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Robots Learn to Understand
Human Touch

The humanoid robot Nao describes and explains pictures of a museum for visitors.
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Interactive Intelligent Systems

DAAD Thematic Network awarded 800,000 € in funding
This new thematic network brings scientists
from around the world together to develop
intelligent systems that the user will not need
to spend a great deal of time programming.
Instead, the intelligent system will be able
to anticipate the user’s wants and needs in
a given context. This vision is at the center
of the new international thematic network
called “Interactive Intelligent Systems” (IISTN). In the future, such systems should learn
to acquire new knowledge and skills during
their operation. The goal is to endow machines with the intelligence required to recognize
how they can assist their users. The German
Academic Exchange Service (DAAD) has selected this ambitious objective for funding and
will support the network with over 800,000
Euro. Within the CITEC-coordinated network
Bielefeld University will work together with
leading universities and research institutes
located on five continents. During 2015–2018,
Bielefeld will host guest researchers from these partner institutions. In turn, CITEC scientists
will also travel abroad to conduct research
with colleagues there.

The Thematic Network proposal is one of 28
projects selected for funding by the DAAD
reviewers out of 89 applications throughout
Germany.
In addition to reporting about this thematic
network (page 4), this newsletter will keep
you updated on other exciting developments
at CITEC, such as progress on the challenge of
transferring human language comprehension
to computer systems, or the topics of a number of highly interdisciplinary projects funded
through CITEC’s intramural funding program.
Best regards,
Helge Ritter, CITEC Coordinator

The project “Cognitive Interaction in
Motion” (CogIMon) was launched on 1
February 2015. It centers on organizing
versatile motion under varying contact
and impedance in mixed human-robot
teams. Demonstration scenarios feature
COMAN and multi-Kuka lightweight
robots (LWRs) interacting with humans
based on their understanding of physical forces and full-body motion as
communicative actions, which will then
be studied and modelled in humanhuman interaction. The project is coordinated by Professor Dr. Jochen Steil
from the Research Institute for Cognition and Robotics (CoR-Lab) at Bielefeld
University with international partners.
CogIMon will receive a total of seven
million Euro in funding for four years
(from 2015–2018) from the EU Framework
Programme for Research and Innovation
Horizon 2020.

Fourth Workshop on Cognitive
Systems at CITEC
Scientists from the fields of psychology
and engineering attended the fourth
workshop on cognitive systems at CITEC
from 23–25 March 2015. The workshop
was organized by two research groups
participating at CITEC: “Gender, Emotion, and Cognitive Interaction Technology,” led by Professor Dr. Friederike Eyssel, and “Cognitive Systems and Social
Interaction,” led by Professor Dr.-Ing.
Stefan Kopp. The workshop centred on
discussions about the cognitive aspects
of everyday life and their role in interactive processes, including questions of
how assistive cognitive systems must be
designed in order to assist, for instance,
pilots or drivers.
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An Inspector for the Virtual Wind Tunnel

CITEC researchers develop software for designing motor vehicles
Automotive manufacturers test their vehicles
in wind tunnels to make sure that their new
models are aerodynamic and thus gas efficient. Engineers today also use a simulated
wind tunnel during the early stages of design
conception, in which computer software calculates how a component on the vehicle must
be changed in order to make it more aerodynamic. The software, however, often takes
the goal of improving the aerodynamics of a
vehicle to such an extreme that the vehicle
becomes so malformed that a normal engine

Professor Dr. Mario Botsch

Photo: CITEC

no longer fits inside the car. Researchers at
the Cluster of Excellence Cognitive Interaction
Technology (CITEC) at Bielefeld University have
now developed an algorithm that helps avoid
this problem simply and intuitively.
The scientists were working on a software
project that virtually reshapes the vehicle design so that it is as aerodynamic as possible.
“We have improved this software so that it is
easier to operate and works more efficiently,”
says Professor Dr. Mario Botsch from the Faculty of Technology at Bielefeld University. He
heads the research group “Computer Graphics
and Geometry Processing,” which is part of
the CITEC Cluster of Excellence.
“Existing software that simulates and optimizes vehicle design often only takes the aerodynamics into account,” explains Botsch. The

programme contains a vehicle design draft
and alters it until the air drag is as minimal
as possible. “At the end, a draft of a design
can come out that yes, is aerodynamic, but it
effectively cannot be used. Our software programme makes sure that certain criteria are
met,” says Botsch. Such criteria include, for
instance, that the interior of car is both high
and wide enough for a person to sit comfortably inside, or that the engine fits under the
hood and the wheels fit in the wheelhouse.
“Unsuitable vehicle designs are often excluded only after putting them through the
intensive computational tests in the virtual
Computer software calculates how a compowind tunnel. Our software ensures that only nent on the vehicle must be changed in order
suitable designs make it to the wind tunnel,” to make it more aerodynamic
explains Botsch.
Computer scientist Daniel Sieger, who works simulations. In the case of a crash, this would
in the research group led by Mario Botsch, ensure that the passengers are protected as
developed the algorithm. “For us, the pro- well as possible,” explains Daniel Sieger.
ject was not just about making more realistic In their research article, Mario Botsch and
vehicle designs that are better suited for ma- Daniel Sieger describe the methods and the
nufacturing,” says Sieger. “The new program- key features of the software programme. The
me is also much easier to use than existing article was awarded “Best Paper” at the “Insoftware. With our software, the important ternational Meshing Roundtable” symposium
geometric boundary conditions can be given in London at the end of October 2014. This
directly, for example, that the wheelhouse yearly conference addresses computer-aided
has to remain round. Previously, engineers modelling and the optimization of geometric
had to indirectly limit the thresholds for the shapes.
The research group “Computer Graphics and
optimization algorithm.”
The algorithm was developed in order to im- Geometry Processing” engages with issues of
prove the aerodynamic design of vehicles that generating and optimizing geometric inforwill later be tested in a virtual wind tunnel, mation, among other topics. In addition to
but it could also be used in other simulations. interactive space deformation, the team also
“For example, the algorithm could be used to works on scanning 3-D objects (such as faces)
produce a car design optimized for crash test and depicting virtual scenes in real time.

Publication
Daniel Sieger, Stefan Menzel, Mario Botsch: Constrained Space Deformation for Design Optimization, Proceedings of International Meshing
Roundtable, published in October 2014.
http://dx.doi.org/10.1016/j.proeng.2014.10.377
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Comprehending Understanding

A Portrait of the CITEC Research Group “Applied Computational Linguistics”
How does understanding work? The CITEC research group “Applied Computational Linguistics,” led by Professor Dr. David Schlangen of
the Faculty of Linguistics and Literary Studies,
focuses their research on this question. The
research team is one of the 31 groups participating in the Cluster of Excellence. As Schlangen explains, “when people interact through
language, they can make themselves understood on very complex issues and make plans
with one another. We are working to ascertain
what people consciously and unconsciously
do to accomplish this.”
Generally speaking, computational linguistics
aims to precisely describe how people interact
using language. Schlangen’s group researches
how these findings can be used in computer
systems. For example, these findings could be
used to help people to speak naturally to avatars – artificial “people” on a computer screen
– instead of laboriously typing commands
on a keyboard. The 10 scientists on this team
develop speech-dialogue systems that understand everyday language.
“We are looking at how linguistic interactions
are embedded in their surroundings,” says
Schlangen. This kind of “situated communication” is one of the four main areas of research
at CITEC. “A person who writes a letter might
spend a lot of time honing the formulations
used. This is different in spoken situations.
Here, if one stops for a while to think about
how to express something, he can expect this
delay to be understood as hesitation,” exp-

Since 2010, David Schlangen (right) leads the “Applied Computational Linguistics” research group.

lains Schlangen. “In addition, non-verbal
information channels, such as gestures and
facial expressions, play a role.”
In the lab, the researchers observe how study participants work through tasks together.
In the video recordings of the experiments,
the researchers then analyse how the people
interacted with each other. “Based on these
analyses, we derive models that we transfer
to computer systems and run tests on.” One of
these developments is a speech-dialogue system that can automatically adapt to the task
of driving a car. “As soon as it becomes dangerous, such as during a passing manoeuvre,
the system cuts off and is quiet. In a study,
we showed that this increased driving safety,”
reports Schlangen.

In order to enable computers to operate spatially, Schlangen and his team have developed
a model that can connect spoken expressions
to visual images. The computer system “hears”
a sentence like “Take the lower red cross” and
associates what is heard with the image supplied by a camera. “By breaking apart the
sentence into its constituent parts, the computer can figure out which object is meant.”
Schlangen’s group is working on the largescale project at CITEC called “Intelligent Coaching Space“ (ICSPACE), which aims to teach
language to a virtual fitness coach. This virtual
trainer “doesn’t only need spoken language,
but because it must train physical skills, it
must also understand body language above
all.”

Visiting Researchers at CITEC: Fernando Pérez-Peña and Nikolas Hemion
From 1 March through 30 August 2015, computer
scientist Fernando Pérez-Peña from University of Cádiz will work
as a visiting researcher
at CITEC. Pérez-Peña
is researching neuroinspired motor control
and is working together with the CITEC
research group “Neuromorphic Behaving Systems” (NBS), led by Elisabetta Chicca. The NBS
group has extensive experience in neuromorphic hardware and has designed and develo-

ped a multi-chip neuromorphic system. PérezPeña‘s goal is to develop a local motor control
using a custom neuromorphic device available
in the NBS group. As a doctoral student, he
spent three months at CITEC and decided to
return for a longer period of time in order to
work with Elisabetta Chicca and to benefit from
CITEC’s facilities.
Nikolas Hemion, a researcher at Aldebaran
Robotics in Paris, France, is working as a visiting researcher at CITEC. He is a computer
scientist in the “Artificial Intelligence” group,
which is an independent research unit within
Aldebaran that focuses on developmental ro-

botics. Their goal is to advance scientific understanding of
the mechanisms
of development
and learning in
robots and to
improve models
of these processes. This research unit is exploring and expanding upon this idea with the goal of developing a cognitive architecture for robots. Such
cognitive architecture should allow robots to
autonomously acquire knowledge from their
own experience.
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Brain-machine interfaces and robots as museum guides
CITEC promotes highly interdisciplinary projects

Working to Make Intelligent
Systems Even More Intelligent

The project “A resource-efficient and adaptive brain-machine interface”
investigates the relationship among brain waves, eye movements and memory.

Within the framework of its internal funding
line to support highly interdisciplinary
projects, the Cluster of Excellence Cognitive
Interaction Technology (CITEC) is currently
funding eight research projects. “At least
two researchers from different disciplinary
backgrounds are working together on our
projects,” says CITEC Coordinator Professor
Dr. Helge Ritter. “They bring specialized
knowledge from their own disciplines that
they use to find solutions to shared research
questions.”
The focus of the interdisciplinary project
GoToGoal, an experimental investigation on
“goal babbling,” is on the patterns of motion
in both humans and robots. Human motor
function is extraordinarily complex. Humans
are able to continuously coordinate new
patterns of motion for muscles, tendons,
and joints in order to perform a wide range
of movements. The mechanisms of motor
learning, however, are largely unknown.
For this reason, computer scientist Professor
Dr. Jochen Steil (Cognitive Robotics) and
biologist Professor Dr. Marc Ernst (Cognitive
Neuroscience) are researching how robots can
efficiently learn nuanced movements. “We
developed the technique of ‘goal babbling,”
says Jochen Steil. “This allows for robots to
systematically alter forms of motion they
already know so that a new, goal-oriented
pattern of motion emerges.”
In the project “Interactional Coordination
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and Incrementality in Human-Robot
Interaction,” computer scientist Dr. Sebastian
Wrede (Cognitive Engineering) is working
together with linguist Professor Dr. Karola
Pitsch (formerly of CITEC, now at the
University of Duisburg-Essen). The scientists
are investigating how robots can take part
in human interactions. They plan to make
a humanoid robot capable of explaining
museum exhibits on its own to visitors. In
addition to this, the robot is meant to learn
how to understand and classify what users
say to it.
Human-machine interaction is also the
focus of the project “A resource-efficient
and adaptive brain-machine interface”.
This project is investigating the relationship
among brain waves, eye movements, and
memory. The goal of computer scientist
Professor Dr. Helge Ritter (Neuroinformatics)
and sports scientist Professor Dr. Thomas
Schack (Neurocognition and Action –
Biomechanics) is to create a system with
which one can control a robot using his or
her will and imagination. To achieve this
goal, they are developing a novel brainmachine interface, which two users can use
together to operate a robotic hand in order
to stack blocks, for example, using only their
thoughts.
For more information, please see
www.cit-ec.de/projects

The Cluster of Excellence Cognitive Interaction Technology (CITEC) is leading
the international German Academic Exchange Service (DAAD) thematic network
“Interactive Intelligent Systems” (IIS-TN).
This network serves as an excellence
platform for international research and
cooperation. Its focus is on providing
young academics with a interdisciplinary programme of study, which will help
train top talent for employment in hightech and technology-related fields. CITEC
serves as the hub for the six partner institutions participating in this network,
whose researchers come from the Indiana University Bloomington (USA), Israel
Institute of Technology (Israel), Italian
Institute of Technology (Italy), Osaka University (Japan) und Queensland University
of Technology (Australia). This network
helps to increase and enhance CITEC’s international presence. Through intensive
exchange, the experts in this network are
working together to help come up with
innovative designs for the intelligent systems of our future.
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