI Budget
Funding org.

Carlos Ocampo

Dec 2015 / Nov 2019

495 746 € (Total 3,52M €)
HORIZON
2020

Nowadays, both consumers and generators are active
agents that are capable of coordinating the extraction
and injection of power into the electrical grid depending
on the energy cost, energy availability and even the behavior of electrical variables. This new reality is a great
opportunity to improve energy efficiency and reduce CO2
footprints by using clean energy sources. But it is also a
big challenge. The electrical network is one of the most
complex systems ever made, with this new reality the additional controllability and the great number of actors may
lead to undesirable results and even to network outages.
In order to take full advantage of these new electrical networks, it is necessary a coordinated and harmonic interaction among all actors in the network. This is the role
of the control algorithms, thought to act at several levels
to conduct the extraction and injection of the electrical
power and improve efficiency, reliability and resilience of
the network. INCITE aims to this target, to propose new
control algorithms with an integral view of the future
electrical networks, covering aspects like energy management, stability of electrical variables, monitoring and
communication implementation, energy storage, among
others. The objective is to create an interdisciplinary (control, electrical and management fields), cross-sectorial
(academic and industry) and international research environment.

55

INNBALANCE

DEOCS

Innovative cost improvements for balance of
plant components of automotive PEMFC

Monitoring, diagnostics and fault tolerant control
of cyberphisical systems with data-based methods

Leader for IRI
Period
IRI Budget
Funding org.

Attila Husar

Jan 2017 / Dec 2019

240 125 € (Total 6,16M €)
HORIZON
2020

Leader for IRI
Period
IRI Budget

Gabriela Cembrano
Sebastian Tornil
Dec 2016 / Dec 2019

136 000 €

Funding org.

The aim of INN-BALANCE is to develop a novel and integrated development platform for developing advanced
Balance of Plant components in current fuel cell based vehicles, in order to improve their efficiency and reliability,
reducing costs and presenting a stable supply.

The final goal of DEOCS is the validation of the developed
techniques though their application to two real case studies: the Besòs waste treatment plant and the Barcelona’s
drinking water network. Goals of DEOCS are the development of:

Technical objectives are to develop highly efficient and reliable fuel cell BoP components; to reduce costs of current
market products in fuel cell systems;to achieve high technology readiness levels in all the tackled developments;
and to improve and tailor development tools for design,
modelling and testing innovative components in fuel cell
based vehicles.

Pattern recognition techniques than can determine the
actual operation mode of CPS and predict their behavior
in the future.

INN-BALANCE will be focused on four main general topics; first of all on new components developments; secondly, on the vehicle integration and validation of the
components in a TRL7 platform placed at a well-known
car manufacturing platform; thirdly, providing innovative
and cost optimized manufacturing processes especially
developed for automotive BoP components; finally, on the
results dissemination and exploitation, new technology
broadcasting and public awareness of new, low-cost and
reliable clean energy solutions in Europe bringing at the
same time highly qualified new job opportunities.

Data-driven methodologies for state estimation of cyber-physical systems.
Hybrid architectures that exploit the complementarities
between data-driven and model-based fault diagnosis
methods.
Distributed data-driven strategies that allow monitoring
and diagnosing large-scale CPS.
Strategies for including fault tolerance in data-driven control techniques exploiting the spatial and temporal redundancy available in the system.
6-Data validation methodologies to guarantee the reliability of the proposed data driven monitoring and control
methods.
Methodology and performance indicators for assessing
the impact of the proposed monitoring and control solutions.
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MICAPEM
Parameter estimation, diagnosis and control for
the improvement of efficiency and durability of
PEM fuel cells

Leader for IRI
Period
IRI Budget

Maria Serra
Ramon Costa
Jan 2016 / Dec 2018

171 820 €

Funding org.

The main objective of the project is to develop controllers that operate the PEM fuel cell based systems with
maximum efficiency and minimum degradation. Additionally, the properties of these controlled systems for stationary combined heat & power (CH&P) applications will
be shown. Specifically, the tasks of the project include the
design, development and implementation of the control
system of a CH&P high temperature PEM fuel cell based
unit that will be manufactured and integrated to a prototype home by the other two partners.
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ECOCIS

CHEERFUL

Economic operation of critical infrastructure
systems

Analysis and design of controllers for high-pressure electrolyzers applied to obtaining hydrogen
for a PEM fuel-cells setup

Leader for IRI
Period
IRI Budget

Gabriela Cembrano

Jan 2014 / Dec 2017

158 510 €

Funding org.

ECOCIS is a coordinated project of IRI with the University of Seville and CETAQUA, which aims to develop automatic control solutions for critical infrastructure systems
(CIS) such as water, gas or electricity supply networks.
Specifically, the project develops techniques of structural
analysis, fault diagnosis and economic predictive control
for efficient, economic and reliable operation of CIS. The
project solutions will be validated in problems proposed
by the companies: Aigües de Barcelona, CEPSA, Gaz de
France and Emasesa.

Leader for IRI
Period
IRI Budget

Carlos Ocampo

Jan 2018 / Dec 2020

24 000 €

Funding org.

A high pressure electrolyzer is a device that produces hydrogen and oxygen at the storage pressure without the
need for compressors. This would allow to obtain greater
efficiencies in the production of hydrogen as energetic
vector. There are still technical difficulties related to the
purity of the gases produced and the energy efficiency of
the process that needs to be studied and modeled. That is
why it has been designed and built a system to carry out
tests that analyze the performance for different states of
operation, evaluating pressure, temperature and current
density. These tests have allowed us to discover trends in
the response of the equipment and validate its operation.
We are currently making improvements in the device and
in the acquisition of the variables to be able to deepen
the knowledge of the operation and to be able to make
models that allow to develop robust and efficient controls.

COSIN

REFER

Synthetic fuels

Energy reduction and flexibility in rehabilitation
buildings

Leader for IRI
Period
IRI Budget

Leader for IRI

Maria Serra

Period

Nov 2016 / Oct 2019

80 000 €

IRI Budget
European Regional

Funding org.

Development Fund
“A way to build Europe”

The Synthetic Fuels Project (COSIN) is a project structured in three large blocks. On the one hand, efforts will
focus on the controlled production of enriched biogas having separated CO2 from CH4. On the other hand, more
efficient systems of electrolysis and co-electrolysis will be
developed. Finally, a substantial effort will be devoted to
tasks that will be directed at improving the methanation
systems themselves, including the half-life and efficiency
of all components as well as evaluation.

Maria Serra

June 2016 / Dec 2018

49 995 €
European Regional

Funding org.

Development Fund
“A way to build Europe”

The REFER project aims to improve the available energy
alternatives for buildings, providing them with flexibility
with several options to face the generation of renewable
energy and energy efficiency.
In order to offer alternatives beyond solar panels and relatively well-known battery packs, the project aims to increase the competitiveness of new relevant technological
solutions in buildings, such as fuel cells, photovoltaic cell
improvements and the reuse of batteries of electric vehicles.

CONSOLIDATED RESEARCH
GROUP RECOGNITIONS
SGR-KRD
Consolidated research group on Kinematics and Robot Design
Principal Investigator

Period

Josep Maria Porta

January 2017
December 2020

The Consolidated Research Group on Kinematics and Robot Design studies the behavior of
articulated mechanisms focussing on the planning, simulation, and efficient and safe control
of the motions of such systems. All these aspects are essential in the development of the increasingly complex robots demanded by industry and research nowadays. These robots have
to be designed such that they operate in pre-defined workspaces, need to dexterously manipulated objects, and must avoid singular configurations and collisions with the environment
at any moment.

SGR-SAC
Consolidated research group on Advanced Constrol Systems
Principal Investigator

Period

Vicenç Puig

January 2017
December 2020

The “Advanced Control Systems” (SAC) research group is the most important and largest in
the automatic control groups at the Universitat Politècnica de Catalunya (UPC). SAC research
group has been involved in an intense research activity, in basic and applied fields in the last
ten years, namely: optimal/predictive control of large scale systems (in particular, drinking,
sewer and irrigation networks), fault diagnosis and fault tolerant control of gas turbines, PEM
fuel cells, aerogenevrators, UAVs and robots.
SAC research group has several experimental labs. One lab is devoted the research of modelling, control, fault diagnosis and tolerant control of PEM fuel cells and the other is devoted to
the research in fault diagnosis. The SAC group has also organized several important international conferences in the field of automatic control.
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SGR-VIS
Consolidated research group in Vision and Intelligent Systems
Principal Investigator

Period

Type

Budget

Alberto Sanfeliu

January 2017
December 2020

Regional Funds

62 280 €

The Vision and Intelligent Systems Group (VIS) carries out basic and applied research with
the aim of understanding and designing intelligent systems that are capable of interacting
with the real world in an autonomous and wide-reaching manner. Such intelligent systems
must perceive, reason, plan, act and learn from previous experiences. The group works on the
following topics: Computer Vision techniques, for example in color image segmentation and
labeling, semantic segmentation, object learning and recognition, object tracking, person
tracking, face tracking and biometrics; Robotics techniques, for example in mobile (ground
and aerial) robot navigation, simultaneous localization and map building, visual-servoing, 3D
object tracking, sensor fusion, human-robot interaction and human-robot collaboration; and
in Pattern Recognition and Machine Learning techniques, for example in supervised and unsupervised classifiers, graph matching, on-line boosting and CNNs for computer vision and
robotics applications.

SGR-ROBIRI
Consolidated research group on Robotics
Principal Investigator

Period

Carme Torras

January 2017
December 2020

Type
Regional Funds

Budget
35 995 €

The IRI Robotics group has a long tradition as it has been running continuously since 1997.
The group concentrates its efforts on robot perception and manipulation for assistive, service
and collaborative robotics. One objective of the group is to improve the understanding of
perceptual data to build 3D models of both rigid and deformable objects, as well as determining human pose.
Following the approach of cognitive robotics, the group works on planning and action selection, reinforcement learning, and learning from demonstration. In the coming years, an
important research focus will be the perception and manipulation of textiles, as well as teaching robots to help people to dress, under the recently awarded ERC Advanced Grant for
the project CLOTHILDE.
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IRI RESEARCH
SEMINAR SERIES
Throghout the year IRI holds a series of invited seminars and lectures, featuring invited speakers
and our own researchers presenting the results of their work prior to attending international
conferences or in preparation of their PhD defense.

26 January 2017
Andreu Corominas, Oriol Bohigas
and Carlos Rosales, Beta Robots
boosting robotics research towards
the market
13 February 2017
Jordi Pont-Tuset, ETH Zürich
One-shot video object segmentation

11 July 2017
Jingang Yi, State University of NY
Robotics research at RAM Lab of
Rutgers University

13 December 2017
Santiago Mazuelas, BCAM
Rational data processing in complex
networks

20 July 2017
Anna Vera, IIT
Robot assisted assessment and training: multimodal feedback approach
to promote human sensorimotor

14 December 2017
Joan Lobo Prat, University of
California Irvine
Novel robotic arm supports for
young adults with Duchenne
muscular dystrophy

30 March 2017
Angel Santamaria, IRI
Trajectory generation for unmanned
aerial manipulators through quadratic programming

27 July 2017
Ricard Bordalba, IRI
Randomized kinodynamic planning
for cable-suspended parallel Robots

20 April 2017
Javier Romero, Max Planck Institute
for Intelligent Systems
Creating and exploiting data-driven
human body models

28 July 2017
Ignasi Clavera, University of California Berkeley
Policy transfer via modularity and
rewad guiding

25 April 2017
Martin Saska, Czech Technical University in Prague
Programming robotic agents: A
multi-tasking teleo-reactive approach

5 October 2017
Víctor Vaquero, IRI
Deconvolutional networks for pointcloud vehicle detection and tracking
in driving scenarios

27 April 2017
Albert Pumarola, IRI
PL-SLAM: Real-time monocular visual
SLAM with points and lines

19 October 2017
Alejandro Hernández, IRI
3D CNNs on distance matrices for
human action recognition

4 May 2017
Lorenzo Porzi, IRI
Learning depth-aware deep representations for robotic Perception

9 November 2017
Anaís Garrell, IRI
Aerial Social Force Model: A new framework to accompany people using
autonomous flying robots

19 May 2017
Jérémie Deray, IRI
Word ordering and document
adjacency for large loop closure
detection in 2D laser maps
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16 November 2017
Ely Repiso, IRI
On-line adaptive side-by-side human
robot companion to approach a
moving person to interact

20 December 2017
Javier Alonso-Moro, Delft University
of Technology
Autonomous planning and control
for multi-robot systems and intelligent transportation
1 February 2018
Aleix Martinez , The Ohio State
University
The face of emotion: A computational model of the production and
visual perception of facial expression
of emotion
15 March 2018
Javier López, Techniche Universität
Darmstadt
Comprehensive motion control for
over-actuated, non-affine aerial
vehicles
22 March 2018
Juan Andrade, IRI
Event-based simultaneous localization and mapping Galileo-EGNOSS
as an asset for UTM safety and
security
22 March 2018
Francesc Moreno, IRI
Markerless 3D human motion understanding for adaptive robot behavior

22 March 2018
Lluís Ros, IRI
Kinodynamic planning of efficient
and agile robot motions
22 March 2018
Alberto Sanfeliu, IRI
The European robotics research
infrastructure network
European robotics league plus smart
cities robot competitions
5 April 2018
Júlia Borràs, IRI
A Taxonomy of whole-body support
Poses for the analysis of humanoid
robot multi-contact motions
10 April 2018
Leonol Rozo, IIT
Robot learning: imitation, refinement
and interaction
26 April 2018
Joan Solà, IRI
Graph SLAM Sparsification with
Populated Topologies Using Factor
Descent Optimization
3 May 2018
Gerard Canal, IRI
Joining high-level symbolic planning
with low-level motion primitives in
adaptive HRI: application to dressing
assistance
10 May 2018
Ricard Bordalba, IRI
Randomized planning of dynamic
motions avoiding forward singularities
14 Juny 2018
Federico Thomas, IRI
A Reconfigurable asymmetric 3-UPU
parallel robot
27 Juny 2018
Goran Cubric, TTF, Zagreb
How to grasp a textile material in
automated and robotic production
processes

28 June 2018
Ricard Bordalba, IRI
Randomized planning of dynamic
motions avoiding forward singularities
28 June 2018
Soheil Sarabandi, IRI
Accurate computation of quaternions
from rotation matrices
12 July 2018
Anaís Garrell, IRI
Human-robot interaction with UAVs:
challenges and frontiers
13 July 2018
José de Gea,German Research Center for Artificial Intelligence GmbH
hybrid teams in space and industry
applications
13 September 2018
Aditya Kapilavai, Institute of Smart
System technologies
Efficient evaluation and optimization
of automated gripper finger design
for industrial robotic applications
26 September 2018
Andrés F. Marmol, Australian Centre
for Robotics Vision
ArthroSLAM: Robust camera localization and dense 3D reconstruction
for minimally invasive orthopaedic
surgery
27 September 2018
Ely Repiso, IRI
Robot approaching and engaging
people in a human-robot companion
framework

27 September 2018
Adrià Colomé, IRI
Dimensionality reduction in learning
gaussian mixture models of movement primitives for contextualized
robot action selection
27 September 2018
Júlia Borràs, IRI
The KIT swiss knife gripper for
disassembly tasks: A multi-functional
gripper for bimanual manipulation
with a single arm
27 September 2018
Ricard Bordalba, IRI
A singularity-robust LQR controller
for parallel robots
10 October 2018
José del R. Millán,The Ecole
polytechnique fédérale de Lausanne
(EPFL)
Brain-machine interfaces: Beyond
decoding
11 October 2018
Teresa Vidal-Calleja,UTS, University
of technology Sydney
Mapping down under
18 October 2018
Dan Halperin,Tel Aviv University
Multi-robot motion planning: The
easy, the hard and the uncharted
8 and 11 October 2018
Joan Solà IRI
Course on basic lie theory for estimation in robotics

27 September 2018
Aleksandar Taranovic, IRI
Adaptive modality selection algorithm in robot-assisted cognitive
training
27 September 2018
Alejandro Suárez, IRI
Interleaving hierarchical task planning and motion constraint testing
for dual-arm manipulation
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3. PUBLICATIONS

IRI's scientific production is published in the top
journals of our fields of interest. This allows for
an adequate dissemination of our findings to the
scientific community.
Moreover, our researchers present also their work
in the top conferences in our fields, thus promoting the exchange of ideas with our peers at other
research institutions and related companies.
The evolution of IRI's scientific production in bibliometric terms has grown streadily for over a decade, and continued to do so during this period.

EVOLUTION IN SCIENTIFIC PRODUCTION
Number of publications:

140
120

OTHERS
(books, book chapters,
tech. reports)

100
80

CONFERENCES

60
40

JOURNAL ARTICLES

20

2008 2009 2010

2011

2012 2013

2014

2015

2016

2017

2018

60

50

Journal articles quality*:

40
Q1

Q2

30

Q3

20

Q4

No ISI

10
* The quartiles Q1 to Q4 indicate the quality
of a journal with regards to its impact in a
field, measured by the number of citations
received.
Source: ISI Journal Citation Report
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2014

2015

2016

2017

2018
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PUBLICATIONS
JOURNAL ARTICLES
2017
A. Agostini, G. Alenyà, A. Fischbach, H. Scharr, F. Wörgötter and C. Torras. A cognitive architecture for automatic
gardening. Computers and Electronics in Agriculture, 138:
69-79, 2017.
A. Agostini and E. Celaya. Online reinforcement learning
using a probability density estimation. Neural Computation, 29(1): 220-246, 2017.

G. Chance, A. Jevtic, P. Caleb-Solly and S. Dogramadzi. A
quantitative analysis of dressing dynamics for robotic dressing assistance. Frontiers in Robotics and AI, 4(13): 1-14,
2017.
A. Colomé and C. Torras. Dual REPS: A generalization of
relative entropy policy search exploiting bad experiences.
IEEE Transactions on Robotics, 33(4), 978-985, 2017.
J. Deray, J. Solà and J. Andrade-Cetto. Word ordering and
document adjacency for large loop closure detection in 2D
laser maps. IEEE Robotics and Automation Letters, 2(3):
1532-1539, 2017.

J.A. Luna, E. Usai, A.P. Husar and M. Serra. Enhancing the
efficiency and lifetime of a proton exchange membrane
fuel cell using nonlinear model predictive control with nonlinear observation. IEEE Transactions on Industrial Electronics, 6(8): 6649-6659, 2017.
D. Martínez, G. Alenyà, T. Ribeiro, K. Inoue and C. Torras.
Relational reinforcement learning for planning with exogenous effects. Journal of Machine Learning Research,
18(78): 1-44, 2017.
D. Martínez, G. Alenyà and C. Torras. Relational reinforcement learning with guided demonstrations. Artificial Intelligence, 247: 295–312, 2017.

A. Agostini, C. Torras and F. Wörgötter. Efficient interactive
decision-making framework for robotic applications. Artificial Intelligence, 247: 187-212, 2017.

J.L. Diaz, C. Ocampo-Martínez and H. Alvarez. Nonlinear
moving horizon estimator for online estimation of the density and viscosity of a mineral slurry. Industrial and Engineering Chemistry Research, 56(49): 14592–14603, 2017.

A. Agudo, J.M. Martínez, L. Agapito and B. Calvo. Modal
space: A physics-based model for sequential estimation of
time-varying shape from monocular video. Journal of Mathematical Imaging and Vision, 57(1): 75–98, 2017.

G. Ferrer, A. Garrell Zulueta, F. Herrero and A. Sanfeliu.
Robot social-aware navigation framework to accompany
people walking side-by-side. Autonomous Robots, 41(4):
775-793, 2017.

C. Ocampo-Martínez and N. Quijano. Game-theoretical methods in control of engineering systems: An introduction to
the special issue. IEEE Control Systems, 37(1): 30-32, 2017.

A. Agudo and F. Moreno-Noguer. Combining local-physical and global-statistical models for sequential deformable
shape from motion. International Journal of Computer Vision, 122(2): 371-387, 2017.

J. Funke, J. Klein, F. Moreno-Noguer, A. Cardona and M.
Cook. TED: A tolerant edit distance for segmentation evaluation. Methods, 115: 119-127, 2017.

A. Perez and F. Thomas. On Cayley’s factorization of 4D
rotations and applications. Advances in Applied Clifford
Algebras, 27(1): 523-538, 2017.

A. Garrell Zulueta, M. Villamizar, F. Moreno-Noguer and A.
Sanfeliu. Teaching robot’s proactive behavior using human
assistance. International Journal of Social Robotics, 9(2):
231-249, 2017.

J.M. Porta and F. Thomas. Closed-form position analysis
of variable geometry trusses. Mechanism and Machine
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EDITORIAL TASKS
IRI members participate in the Editorial Board of
the following journals:
- IEEE Transactions on Robotics
- ASME Journal of Mechanisms and Robotics
- International Journal of Mechanics and Control
- Pattern Recognition Letters
- International Journal of Pattern Recognition
and Artificial Intelligence
- Computer Vision and Image Understanding
- Electronic Letters on Computer Vision and 		
Image Analysis
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4. EDUCATION

TEACHING ACTIVITIES
We are committed to excellence in higher scientific education, through the mentoring of undergraduate, masters and PhD students. Our teaching activity is varied
and active. The number of PhD students and PhD theses
defended has increased in the last years. Furthermore,
we also support students who work in their master theses and final year projects.

UNDERGRADUATE STUDIES:
Our faculty teaches undergraduate courses at UPC in:
- Industrial Engineering (ETSEIB, ETSEIAT, EEBE)
- Informatics Engineering (FIB)
- Mathematics and Statistics (FME)
- Industrial and Aeronautic Engineering (EIEAT)
- Industrial Electronics and Automatic Control Eng (EET)

MASTER STUDIES:
Our postgraduate teaching activities at UPC are included in:
- Master in Automatics Control and Robotics
- Master in Artificial Intelligence
- Master in Engineering of Automatic Syst. and Power Electr.
- Master in Industrial Engineering
- Master in Chemical Engineering
- Master in Energy Engineering
- Master in Management Engineering

STUDENT SUPERVISION IN 2017 / 2018

13

PhD THESES

Dinesh Atchuthan (U. of Toulouse),
Real-time status estimation with auto-calibration on low-cost IMU and
SLAM applications and motion analysis
Zakaria Baroud (U. Amar Telidji
Laghouat),
Modelling and Observation of PEM
Fuel-Cell Systems: Application to the
Automobile Transport Field
Julián Barreiro*,
The role of population games in the
design of Optimization-Based Controllers: a Large-Scale insight
Adrià Colomé**,
Bimanual robot skills: MP encoding, dimensionality reduction and reinforcement learning

50

ONGOING PHD
THESES / 2018

15

MASTER THESES

Diego García,
Contribution to big data analytics in
water networks

Adrián Peñate,
3D Pose Estimation in Complex Environments

Alex Goldhoorn,
Searching and Tracking of Humans in
Urban Environments with Humanoid
Robots

Héctor Eloy Sánchez,
Prognostics and health aware model
predictive control of wind turbines

Julio Alberto Luna,
Development of control systems and
state observers for efficiency and durability improvement in PEM fuel cell
based systems
David Martínez,
Learning relational models with human
interaction for planning in robòtics

Àngel Santamaria**,
Visual Guidance of Unmanned Aerial
Manipulators
María Laura Sarmiento,
Modeling and Control of PEM Fuel
Cells
Ye Wang,
Advances In State Estimation, Diagnosis and Control of Complex Systems

** Finalist of George Giralt PhD Award 2016, to the
best doctoral theses in robotics in Europe awarded by
EuRobotics
*Winner of European PhD Award on Control for Complex and Heterogeneous Systems

16

UNDERGRADUATE /
LAST YEAR PROJECTS

The Institute hosts the Humanoid Lab, an initiative addressed to undergraduate students interested in learning basic concepts of robotics.

ROBOTICS INITIATIVE

Its goal is to introduce engineering and mathematics students to the robotics world.
Humanoid Lab members develop small projects and participate at humanoid robot
competitions. In the last few years, different Humanoid Lab teams from IRI have won
contest as CEABOT.
IRI members have also attended national competitions such as ASTI CHALLENGE and
international competitions such as the European Robotics League where they were
finalists of different tests.
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5. TECH TRANSFER

Through agreements with industrial partners we motivate technology transfer of the Institute’s achievements
on excellence research. One of the main objectives for
the Institute is to promote collaboration and find common solutions between industry needs and the research
done. Since 2015, IRI is carrying out an action plan to
foster our technology transfer:

TECHNOLOGY TRANSFER CONTRACTS IN 2017-2018
SMART FACTORY

PERSEO

Research on enabling technologies for
intelligent systems in the factories of the
future

Robust scalable package targeted specific
solutions

P. Investigator
Alberto Sanfeliu
Period
October 2015 /
September 2019
IRI Budget

P. Investigator

This a CIEN project cofunded by CDTI (Spanish Government) and led by the company
LEYTEC where IRI acts as subcontractor. Its
objective is to conduct research in Industry
4.0, i. e. to design robotics systems that cooperate with human workers.

30 000 €

Period
September 2016 /
February 2017
IRI Budget

January 2016 /
December 2018
IRI Budget
37 390 €

IRI Budget

3T-SLTE

Development / innovation on “robot-vehicle”

Tractor unit for lifts with integrated intelligent energy management
P. Investigator

This collaboration is in the framework of
the CARNET project for Volkswagen R&D
and managed by CIT UPC. IRI’s role is to
propose and analyze a future vehicle-robot
concept.

Guillem Alenyà
Period
March 2015 /
December 2018

3T-SLTE, is a project from the company SUMASA with CDTI funding. It aims at applying artificial intelligence methods to the
energy management in elevator systems.

IRI Budget
35 000 €

LCAS

TERMOSOLD

Object localization with LIDAR for the validation of a CMS system

Development of a system based on artificial
intelligence techniques for welding inspection
in horizontal packaging lines

P. Investigator

Period

October 2015 /
September 2019

PERSEO is a CDTI project where IRI is subcontracted by the company CIRCUTOR.
It deals with the energy management in
instrumentation equipment.

VW_Vehicle-Robot

50 000 €

Juan Andrade

Period

70 000 €

P. Investigator
Alberto Sanfeliu

Guillem Alenyà

P. Investigator

LCAS is a project contracted by the company FICOSA ADAS. Its objective is to
develope a system for the detection and
localization of road vehicles relative to a
moving vehicle using LIDAR data.

Guillem Alenyà
Period
March 2015 /
October 2017
IRI Budget

This CDTI project funded by the company
VOLPAK aims at developing a system for
detecting anomalies in sealing / welding of
flexible packaging that could lead to leakage or contamination of the packaged product.

75 000 €
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CRISTALBREAD

IKERCON

Research on technologies for the intelligent
robotic manipulation of highly-hydrated bread
dough

Advanced control of complex manufacturing processes

P. Investigator
Guillem Alenyà
Period
March 2015 /
March 2017
IRI Budget

P. Investigator

In this CDTI project from the company
Dextra Global, it is being assessed how a
highly-hydrated bread dough can be manipulated with a robotic system in an adaptive way, in order to ensure every item satisfies the requirements of the company. .

60 000 €

Period
January 2018 /
December 2020
IRI Budget

December 2017 /
December 2019
IRI Budget
60 000
€
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IRI Budget

SLD

Development of a comprehensive production control system with artificial intelligence and self-determination capability

Intelligent detection and classification
process of leathers (smart leather detector)
P. Investigator

Production of cast components is a complex process that involves a great number
of transformations.The project investigates
new machine learning solutions to extract
valuable information from weakly labelled
production data to improve the production.

Guillem Alenyà
Period
March 2018 /
March 2020
IRI Budget

Technology transfer project with the company LabCat with CDTI competitive financing support. This project deals with the
task of automatically assessing the quality
of leather during the productive process in
order to better identify its potential value.

55 000 €

SCIACE

ADC 1 / ADC2

Intelligent air conditioning system auto-adaptive to environmental conditions

Tech. Coor and support for the SEAT
Autonomous Driving Cup 2017 and 2018

P. Investigator

Period

September 2016 /
August 2017

This project is focused on developing control systems to be applied to the new advanced manufacturing technologies that
are being developed in R&D Unit of the
company Ikergune.

AIPICS

60 000 €

Guillem Alenyà

Period

38 220 €

P. Investigator
Guillem Alenyà

Carlos Ocampo

P. Investigator

Project with the company HiPlus S.L with
CDTI competitive financin. This project seeks to develop an integral production control system for industrial air conditioning
equipment including artificial intelligence
and self-configuration capabilities.

Alberto Sanfeliu
Period
July 2017 /
December 2018
IRI Budget
33 000 €

Helping in the organization of the event
and give technical support to the teams to
carry out the competition in Barcelona and
Madrid.

IRI-CETAQUA
Contribution to the promotion and supervision of research projects on the field of
water distribution networks
P. Investigator
Gabriela cembrano
Period
June 2007 /
May 20219
IRI Budget

This collaborative project between IRI and
CETaqua, a research technological center
created in 2006 and cofounded by CSIC,
UPC and Agbar; has the objective of developing applied research projects with the
water industry.

90 000 €

IRI-CETAQUA is focused on the use of automatic control techniques to improve the
efficiency in water systems, including water resource management, drinking water
networks, urban drainage and treatment
plants.
Its main goal during the last ten years has
been to propose to different stakeholders
such as companies, Public Bodies and cityzens, innovative solutions for solving environmental and technological problems .
All of these problem has been related to all
the phases involved in the management of
water cycle.

ICCS
Concept for intrinsic camera calibration
station
P. Investigator
Juan Andrade
Period
January 2017 /
December 2018
IRI Budget

Ficosa and IRI will jointly work on the development and comparison of various internal
calibration methods for fisheye lenses and to
produce a camera calibration software module to be used for the production of an Intrinsic
Camera Calibration Station (ICCS)

30 000 €
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PREDMAN

PLATT

Predman Contribución Cetaqua

Technology transfer action plan for TECNIO
candidates
P. Investigator

P. Investigator
Vicenç Puig
Period
March 2017 /
December 2018
IRI Budget

Developing algorithms that allow the predictive maintenance of pumping stations.
These algorithms analyze several relevant
variables whose change could be indicative
of the presence of a fault.

Juan Andrade
Period
October 2015 /
November 2019
IRI Budget
Year 1: 51 875 €
Year 2: 44 451 €
Year 3: 30 000 €

30 000 €

Through agreements with industrial partners we motivate technology transfer of
the Institute’s achievements on excellence
research. One of the main objectives for the
Institute is to promote collaboration and
find common solutions between industry
need and the research done. Since 2015, IRI
is carrying out a action plan to foster our
technology transfer.

STOP-IT
Strategic, Tactical, Operational Protection
of water Infrastructure against cyber-physical Threats
P. Investigator
Gabriela Cembrano
Period
April 2018 /
October 2018
IRI Budget

In this plan we are carrying out actions
to define and strengthen the technology
transfer strategy of the institute. Its main
objective is to better valorize our scientific
expertise and capacities for the industrial
sector. In addition, a Marketing Plan has
been defined and a Quality Management
System based on ISO 9001:2015 has been
deployed.

Developing methodologies for fault tolerance in water distribution networks. In particular, using graph techniques and optimization to improve the restoration of service
in a pressurized water network, after an accidental or intentional breakdown

IRI has achieved the TECNIO seal in two
years, a technology transfer quality seal
awarded by Government of Catalonia,
through ACCIÓ.

30 000 €

ICAB

RCT1201

Protection of Critical Infrastructures

Ph2-Optimal and predictive RTC module
interfaced to SWIP
P. Investigator

P. Investigator
Vicenç Puig
Period
March 2017 /
June 2017
IRI Budget
30 000 €

80

This is a private contract with CETAQUA to
develop algorithms that allow discovering
critical elements in a water network, proposing redesigns in the networks that augment the fault tolerance and resilience

Vicenç Puig
Period
May 2014 /
Decmber 2018
IRI Budget
30 000 €

This project addresses the global control of
sewer networks using a predictive optimal
control approach. The sewer network is modelled using a conceptual modelling approach
based on decomposing the network in catchments and representing them as virtual tanks

TECHNOLOGICAL EXPERTISE
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MECHANISM DESIGN & ANALYSIS

AERIAL ROBOTICS

Mechanism design and construction.
Molecular modelling.
Analysis and planning of mechanism motion.

Aerial robot localization, mapping and navigation.
Aerial perception and manipulation.
Aerial robot control and planning strategies.

SOCIAL ROBOTICS

ASSISTIVE ROBOTICS

Robot companions.

Proactive assistance to disabled users.
Perception and manipulation of objects.

URBAN MOBILITY

ENERGY SYSTEMS

Autonomous navigation.
Driving assistance (ADAS).
Urban service robotics.
Heavy vehicle automation.

Fuel cell systems.
Energy management.

ADVANCED TECHNIQUES IN
VISUAL PERCEPTION

COMPLEX SYSTEMS
CONTROL

Deep learning applications.
Geometric computer vision.

Modelling, control and supervision of complex
systems.

SMART FACTORIES
(INDUSTRIES 4.0)

WATER CYCLE CONTROL
SYSTEMS

Human-robot cooperation.
Factory automation.

Drinking waters networks.
Urban drainage systems.

SERVICES OFFERED TO COMPANIES
-

INNOVATIVE RESEARCH PROJECTS

-

Answers to singular needs at the state-of-the art, providing solutions with
added value.

-

INDUSTRIAL DOCTORATES

We often take part in collaborative projects and
initiatives participated by industrial partners with
national and international competitive funds.

-

Supervision of company-hired or
grant-supported industrial PhD students.

-

CONSULTING
Industrial and technical advice to companies to help them develop new products
and services.

PARTICIPATION IN PROJECT CONSORTIA

USE OF LABORATORY EQUIPMENT
Facilities are open to our industrial collaborators for project development.

-

PROTOTYPING
Design, rapid prototyping and testing of devices
to address specific needs.

SOME OF OUR COLLABORATORS AND CLIENTS

LEYTEC
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6. OUTREACH

WHY WE DO IT?
At IRI, we think that it is good to involve all our members
in scientific dissemination activities that attempt to bring
our science to all audiences. For this reason, our staff
participates frequently in many events such as seminars,
workshops, talks, exhibitions and competitions.

OUTREACH ACTIVITIES
- Setmana de la Ciència
- European Robotics Week
- Festa de la Ciència
- Barcelona Robotics Meeting
- Smart City Expo World Congress
- CEABOT
- Periodical guided visits to IRI
- Maker Faire Barcelona

ROBOTS, HUMANS AND MACHINES
Dialogs on robotics and ethics
The growing production, increasingly complex, of robots and other autonomous systems have led today to a scenario where human-robot interaction takes a major role in our society and generates social debate.
Some implications and ethical consequences of the development of robotic technologies begin to be palpable in sectors of the economy, employment, health, emotional relationships, transportation and society in general. Robotics and artificial intelligence are showing realities that
were only conceived in science fiction and that pose questions still unresolved in societies, since our relationship with machines has become an
interaction. International organizations, aware of the importance of this interrelation, have already laid the groundwork for establishing regulatory
frameworks and recommendations.
With the support from Obra Social Fundación “la Caixa”, IRI organized the cycle “Robots, humans and machines” to find answers to these
questions through direct dialogues between experts in robotics, artificial intelligence, ethics and philosophy to bring to the citizenship these
issues that will increasingly be present in their day a day.

Session 1: Robots, humans and jobs
3rd October, 2018

Session 4: Human Intelligence VS AI
24th October, 2018

Speakers:
Ken Goldberg, UC Berkeley
Albert Florensa, IQS URL.
Moderator: Juan Andrade, IRI, CSIC-UPC

Speakers:
Ramón López de Mántaras, IIIA
Itziar de Lecuona, UB
Moderator: Juan Andrade, IRI CSIC-UPC

Session 2: Robots that prescribe and
heal? Machines that care?
10th October, 2018

Session 5: Influence of robots in our
life and in affective relationships
13th November, 2018

Speakers:
José del R Millan, EPFL
Lydia Feito, UCIII
Moderator: Michele Catanzaro

Speakers:
Carme Torras, IRI, CSIC-UPC
Marcel Cano, UB
Moderator: Francesc Torralba

Session 3: Autonomy and decision
making
17th October, 2018

Session 6: Transhumanism, ethics and
equality of people
27th November, 2018

Speakers:
Maite López, UB
Diego Gracia, UCM.
Moderator: Michele Catanzaro

Speakers:
Josep M. Ganyet, CEO Mortensen
Jordi Pigem, Philosopher and writer
Moderator: Francesc Torralba
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SOCIAL NETWORKS

MEDIA APPEARANCES

In order to better reach the society with today's
technology, we have decided to become part
of social networks. Starting in 2011, we mantain Twitter and Facebook accounts as well as a
Youtube channel, Linkedin and the IRI webpage.

During the years 2017 and 2018, the presence of IRI in
the media has been remarkable, appearing in several
newspapers, television and radio programs. This increases the visibility of our research activities to a general audience.

Nowadays, we have developed an integrated
communication plan which is helping us to disseminate science in a social way.
We use our Twitter account to publish our job
offers, to inform about the celebration of our
research seminars, and to announce all the international visitors we receive. We also inform
about our attendance to different outreach
events, the day to day activities in the centre,
news and curiosities about robotics
At the beginning, our Facebook account was
used to publish images and answer questions
and comments from many users. Now, we combine Twitter and Facebook depending on the
communication needs. Youtube is mainly used
by our researchers, to share videos of their demostrations and work.

IRI - Institut de Robòtica i Informàtica Industrial

NEWS

119

14

newspapers and magazines
articles
ABC, El Mundo, La Vanguardia,
ARA, El Periódico, Infolibre .

television programmes that
mentioned IRI or interviewed
IRI members
TVE1, TV3, Beteve .

@IRI_robotics

institutderobotica

institutderobotica

iri.upc.edu

86

8

radio programmes that
mentioned IRI or interviewed
IRI members
RTVE, Catalunya Ràdio, RNE.
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7. FUNDING

Funding sources of our center are diverse. CSIC
and UPC finance salaries of permanent staff
belonging to these institutions. In addition, CSIC
and UPC also make contributions for general
operating expenses of the institute.
Our scientific personnel is committed to
excelence in research, and that is why half of our
budget is obtained through competitive calls for
projects and personnel programmes, as well as
technology transfer contracts. This self-funding
percentage over 65% is a high figure for a public
research institute.

INSTITUTE’S
BUDGET
2017

2018

19%

16,6%
Competitive Personnel Programs

3m€€
4,5M

Competitive Personnel Programs

5,4M€

Project and Contracts Funds

13,5%

CSIC General Budget

11,9%

Project and Contracts Funds

CSIC General Budget

7,9%
52,9%
14,4%

UPC General Budget

UPC General Budget

63,5%

INSTITUTE’S
EXPENSES
5,5 %

6,7 %

9,3 %

7,4 %

2017

2,8%

Personnel

2,6%

2018

4,5 %
2,4 %

Personnel

Overheads

3’6M€

Scientific equipment

79,7 %

Overheads

4M€
3,1M
€

Scientific equipment

Other project related expenses

Other project related expenses

General running expenses

General running expenses

78,8 %
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PHOTO CREDITS
Pages / Description

35

Lauron’s robot leg detail.

36

TIAGo Robot.

37

Perception and Manipulation Group.

38/39

Buttons in steering control.

3

Darwin, educational robots from HumanoidLab.

41

Carme Torras with robot arm. Photo by Pere Virgili.

4

Juan Andrade, IRI’s Director at the biennial period 2017 2018.

43

Robot hand playing board game at the Perception and
Manipulation Lab.

6

Workstation at the Fuel Cell Lab.

44

TiaGo mapping and moving in Perception and Manipulation
Lab.

14

IRI services staff.

47

Camera at Perception and Manipulation Lab.

15

Zyonz and Estirabot robots folding a t-shirt at the
Perception and Manipulation Lab.

49

Zyonz and Estirabot robots folding a t-shirt at the
Perception and Manipulation Lab.

16

TIAGo mapping and moving in Perception and Manipulation Lab.

50

Fuel cell parameter detail on PC.

18

Paralell robot detail ant the Kinematic and Robot Deign
Lab.

51

Automatic Control Group.

52/53

Water tank at Water-Cycle Control Systems Lab.

19

Kinematics and Robot Design Group

55

Fuell cell station at Fuell Cell Control Lab.

20/21

Kinematics prototype detail.

57

Water process plant trainer detail.

23

Paralell robot detail ant the Kinematic and Robot Deign
Lab.

58

Fuell cell station at Fuell Cell Control Lab.

59

Fuell cell detail.

60/61

Detail at Perception and Manipulation Lab.

62/63

Joan Solà at IRI Seminars. Photo by Sergi Foix.

64

Detail of notebook at Clothilde regular session.

73

Detail at Perception and Manipulation Lab.

74

Detail of Mechatronic Lab.

76

Boat at port.

79

Hard disk.

81

Fuell cell detail.

84

Detail of kinematics paralell robot.

89

Tina, educational robot from Humanoid Lab.

24

Tibi and Dabo Robot.

25

Mobile Robotics Group.

26/27

Optittrack detaill at Mobile Robotics Lab.

29

Samples of simulated environment that recreates real ports
conditions [V. Vaquero, E. Repiso and A. Sanfeliu: Robust
and Real-Time Detection and Tracking of Moving Objects
with Minimum 2D LiDAR Information to Advance Autonomous Cargo Handling in Ports].

30

Lauron’s robot leg detail.

33

Anisotropic factor in 3D view [A. Garrell, Luis Garza-Elizondo1, M. Villamizar, F. Herrero and A. Sanfeliu: Aerial Social
Force Model: A New Framework to Accompany People
Using Autonomous Flying Robots].

Institut de Robòtica i Informàtica Industrial, CSIC-UPC
C/Llorens i Artigas 4-6, 08028 Barcelona
Tel: +34 93 4015751
Fax: +34 93 4015750
Email: info@iri.upc.edu
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