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Abstract 
The Robotics and Intelligent Systems group conducts research in the interdisciplinary field 
of robotics, machine learning, reconfigurable hardware and sensing human actions. The 
group is affiliated to the Department of Informatics and together with the Department of 
Musicology, we have established the fourMs - Music, Mind, Motion, Machines lab. In this 
paper, we present our research activity including our lab facilities. 

 
Research  
      We are targeting the challenge of designing self-learning systems with an inherent 
capability of being adaptable in operation. This is based on bio-inspired methods and 
architectures as well as other machine learning techniques. For the recent years, we 
have had a main focus on evolutionary computation. For some applications, dedicated 
hardware is relevant and we study how Field Programmable Gate Arrays (FPGAs) can 
be applied in adaptable systems.  Human-Machine-Human interaction is important in 
our collaboration in the fourMs - Music, Mind, Motion, Machines lab. By exploring 
action-sound and sound-action couplings by advanced motion capture equipment, we 
would like to apply such relationships in the development of active media devices. Such 
devices would allow the listener to control and adjust the music by his/her own motions.  
         

       In robotics, we focus on both building our own robots 
as well as applying an advanced commercial Motoman 
IA20 industrial robot. We have during the last years 
established a lab for rapid prototyping based on 3D-printing 
and molding. Based on this equipment, we have recently 
started to investigate the design of novel actuators that 
could lead to more human friendly robots. 

Our research is mainly based on a number of different research projects funded by 
the Research Council of Norway. Below we give an overview of the various projects. 
 
Research Projects 

 
System-On-Chip Evolution on FPGA (2004-2009) 

Evolvable hardware (EHW) is a method where hardware is designed and/or 
modified automatically by optimization algorithms called evolutionary algorithms (EA). 
The results so far in this field have been promising but somewhat limited partly because 
of the scalability problem of the EHW design method. It has been hard to generate 
circuits which are capable of handling large real-world problems in a competitive 
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manner. Schemes for dealing with the scalability problem have been proposed earlier, 
however the application of these to run-time adaptive EHW systems has been limited. 

This project has addressed the challenge to generate autonomous run-time adaptive 
digital EHW systems for solving large real-world problems. The challenge has consisted 
of dealing with the lack of scalability in evolutionary algorithms, combined with the 
challenge of designing an adaptive hardware architecture for the evolution. 

 

  
 
Specifically, hardware classifiers are developed for accurate classification of inputs 

with a large number of features. For experimentation with online adaptation, an on-chip 
evolutionary system has been proposed and implemented, making use of an on-chip 
processor. In order to overcome the scalability problem, the use of data buses and high-
level building blocks have been investigated. Further, these elements have been 
combined with incremental evolution into a specialized high-speed classifier 
architecture for online evolution. The architecture has been applied to several difficult 
application benchmarks and compared to traditional approaches as well as previously 
presented EHW approaches. 

The work has resulted in a flexible system for on-chip evolution. The proposed 
online architecture is capable of classifying problems with a larger number of inputs 
than previous online EHW classifiers, and it gives a higher accuracy for these problems 
than previously presented EHW systems. These systems have often been based on 
offline evolution – regarded as less challenging than online evolution. In addition, the 
amount of evaluation needed for the evolutionary search is low compared to previously 
presented systems. The system has also shown to be competitive to traditional 
classification approaches for the applied benchmarks. 

 
Applying machine learning in oil and gas applications (2007-2009) 

The offshore industry is faced with several practical problems which are solved by 
human ingenuity on a daily basis. There is however a large potential for taking 
advantage of powerful computing for optimizing and automating both work processes 
and operations as well as design and construction. This becomes even more important as 
the concept of integrated operations, involving extensive use of robotics, is becoming 
implemented offshore. 
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The research is focused on how to 
apply generic search- and machine 
learning  algorithms for automatically 
solving basic problems in the offshore 
industry. The proposed methodology 
is on using artificial evolution for 
generating heuristics from which to 
construct large scale solutions. 
Applications range from evolution of 
heuristics for facility layout planning, 
packing, scheduling and pipe routing. 
Preliminary results show that the 
quality of automatically generated 

heuristics is in most cases equal, or better, than human made heuristics. 
 

Recruiting young people to study technology and natural science by 
using interactive robotics (2008-2009) 
 
      The goal of the project is to demonstrate intelligent systems for 
human machine  interaction based on pressure, touch, camera and sound. 
This is based on a Motoman IA20 industrial robot. Applications like 
robot massage and face tracking have been implemented. 

 
 
Active Music by Sensing Music-related Actions (2008-2012) 
 

 
 
This interdisciplinary project, combining scientific, technological and artistic 

methods, proposes three crucial topics for future development of multimodal devices: 
• the importance of action-sound couplings for both performance and 

perception of music 
• the control potential of human bodily movement 
• a move towards an active music experience 

 
These topics will be explored through experiments, observation studies and 

modeling of action-sound couplings; and prototyping of enactive media devices. In our 
motion capture lab, we use infrared motion capture systems to record how people move 
when creating sound, and also how people move when listening to sound. A major 
challenge here is to develop new and better machine learning techniques for being able 
to extract perceptually meaningful features from both movement and sound data. 
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Knowledge from the observation studies mentioned above is used to explore how 

music can be controlled through body movement. This is done through development of 
various new interfaces for musical expression, as well as exploration of sound in 3D-
space through our 24- channel sound spatialisation system. 

 
 
Context Switching Reconfigurable Hardware (2009-2013) 

Much of the focus on computer hardware is on the speed and performance of the 
latest processors. In parallel to this development, reconfigurable logic devices (Field 
Programmable Gate Arrays - FPGAs) are getting faster and contain a larger amount of 
configurable logic as well. There is a growing interest in applying the technology for 
computing rather than only as glue logic 
between processing elements. In this 
project, the latest of such technology will 
be applied for designing high 
performance computing systems in 
embedded communication systems. 
Whereas hardware normally is static at 
run-time, software processes are being 
swapped at a high rate. However, in this 
project, architectures where the hardware 
configuration is dynamically changed 
(i.e. context switching) at run-time will 
be investigated.  

Norwegian industry has shown a leading role in the design of different kinds of 
communication systems. Much of this has involved the design of custom hardware 
systems. These have often included Application Specific Integrated Circuits (ASICs) to 
obtain satisfactory speed. The drawback of such systems is the lack of flexibility as 
frequently new protocols, features and capabilities are added. Reconfigurable 
technology could provide the user both increased speed by having the algorithms 
implemented in custom hardware as well as a very flexible (like software) way of 
modifying the architecture. Reducing cost and power consumption have increased 
importance. By introducing run-time reconfigurable hardware as we would like in this 
project, the size of the physical hardware can be smaller than the reconfigurable logic 
resources otherwise required. This is since for most applications not all application 
functions/protocols in a system are active concurrently and by run-time reconfiguration 
inactive functions do not have to occupy hardware. Another benefit of run-time 
reconfiguration could be computational speedup.  
 
More information 
http://www.ifi.uio.no/research/groups/robin  
http://www.fourms.uio.no 
E-mail: jimtoer@ifi.uio.no  
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