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Executive Summary

The Centre for Autonomous Systems (CAS) is an inter-departmental research unit at the Kungliga
Tekniska Hogskolan (KTH), Stockholm, Sweden. The Centre studies intelligent systems in a variety
of forms, but principally in terms of robotic systems as assistants to people for everyday tasks in
everyday environments. To facilitate such research the centre integrates research across mechanical
design, control engineering, systems modelling, perception and artificial intelligence. The Centre
involves four departments at KTH: S3, DAMEK/MMT, NADA and OPTSYST/MATH.

A key aspect of the CAS effort is integration of methods into operational systems, which requires:
basic engineering methods, a systems context, and empirical evaluation in realistic settings. Only
through studies of complete systems can the full systems context be appreciated.

CAS has selected three focal points for its research effort:

e Service robots for domestic applications
e Field robots for operation in unstructured environments

e Industrial demonstrators that illustrate take-up of results

To address these integrated systems there is a need to consider basic research problems on all
aspects of intelligent systems from mechanical design and sensing to artificial intelligence and human-
computer interaction.

A hallmark for the effort at CAS is international excellence. This involves wide recognition by
the research community. As an example, the last three years (2002-2004) CAS researchers have been
nominated for the best paper award at the leading robotics conferences and in two cases the final
award was also given to CAS. This is the best track record for any robotics laboratory in Europe.
The CAS scientific advisory board, also designated CAS as leading on service robotics in Europe
and called for ambitious goals beyond European leadership.

The CAS effort is jointly sponsored by SSF, other Swedish agencies and the CEC at a ratio of
30 / 30 / 40, which is a satisfactory balance in funding between different actors.

CAS is the coordinator of the European Robotics Network that integrates research, education
and dissemination across 145 institutions across all of Europe, sponsored by the CEC. Through this
effort a European Technology Platform (ETP) has also been defined for FP7, which has resulted in
robotics being one of the focal points in the draft proposal for the 7th framework programme.

Overall, CAS performs research and education on robotics at a level that is internationally
recognized as outstanding.

Stockholm, September 2005

Henrik I Christensen Bjorn Weichbrodt
Director Chairman of board

i Version: September 30, 2005
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2 RESEARCH PROJECTS

1 Introduction

The Centre for Autonomous Systems (CAS) is an interdepartmental research unit at Kungl Tekniska
Hogskolan (KTH). CAS does research on all aspects of intelligent systems, but with a primary
emphasis on robot systems for assistance to people. The activities of the centre are three fold:

e Internationally recognized research on basic engineering problems
e Research education and training for graduate students

e Dissemination and outreach for societal exploitation of the research results.

The objective of CAS is to perform activities that are internationally recognized for its excellence.

The research activities within CAS are organised around three thematic areas:

e Service robotics for everyday applications in domestic settings
e Field applications for outdoor unstructured environments

e Industrial example applications to verify use in realistic settings

The thematic integrators should not be considered as physical demonstrators, but as catalysts
for joint research across different departments.

The research at CAS is sponsored by a number of different funding agencies. The main sponsor
has earlier been SSF, but it is at present the Commission of the European Communities. Today
there is a 30/30/40 distribution of the budget across SSF, Other Swedish Agencies, and the CEC.

In the following the research projects active within the Centre for Autonomous Systems are
briefly summaries (Section , various activities on education and training are covered in Section
As one would expect from a long-term research programme there are also a number of activities
to disseminate the results to end-users, and early evaluation of new / emerging applications, these
activities are briefly outlined in Section 4l The overall organisation of the Centre is briefly outlined
in Section |5} Finally the last section of the report is a list of publications that have been presented
by the Centre staff and students during 2002-2005 (first half).

2 Research projects

As already mentioned in the introduction the research within CAS is organised around three them-
atic areas. Within these areas a number of different projects are active as shown in table 1.

1 Version: September 30, 2005



2.1 Sensory Fusion 2 RESEARCH PROJECTS

Service Robotics Field Robotics Take-Up
SSF-CAS * *
EU-CogVis
EU-Cogniron
EU-Neurobotics
EU-CoSy
FMV *
StoFair
Volvo CE *
ABB
EURON
STINT (KTH-ANU) *

* X ¥ X

* Xk X X ¥

The projects mentioned above are those with an affiliation with CAS. Rather than presenting
the research according to the projects/application domains it is also possible to present the work
according to the underlying basic research problems:

Service Field Take-Up
Robotics Robotics

Sensory Fusion * * *
Visual Recognition *
Visual Servoing *
Mapping * *
Localisation *
Path Planning * *
Grasp Modelling *
Human-Robot Interaction * *
Architectures *

*

Control and Integration

In the following the research results from each of these problem domains are summarised with
pointers to relevant publications.

2.1 Sensory Fusion

One of the main complication in design of perception-action systems, such as robots is robust
recovery of the state of the environment. All sensors generate information that is contaminated by
noise. In addition for all multi-dimensional systems the sensors also have a related data-association
problem of matching new data to prior models.

In use of sensors for mobile platforms there is a distinction in use of sensory information in terms

of

1. Prediction of change to environment based on a model of the vehicle and motion commands
2. matching sensory data to the predicted state of the environment.

3. Updating of model using new sensory information

As no sensor in robust there is a need to fusion information according to sensor characteristics. This
is typically achieved using a least square estimator. In its recursive form this is the Kalman filter
or the Extended Kalman filter for nonlinear systems.

2 Version: September 30, 2005



2.2 Visual recognition 2 RESEARCH PROJECTS

For operation in in-door environments new methods for integration of laser ranging and inertial
sensing have been developed. Including in particular methods for mapping and localisation.

Selection of sensors for use in various situations is crucial to design of efficient fusion systems.
To this end a game theoretical model for sensory selection and fusion has also been developed.
(Johansson et al. |, 2003; [Johansson, [2003)). The work has been studied both in the context of
mobile robotics, command-and-control systems, and distributed sensor networks.

For outdoor environment the work has included integration of inertial sensing, GPS data, laser
sensing and video data for modelling navigation in urban environments. (Christensen et al. | 2004;
[Folkesson,, [2005))

2.2 Visual recognition

In the design of systems for operation in nat-
ural environments one of the most promising
sensory modalities is computer vision. A key
part of using vision is naturally recognition of
instances of objects. Recent advances in stat-
istical learning has enabled design of new types
of efficient recognition algorithms using support
vector machines (SVM) (Caputo & Christensen),
2004} Nilsback & Caputo, 2004). These recog-
nition methods allow both recognition of a wide
variety of objects in indoor environments, and
use of the same techniques for estimation of the
pose (q € SE(3)) for known objects, which is an
important prerequisite for interaction with ob-
jects (Kragic et al. |, [2005)..

As part of the service robot project there is a need to handle a pre-defined set of objects which can
be readily recognized using SVM methods. Here a key issue has been identification of integration of
different visual features such as colour, texture, and intensity (Nilsback & Caputo, |2004). The key is
here methods for efficient design of kernels that project features into a joint space for discrimination
(Caputo et al. | [2004]).

Detection of objects using active vision

For operation in general environments there is not only a need to recognize instances of objects
such as "my cup”, but also a need to recognize categories of objects such as chairs, cars, humans,
doors, etc. This problem is referred to as object categorisation. Using statistical learning at least
particular categories of objects such as cups, materials and fruits. This is considered one of the most
important problems in current research on computer vision (Kragic & Christensen, 2005). Early
results have been reported in |Caputo et al. | (2004).

2.3 Visual Servoing

For interaction with objects for example for opening of a door, pick-up of an objects or operating a
micro-wave oven. Visual servoing can be addressed using image based servoing, image homographies
or full 3D structure. Visual servoing has been widely studied within CAS. As part of this research
new strategies for optimal trajectory selection has been defined (Kyrki et al. | 2004b]) and several
new methods for servoing have been defined (Kragic & Christensen, 2003d)). As part of this there is
also a need to study the sensitivity of various methods to the inevitable noise, as reported by

3 Version: September 30, 2005




2.4 Mapping and Localisation 2 RESEARCH PROJECTS

et al. | (2004a). Through integration of these methods it has become possible to design complete
systems for detection, approach and interaction with objects as reporting by Kragic et al. | (2005]).

Visual sensing on its own has its limitations in particular during interaction with objects due
to lack of a field of view and in part due to the fact that contact configurations often are partially
observable. Consequently there is a need to integrate vision with other sensory modalities such as
haptics (Kragic et al. | 2003).

2.4 Mapping and Localisation

A fundamental competence for a mobile robot is the ability to navigate through the environment to
arrive a well known places or without getting lost. The problem is traditionally termed localisation.
When operating in an unknown environment there is in addition a need to perform autonomous
mapping of the areas. The joint problem of Simultaneous Localisation and Mapping is termed
SLAM. Traditionally the SLAM problem has been phrased as an recursive estimation problem
using Kalman filtering. The Kalman filter approach has an inherent complexity of O(N?), where
N is the number of features detected. Consequently the approach does not scale well to large scale
environments. To address this it is possible to partition the problem into regions of weak correlation
and use the compressed EKF filter, which partly solves the problem (Folkesson & Christensen, [2003]).

The EKF approach to SLAM fundamentally relies
on linearisation around the present position. Un-
fortunately it is known that the linearisation can
result in divergence in the overall map estimate.
There is thus a need to consider how linearisation
effects can be eliminated. If the problem of estima- ' \
tion is rephrased as a graphical estimation problem, \
as for example used in Bayesian Networks it is pos-
sible to reduce computational complexity to O(N)
and if combined with methods from relaxation and
Finite Element Methods (FEM) it is possible to
address the problem using non-linear estimation. Automatically generated indoor map
Such an approach to SLAM has been developed

(Folkesson & Christensen, 2004a; Folkesson, [2005).

In addition to algorithmic development the SLAM methods have been applied to studies of
performance for real-world scenarios both indoor and outdoor. As part of this the SLAM method
has been integrated with sensory fusion to allow use of both laser and visual data (Folkesson et al.
,|2005). The new method has received significant international attention.

For localization an alternative to EKF' is a true nonlinear observer. It is well understood that
even though EKF often can be used successfully for nonlinear state estimation, there are no general
convergence or stability guarantees, so using it in a feedback loop could sometimes pose a safety
problem. In Hu & Ersson| (2004) the existence and convergence of a true nonlinear observer is
proven, which can be applied to localization with visual sensors. In Cederwall & Hu| (2004)) the
result is further extended to localization with range sensors.

2.5 Path Planning

For operation in natural environment to achieve tasks there is a need for a robot to perform path
planning to generate a plan for the motions to be executed by the robot to arrive at a goal con-
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2.6 Grasp Modelling 2 RESEARCH PROJECTS

figuration. Direct estimation of a plan in SFE(3) is in general impossible due to non-integrable
constraints (so called non-holonomic characteristics). Consequently the planning is performed in a
configuration space. These spaces are typically sparsely populated and of highly varying complexity.
In addition configuration spaces are R” where D is the number of degrees of freedom for a system,
which can be significant. Direct solutions to the planning problem in a configuration space is known
to be P-space hard. Consequently there is a need to consider how the method can be optimized.
Recently probabilistic methods have been developed to address this issue, there are in general two
varieties - i) probabilistic road-maps, which are based on random space sampling, and - ii) random
exploring trees, which are based on stochastic graph search. Both methods have shown significant
promise. One problem has been the lack of methods for comparison of different approaches to enable
objective evaluation. To address this problem a standard framework for comparative evaluation of
planning methods has been developed (Strandberg, 2004c). In general both of the probabilistic
methods have limitations and there is thus an interest to combine the methods for studies of way
to achieve superior performance as reported by Strandberg| (2004a) and [Lingelbach| (2004, 2005)).

Probabilistic methods are in particular challenged
in narrow spaces as few samples might be generated
in such regions. To bias methods one may combine
the sampling with traditional methods as reported
in |Arno et al. | (2004).

The reported methods have been extensively evalu-
ated as part of in-door environments for tasks such
as operating a refrigerator, placing objects on a
shelf, etc.

Example of path planning

2.6 Grasp Modelling

Once a robot is in the vicinity of an object there is a need to consider the best strategy for pick-up /
manipulation of the object. This can in principle be phrased as a path planning problem as outlined
in Section [2.5] However in general there is a need to integrate sensory information directly into the
problem/planning process. To this end there is also a need to model the underlying physics for the
interaction with objects. To allow this a system for physical modelling has been developed by A.
Miller - the system is named Grasplt. One problem in physical modelling is the complexity of the
underlying models for say a cup. Consequently it is of interest to design a strategy that can exploit
a top-down model for geometric modelling as reported in Miller et al. | (2003)). In addition there
is also a need to perform direct integration of dynamics models as is well-known from Newtonian
physics. This in principle involves a complete simulation of the grasping process as reported by
Miller & Christensen| (2003).

Planning is only partly a solution to grasping. For efficient grasping there is a need to integrate
haptic sensors. A variety of sensors are available on the market as described by Tegin & Wikander|
. These sensor in general have poor spatio-temporal characteristics, but can nonetheless
be used for hybrid control of grasping (Christensen & Kragic, 2003; Kragic et al. |, 2003). CAS
has acquired an advanced three finger hand (the Barrett hand) for doing extensive experimental
evaluation of grasping strategies and their integration with visual servoing.
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2.7 Human-Robot Interaction 2 RESEARCH PROJECTS
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Figure 1: Grasp approximations for efficient planning and interaction with objects

2.7 Human-Robot Interaction

For operation of robot systems in the physical world there
is in general a need to have interaction with human users.
This involves both avoidance of humans operating in the
proximity of the platform(s) and receiving instructions from
the user. To accommodate this there is a need to understand
the activities performed by users (Schuldt et al. |, 2004} |Sid-|
lenbladhl 2001; Topp & Christensen, 2005). In addition the
activities such as gestures, graphical input and speech can
be used for giving a robot instructions|Topp et al. | (2004). In
a cooperation with the Interaction and Presentation Labor-
atory (IPLab) a wider study of human-robot interaction is
taking place as part of the Cogniron project, but this work
is beyond the scope of this report.

Showing a robot around

When operating in a natural environment there is a need for the robot to move in accordance
with social conventions to easy the motion through crowded areas and to instill confidence into
the people that encounter the robot. To facilitate this an extensive study of social interaction
with service robots has been performed as for example reported by [Pacchierotti et al. | (2005a)) and
|Althaus et al. | (2004)). As part of this work extensive user studies have also been performed to
better understand user-preferences (Pacchierotti et al. |, 2005b)).

Robots are not only used in in-door setting, but also as part of field robotics. Outdoor use of
computer poses special challenges in terms of contrast, easy of use, limited weight, extended battery
time, etc. To address these issues a number of joint studies with the Swedish Military have been
performed for use of robots as part of international peace keeping missions (Hedstrom et al. |, 2005;
Lundberg et al. | 2005)). At present a long-term study is performed with the international brigade
to allow assessment of the utility of field systems for everyday operation. As part of this a number
of issues related to integration of robot systems into command-and-control (C2) systems has also
been performed in cooperation with SAAB and AeroTech Telub.
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2.8 Architectures 2 RESEARCH PROJECTS

2.8 Architectures

An important part of design of autonomous systems is the study of architectures for integration of
systems into operational robots. A large number of architectures have been developed over the last
few decades and each of them have varying characteristics as reported by |Oreback & Christensen
(2003).

Based on design of a number of generations of robot systems at KTH a new object oriented
framework for integration has been developed - named OROCOS - Object Oriented Control Control
Systems (Oreback], 2004). The system has later been renamed to ORCA. The system is available in
Open Source and has for example been adopted by the Australian Centre for Autonomous Systems
for flying, underwater and field-robots. The system has also been used at CAS for a number of
evaluation studies (Li et al. |, 2004)).

One problem with most research efforts on architectures is that they impose a particular model
of control onto the system implementors. Consequently it may be difficult to transfer methods
across different projects. To address this there has been a recent effort to provide a unified toolkit
for construction of mobile systems - CAS Unified Robot Environment - CURE. The system has
been successfully used for indoor and outdoor navigation systems. The system has further been
transferred to a number of other research laboratories throughout Europe incl DFKI and ALU. It
is expected that it will be used as a core component in the EU project CoSy.

2.9 Control and Integration

In design of systems that interact with the physical world an important component is obviously
control and integration of systems. In many cases the control design and the implementation is
separated. However with modern tools for analysis and design there is a possibility to integrate
these methods a unified framework. It here possible to use symbolic languages such as Maple to
perform the overall analysis of a system, transform the system into matlab/simulink for evaluation
and finally compile the simulink models into code that can be executed on a physical system. The
integration of all these phases was studied in the thesis work by Ridderstrom, (2003)).

Most control design are separated into discrete and continuous parts that are analyzed separately
or using an abstraction. Through use of non-linear dynamic systems theory it is possible to perform
an integrated design in which continuous parts of the system are regular smooth differential models
while discrete changes are modelled as bifurcations in phase-space. Such an integrated model allow
full analysis of complete systems, as reported by |Althaus| (2003); |Althaus & Christensen! (2002]).
The same kinds of models can also be used as part of mapping and control as described in |Althaus
& Christensen| (2003a)).

All real-world systems are going to fail one way or another. Consequently there is a need to
endow autonomous systems with methods for self-diagnostics and error handling. In control theory
this can often be achieved through use of ”out-of-bound” techniques that detect if/when the system
state of beyond normal model parameters. This can for example be achieved using methods from
particle filtering. Recent work has studied the use of such methods for diagnostics of navigation
systems (Sundvall & Jensfelt, [2005).

An important feature in design of complex systems is the integration of control and sensing. In
contrast to linear systems, the separation principle does not apply in general to nonlinear complex
systems. In |Mazo et al. | (2004al) the problem of estimating and tracking the motion of a moving
target by a team of mobile robots is studied and a hierarchical control scheme is designed. In
Karasalo et al. | (2005)) the problem of coordinating a team of robots with heterogeneous sensing
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capabilities is studied. A control structure is proposed that combines terrain servoing for the leading
robot with on-line formation planning and path following for the followers, while enabling obstacle
avoidance for all the robots.

3 Research Training

A fundamental objective of CAS is to provide research training to the involved students and to
the community in general. At present there are about 10 students enrolled in the PhD programme
associated with CAS. During the reporting period the following students received an exam:

e Christian Ridderstrém (PhD)

e Hedvig Sidenbladh (PhD)

e Lars Petersson (PhD)

e Petter Ogren (PhD)

e Morten Standberg (PhD)

e Philipp Althaus (PhD)

e Morten Strandberg (PhD)

e Anders Orebéck (PhD)

e Ola Ramstrom (Lic)

e Ronnie Johansson (Lic)

Figure 2: Students that have graduated from the CAS programme
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3.1 Summer Schools

Robotics is highly interdisciplinary and as such it is difficult to have access to world class teachers
across all areas. In addition educational initiatives also serve a social function. To ensure access
to the best teachers and integration of students into the wider scientific community two summer
schools have been organised at CAS.

SLAM-02 During the summer 2002 a school on localisation and mapping was organised with
participation from all the leading researchers across the world. The school had 50 PhD students
attending and 10 teachers. The school involved students from 3 continents. Based on the school
a repository of material related to SLAM (see Section has been organised and maintained
at KTH.

CoSy Lite More recently the integration of robotics and artificial intelligence has been become an
important consideration. During July 2005 a one week school on robotics, speech, vision and
reasoning was organised at KTH with the participation of 32 PhD students.

Figure 3: Participants at the HRI-04 and CoSy-Lite Summer Schools

An emerging field of robotics is human-robot interaction (HRI). The topic spans several fields
such as computer science, linguistics, psychology, human-factors etc. It has consequently been a
challenge to integrate students into a community and to provide a coherent view of the field.

HRI-04 During July 2004 the first summer school on human-robot interaction took place in Vol-
terra, [taly. The event was organised by R. Arkin, Georgia Tech and H. I. Christensen, KTH.
A total of 29 PhD students participated and 5 of the best teachers in the world provided the
training. The event was sponsored by the IEEE / IFRR.

In addition researchers from CAS has participated in the EURON sponsored summer schools
across Europe each year. On the average researchers from CAS have been lecturers at 3 summer
schools each year.
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4 Outreach / Dissemination

4.1 Community Involvement

As reported earlier CAS is highly active in community efforts. The principal involvement is through
the coordination of the European Robotics Network — EURON that is sponsored by the CEC Future
and Emerging Technologies unit. The network involves 145 universities across most EU countries.
A major effort during 2004 has been to involve universities from the new membership countries. In
addition a road-map for robotics research was prepared for the European Commission. EURON
offers:

e Road-mapping of research and technology development

Seed funds for new research projects

Definition of standards for benchmarking

Sponsorship for summer schools

Curricula coordination in robotics

An annual award for best PhD thesis in robotics

A book series with Springer Verlag (the STAR series)

A regular column in IEEE Robotics and Automation Magazine

An industry forum to strengthen academic-industry collaboration

e A annual technology transfer award

EURON has been instrumental in bringing together the European robotics community to achieve
a level of cohesion that is similar to that in Japan and USA. The network is considered a major
success by the CEC and the community at large. CAS has had a major impact on this effort through
the overall coordination of the network.

In preparation for the EU 7th framework programme a new mechanism for public-industry-
university collaboration is in terms of technology platforms. To ensure that robotics has a prominent
position in the new framework programme (2007-2010) a European Robotics Platform (EUROP) has
been proposed under the leadership of CAS. The draft proposal has been well received in Brussels.
The present draft for FP7 includes “Advanced Robotics” as one of the principal topics, which is a
highly satisfactory result of the effort.

4.2 Industrial collaborations

The Stockholm Fair contacted CAS during 2001 for design of a system that enable automatic
marking of exhibition stands for fairs. To accommodate this results from control, localisation and
integrated were integrated into a turn-key system. The system was developed and deployed during
summer 2003. Since the fall 2003 most of the trade-fairs have been automatically marked by the
robot. This has resulted in a significant cost reduction for preparation of new fairs. At present it is
investigated if the system can be transferred to other trade fairs across Europe. It is an excellent
example of how results from CAS can be transferred to local industry with success (Jensfelt et al. |
2005)).
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Over the last two years there has been a collaboration with ABB on technology assessment for
use of robotics technology in a particular application domain. The project has been fully sponsored
by ABB. Upon completion ABB decided that the project was a success, but of no further commercial
interest to ABB. At the same time the involved researchers have not been permitted to publish any
results from the project, which is a rather unfortunate situation.

During 2004 CAS performed an initial specification for a field robot on behalf of Volvo CE. The
study involved an initial design of a system for field usage and a detailed specification for a longer
term project. Economic prospects of the project unfortunately lead to a close down of the study.

During 2004 a new company, Intelligent Machines AB, was setup by researchers from CAS
in a joint venture with external parties. Intelligent Machines is a company that provides turn-key
solutions for a variety of different kind of robots. The company capitalizes on some of the experience
and results achieved within CAS.

5 Management

5.1 The Board of CAS

The overall management of the Centre is under the leadership of a board composed of:

e Bjorn Weichbrodt, fd VI — Chairman

e Per Ljunggren, E2-Home/Intelligent Machines AB
e Karl-Gustav Ramstrom, ABB

e Ulf Olsson, Ericsson Radio Systems

e Lisbeth Ekstrom, Elekta

e Jan-Olof Eklundh, KTH

e Anders Lindquist, KTH

e Jan Wikander, KTH

The board convenes 4-5 times per year.

5.2 The Executive Committee

For day-to-day operation of the Centre an executive board has been appointed. The board is
composed of:

e Bo Wahlberg, S3

e Jan Wikander, DAMEK

e Karl-Henrik Johansson, S3

e Anders Lindquist, OPTSYST
e Xiaoming Hu, OPTSYST

e Jan-Olof Eklundh, NADA

e Henrik Christensen, NADA
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5.3 The Scientific Advisory Board

For the review of the quality of research carried out a scientific advisory panel is associated with
the Centre. The board visits the Centre on a regular basis. The advisory board is composed of:

e Hirochika Inoue, AIST/JSPS

e Lennart Ljung, ISY/Linkoping

e Ronald C Arkin, Ga Tech

e Hendrik Van Brussel, KU Leuven

e Gerd Hirzinger, DLR - Munich

e Ruzena Bajcsy, UC Berkeley

e Shankar Sastry, UC Berkeley

e Hans Skoog, ABB/Spitfire AB

During February 2002, and November 2004 the advisory board visited CAS for 2-day reviews
of the activities. The visit included: Arkin, Bajcsy, Inoue, and Skoog. The board recognizes that
CAS today is one of the leading laboratories in Europe on Service Robotics, and the aim should
no longer be European leadership, but top-3 in the world. At the same time the board would like
to see a stronger definition of the principal areas of research. Given the present funding situation
it might not be possible to pursue the broad research agenda that has been pursued in the past.
The proposal for a focus on “robotics for elderly” was well received. To quote Prof. Inoue: “This is

exactly the kind of research I want to pursue”. Coming from one of the fathers of robotics this is of
course a strong endorsement of the research agenda.

5.4 List of involved students

The following students have been active within CAS during the reporting period.
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5.5 List of involved researchers REFERENCES

Name Position Sponsor Group Funding CAS
Klas Andersson PhD. Stud FM NADA 0%
Philipp Althaus PhD Stud  CAS NADA 100%
Mattias Bratt PhD. Stud EU NADA 0%
Hugo Cornelius PhD. Stud CAS NADA 100%
John Folkesson PhD. Stud CAS NADA 100%
Fredrik Furesjo PhD. Stud EU NADA 0%
Monica Gretzer PhD. Stud EU NADA 0%
Ronnie Johansson PhD. Stud. FOI NADA 0%
Maja Karasalo PhD. Stud CAS OPTSYST 100%
Frank Lingelbach PhD. Stud CAS S3 100%
Carl Lundberg PhD. Stud FM NADA 0%
Anders Orebéck PhD. Stud CAS NADA 100%
Petter Ogren PhD Stud  CAS OPTSYST 100%
Lars Petersson PhD. Stud CAS NADA 100%
Ola Ramstrom PhD. Stud EU/FMV NADA 0%
Christian Ridderstrom PhD Stud  CAS DAMEK 0%
Morten Strandberg PhD. Stud CAS S3 50%
Paul Sundvall PhD. Stud CAS S3 100%
Johan Tegin PhD. Stud CAS DAMEK 100%
Elin A. Topp PhD. Stud EU NADA 0%
Kristina Winbladh PhD. Stud EU NADA 0%

5.5 List of involved researchers

Name Position Sponsor Group Funding CAS
Henrik I Christensen Professor KTH/SSF/EU CAS 25%

Andrew Miller Researcher ~ CAS CAS 100%
Barbara Caputo Researcher  EU CAS/CVAP 0%

Patric Jensfelt Researcher ~ CAS/ABB CAS 50%

Danica Kragic Assist. Prof CAS/KTH CVAP 0%

Elena Pacchierotti Researcher ~ CAS CAS 100%

In addition the senior researchers that are part of the Executive Committee (see Section |5.2))
have actively participated in the research effort.

6 Economic Summary

Provided under a separate cover
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2 RESEARCH BY THE INVOLVED STUDENTS

1 Introduction

The centre for autonomous systems has had a grant from SSF since 2002 for studies of different kinds
of autonomous systems. The grant is a continuation of an earlier grant 1996-2001. As part of the
programme 15 PhD students have graduated with a PhD. In addition an internationally recognized
programme of research has been established at KTH, which today is considered top 3 in Europe
in terms of robotics. The details of the achievements are reported in the CAS status report that
accompanies this application. At present the programme has 6 PhD students enrolled with SSF
support. These students have a graduation schedule as shown below

John Folkesson October 2005
Frank Lingelbach December 2006
Paul Sundvall June 2008
Maja Karasalo June 2008
Johan Tegin June 2008
Hugo Cornelius June 2008

The details of their studies are presented below. The present SSF grant enable funding of the
relevant student until June 2006. In addition the centre at present sponsors 25% of the salary for a
director and full time support for 2 post-doctoral researchers.

It would be highly beneficial to the success of the programme if support could be ensured for
the students to complete their studies to PhD (8.5 man years of student support) and in addition it
would be valueable to have at least a 50% postdoc associated with the programme to support the
research - equal to one year of post-doctoral research.

Consequently CAS applies for supplementary support as detailed below

PhD students 8.5 x 650 SEK = 5500 KSEK
Post-Doc = 800 KSEK
Travel and material = 500 KSEK
Total = 6800 KSEK

All of the research to be performed by the involved students is directly related to the Service
Robotics scenario defined by the Centre of Autonomous Systems as a focal point for its research
on indoor robotics. The students will address research related to navigation, systems integration,
diagnostics/failure recovery, object recognition and object grasping.

It is important here to recognize that the present proposal is not a request to initiate new
research, but entirely support for completion of a set of on-going Ph.D. projects. As the present
call is focussed on supplementary support to existing grants, it was decided to only apply for funds
to allow completion of projects.

2 Research by the involved students

2.1 Maja Karasalo

Maja Karasalo’s present research focus is mobile manipulation. She is working on modeling for
combined control of the arm and the non-holonomic platform of a PowerBot from ActivMedia
Robotics. The aim is to perform true mobile manipulation, moving the platform and manipulator
simultaneously to perform tasks such as opening a door or painting a wall, making use of the
redundancy in the degrees of freedom. To perform mobile manipulation the control of the robot
needs to involve several additional components, such as path following, terrain servoing and mapping.
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2.2 Hugo Cornelius 2 RESEARCH BY THE INVOLVED STUDENTS

At present Karasalo is involved in two research projects, one investigating how to combine con-
trols for a non-holonomic mobile platform and a robot arm and making use of the redundant degrees
of freedom and available sensor information and one investigating path planning and mapping of
unknown environments using control smoothing splines as the tool.

Maja Karasalo has been affiliated with CAS as a graduate student since April 2004. Her research
focus has been terrain servoing, mapping and formation keeping for groups of autonomous robots.
The publications so far are listed below.

1. M Karasalo, L Johansson, X Hu, K Johansson, Multi-Robot Terrain Servoing with Proximity
Sensors,Proc. of ICRA 2005

2. T Gustavi, X Hu and M Karasalo, Multi-Robot Formation Control And Terrain Servoing with
Limited Sensor Information, Proc. of IFAC 2005

3. T Gustavi, X Hu and M Karasalo, Formation Adaptation with Limited Sensor Information,
invited paper, Chinese Control Conference 2005.

In [1] and [2] a terrain servoing control is developed, which is based on the virtual vehicle approach
and a semi-local coordinate frame that allows the robot to servo around objects of arbitrary shape.
A path following algorithm that is based on polynomial fit to data points in the environment is
used. Smoothing splines are used for mapping in order to filter noisy data points and a recursive
smoothing spline algorithm is used to improve the map as new data is added. In [2] and [3] Formation
adaptation for multi-robots under sensor limitations is studied.

2.2 Hugo Cornelius

The topic of the work of H. Cornelius is visual recognition of objects in the domestic robot context
that CAS is concerned with. In particular he has investigated contour based methods, which were
dominating in early research in computer vision, but currently attract only limited interest, since the
tend to involve diffuicult segmentation problems. Still it is well-known that object shape provides
essential information about both classes of objects and object pose.

To primarily address the contour problem we have focused on objects with weak texture, such
as fruits or uniformly colored man-made objects.

For experiments on such objects Cornelius has developed and implemented a method using edge
fragments to represent object contours. This method has proven to work well for the considered set
of objects. We have used a classical approach where a number of training images were generated and
used to create a database. Edge fragments are detected in the image and matched to edge segments
represented in the database to generate object hypotheses. For each hypothesis, the match is verified
in the local neighbourhood of the contour fragment by correlation of patches containing not only
the matched edge fragment, but also neighbouring ones. A simple voting technique was used to find
the strongest hypothesis. To make the whole process automatic, we have also implemented a color
based segmentation system that is based on Multiple Gaussians modeling.

In the above method, we have also considered scale invariance, since scale is one of the parameters
that commonly changes in robotic applications.

The work has been published as a conference paper:

1. H. Cornelius, D. Kragic and J-O. Eklundh, ”Object and Pose Recognition Using Contour
and Shape Information” Proc. IEEE International Conference on Advanced Robotics, 2005.
ICAR’05 Seattle, USA
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2.3 Frank Lingenbach 2 RESEARCH BY THE INVOLVED STUDENTS

Ambient conditions such as illumination, occlusion, textured background, non-surprisingly affect
the performance of the above method. Thorough experimental evaluation has led us to address these
issues by trying to find a way to verify the whole object after each edge-fragment match. This work
is on-going.

The methods based on fragments of edges described above are local methods that recognize
small parts of objects and combine these local matches to recognize the whole object. There is
another group of global methods that recognize the whole object at once. Such a method, based on
moments has also been studied. The object is first segmented from the image based on its color, and
moment invariants are then calculated for the detected blob. If the quality of the segmentation is
good, we would like to use this method for pose estimation. With a poor segmentation, the method
can be used to separate between, for example, long and thin objects and round objects. The color
segmentation can also be used to find out where in an image to look for an object. Calculating
global shape properties of this type is currently investigated. In the longer term, we envisage to
combine them with local shape and appearance properties to obtain methods for recognizing objects
and determining their pose in the domestic robot scenario that we have.

2.3 Frank Lingenbach

Research Area

Frank Lingelbach is working on probabilistic path planning. The problem of path planning occurs
in many areas, such as computational biology, computer animations and computer-aided design. It
is of particular importance in the field of robotics. The task is to find a feasible path/trajectory
that the robot can follow from a start to a goal configuration. Efficient and robust path planning
algorithms are here of major importance. To be truly autonomous, a robot should be able to plan
all motions on its own. Furthermore, it has to be able to plan and re-plan in real time, which puts
hard constraints on the acceptable computation time.

Results

Frank Lingelbach presented a novel path planning method called Probabilistic Cell Decompos-
ition (PCD) [3]. This approach combines the underlying method of cell decomposition with the
concept of probabilistic sampling. The cell decomposition is iteratively refined until a collision-free
path is found. In each immediate step the current cell decomposition is used to guide probabilistic
sampling to important areas. The performance of PCD is tested on a set of benchmark prob-
lems. The results are compared to those obtained by one of the most commonly used probabilistic
path planning methods, namely Rapidly-exploring Random Trees. It is shown that PCD efficiently
solves various kinds of path planning problems. Due to the structure of the configuration space of
articulated robot path planning problems, PCD is particularly suitable for mobile manipulation [2].

Planning for autonomous manipulation often involves additional path con- straints beyond colli-
sion avoidance. For example, opening a door involves motions with a pre-specified end-effector path
[5]. In order to follow planned paths in the real world, local sensor data has to be used to cope with
errors in the robot or world model [1].

Publications

1. D. Aarno, F. Lingelbach, and D. Kragi “c. Constrained path planning and task-consistent path
adaptation for mobile manipulators. In IEEE International Conference on Advanced Robotics
(ICAR), 2005.

2. F. Lingelbach. Path planning for mobile manipulation using Probabilisitic Cell Decomposition.
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In Proceedings of the IEEE/RSJ International Conference on Intelligent Robots and Systems
(IROS), September 2004.

3. F. Lingelbach. Path planning using Probabilisitic Cell Decomposition. In Proceedings of the
IEEE International Conference on Robotics and Automation (ICRA), April 2004.

4. F. Lingelbach. Path planning using probabilistic cell decomposition. Technical report, Royal
Institute of Technology (KTH), Feb. 2005. Licentiate Thesis.

5. F. Lingelbach, D. Aarno, and D. Kragic. Constrained path planning for mobile manipulators.
In Swedish Workshop on Autonomous Robotics SWAR’05, Sept. 2005.

2.4 Paul Sundvall

Research area

Paul Sundvall is active in fault detection, isolation and recovery for mobile service robotics. The
aim is to increase robustness and safety in operation. End users will not accept, or not even be able
to handle failing robots. Thus, there will be a need for robots that can anticipate or at least alleviate
the consequences of faults. The lowest level would be that the robot signals a service technician
when it believes it is faulty. For a reasonable level of performance, this is however not enough, and
more advanced recovery strategies will be needed.

In the signal processing and control communities much progress has been achieved in the area
of fault detection. The majority of the work aims at continuous systems. In the robot domain,
much of the problems are more or less discrete in nature. State of the art seems to be to pose the
detection problem as a state estimation problem. There is little done in the field of fault recovery,
which might be the most critical part in a robot application. For recovery and control, POMDP
models seems to be the method that has come furthest. The work by Paul Sundvall focuses on
finding methods for posing and solving the recovery problem.

Results

Pick and place - A fault handling system aimed for a pick and place task using a static manip-
ulator has been implemented. The system detects unexpected forces, takes a camera image of the
collision point to detect the position of the obstacle, and then adds it to its map over obstacles.
Path planning is then used to recover from the situation, using the updated map. The system has
been implemented and runs in realtime.

Navigation with collision recovery - A simple system using POMDP for navigation and avoiding
collision in a home environment has been implemented on a mobile robot. The robot is controlled
via a graphical user interface and is able to move the robot large distances without colliding with
obstacles. Upon collision, it takes recovery actions, which is to back up and move around the
collision point.

Fault detection for navigation - A method has been developed for detecting slip and/or sensor
malfunction using any two or more independent motion suppliers. The detector is fed with data,
and a model for sensor/estimation drift is applied to judge if there has been an unexpected large
deviation between the systems. The system is implemented and tested on a mobile robot. A scan
matching method has been implemented to provide a source of relative motion information that is
independent of odometry. This work is described in [1].

Publications:
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1. P. Sundvall and P. Jensfelt, ”"Fault detection for increased robustness in navigation,” in
Swedish Workshop on Autonomous Robotics (SWAR), 2005.

2.5 Johan Tegin

In order to perform daily domestic tasks, a robot must be able to grasp and move objects. The
robot must be able to plan and execute a grasp that allows the object to be securely moved. The
difficulty in analyzing the influence on and of all different parts; gripper, sensors, object, and control
algorithm, makes a realistic simulation environment necessary. In such a simulation environment it
is easier to test and evaluate different designs. Also, a good simulation can supply us with better
contact point information than any real life test. This data is essential in the work of further
improving the grasp formation process.

Thanks to the integration of sensors and additional functionality to an existing simulation en-
vironment, Tegin is now able to simulate any control design and any tactile sensor layout. For the
first time, it is now possible to study the combined effects of control and sensors and to easily test
different approaches with the intention to ensure secure grasping. Especially when dealing with
large uncertainties, this has shown to be very useful, and large improvements in controlling the
grasp formation process to ensure secure grasping have already been shown. In addition, we can
also compare the quality of the reached grasp with that of the planned grasp. The next goals are to
develop control algorithms and grasp evaluation schemes even further and to test both the simulated
hardware and the algorithms on a real robot platform. By using the hardware and software already
available at CAS, we will be able to demonstrate the whole grasping chain; everything from planning
the grasp to securely moving the object, even with a considerable amount of uncertainty in object
size, shape and position.

1. J. Tegin and J. Wikander Tactile Sensing in Intelligent Robotic Manipulation - A Review.
Int. Conference on Intelligent Manipulation and Grasping, Genoa, Italy, Juli 1-2, 2004

2. Johan Tegin and Jan Wikander Tactile Sensing in Intelligent Robotic Manipulation - A Re-
view. Industrial Robot, No 1, 2005

3. J. Tegin Simulating Tactile Sensors in Robotic Grasping. The Third Swedish Workshop on
Autonomous Robotics, Stockholm, September 1-2, 2005
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Curriculum Vitae Henrik I Christensen

1986-1987 Part time programmer & Teaching Assistant, Image Analysis Group, Aalborg University, DK.

July 1987-Sept. 1989 Research assistant (Ph.D. student) for the project “Computer Vision, - methods for real-
time image sequence analysis”. Supported by FTU grant no. 5.17.5.6.06 from the Danish
Technical Research Council.

July 1988—-Jan. 1989 Pre-doctoral Fellow at the Advanced Computing and Integrated Sensor Systems Group,
Oak Ridge National Laboratory, Tennessee, USA. Participating in the research programme
“Robotics and Intelligent Systems Program” (RISP). Primary topics were concurrent computer
vision, sensor fusion for mobile robots, and multi resolution methods for dynamic scene analysis.
Sponsored by the Danish Technical Research Council, The Danish Research Academy, the
Foundation Vision North, and U.S. Department of Energy, under contract DE-AC05-840R214.

Oct. 1989-April 1992 Research Associate and project head at Laboratory of Image Analysis. Project: ESPRIT
Basic Research Action BR3038-VAP, “Vision as Process”. The project was a collaboration
with five other European Universities. Primary topic for AUC work was perceptual control for
dynamic vision systems.

Jan. 1990-Dec. 1993 Chairman of the National Vision Programmers Workbench (VIPWOB) group, that devel-
oped generic application architectures for image analysis and computer vision.

June 1992-Sept. 1995 Local manager for the ESPRIT Basic Research project ”Vision as Process-11”. Principal
investigator wrt. control of perception.

Apr. 1992-Aug. 1998 Associate professor specialising in robot and computer vision, Faculty of Technical Sci-
ences, Aalborg University. Project manager for internationally funded research projects.

Jan. 1996-July 1996 Visiting Professor of Computer and Information Science. GRASP Laboratory, University
of Pennsylvania. Doing research on non.linear dynamical systems for control of autonomous
sensor-driven agents and intelligent control for multi-agent systems.

Sept. 1996— Scientific Director for “Center for Autonomous Systems”, Kungliga Tekniska Hogskolan, Stock-
holm. Sponsored by the Swedish Strategic Research Foundation. Associated with the Com-
putational Vision and Active Perception group, Dept. for Numerical Analysis and Computer
Science.

July 1998- Chaired Professor of Computer Science, Dept. of Numerical Analysis and Computer Science,
Royal Institute of Technology, Stockholm, Sweden.

Misc. Industrial Consultant; e.g., on development of a system for automatic real time obstacle detec-
tion on rail road crossings and as registered developer for Apple Computers Inc., with special
expertise in the areas of networking and communication (1989-1995). Totoya Motor Company
(2000-), ABB (2001-), ...

Registered developer with Silicon Graphics Inc. (1993-1996).

Proposal reviewer for ESPRIT DG-XIII Basic Research office for the ESPRIT IIT and IV call
for proposals and DG-III Long Term Research Office (4. framework programme).

Action reviewer for ESPRIT DG-III Basic Research, Long Term Research, and Essential Tech-
nologies offices for several EU Projects.

Adviser/Expert to EU DG-III Long Terms Research Office in the areas of “robotics” and
“computational vision” (1995-).

Member of the European Image Understanding Environment Design Committee, February
1994-1997.

Project and lecture reviewer at Faculty of Engr., University of Trondheim, Norway, 1994-1997.

Member of EU committee on Performance Characterisation for Image Analysis Algorithms,
June 1995-Dec 1998.

Member of the Danish Reviewer Panel for Computer Science, Ministry of Education, 1995-
1998, 2003-2005.

Member of the Danish Reviewer Panel for Electronic Engr., Ministry of Education, 1995-1998.
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Curriculum Vitae

Henrik I Christensen

Patents

Co-principal investigator for Multi-Media Initiative at Faculty of Science and Technology, Aal-
borg University (1995-1996).

Organizer of National Industrial Network on Surveillance and Active Vision. The aim of the
network was to promote increased industrial exploitation of computer vision for surveillance in
public areas (1995-1996).

Member of International Review Panel: “Embedded Systems” for the Swedish National Board
for Industrial and Technical Development, NUTEK, May 1996.

Member of International Advisory Comittee, Instituto Robotica e Systemas, Lisboa, Portugal,
(1998-)

Performed journal reviews for IEEE Trans. on Patt. Anal. Mach. Intell., Pattern Recognition,
Pattern Recognition Letters, Intl. Jour. of Patt. Recog. and Artificial Intelligence, Artificial
Intelligence Journal, Robotics and Autonomous Systems, Medical and Biological Engineering,
Image and Vision Computing, Computer Vision and Image Understanding, IEE Proceedings:
Signals, Speech and Vision, IEEE Signal Processing, IEEE Robotics and Automation, Machine
Vision and Applications, IJCV, and Artificial Intelligence.

Associate Editor of Journal of Machine Vision and Applications, Springer Verlag (1996-2004).

Associate Editor of Journal of Pattern Recognition and Artificial Intelligence, World Scientific
Press (1997-)

Associate Editor of MIT Press series on “Intelligent Robotics and Autonomous Agents”, (1997—
)

Associate Editor of IEEE Transactions on Pattern Analysis and Machine Intelligence (1999—
2003)

Associate Editor Robotics and Autonomous Systems journal, Elsevier, Comptition Corner,
(1999-2002)

Associate Editor of AAAT AT Magazine (2000-)
Associate Editor of Springer Series on “Springer Tracts in Advanced Robotics”, (2001-)
Associate Editor of International Journal of Robotics Research, (2002-)

Scientific Advisor to the Swedish Foundation for International Cooperation in Research and
Higher Education — STINT (2000-2002)

Member of SSF Japan committe for Swedish - Japanese Collaboration on Interdisciplinary
Research (2001-2002)

Co-editor of UN/IFR World Robotics — Section on Service Robotics (w. Martin Hégele &
Jan Karlsson) (2002-2003)

External Member of Faculty Hiring Committee KTH-IT University, Kista, (2000-2004)
Scientific Advisor to Evolution Robotics, Glendale, CA (2002-)

Member of the Board of Trustees the Swedish Foundation for International Cooperation in
Research and Higher Education — STINT (2002-2005).

Member of academic board for KTH (2003-2007)
Member of Scientific Advisory Board, Robotics Institute, CMU. (2004-)

Position Estimation Method, H.I. Christensen & G. Zunino, World patent (W003062937)
Forfarande for en anordning pa hjul, G. Zunino & H.I. Christensen, Swedish Patent (SE0200197)
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Curriculum Vitae Henrik I Christensen

Honours and Awards:

The Foundation Vision North 1991 Research Award. Awarded for contribution to advancement
of research at the Laboratory of Image Analysis, Aalborg University. August 1991.

TROS-2002 Best Paper Award “Behavour Coordination for Navigation in Real-World Office
Environments” authored by P. Althaus and H.I. Christensen.

ICRA-2003 Best Paper on Manipulation: “Automatic Grasp Planing using Shape Primitives”
authored by A. Miller and S. Knopp, H.I. Christensen and P. Allen.

Served on professional appointment committees in Denmark, Spain, Sweden, Norway, United
Kingdom, Belgium, Italy, and U.S.A.

Served on Ph.D committees in Norway, Sweden, U.S.A., Portugal, France, Belgium, Canada,
Australia, Spain, U.K. and Denmark for a number of different candidates.

Elected Officer of International Foundation of Robotics Research (2003-)
IEEE RAS Distinguished Lecturer in Robotics (2004-2006)

Organisation of scientific meetings:

2nd Aalborg Symposium on Vision: Robot Vision ’86, Co-organiser, Institute of Electronic
Systems, Aalborg, December 15-17, 1986.

3rd Aalborg Symposium on Vision: Hybrid Methods ’87, Co-organiser, Institute of Electronic
Systems, Aalborg, December 10-11, 1987.

4th Aalborg Symposium on Vision: Concurrent Computer Vision '89, Co-organiser, Institute
of Electronic Systems, Aalborg, January 24-26, 1989.

Topical Workshop on Perceptual Control, Co-organiser, Aalborg University. ESPRIT Vision
Workshop Week. Crete, September 1990.

Topical Workshop on Symbolic Reasoning in Scene Interpretation, Co-organiser, LIFIA | France.
ESPRIT Vision Workshop Week. Crete, September 1990.

7th Scandinavian Conference on Image Analysis. Chair of Local Arrangements. Aalborg,
August 13-16, 1991.

SPIE Applications of Artificial Intelligence X: Machine Vision and Robotics, Member of Pro-
gramme Committee, Organiser and chairman of 2 session on "How to Design a Robot Head”.
Orlando, April 1992.

Nordic Summer School on Active Vision and Geometric Modelling, Organiser. Rebild Bakker,
Aalborg, August 1992.

SPIE Application of AT XI: Machine Vision and Robotics, Member of Programme Committee
and Session Chair. Orlando, April 1993.

Intelligent Robotic Systems '93: Member of Program committee, Zakopane, July 1993.
Intelligent Robotics Systems ’94: Member of Program Committee, Grenoble, July 1994.

IEEE Applications of Computer Vision, Member of program committee, Sarasota, Fl., Decem-
ber 1994.

9th Scandinavian Conference on Image Analysis: Danish Member of Program Committee,
Uppsala, May 1995.

IEEE Workshop on Computer Vision. Member of Program Committee, Miami, December
1995.

Active Vision Hardware Workshop, Co-Organiser w. Prof. J.L. Crowley, Grenoble, France,
February 1995.
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Symposium on Intelligent Robotics Systems ’95: Member of Programme Committee, Pisa, July
1995.

4th European Conference on Computer Vision, Member of Programme Committee, Cambridge,
May 1996.

5th International Robotics Symposium (IROS), Member of Programme Committee, Japan,
August 1996.

14th Intl Conf on Pattern Recognition, Member of Program Committee, Vienna, August 1996.

Performance Characteristics of Vision Algorithms, Co-chair of programme committee with
Prof. W. Forstner, Cambridge, UK, April 1996.

4th Symposium on Intelligent Robotics Systems, member of programme committee, Lisbon,
Portugal, July 1996.

5th Symposium on Intelligent Robotics Systems, Programme Chair, Stockholm, July 1997.

Sensory Fusion and Decentralized Control in Autonomous Robotic Systems, SPIE Conference
3209, Pittsburgh, PA, Member of Programme Committee, October 1997.

Knowledge Based Methods for Computer Vision, Schloss Dagstuhl Workshop, Weidern, Co-
organiser, December 1997.

Emperical Evaluation of Methods in Computer Vision, IEEE Workshop, Member of Programme
Committee, Santa Barbara, Ca, June 1998.

5th European Conference on Computer Vision, Member of Programme Committee, Freiburg,
June 1998.

European Conference of Aritificial Intelligence, Member of Programme Committee, Brighton
(UK), 23-28 August 1998

Environmental Modelling for Mobile Robotics, Schloss Dagstuhl Workshop, Weidern, Co-
organiser, September 1998.

First International Conf. on Computer Vision Systems, Las Palmas, Programme Chair, Jan-
uary 1999.

International Joint Conference of Artificial Intelligence, Member of Programme Committee,
August 1999.

2nd International Workshop on Performance Characterisation, European Programme Chair,
Dublin, June 2000.

6th European Conference of Computer Vision, Member of Programme Committee, Dublin,
June 2000.

Intelligent Autonomous Systems — 6, Member of International Advisory Board, Venice, July
2000.

International Conference on Pattern Recognition, Member of Programme Committee, Barcelona,
August 2000.

European Conference on Artificial Intelligence, Area Chair (Robotics and Vision), Berlin, Au-
gust 2000.

Modeling of Sensor Based Intelligent Robot Systems, Co-organizer, Dagstuhl, Wadern, October
2000.

First Swedish Autonomous Robotics Symposium, Co-chair, Orebro, October 2000.

International Conference on Robot Systems (IROS), Member of Programme Committee, Tokyo,
Japan, October 2000.

Scandinavian Conference on Artificial Intelligence, Member of PC, Odense, Denmark, February,
2001.
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TARP Workshop on Technical Challenge for Dependable Robots in Human Environments,
Member of Programme Committee, Seoul, Korea, May 2001.

Workshop on Computer Vision Systems, Co-Chair, Victoria, Canada, July 2001

European Workshop on Robot Learning, Member of programme committee, Prague, September
2001.

3rd Ws. on Emperical Evaluation Methods in Computer Vision, Co-Chair, Maui, December
2001.

Tutorial on “Mobile Robot Programming Paradigms”, Co-organiser (with Greg Hager, JHU),
ICRA-2002, Washington, May 2002.

Meditteranean Control and Automation Conference, Member of Programme Committee, Lis-
boa, July 2002

Summerschool on “Simultaneous Localisation and Mapping”, Organiser, Stockholm, August
2002.

European Conference on Aritificial Intelligence, Vision-Robotics Chair, Toulouse, August 2002.

International Conference on Pattern Recognition, Computer Vision Co-Chair, Quebec City,
August 2002.

International Conference on Robot Systems (IROS), European/African Programme Chair,
Lausanne, October, 2002.

International Symposium on Robotics, Service Robotics Chair, Stockholm, October, 2002.
Workshop on Robot Dependability, ITARP, Member of Organisation Committee, October 2002.

Wallenberg Symposium on Learning and Memory: Brains to Robots, Member of Organisation
Committee, Stanford, October 2002.

Workshop on Control Problems in Robotics and Automation, General Chair, Las Vegas, Dec.
2002.

Intl Conference on Vision Systems, Member of Steering Committee, Graz, March 2003.

Intl Conf on Robotics and Automation, Member of Programme Committee, Taiwan, Sept.
2003.

International Conference on Advanced Robotics, Member of Programme Committee, Coimbra,
June 2003.

Nobel Symposium on Neural Control of Skilled Hand Movements: Cognitive and Computa-
tional Aspects, Stockholm, Co-organiser, June 2003.

Multi-Sensory Fusion, MFI-2003, Member of Programme Committee, NINII, Tokyo, July 29-
August 1, 2003.

Cognitive Vision Systems, Dagstuhl Seminar, Co-organiser (w H. H. Nagel), October 2003

Challenges in Cognitive Vision, NIPS workshop, Co-organiser (w. B. Caputo and C. Wall-
raven), December 2003

Intl. Conf on Robotics and Automation, member of prog. committee, Sendai, May 2004.
Educational Robotics, Co-organiser, ICRA-04 Workshop, New Orleans, April 2004.
Wallenberg Symposium on Sensing and Feeling, Co-organiser, May 2004.

Intl Symposium on Robotics, member of programme committee, Paris, June 2004.
Robotics demining, Brussels, co-organiser, Belgium, June 2004.

Intelligent Autonomous Vehicles, PC-member, Lisboa, June 2004.

Information Fusion 2004, PC-member, Stockholm, June 2004.
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RAS-IFRR Summer school on “Human-Robot Interaction”, Co-organiser, Volterra, July 2004.
Field deployable robots, NATO IST Workshop, Co-chair, Bonn, Sept 2004
International Symposium on Robot Systems (IROS), PC-member, Sendai, September 2004.

Intl. Conference of Robotics and Automation, European Programme Co-Chair, Spain, April
2005.

19th Intl Joint Conf on Artificial Intelligence, Edinburgh, Senior Program Committee Member,
August 2005.

BioRobotics 2006, PC member, Pisa, February 2006.
Human Robot Interaction - 2006, Senior Programme Committee Member, Utah, March 2006,

Intl. Conference of Robotics and Automation, Programme Co-chair — Europe, Rome, April
2007.

Intl. Conference of Robotics and Automation, Associate Programme Co-chair — Europe, Los
Angeles, April 2008.

Research Grants:

EEC: Vision as Process, BR-3038-VAP, Co-proposer and local manager (1989-1992).

NorFa: Nordic Research Network on Computer Vision, Co-proposer and ass. coordinator.
(1992-1995)

EEC: Vision as Process-II, P-7108-VAP-II, Co-proposer and local manager (1992-1995).
NorFa: Nordic Ph.D Summer School, Rebild, August 1992, Proposer and coordinator.

DOAP: Data Acquisition, - Analysis, and Presentation, LUKAS — Regional Development Fund,
North Jutland Regional Council, Co-Proposer and Technical Coordinator. (1993-1995). Mem-
ber of Executive Board for the LUKAS software quality assurance project (1994-1995).

EEC: HCM Network on ”Sensory Mobile Autonomous Robot Technology”, Co-proposer and
local manager. (1993-1995).

EEC: HCM Network on "RETINA: Active Vision”, Co-proposer and local manager. (1994—
1997).

EEC: European Network of Excellence in Computer Vision, Co-proposer and Principal Inves-
tigator (1994-1998).

Danish Technical Research Council: “Reconstruction and Visualisation of 3D Structures based
on In-vivo Image Analysis”, Principal Investigator (1995-1998).

LUKAS/SPIN: Software Process Improvement Network. Funded by EU and Regional Council
for North Jutland. Member of Board and Principal Investigator (1995-1996).

CEC: TMR Network on “Sensory Mobile Autonomous Robot Technology 117, Co-proposer and
local manager. (1996-1997).

CEC: TMR Network on “Vision for Robot Guidance”, Co-proposer and local manager (1996—
1997).

Foundation for Strategic Research: Centre for Autonomous Systems (1997-2001). Scientific
Director.

STINT Visiting Professor Grant (for Prof. Ronald Arkin) 1997-1998.

CEC: TMR network “CAMERA”, co-principal investigator (1998-2001)

NUTEK Complex Technical Systems “Architectures for Mobile Robotics”, 1999-2001
NUTEK Complex Technical Systems “Sensory Fusion for Robot Navigation”, 1999-2001
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NUTEK Exploratory Programme Grant “Intelligent Outdoor Vehicles”, 1999
NUTEK Exploratory Grant “Intelligent Crane Control”, co-principal investigator, 1999-2000

CEC: PCCV — “Performance Characterisation of Computer Vision”, co-principal investigator,

2000-2003

CEC: EURON — European Robotics Research Network (IST-2000-26048), Coordinator, 2000-
2003

CEC: OROCOS — “Open Robot Controller Software”, (IST-2000-31064), Co-investigator (2001-
2003).

FOI: “Information Fusion”, academic co-chair, 2001-2004.

CEC: CogVis — “Cognitive Vision”, IST Research Project (IST-2000-29375), Coordinator,
2001-2004.

FMV: Intelligent Unmanned Vehicles, Technology Demonstrator, Coordinator, 2001-5.

STINT: Institutional Grant for KTH-ANU Collaboration in the area of Collaborative Robotics,
Co-chair (2001-2005).

SSF, Autonomous Systems, Principal Investigator — Director (2003-2006)
CEC: Cognitive Al Enabled Computer Vision network, Research Co-ordinator, 2002-2005.

CEC: EURON-II - EU Network of excellence within “beyond robotics” — Coordinator (2004-
2007)

CEC: Cognitive Companion — Cogniron, IP Project, Co-investigator (2004-2007)

CEC: Neurobotics — Neuroscience/Robotics, IP Project, Co-investigator (2004-2007)

CEC: CoSy - Cognitive Systems for Cognitive Assistants, IP Project, Coordinator (2004-2008)
FMV: UGV control using the universal control station, 2005

Professional Societies etc
Member of IDA, The Danish Engineering Society. (1987-1996)
Member of SF, The Swedish Engineering Society. (1996-)

Member of IEEE, Computer Society, System, Man, and Cybernetics Society, Robotics and
Automation Society, and Control Society.

Member of Association of Computing Machinery,
Special Interest Group on Artificial Intelligence.

Danish Chapter of the International Association of Pattern Recognition, Secretary (1989-1994).
Founding chairman for the Danish OS-9 User Group (1992-1993), Board member (1994-1996).
Founding chairman of the Danish Silicon Graphics Users Group (1993-1995)

Member of American Association for Artificial Intelligence. (1996-)

Founding Coordinator of European Robotics Research Network — EURON. (2000-)

Officer of International Foundation of Robotics Research (2002-)

Professional interests

A systems oriented approach to Machine Perception and Robotics, Image Interpretation and
Control, Active Perception, SLAM, Information and Sensor fusion.
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Teaching Experience

Ph.D supervision

Courses taught:

Supervised or Co-supervised many (>60) M.Sc. level projects, many basic and advanced B.Sc.
projects (> 30) in Electronic Engineering, Computer Engineering and Computer Science.

Designed and implemented a B.Sc. specialisation in E.E. entitled “Industrial Computer Engi-
neering”, Aalborg University, in 1994. The specialisation was successfully implemented on a
trial basis (June 1994-July 1996).

Coordinator of E.E. Specialisation in Computer Engineering (June 1993-December 1995)

Chairman of committee for specification of new B.Sc. Electrical and Electronic Engineering
curriculum at the Faculty of Science and Technology, Aalborg University. The new curriculum
was implemented from July 1996.

Chairman — Engineering of Computer Based Systems education at KTH (detailed proposal
submitted - Spring 2000).

1. “View Planning for Quantification of Local Geometry”, Claus Madsen (Oct. 1994).
“A Framework for Control of a Camera Head”, Claus S. Andersen (March 1996)
“Sensor Planning for Mobile Robot Navigation”, Steen Kristensen. (August 1996)
“Architectures for Autonomous Mobile Robot Navigation”, Paolo Pirjanian, (April 1998)
“Towards Human-Robot Interaction”, Kristian Simsarian, (Mar. 2000)
“Sonar Based World Modelling”, Olle Wijk (April 2001)

“Approaches to Mobile Robot Localisation in Indoor Environments”, Patric Jensfelt (June
2001)

8. “Visual Servoing for Manipulation: Robustness and Integration Issues”, Danica Kragic,
(June 2001)

9. “Sensor Fusion for Navigation”, Guido Zunino, (Lic. Feb 2002)
10.  “A Framework for Integration of Processes”, Lars Petersson, (Mar 2002)
11.  “Structure from Motion”, Marco Zucchelli, (June 2002)
12.  “Learning in Behaviour Based Systems”, Philipp Althaus, (November 2003)
13.  “Attention Systems”, Ola Ramstrom, (Lic. Nov 2004)
14.  “Architectures for Autonomous Systems”, Anders Orebéck (Dec. 2004)
15.  “Large Scale SLAM”, John Folkesson, (Oct 2005)
16. “Information Fusion”, Ronnie Johansson, (Lic, Dec. 2003, Dec. 2005)
17.  “Data management for Range Image Analysis”, Gunnar Bostrom (Aug 2007)
18.  “CyberRodent”, Stefan Elfwing (Aug 2007)
19. “Semantic SLAM”, Elin-Anna Topp (Dec 2007)
20. “UAV Systems”, Klas Andersson (Dec 2007)
21. “Teleoperation of mobile systems”, Mattias Bratt (Dec 2007)
22.  “Perception-Action Modelling”, Monica Gretzer (2008)
23.  “High Performance Manipulation”, Christian Smith (2008)

No e w

Structured programming (Undergraduate)
C-programming (Undergraduate)
Analysis and Design of Algorithms and Data-structures (Undergraduate)

Motion Analysis (Graduate)

1
2
3
4. Computer Vision Techniques and Projective Geometry (Graduate)
b)
6. Biological Vision (Graduate)

7

Discrete Mathematics (Graduate)
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Expert Systems (Graduate)
9. Expert System Technology (Industrial course)
10. Behaviour Based Robotics (Graduate)
11.  Urban Robotics (Industrial)
12.  Mobile Robotics (Graduate)
13.  Autonomous Systems (undergraduate)

14. Artificial Intelligence — An Introduction (undergraduate)

As part of his supervision of graduate and Ph.D. students foreign placement at University of
Rochester, University of Pennsylvania, University of Tennessee, University of Genoa, Institut
National Polytechnique de Grenoble, University of California - San Diego, UC Berkeley, Daim-
ler Benz Research, Carnegie Mellon University, Columbia University, Xerox PARC, George
Mason University, Australian National University, University of Southern California, Evolu-
tion Robotics, Zaragoza, MIT, ATR, Sony Corp. and the Oak Ridge National Laboratory have
been organised and implemented.
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Publications

THESES

1.

2.

H. Christensen, “Monitoring moving objects in real-time,” Master’s thesis, Aalborg University, Institute of
Electronic Systems, June 1987.

H. I. Christensen, Aspects of Real-Time Image Sequence Analysis. PhD thesis, Aalborg University, August
1989.

BOOKS & JOURNAL-ISSUES

1.

10.

11.

12.

13.

14.

15.

16.

17

H. 1. Christensen, (ed.), Proceedings Nordic Summer School on Active Vision and Geometric Modeling,
Aalborg, September 1992.

. H. L. Christensen, K. W. Bowyer, and H. Bunke, (eds.), International Journal of Pattern Recognition and

Artificial Intelligence. Special Issue: Active Robot Vision: Camera Heads, Model Based Navigation and
Reactive Control, vol. 7. World Scientific Publishers, February 1993.

H. I. Christensen and J. L. Crowley, (eds.), Ezperimental Environments in Computer Vision and Image
Analysis, vol. Vol 11 of Series in Machine Perception and Artificial Intelligence. World Scientific Press,
February 1994.

J. L. Crowley and H. I. Christensen, (Eds.), Vision as Process. EEC Basic Research Series, Springer Verlag,
Heidelberg, January 1995.

H. Christensen, W. Forstner, and C. Madsen, (eds.), Proceedings: ECVnet Workshop on Performance Char-
acteristics of Computer Vision Algorithms, Cambridge, April 1996.

H. I. Christensen, C. Brautigam and C. Ridderstrom, (eds.), “5th Symposium on Intelligent Robotic Sys-
tems”, KTH, Stockholm, July 1997.

H. I. Christensen and W. Forstner, (eds.), “Performance characteristics of vision algorithms,” Machine Vision
and Applications, vol. 9, pp. 215-218, March 1997.

H.I. Christensen and J. Crowley, (eds.), “Intelligent Robotic Systems”, Journal of Robotics and Autonomous
Systems, Vol. 23, No 4., August 1998.

H.I. Christensen, (Ed.) “International Conference on Computer Vision Systems”, Lecture Notes in Computer
Science, Vol. 1542, Springer Verlag, Jan. 1999.

H.I. Christensen, H. Bunke, H. Noltemeier (Eds.), “Intelligent Sensor Based Robotics”, Lecture Notes in
Artificial Intelligence, Vol. 1724, Springer Verlag, Dec. 1999.

H.I. Christensen & J. Phillips (Eds.), “Emperical Evaluation of Computer Vision Methods — 2001”, Pro-
ceedings CVPR-01 Workshop, Kauai, December 2001. IEEE CS Press. (Electronic Book)

G. Hager, H.I. Christensen, H. Bunke and R. Klein (Eds.), “Sensor Based Intelligent Robots”, LNCS, Vol.
2238, Springer Verlag, Feb. 2002.

H.I. Christensen & J. Phillips (Eds.), “Emperical Evaluation Methods for Computer Vision Methods”, World
Scientific Press, Singapore, 2002.

G. Hager & H.I. Christensen (Eds.), “Paradigms for Mobile Robot Programming”, IEEE Press, Baltimore,
May, 2002.

H.I. Christensen, “Simultaneous Localisation and Mapping —2002”, KTH, August 2002. (Proc. from summer
school).

A. Bicchi, H.I. Christensen & D. Prattichizzo (Eds), “Control Problems in Robotics”, Springer Tracts in
Advanced Robotics, Vol 4, Springer Verlag, Heidelberg, December 2002.

P. Corke and H.I. Christensen, “Visual Servoing”, IJRR Special issues, Volume 22, No 4, Oct. 2004.
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18.

D. Kragic and H.I. Christensen, “Advanced in Robot Vision”, Robotics and Autonomous Systems, June
2005.

REVIEWED JOURNAL PAPERS

1.

10.

11.

12.

13.

14.

15.

16.

17.

C. S. Andersen, C. B. Madsen, J. J. Sgrensen, N. O. S. Kirkeby, J. P. Jones, and H. I. Christensen, “Navigation
using range images on a mobile robot,” Robotics and Autonomous Systems, vol. 10, pp. 147-160, 1992.

H. I. Christensen, “A low-cost robot camera head,” International Journal of Pattern Recognition and Artifi-
cial Intelligence. Special issue on Active Robot Vision: Camera Heads, Model Based Navigation and Reactive
Control, vol. 7, pp. 69-87, February 1993.

D. W. Eggert, K. W. Bowyer, C. R. Dyer, H. I. Christensen, and D. B. Goldgof, “The scale space aspect
graph,” IEEFE Transactions on Pattern Analysis and Machine Intelligence, vol. 14, pp. 1114-1130, December
1993.

H. I. Christensen and C. B. Madsen, “Purposive reconstruction,” CVGIP: Image Understanding, vol. 60,
pp. 103-108, July 1994.

H. I. Christensen, N. O. S. Kirkeby, S. Kristensen, L. F. Knudsen, and E. Granum, “Model-driven vision for
in-door navigation,” Robotics and Autonomous Systems, vol. 12, pp. 199-207, 1994.

J. Kosecka, H. I. Christensen, and R. Bajcsy, “Discrete event modeling of visually guided behaviors,” In-
ternational Journal of Computer Vision (Special Issue on Qualitative Vision), vol. 14, pp. 179-191, March
1995.

C. B. Madsen and H. I. Christensen, “A viewpoint planning strategy for determining true angles on polyhedral
objects by camera alignment,” IEEFE Trans. on PAMI, vol. 19, pp. 158-163, February 1997.

J. Kosecka, H. I. Christensen, and R. Bajcsy, “Experiments in behaviour composition,” Journal on Robotics
and Autonomous Systems, Vol. 19, Nos.3—4, pp. 287-298. March 1997.

S. Dickinson, H. I. Christensen, J. Tsotsos, and G. Olofsson, “Active object recognition integrating attention
and view point control,” Computer Vision and Image Understanding, vol. 67, no. 3, pp.239-260, September
1997.

P. Pirjanian, H.I. Christensen and J. Fayman, “Application of Voting to Fusion of Purposive Modules: An
Experimental Investigation”, Robotics and Autonomous Systems, Vol. 23, No. 4. pp. 253-266, July 1998.

J. Fayman, P. Pirjanian, H. I. Christensen, and E. Rivlin, “Exploiting redundancy of purposive modules in
the context of active vision,” IEEFE Transaction of Systems, Man and Cybernetics, vol. 29, no. 1, pp. 73-82,
1999.

E. W. Large, H. I. Christensen, and R. Bajcsy, “Scaling the dynamic approach to path planning and control:
Competition amoung behavioural constriants,” Intl. Jour. of Robotics Research, vol. 18, no. 1, pp. 37-58,
Jan. 1999.

J. Fayman, H.I. Christensen, and E. Rivlin, “AV-Shell, an Environment for Autonomous Robots Using Active
Vision”, Autonomous Robots, vol. 6, no. 1, pp. 21-38, Jan. 1999.

O. Wijk and H.I. Christensen, Localization and navigation of a mobile robot using natural point landmarks
extracted from sonar data, Robotics and Autonomous Systems, Vol 31, Nos. 1-2, pp. 31-42, April 2000.

M. Simoncelli, G. Zunino, H.I. Christensen and K. Lange, “Self Localization and Autonomous Navigation
for Cleaning”, Autonomous Robots, Vol 9, No.3, Dec. 2000, pp. 261-270.

O. Wijk and H.I. Christensen, Triangulation Based Fusion of Sonar Data for Robust Robot Pose Tracking,
IEEE Trans on Robotics and Automation, Vol. 16, No 6, Dec 2000, pp. 740-752.

D. Kragic and H.I. Christensen, Cue Integration for Visual Servoing, IEEE Trans on Robotics and Automa-
tion, Vol. 17, No.1, Feb. 2001. pp. 18-27.
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18

19

20.

21.

22.

23.
24.

25.
26.

27.

P. Jensfelt and H.I. Christensen, “Pose Tracking Using Laser Scanning and Minimalistic Environmental
Models”, IEEE Trans on Robotics and Automation, Vol 17, No 2, April 2001, pp. 138-148.

D. Kragic, L. Petersson, and H.I. Christensen, “Frameworks for Visual Servoing”, Robotics and Autonomous
Systems, 2002.

A. Oreback and H.I. Christensen, “Evaluation of Architectures for Mobile Robotics”, Autonomous Robots,
Vol 14, pp. 3349, Jan. 2003.

P. Althaus and H.I. Christensen, “Smooth Task Switching through Behaviour Competition”, Robotics and
Autonomous Systems, Vol 44, Nos 3—4, 2003, pp. 241-249.

P. Althaus and H.I. Christensen, “Behaviour Coordination in Structured Environments”, Advanced Robotics,
Vol. 17, No 7, 2003, pp. 657-674.

H.I. Christensen and P. Corke, “Visual Servoing”, Intl. Jour of Robotics Research, Vol 22, Oct 2003.

D. Kragic and H.I. Christensen, “Robust Visual Servoing”, Intl. Jour. of Robotics Research, Vol. 22, Oct
2003. pp- 923-940.

H.I. Christensen, “Cognitive (Vision) Systems”, ERCIM News, Vol 53, April 2004, pp. 17-18.

D. Kragic, M. Bjorkman, H.I. Christensen and J.-O. Eklundh, “Issues and strategies for robotics object
manipulation in domestic settings”, Robotics and Autonomous Systems, June 2005. pp. 85-100.

H. I. Christensen, “EURON - European Robotics Network”, IEEE Robotics and Automation Magazine, Vol.
12, No. 6, June 2005.

OTHER JOURNAL PAPERS

1.

2.

H. I. Christensen, “Book review of ”Scale-Space Methods for Computer Vision” by Tony Lindeberg,” ACM
SIGART, vol. 6, pp. 16-18, July 1995.

E. Granum and H. I. Christensen, “Autonomous mobile robotics,” SPIE Newsletter on Machine Perception
and Robotics, pp. 1-2, September 1994.

BOOK CHAPTERS

1.

H. I. Christensen and E. Granum, On Token-Matching in Real-Time Motion Analysis, vol. 301 of LNCS,
pp. 448-457. Heidelberg: Springer Verlag, Mar. 1988.

E. Granum and H. I. Christensen, “Dynamic robot vision,” in Traditional and Non-Traditional Robotic
Sensors. (T. Henderson, ed.), vol. 63 of NATO ASI Series F, pp. 57-71, Springer Verlag, March 1990.

D. W. Eggert, K. W. Bowyer, C. R. Dyer, H. I. Christensen, and D. B. Goldgof, “Applying the scale space
concept to perspective projection aspect graphs,” in Theory and Applications of Image Analysis - Selected
Papers from 7th Scandinavian Conference on Image Analysis. (P. Johansen and S. I. Olsen, eds.), pp. 48-62.,
World Scientific Publishers, 1992.

J. L. Crowley and H. I. Christensen, Vision as Process: Integration and Control of a Real Time Active Vision
System, pp. 127-155. Series in Machine Perception and Artificial Intelligence, Singapore: World Scientific,
March 1994.

N. O. S. Kirkeby and H. I. Christensen, The Vision Programmers Workbench (VIPWOB), vol. Vol 11 of
Series in Machine Perception and Artificial Intelligence, pp. 195-224. Singapore: World Scientific, March
1994.

J. Matas, H. I. Christensen, J. Kittler, J. Illingworth, and L. Nguyen, Constraining Visual Ezxpectations
Using a Grammar of Scene FEvents, ch. 1, Computer Vision 1994, pp. 1-12. Bratislava: World Scientific,
July 1994.

S. Andreasen and H. I. Christensen, Image and Signal Processing - Synopsis, pp. 263—-265. Year Book of
Medical Informatics - 1994, Schattauer, 1994.
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8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

H. I. Christensen, E. Granum, and J. L. Crowley, System Integration and Control, pp. 9-22. EEC Basic
Research Series, Heidelberg.: Springer Verlag, 1995.

C. B. Madsen and H. I. Christensen, Modelling and testing the stability of edge segments: Length and
orientation, ch. Chapter 1., pp. 1-15. Singapore: World Scientific Press, 1995.

N. O. Kirkeby and H. I. Christensen, A Vision Programmers Workbench, pp. 57-71. Heidelberg: Springer
Verlag, 1995.

H. I. Christensen and E. Granum, “Control of perception,” in Vision as Process (J. L. Crowley and H. I.
Christensen, eds.), EEC Basic Research Series, pp. 323-346, Springer Verlag, January 1995.

P. Pirjanian and H. I. Christensen, “Hierarchical control for navigation using heterogeneous models,” in
Modelling and Planning for Sensors Based Intelligent Robot Systems (T. K. H. Bunke and H. Noldemeyer,
eds.), pp. 344 — 361, Singapore: World Scientific, December 1995.

E. Large, H. I. Christensen, and R. Bajcsy, “Using Competition Between Task Constraints to Scale the
Dynamic Systems Approach to Planning and Control,” in Intelligent Robots (R. C. Bolles, H. Bunke, and
H. Noldemeyer, eds.), pp. 33-55, Singapore: World Scientific Press, December 1997.

R. Bajcsy, H.I. Christensen, and J. Kosecka, “Segmentation of Behaviour Spaces for Navigation Tasks”, in
Theoretical Methods in Robotics, F. Solina (Ed.), Springer Verlag, 1998

M. Andersson, A. Oreback, M. LindstrAﬁIm and H.I. Christensen, “ISR: An Intelligent Service Robot”, in
“Intelligent Sensor Based Robotics”, Eds: Christensen, Bunke, and Noltemeier, Springer Verlag, Nov. 1999.

D. Kragic and H.I. Christensen, “Cue Integration for Manipulation”, in “Robust vision for Manipulation”,
Eds: Vinzce and Hager, IEEE Press, December 1999.

H.I. Christensen, D. Kragic, and F. Sandberg, “Vision for Interaction”, In “Intelligent Robot Systems”,
(Eds. Hager, Christensen, Klein, Bunke), LNCS, Springer Verlag, 2001.

J. Eklundh and H. Christensen, “Computer vision: Past and future,” in /em Informatics — 10 years back, 10
ahead (R. Wilhelm, ed.), vol. 2000 of Lecture Notes in Computer Science, (Berlin), Springer Verlag, 2001.

H.I. Christensen and J.O. Eklundh, “Artificial Intelligence: Machine Vision”, Van Nordstrand Scientific
Encyclopedia, May 2002. pp 258-262.

H.I. Christensen, “Intelligent home appliances”, in “Robotics Research”, Eds. R. A. Jarvis and A. Zelinsky,
Springer Verlag, Heidelberg, January 2003, pp. 319-330.

H.I. Christensen, “Path Planning”, in “Robotics research-03”, Eds. R. Chatila and P. Dario, Springer Verlag,
Heidelberg, April 2004.

REVIEWED CONFERENCE PAPERS

1.

)

E. Granum and H. I. Christensen, “Methods for real-time motion analysis,” in Proc. 2nd Hungarian Work-
shop on Image Analysis, pp. 95—107, Hungarian Academy of Science, June 1988.

H. I. Christensen and E. Granum, “On multi scale motion analysis,” in Proceedings fra NOBIM-konferansen
1988, Rapport, pp. 83-87, Norsk Regnesentral, June 1988.

E. Granum and H. I. Christensen, “On principles of motion analysis in real time,” in Image Processing
II. Proceedings of SPIE Topical Conference on Image Processing, Hamburg, 1988 (P. J. S. Hutzler and
A. Oosterlinck, eds.), vol. 1027, pp. 113-120, SPIE-The International Society for Optical Engineering, 1989.

H. I. Christensen and J. P. Jones, “Concurrent multi-resolution image analysis,” in Proc. Fourth Conference
on Hypercube Concurrent Computers and Applications, pp. 1031-1038, ACM, May 1989.

H. I. Christensen, “Concurrent spatio-temporal image analysis,” in Proc. Fourth Conference on Concurrent
Hypercube Computers, pp. 991-994, ACM, May 1989.
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6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

H. I. Christensen, “Concurrent processing for real time motion detection,” in Proceedings of the 6th Scan-
dinavian Conference on Image Analysis (M. Pietkéinen, ed.), vol. I, pp. 1164 — 1171, Pattern Recognition
Society of FInland, June 1989.

C. B. Knudsen and H. I. Christensen, “On methods for efficient pyramid construction,” in Proceedings of
the 7th Scandinavian Conference on Image Anal (P. Johansen and S. Olsen, eds.), vol. 1, pp. 29-39, IAPR,
Pattern Recognition Society of Denmark, August # 13-16 1991.

C. B. Madsen, N. O. S. Kirkeby, and H. I. Christensen, “A graph based approach to 3d qualitative scene
modelling,” in Proceedings of the Tth Scandinavian Conference on Image Analysis (P. Johansen and S. Olsen,
eds.), vol. 1, pp. 324-337, IAPR, Pattern Recognition Society of Denmark, August # 13-16 1991.

C. S. Andersen and, J. J. Sgrensen, and H. I. Christensen, “An analysis of three depth recovery techniques,”
in Proceedings of the 7’th Scandinavian Conference on Image Analysis. (P. Johansen and S. Olsen, eds.),
vol. 1, pp. 114-126, Pattern Recognition Society of Denmark ., August 1991.

F. V. Jensen, H. I. Christensen, and J. Nielsen, “Bayesian methods for interpretation and control in multi-
agent vision systems,” in Proceedings of SPIE Conference on Application of AI X: Machine Vision and
Robotics (K. W. Bowyer, ed.), vol. 1708, pp. 536-548, SPIE, April 1992.

H. I. Christensen, “The AUC robot camera head,” in Proceedings of SPIE Conference on Application of
Artificial Intelligence X : Machine Vision and Robotics (K. W. Bowyer, ed.), vol. 1708, pp. 26-33, SPIE,
April 1992.

C. S. Andersen, C. B. Madsen, J. J. Sgrensen, N. O. S. Kirkeby, J. P. Jones, and H. I. Christensen, “Laser
range guided robot vehicle,” in Proceedings of the Second Nordic Workshop on Industrial Machine Vision,
pp- 1-6, 1992.

D. W. Eggert, K. W. Bowyer, C. R. Dyer, H. I. Christensen, and D. B. Goldgof, “The scale space aspect
graph,” in Proceedings from the IEEE Conference on Computer Vision and Pattern Recognition, June 1992,
Urbana, Illinois, pp. 335-340, June 1992.

O. Bergem, C. S. Andersen, and H. I. Christensen, “Using match uncertainty in the kalman filter for a sonar
based positioning system,” in Proceedings of the 8th Scandinavian Conference on Image Analysis. (K. A.
Hggda, B. Braathen, and K. Heia, eds.), vol. 1, pp. 405-410, NOBIM, May 1993.

J. P. Jones, O. H. Dorum, C. S. Andersen, S. B. Jacobsen, M. S. Jensen, N. O. S. Kirkeby, S. Kristensen,
C. B. Madsen, H. M. Nielsen, E. Sgrensen, J. J. Sgrensen, and H. I. Christensen, “Experiments in mobile
robot navigation and range imaging,” in Proceedings of the 8th Scandinavian Conference on Image Analysis.
(K. A. Hggda, B. Braathen, and K. Heia, eds.), vol. 1, pp. 371-387, NOBIM, May 1993.

C. B. Madsen and H. I. Christensen, “Qualitative scene models from sparse 3d data,” in Proceedings of
the 8th Scandinavian Conference on Image Analysis (K. A. Hggda, B. Braathen, and K. Heia, eds.), vol. 1,
pp- 427-433, IAPR, NOBIM, May 1993.

S. J. Dickinson, G. Olofsson, and H. I. Christensen, “Qualitative prediction in active recognition,” in Pro-
ceedings of the 8th Scandinavian Conference on Image Analysis (K. A. Hggda, B. Braathen, and K. Heia,
eds.), vol. 1, pp. 337-344, NOBIM, Norwegian Society for Image Processing and Pattern Recognition, May
1993.

E. Sgrensen and H. I. Christensen, “Monitoring of road traffic,” in Proceedings of the 8th Scandinavian
Conference on Image Analysis (=SCIA 93) (K. A. Hpgda, B. Braathen, and K. Heia, eds.), vol. 2, pp. 1085
1091, NOBIM, May # 2528 1993.
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