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1 Introduction

1.1 General background

Centre for Image Analysis (CBA) is a collaboration between Uppsala University (UU) and the Swedish
University of Agricultural Sciences (SLU). The main activities at CBA are graduate education and re-
search in image analysis and visualization. Our goal is to develop theory, methods, algorithms and
systems for applications primarily within biomedicine, forestry and the environmental sciences.

The Centre for Image Analysis (CBA), founded 1988, is a collaboration between Uppsala University
(UU) and the Swedish University of Agricultural Sciences (SLU). It is thus time for our 20th anniversary
which was celebrated in early 2009. The main activities at CBA are graduate education and research in
image analysis and visualization, both theoretic and applied. On average we have 3–4 PhD dissertations
per year with significant variations over time; 2008 was an average year with three dissertations and one
licentiate thesis. We were also happy to receive two new docents in computerized image analysis at UU,
Tomas Brandtberg and Hans Frimmel.

During 2008, we had the pleasure of increasing our staff of senior researchers with four persons:
Anders Brun and Cris Luengo at SLU and Ida-Maria Sintorn and Ingrid Carlbom at UU, the latter in a
position as visiting professor. Gerhard Bax had to leave us since we failed to convince UU that remote
sensing is an important research field. We have thus at present almost no research in that area which
used to be a significant part of our activity. Instead, the computer graphics and visualization fields have
increased their role in our activities. The visualization studio, 3DIS4U, 3D Image Studio for Uppsala,
which was inaugurated last year was used extensively for our seminars and for some classes and external
events. We expect to strengthen our work on graphics and haptics still more based on initiatives by
Carlbom.

Image processing is highly interdisciplinary, its foundations being in mathematics, statistics, physics,
signal processing, and computer science, and with applications found in many diverse fields. We are
working in a wide range of application areas, most of them related to life sciences and usually in close
collaboration with experts from the particular application area. Our co-operation partners are found
locally as well as nationally and internationally. For a complete list of our 35 national and 20 international
co-operation partners, see Section 5.7. From a methodological point of view, our focus is on discrete
geometry and multi-dimensional images, both spatially and spectrally.

Even though CBA currently is not responsible for organising undergraduate education, most personnel
at CBA participates in undergraduate education. Most of it is organized through the large Dept. of
Information Technology at UU and some is organized through the Dept. of Mathematics.

During 2008, a total of 34 persons have been working at CBA, half of them as researchers or adminis-
trators, the other half as PhD students. Additionally, six Master thesis students have finished their thesis
work at CBA. This does, however, not mean that we have had 40 full-time persons at CBA; many have
split appointments, part time at CBA and part time elsewhere most commonly at the Dept. of Information
Technology. If we sum up the time spent at and working for CBA, then we had the equivalent of about 23
full-time full-year equivalents including teaching, not counting Master thesis students. The employees
are formally employed at either university. The whole of CBA is administered through UU.

Ingela Nyström also serves as Director of UPPMAX, Uppsala Multidisciplinary Center for Advanced
Computational Science, our administrator Lena Wadelius takes care of its administration, and Ewert
Bengtsson is member of its board. This gives us good contact with what is happening in the highly
strategic field of high-performance computing.

We are very active in international and national societies. Ingela Nyström was elected second vice-
president of the International Association of Pattern Recognition (IAPR) and Gunilla Borgefors serves
on its advisory committee. She is also Area Editor for the scientific Journal Pattern Recognition Letters.
Stefan Seipel has served as Vice-chair of the Swedish Society for Computer Graphics (SIGRAD). Ewert
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Bengtsson serves as senior advisor to the Rector of UU on information technology and also as Chair of
the university IT-council, together with many other related appointments.

Since 1993/94, CBA assembles extensive annual reports such as this document that describes in some
detail what we have achieved during the year. These annual reports are intended for anyone interested in
our work. Note that each Section in this report starts with a short summary printed in a larger font than
the following detailed material. Our annual reports have been available on the Internet since 1998. For
this issue, see

http://www.cb.uu.se/verksamhet/annual report/AR08html/

1.2 Summary of research

The objective of the CBA is to “carry out research and graduate education in computerized image anal-
ysis and scientific visualization. Both within image processing as such and with the goal of developing
better methods, algorithms and systems for applications within primarily biomedicine, forestry and the
environmental sciences”.

We are pursuing this objective by running a large number of research projects ranging from fundamen-
tal mathematical methods development to application tailored developments and tests, the latter mainly
in biomedicine and forestry. We are also developing new methods for visualization combining computer
graphics and image processing in new ways.

We are 16 professors (assistant, associate and full) with PhDs who carry out our research at CBA. We
are all involved with supervision of PhD and Master thesis students although to quite varying degrees.
We do not at all have 16 distinct research groups; there is a lot of interaction between the different
researchers and for each new project usually a new combination of researchers from CBA and from
other collaboration partners is formed. The university affiliation of the particular researchers seldom has
any importance in the creation of these groups.

During this year, six Master thesis projects were completed with supervision from CBA. They covered
a wide range of topics. Some projects were related to our own research, while some were solving
problems for industry or other departments. In Section 3.2, we present these theses.

In addition to this, our 16 PhD students and the senior researchers worked on 36 different projects as
described in Section 5. On the theoretical side, we are founding most of our work on discrete mathe-
matics with fundamental work on tesselations in three and more dimensions. Another fruitful theoretical
foundation is fuzzy methods. A fairly large team is working on light microscopy images developing
tools for modern quantitative biology. During the year, we resumed work on our very first application,
developing methods for cervical cancer screening. We are also working with cryo electron tomography
images of biomolecules as well as with X-ray tomography images of paper and human tissue samples. A
large proportion of the images we are working with are three-dimensional and here we have developed
a set of tools for interactive visualization supported by haptics. This has resulted in the WISH toolbox
that has been made publicly available over Internet. Another toolbox which is also publicly available is
BlobFinder which detects “blobs”, i.e., fluorescent signals in microscopic images. Please, see Section 5
for details on our interesting research projects.
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1.3 How to contact CBA

CBA maintains home-pages on the World Wide Web (WWW) both in English and in Swedish. The main
structure contains links to a brief presentation, staff, vacant positions (if any), etc. It contains information
on courses, seminars (—Note that our Monday 15:15 seminar series is open to anyone interested—),
a popular introduction to image analysis, this annual report (as .html and .png versions), lists of all
publications since CBA started 1988, and other material.

CBA home-page: http://www.cb.uu.se/

In addition to the CBA home-page, all personnel have their own home-pages, that are linked to the
CBA “Staff” page. On these, you can usually find detailed course and project information and other
interesting things.

Centre for Image Analysis (Centrum för bildanalys, CBA) can be contacted in the following ways:

Visiting address: Lägerhyddsvägen 2
Polacksbacken, building 2, south entrance, floor 1
Uppsala

Postal address: Box 337
SE-751 05 Uppsala
Sweden

Telephone: +46 18 471 3460
Fax: +46 18 553447
E-mail: cb@cb.uu.se
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2 Organization

CBA is a joint entity belonging equally to Uppsala University (UU) and Swedish University of
Agricultural Sciences (SLU), but administered through UU.

Over the years the number of people working at CBA has varied considerably as seen in the
graph below. We are now coming back to the peak number of 34 persons working at CBA from
10 years ago. About 60% are employed by UU, the other 40% by SLU. The activity at CBA
is similar to any department within a single university, but the administration becomes more
complicated due to our close relation to two different universities.

Our total turnover for 2008 was 17 million SEK which is slightly more than 2007. About
30% comes from UU, 29% from SLU, and the rest 41% from external sources. Our ambitions
are that at least half of our research should be funded from outside sources and after a dip for
some years, we are approaching that level again.

2.1 Constitution

The CBA was founded in 1988 and is an independent entity within the Faculty of Science and Technology (TN-
faculty) at UU and within the Faculty of Forest Sciences (S-faculty) at SLU, respectively. CBA is supposed to be
managed by a board and a director. The latter having the executive power. During 2005, there was an administrative
review of all centers at UU and as a result of this some minor changes of the CBA constitution were negotiated
between the universities during 2006–2007. The mandate for the previous board ended at the end of 2006. What
now remains is for the new constitution to be formally adopted and put into operation by the TN-faculty board. We
are still waiting for that decision and in the meantime the management of CBA rests solely with the director. During
2008, Prof. Ewert Bengtsson served as Director and Dr Olle Eriksson served as Deputy Director. As advisors to the
director, we have an informal management group consisting of the academic personnel with permanent positions
plus our administrator.

The whole of CBA is administered through UU. The employees are employed at either university, and the PhD
students are admitted at either the Faculty of Science and Technology (TN) at UU or at the Faculty of Forest
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Sciences (S) at SLU. CBA is associated with Dept. of Information Technology (IT) at UU regarding undergraduate
education, as we are not directly responsible for undergraduate education at UU, even though we organize and teach
many courses, especially those in image analysis and computer graphics. All personnel (from both universities)
is employed directly at CBA, except Lecturers at UU. These are employed by IT, and teach there. Their research
activities, however, are carried out at CBA to a degree (usually 25%–75%), which is regulated by individual
contracts.

2.2 Finances
CBA is financed through the two universities and through research grants and contracts. Some of the personnel
expenses are covered by undergraduate education at UU, mostly by the PhD students of both universities, most of
which teach 15% of their time. (The UU Lecturers’ teaching appointments are not included in our finances.)

The summary in Table 1 describes our overall economy for 2008. Since part of our economy is handled at UU
and part at SLU, this summary is based on joining the two accounts and clearing internal transactions between
the universities. The numbers are rounded to the nearest 1000 SEK. The total turnover is thus 17 million SEK
for 2008, up marginally from 16.6 million SEK for 2007. The total cost was 17.3 million SEK so we had a small
deficit this year which was as expected since the last couple of years have generated surplus and we have expanded
our activities. Our small operational budget also showed a small surplus which made it possible for us to pay back
the last part of the debt we generated during the difficult early years of this millennium.

The same numbers for income and costs are also given as pie charts in Figure 1. Which projects that are financed
by whom can be ascertained in Section 5, where each project is listed.

The main changes in income from last year is that the funding from UU has decreased by a million SEK mainly
due to the moratorium in the support for an assistant researcher applied every fifth year. SLU has also decreased
by 0.25 million SEK. Fortunately, this has been more than compensated for by an increase in external grants by
1.7 million SEK. The major costs are for personnel (salaries). The equipment cost is rather low even though we
need and have good computer workstations; they are not very expensive these days. And we do not need much
other equipment. In fact, almost all images we work with come from co-operation partners.

In our Visualization studio, 3DIS4U, 3D Image Studio for Uppsala, we can project stereo images and thus visu-
alize results from our research or from scientific computations at UPPMAX (Uppsala Multidisciplinary Center for
Advanced Computational Science), which we are cooperating with in running the studio. The studio is partially
funded though a special grant from UU. We hope to be able to develop the studio and add new visualization facili-
ties over the next several years making it an important asset for students and researchers at our host universities.

Table 1: CBA income and costs for 2008.

Income Costs
UU 3923 Personnel 10093
SLU 4846 Equipment 372
UU rent compensation 1120 Operating exp. 4) 3428
Governmental grants 1) 4374 Rent 1311
Non-governmental grants 2) 2169 University overhead 2100
Contracts 3) 371
Financial netto 179
Total income 16982 Total cost 17304

1) The Swedish Research Council, SIDA
2) Research foundations, EU
3) Internal invoices and compensations
4) Including travel and conferences
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Figure 1: CBA income (top) and costs (below) for 2008.
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2.3 Staff

Amin Allalou, Graduate Student, UU
Maria Axelsson, Graduate Student, SLU
Ewert Bengtsson, Professor, PhD, Director, UU
Gunilla Borgefors, Professor, PhD, SLU, UU
Anders Brun, Researcher, PhD, 0806–, SLU
Ingrid Carlbom, Professor, PhD, 0810–, UU
Olle Eriksson, Lecturer, PhD, Deputy Director, (part time) UU
Milan Gavrilovic, Graduate Student, UU
Magnus Gedda, Graduate Student, UU
Anders Hast, Researcher, PhD, (part time) UU
Patrick Karlsson, Graduate Student, –0811, UU
Gustaf Kylberg, Graduate Student, 0802–, UU
Joakim Lindblad, Researcher, PhD, (part time) SLU
Tommy Lindell, Docent, PhD, (part time) UU
Cris Luengo, Researcher, PhD, 0806–, SLU
Patrik Malm, Graduate Student, 0802–, UU
Filip Malmberg, Graduate Student, 0801–, UU
Khalid Niazi, Graduate Student, UU
Bo Nordin, Researcher/Lecturer, PhD, (part time) UU
Kristin Norell, Graduate Student, SLU
Ingela Nyström, Docent, PhD, (part time) UU
Amalka Pinidiyaarachchi, Graduate Student, (part time) UU and University of Peradeniya, Sri Lanka
Hamid Sarve, Graduate Student, SLU
Stefan Seipel, Professor, (part time) UU and University of Gävle
Bettina Selig, Graduate Student, SLU
Ida-Maria Sintorn, Researcher, PhD, 0801–, (part time) UU
Robin Strand, Graduate Student, UU
Lennart Svensson, Graduate Student, 0808–, SLU
Stina Svensson, Docent, PhD, (part time) SLU
Lena Wadelius, Administration
Erik Wernersson, Graduate Student, 0802–, SLU
Lars Winkler Pettersson, Graduate Student, –0805, UU
Carolina Wählby, Researcher, PhD, (part time) UU
Catherine Östlund, Researcher, –0806, (part time) SLU

Master Thesis students:
Martin Ericsson, Qing Gu, Carl Krusell, Johannes Löwén, Marcus Molander, Martin Norling

In addition to the above Graduate Students,
G. Borgefors was supervisor to
Erik Melin, Dept. of Mathematics, UU

and is assistant supervisor to
Anders Larsolle, Dept. of Biometry and Engineering, SLU
Hania Uscka-Wehlou, Dept. of Mathematics, UU

The letters after the name indicate the employer for each person:
UU — Uppsala University
SLU — Swedish University of Agricultural Sciences

The e-mail address of the staff is Firstname.Lastname@cb.uu.se
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3 Undergraduate education

Staff from CBA organizes and participates in many undergraduate courses at UU, even though
we are not officially the unit responsible for them. Of course, we organize and teach the courses
in image analysis and computer graphics, but we also teach other courses, such as programming
(in C++ and Java) and mathematics.

We offer a number of Master thesis projects (examensarbeten) each year. Six were completed
during 2008.

3.1 UU courses
1. Computers and Programming, 10 hp

Bo Nordin
Period: 080120–0531

2. Programming Techniques II MN2, 7.5 hp
Hamid Sarve
Period: 080121–0307

3. Advanced Computer Graphics and Visualization, 7.5 hp
Ingela Nyström, Filip Malmberg, Martin Ericsson
Period: 080122–0331
Comment: Guest lectures by Mats Lind, Stefan Seipel, and Gustav Taxen.

4. Software Architecture with Java, 7.5 hp
Olle Eriksson
Period: 080207–0315

5. OOP with C++, 10 hp
Bo Nordin
Period: 080301–0531

6. Computerized Image Analysis, 7.5 hp
Amin Allalou, Maria Axelsson, Milan Gavrilovic, Hamid Sarve, Carolina Wählby
Period: 080304–0608

7. Script Programming, 7.5 hp
Filip Malmberg
Period: 080609–0827

8. Computers and Programming, 10 hp
Bo Nordin, Kristin Norell
Period: 080823–1231

9. Imperative and Object Oriented Programming, 10 hp
Olle Eriksson
Period: 080901–1215

10. Programming Techniques II, 6 hp
Olle Eriksson
Period: 081025–1210

11. Computerized Image Analysis NV2, 7.5 hp
Anders Brun, Gustaf Kylberg, Joakim Lindblad, Cris Luengo, Patrik Malm, Khalid Niazi, Ingela Nyström,
Robin Strand, Carolina Wählby
Period: 081027–1217

12. Programming Techniques I, 5 hp
Bettina Selig
Period: 081027–1210
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3.2 Master theses
1. Simulering av MR-bildartefakter orsakade av inhomogeniteter i det statiska magnetfältet B0

Student: Carl Krusell
Supervisor: Jan Weis, Per Foyer
Subject supervisor: Joakim Lindblad
Publisher: CBA Master Thesis No. 100 / UPTEC F07 113
Abstract: Magnetic Resonance Tomography (MRT) and spectroscopy are today one of the most important
imaging techniques within the subject of radiology and is used daily in medical services. MRT is based
upon theory of nuclear magnetic resonance and to map an object with good resolution and correct infor-
mation a strong and solid magnetic field is required. Inhomogeneity in the static magnetic field B0 can
cause serious false representations of image intensity and geometric positions of the mapped objects, so
called image artefacts. Modern magnetic cameras are equipped with systems that can deliver a homogenous
static magnetic field but also the object itself can impose image artefacts due to metallic implants, dental
fillings and difference in magnetic susceptibility of different organic tissues. The goal with this thesis has
been to develop user-friendly software that simulates image artefacts caused by inhomogeneity and to pro-
vide a quantitative comparison between simulated images and measured images. This report contains an
introduction to the theory and technique of nuclear magnetic resonance and tomography. Here is a method
presented that allows simulation of image artefacts given prior knowledge of the distribution of the magnetic
field in homogeneity and a reference picture to apply the transformation to. Experimental data consists of
measurements of a cylindrical container filled with water and organic tissue in the form of a human brain.

2. Finding and segmenting human faces
Student: Qing Gu
Supervisor: Bo Nordin
Subject supervisor: Ewert Bengtsson
Publisher: CBA Master Thesis No. 101 / IT 08 006
Abstract: Human face and facial feature detection have attracted a lot of attention because of their wide
applications, such as face recognition, face image database management and human-computer interaction.
So it is of interest to develop a fast and robust algorithm to detect the human face and facial features. This
paper is about a study of finding faces within images and segmenting the face into numbered regions which
are the face-, mouth-, eyes- and hair regions respectively. In the last few years, many face detection methods
have been proposed based on different specific conditions. The detection system in this master thesis project
is implemented using color images with complex backgrounds under various lighting conditions. Each
input image is dominated by the upper half of a single person. The algorithm presented in the paper uses a
combined algorithm to detect the face. First, a skin color detection algorithm is applied to detect the four
possible face regions. Second, the algorithm locates eyes within the candidate regions, and then the region
with eyes becomes the face region. Finally, the algorithm locates the mouth and hair from the eyes and face
regions.

3. Quantitative image analysis of Cherenkov light from nuclear fuel assemblies
Student: Marcus Molander
Supervisor: Ingela Nyström
Subject supervisor: Ewert Bengtsson
Publisher: CBA Master Thesis No. 102 / UPTEC F08 047
Abstract: For the purpose of testing the Digital Cherenkov Viewing Device (DCVD) performance on de-
tecting partial defects in spent nuclear fuel assemblies, digital images have been simulated. These images
have been analysed in this thesis, to determine if and how well they agree with real images recorded by the
DCVD. Methods for comparing the real and simulated images have been implemented in MATLAB. Both
quantitative and qualitative methods for the analysis are tested and evaluated, as well as a method to identify
possible fuel rod partial defects in an image. The agreement between the real and simulated images are over-
all good. However, the comparative methods have identified a number of differences between the images,
which could be improved to make the simulated images appear more similar to the real DCVD images, most
notably, the difference in sharpness. Positive results are also presented for the possibility to detect partial
defects, especially in the real images. Finally, some suggestions of further analysis are presented.
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4. Automatic liquid chromatography rack recognition
Student: Johannes Löwén
Supervisor: Ola Strandberg, Biotage AB, Uppsala
Subject supervisor: Joakim Lindblad
Publisher: CBA Master Thesis No. 103
Abstract: In a liquid flash chromatography system, an instrument is loaded with sample, solvents and vials
to hold the resulting fractions. The system is then programmed to separate the solution into its components.
The result is collected in vials that are placed in racks. Racks and vials come in a multitude of sizes and
dimensions and cannot be controlled by the vendor. Multiple racks may be loaded into the system. The
purpose of the project is to investigate options for automatic recognition of racks and determining presence
of vials within the racks. A prototype has been constructed to demonstrate how an imaging system can be
integrated to the Isolera Flash Purification System. Images are acquired from a web camera. The image
analysis main objective is to identify the elliptical contours of the glass vials. The contours are extracted
by detecting edges and ridges. The ellipse radius and position determines the rack type. A method of
modifying the Hough transform is suggested that takes into account the local image orientation to find the
ellipse centres. Certain design constraints such as size and cost are discussed to sketch how the solution
could be industrialized. The work has been carried out at Biotage AB and CBA in Uppsala.

5. Improving face recognition using textual annotation
Student: Martin Norling
Supervisor: Pablo Belin, PicSearch AB
Subject supervisor: Ewert Bengtsson
Publisher: CBA Master Thesis No. 104 / UPTEC X 08 035
Abstract: In this Master thesis project, I have designed an application combining a traditional search engine
and one of the most well known face recognition algorithms to date. The purpose of this design is to attempt
to improve search relevancy for queries related to celebrities and other well known persons. The application
includes both face detection and face recognition. The classical eigenfaces algorithm is used in the face
recognition. This algorithm turns out to perform quite badly as the algorithm requires faces to be aligned to
its references which is often not the case with arbitrary images of the internet. The face detection performs
decently and can be used to separate face images from non-face images in simple cases.

6. 3DIS4U:
Design and implementation of a distributed visualization system with a stereographic display
Student: Martin Eriksson
Supervisor: Anders Hast, Ingela Nystrom
Subject supervisor: Ewert Bengtsson
Publisher: CBA Master Thesis No. 105 / IT 08 041
Abstract: Stereoscopic displays are used in research as an aid for visualizations, but often in a special room
only to be used by a small selected audience. How should such a system be setup to make it available to a
larger group of users? We solve this by setting up the system in a regular lecture room, a familiar environ-
ment, and by modifying software to make the transition from monoscopic to stereoscopic displays as smooth
as possible. To improve the usability further, we connect the stereoscopic installation to a high-performance
computing (HPC) cluster. As a result, we offer our users to distribute their visualizations and by that the
ability to use larger datasets. There are two goals for this project: (1) to setup a stereoscopic display in
a class room environment; (2) to enable distributed visualization at our graphics lab and evaluate further
development in this field. The first goal is accomplished by setting up the hardware and thereafter focus on
making the system more usable. Three different ways are presented, one by using the Visualization Toolkit
(VTK), another by developing a small C++ library for converting existing visualizations to the stereoscopic
display. The final option is non-invasive stereoscopic visualization with the Chromium library. The second
goal is realized by installing and configuring ParaView, a visualization application for distributed visual-
izations on a cluster connected to the stereoscopic display. Exploration of alternative ways of performing
visualization on the Graphics Processing Unit (GPU) is also concluded. The result of this master thesis
is primarily a lecture room that in a matter of a few minutes is turned into a visualization studio with a
stereoscopic display for up to 30 simultaneous viewers. The result is also an extended version of VTK for
our stereoscopic display, a C++ library to help users to port their program for stereoscopic visualization
and examples on how to use Chromium for non-invasive stereoscopic rendering. Furthermore, we make
ParaView available to HPC users by installing and configuring it on one of UPPMAX clusters.
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4 Graduate education

We received two Docents in Image Analysis in 2008. Our docents (Associate Professors) are
listed at the end of this chapter. We had as many as five PhD exams in 2008, where the supervi-
sion came from CBA staff. Three of them were by PhD students belonging to CBA, while one
was from the Dept. of Mathematics and one from Dept. of Information Technology at UU.

We gave two PhD courses of interest to our own students that also enticed external students.
CBA staff was also involved in an object-oriented programming course for PhD students.

At the end of 2008, we were main supervisors for 15 PhD students, ten at UU and five at
SLU. Borgefors is also assistant supervisor for a PhD student at the Dept. of Mathematics, UU,
and one PhD student at the Dept. of Biometry and Engineering, SLU.

4.1 Graduate courses
1. Programming in Science and Technology, 5 hp

Olle Eriksson
Period: 080319–31
Comment: Organized by the National Graduate School in Scientific Computing (NGSSC).

2. Spectral Image Analysis, 5 hp
Ewert Bengtsson, Gunilla Borgefors
Period: 080411–0603
Comment: Bengtsson organized this course for CBA and external students. External lecturers were invited.

3. Digital Imaging Systems, 8 hp
Ewert Bengtsson, Gunilla Borgefors, Cris Luengo
Period: 081118–1231
Comment: Bengtsson organized this course. Several external lecturers were invited.

4.2 Licentiate degree
1. Date: 080305

Segmentation and analysis of volume images, with applications
Student: Filip Malmberg
Supervisor: Gunilla Borgefors
Assistant Supervisor: Joakim Lindblad, Catherine Östlund
Opponent: Magnus Borga, Dept. of Biomedical Engineering, Linköping University
Publisher: CBA Licentiate Thesis No. 8
Abstract: Digital image analysis is the field of extracting relevant information from digital images. Recent
developments in imaging techniques have made 3-dimensional volume images more common. This has
created a need to extend existing 2D image analysis tools to handle images of higher dimensions. Such
extensions are usually not straightforward. In many cases, the theoretical and computational complexity of
a problem increases dramatically when an extra dimension is added.
A fundamental problem in image analysis is image segmentation, i.e., identifying and separating relevant
objects and structures in an image. Accurate segmentation is often required for further processing and
analysis of the image can be applied. Despite years of active research, general image segmentation is still
seen as an unsolved problem. This mainly due to the fact that it is hard to identify objects from image
data only. Often, some high-level knowledge about the objects in the image is needed. This high-level
knowledge may be provided in different ways. For fully automatic segmentation, the high-level knowledge
must be incorporated in the segmentation algorithm itself. In interactive applications, a human user may
provide high-level knowledge by guiding the segmentation process in various ways.
The aim of the work presented here is to develop segmentation and analysis tools for volume images. To
limit the scope, the focus has been on two specific applications of volume image analysis: analysis of
volume images of fibrous materials and interactive segmentation of medical images. The respective image
analysis challenges of these two applications will be discussed. While the work has been focused on these
two applications, many of the results presented here are applicable to other image analysis problems.
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4.3 Dissertations
1. Date: 080201

Collaborative visualization: Designing and evaluating systems for co-located work
Student: Lars Winkler Pettersson
Affiliation: Dept. of Information Technology, UU
Supervisor: Stefan Seipel
Assistant supervisor: Anders Jansson, Dept. of Information Technology, UU
Opponent: Olive Bimber, Bauhaus-University Weimar, Tyskland
Committee: Gunilla Borgefors, CBA; Mårten Fjeld, Dept. of Computer Science and Engineering, Chalmers
University of Technology; Lars Kjelldahl, Dept. of Human-Computer Interaction, Computer Science and
Communication, KTH
Publisher: Acta Universitatis Upsaliensis, ISBN: 978-91-554-7066-1
Abstract: This thesis investigates new ways of using information visualization to support collaboration in
co-located work. To study this phenomenon, Multiple Viewer Display Environments (MVDEs) with inde-
pendent views have been applied to present information such that all viewers at the same time and in the
same display can see correct views of 3D models, see correctly oriented text and see different parts and
aspects of information in each view. Several prototypes have been developed either as proof of new con-
ceptual designs or to evaluate particular research questions. These prototypes have been used to investigate
general properties that apply to co-located collaborative visualizations.

A prototype system to keep track of the viewpoints and information in the independent views was imple-
mented on MVDE hardware to support discussions on future command and control environments and to
provide the necessary framework for conducting empirical studies (Paper II). Another prototype, the in
situ tomographic display, was developed to support presentation of spatial 3D data (e.g., temperature or
airflow) in 2D views in situ with working environments (Paper III). In addition to the visualization sys-
tems, a technique for high precision pen-based interaction in rear-projection display environments — the
PixelActiveSurface — was developed (Papers IV and V).

The empirical studies evaluate how new forms of visualization in MVDEs with independent views affect
the way information is perceived and can be shared in collaboration. The conclusion is that multiple inde-
pendent views can provide more effective and efficient visualization when the following conditions are met:
text is oriented towards the viewer (Paper VI), different aspects of information are coordinated between
different views of the same display (Paper VIII) and correct views of 3D models are used to compare ordi-
nal information and relations in spatial data (Paper VII). However, for the techniques to support co-located
work efficiently, it is necessary that the type of work and the task to be solved are first properly analyzed
and understood (Papers VII and IX).

2. Date: 080208
Visualization and haptics for interactive medical image analysis
Student: Erik Vidholm
Supervisor: Ingela Nyström
Assistant Supervisor: Ewert Bengtsson
Opponent: Gábor Székely, Computer Vision Laboratory, Dept. of Information Technology and Electrical
Engineering, Swiss Federal Institute of Technology, Zürich, Switzerland
Committee: Håkan Ahlström, Dept. of Oncology, Radiology and Clinical Immunology, UU Hospital;
Fredrik Georgsson, Dept. of Computing Science, Umeå University; Anders Heyden, Dept. of Mathematics,
Lund University; Stina Svensson, Dept. of Cell and Molecular Biology, Karolinska Institute; Lennart Thur-
fjell, GE Healthcare
Publisher: Acta Universitatis Upsaliensis, ISBN: 978-91-554-7067-8
Abstract: Modern medical imaging techniques provide an increasing amount of high-dimensional and high-
resolution image data that need to be visualized, analyzed, and interpreted for diagnostic and treatment
planning purposes. As a consequence, efficient ways of exploring these images are needed. In order to
work with specific patient cases, it is necessary to be able to work directly with the medical image volumes
and to generate the relevant 3D structures directly as they are needed for visualization and analysis. This re-
quires efficient tools for segmentation, i.e., separation of objects from each other and from the background.
Segmentation is hard to automate due to, e.g., high shape variability of organs and limited contrast between
tissues. Manual segmentation, on the other hand, is tedious and error-prone. An approach combining the
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merits from automatic and manual methods is semi-automatic segmentation, where the user interactively
provides input to the methods. For complex medical image volumes, the interactive part can be highly 3D
oriented and is therefore dependent on the user interface.
This thesis presents methods for interactive segmentation and visualization where true 3D interaction with
haptic feedback and stereo graphics is used. Well-known segmentation methods such as fast marching, fuzzy
connectedness, live-wire, and deformable models, have been tailored and extended for implementation in
a 3D environment where volume visualization and haptics are used to guide the user. The visualization is
accelerated with graphics hardware and therefore allows for volume rendering in stereo at interactive rates.
The haptic feedback is rendered with constraint-based direct volume haptics in order to convey information
about the data that is hard to visualize and thereby facilitate the interaction. The methods have been applied
to real medical images, e.g., 3D liver CT data and 4D breast MR data with good results. To provide a tool
for future work in this area, a software toolkit containing the implementations of the developed methods has
been made publicly available.

3. Date: 080229
Digital geometry and Khalimsky spaces
Student: Erik Melin
Affiliation: Dept. of Mathematics, UU
Supervisors: Gunilla Borgefors, Christer Kiselman, Dept. of Mathematics, UU
Assistant Supervisor: Mikael Passare, Dept. of Mathematics, Stockholm University
Opponent: Jean Serra, Centre of Mathematical Morphology, Paris, France
Committee: Rikard Bøgvad, Dept. of Mathematics, Stockholm University; Gunnar Sparr, Dept. of Mathe-
matics, Lund University; Stina Svensson, Dept. of Cell and Molecular Biology, Karolinska Institute
Publisher: Dept. of Mathematics, UU, ISBN: 978-91-506-1983-6
Abstract: Digital geometry is the geometry of digital images. Compared to Euclid’s geometry, which has
been studied for more than two thousand years, this field is very young.
Efim Khalimsky’s topology on the integers, invented in the 1970s, is a digital counterpart of the Euclidean
topology on the real line. The Khalimsky topology became widely known to researchers in digital geometry
and computer imagery during the early 1990s.
Suppose that a continuous function is defined on a subspace of an n-dimensional Khalimsky space. One
question to ask is whether this function can be extended to a continuous function defined on the whole
space. We solve this problem. A related problem is to characterize the subspaces on which every continuous
function can be extended. Also this problem is solved.
We generalize and solve the extension problem for integer-valued, Khalimsky-continuous functions defined
on arbitrary smallest-neighborhood spaces, also called Alexandrov spaces.
The notion of a digital straight line was clarified in 1974 by Azriel Rosenfeld. We introduce another type
of digital straight line, a line that respects the Khalimsky topology in the sense that a line is a topological
embedding of the Khalimsky line into the Khalimsky plane.
In higher dimensions, we generalize this construction to digital Khalimsky hyperplanes, surfaces and curves
by digitization of real objects. In particular we study approximation properties and topological separation
properties.
The last paper is about Khalimsky manifolds, spaces that are locally homeomorphic to n-dimensional Khal-
imsky space. We study different definitions and address basic questions such as uniqueness of dimension
and existence of certain manifolds.

4. Date: 080919
Methods and models for 2D and 3D image analysis in microscopy, for the study of muscle cells
Student: Patrick Karlsson Edlund
Supervisor: Ewert Bengtsson
Assistant Supervisors: Joakim Lindblad, Carolina Wählby
Opponent: Fritz Albregtsen, Dept. of Informatics, Oslo University, Norway
Committee: Helene Andersson, Nano Biotechnology, School of Biotechnology, KHT; Jo C. Bruusgaard,
Dept. of Molecular Biosciences, University of Oslo; Hans Frimmel, Dept. of Information technology, UU;
Cris Luengo, CBA; Stina Svensson, Dept. of Cell and Molecular Biology, Karolinska Institute
Publisher: Acta Universitatis Upsaliensis, ISBN:978-91-554-7255-9
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Abstract: Many research questions in biological research lead to numerous microscope images that need
to be evaluated. Here digital image cytometry, i.e., quantitative, automated or semi-automated analysis of
the images is an important rapidly growing discipline. This thesis presents contributions to that field. The
work has been carried out in close cooperation with biomedical research partners, successfully solving real
world problems.
The world is 3D and modern imaging methods such as confocal microscopy provide 3D images. Hence, a
large part of the work has dealt with the development of new and improved methods for quantitative analysis
of 3D images, in particular fluorescently labeled skeletal muscle cells.
A geometrical model for robust segmentation of skeletal muscle fibers was developed. Images of the mult-
inucleated muscle cells were pre-processed using a novel spatially modulated transform, producing images
with reduced complexity and facilitating easy nuclei segmentation. Fibers from several mammalian species
were modeled and features were computed based on cell nuclei positions. Features such as myonuclear
domain size and nearest neighbor distance, were shown to correlate with body mass, and femur length. Hu-
man muscle fibers from young and old males, and females, were related to fiber type and extracted features,
where myonuclear domain size variations were shown to increase with age irrespectively of fiber type and
gender.
A segmentation method for severely clustered point-like signals was developed and applied to images of
fluorescent probes, quantifying the amount and location of mitochondrial DNA within cells. A synthetic
cell model was developed, to provide a controllable golden standard for performance evaluation of both
expert manual and fully automated segmentations. The proposed method matches the correctness achieved
by manual quantification.
An interactive segmentation procedure was successfully applied to treated testicle sections of boar, showing
how a common industrial plastic softener significantly affects testosterone concentrations.

5. Date: 081107
Distance functions and image processing on point-lattices: With focus on the 3D face- and body-
centered cubic grids
Student: Robin Strand
Supervisor: Gunilla Borgefors
Assistant Supervisors: Stina Svensson, Christer Kiselman, Dept. of Mathematics, UU
Opponent: David Coeurjolly, Université Claude Bernard Lyon 1, France
Committee: Josef Bigun, School of Information Science, Computer and Electrical Engineering (IDE),
Halmstad University; Ingela Nyström, CBA, UU; Mikael Passare, Dept. of Mathematics, Stockholm Uni-
versity; Dr. hon. causa Gabriella Sanniti di Baja, Istituto di Cibernetica, CNR, Pozzuoli, Italy
Yngve Sundblad, Dept. for Numerical Analysis and Computer Science (NADA), KTH, Stockholm
Publisher: Acta Universitatis Upsaliensis, ISBN: 978-91-554-7303-7
Abstract: There are many imaging techniques that generate three-dimensional volume images today. With
higher precision in the image acquisition equipment, storing and processing these images require increasing
amount of data processing capacity. Traditionally, three-dimensional images are represented by cubic (or
cuboid) picture elements on a cubic grid.
The two-dimensional hexagonal grid has some advantages over the traditionally used square grid. For
example, less samples are needed to get the same reconstruction quality, it is less rotational dependent, and
each picture element has only one type of neighbor which simplifies many algorithms. The corresponding
three-dimensional grids are the face-centered cubic (fcc) grid and the body-centered cubic (bcc) grids.
In this thesis, image representations using non-standard grids is examined. The focus is on the fcc and bcc
grids and tools for processing images on these grids, but distance functions and related algorithms (distance
transforms and various representations of objects) are defined in a general framework allowing any point-
lattice in any dimension. Formulas for point-to-point distance and conditions for metricity are given in the
general case and parameter optimization is presented for the fcc and bcc grids. Some image acquisition and
visualization techniques for the fcc and bcc grids are also presented. More theoretical results define distance
functions for grids of arbitrary dimensions.
Less samples are needed to represent images on non-standard grids. Thus, the huge amount of data gener-
ated by for example computerized tomography can be reduced by representating the images on non-standard
grids such as the fcc or bcc grids. The thesis gives a tool-box that can be used to acquire, process, and visu-
alize images on high-dimensional, non-standard grids.
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4.4 Docent degrees
1. Title: Detektering av skogliga strukturer i högupplösta digitala fjärranalysdata

(Detecting forestry-related image structures in high spatial resolution remotely sensed data)
Tomas Brandtberg
Date: 080219
Abstract: Modern datorteknik har gjort det möjligt att utveckla nya tillämpningar av Datoriserad bildbehan-
dling. Ett sådant exempel är användningen av högupplöst (pixelstorlek < 1 m) fjärranalysdata i samband
med skogskartering. Fjärranalys syftar på de metoder som på avstånd samlar in olika typer av geografisk
data och som sedan, manuellt eller (semi-) automatiskt, analyserar dem för att uppskatta det studerade
objektets egenskaper. Inom ämnet Skoglig fjärranalys studeras således skogens/trädens egenskaper, t.ex.
trädstorlek, stamantal per ytenhet och trädslagsblandning. Bildmaterialet kan vara digitala flygbilder, data
från flygburen lidar, eller i vissa fall högupplöst satellitdata.
Tillgången på högupplöst bilddata har lett till en utveckling av mer avancerade och därmed datorkrävande
bildanalysmetoder. Nya intressanta skogliga strukturer kan identifieras i bilderna. De detekterbara skogliga
strukturerna härstammar från trädgrenar, enskilda träd samt skogsbestånd. Vissa av de för ögat uppenbara
strukturerna i bilderna beror dock av frånvaron av träd/skog samt bakgrunden (skogsmarken). Strukturer av
olika typ kräver att rätt bildanalytiskt angreppssätt används. De mest relevanta skogliga strukturerna kan
grovt delas in i kanter (grå-nivå eller färg), extrempunkter (främst lokala maxima) och åsar (både konvexa
och konkava). Ur ett differentialgeometriskt perspektiv är dock dessa grupper nära relaterade till varandra.
Strukturernas innbördes storleksrelation är en annan informativ egenskap för att kunna få datorsystemet att
förstå, helt på egen hand, vad som har detekterats. För detta ändamål används s.k. skalrumsteori, en teori
som är relaterad till den klassiska värmeledningsekvationen i en eller flera dimensioner. Angreppssättet i
detta specifika fall leder till en serie av två-dimensionella bilder med ökande grad av grånivå-utjämning.
Operationen kan med fördel understödjas av a priori information om de studerade objektens storleksklasser,
men det går även att enbart utnyttja responsen från differentialgeometriska bildoperatorer i det tredimen-
sionella skalrummet.
Denna föreläsning kommer att demonstrera grunderna i hur modern bildbehandlingsteknik kan användas för
att bygga ett autonomt (självstyrande) bildbehandlingssystem avsett för denna typ av högupplöst skogligt
fjärranalysdata. Enkla och mer komplexa bildexempel kommer att visas som torde ha paralleller inom andra
bildbehandlingsområden.
Comment: The docent lecture was held in Swedish.

2. Title: Förbättrad positionsuppfattning i medicinska bilder som bieffekt av bildanalytiskt forskningsarbete
(Improved notion of position in medical images as a side-effect of image analysis research)
Hans Frimmel
Date: 080407
Abstract: Moderna tekniker för att inhämta bildinformation av människokroppens inre ger nya möjlighet
att diagnostisera tillstånd. Läkare har dock svårt att ta till sig den allt större, tredimensionella, infor-
mationsmängden, men hanteringen kan underlättas med hjälp av både bildanalytiska analysmetoder och
förbättrad förevisning — visualisering — av bildinformationen.
En summarisk genomgång över ett par bildtagningstekniker följs upp av exempel på hur bilder behandlas
för att visualiseras, samt på hur bildanalysmetoder kan underlätta för läkaren genom att hitta den väsentliga
informationen i en bild.
Under ett forskningsprojekt om automatisk analys av angiografiska bilder på människokroppen, upptäcktes
att en metod för visualisering inom forskningen även kan användas direkt av läkaren för att få bättre upp-
fattning om hur objekt hänger samman i tre dimensioner. Detta utan att ge större avkall på exaktheten i en
tvådimensionell snittbildsrepresentation. En utvärdering av två läkares prestation visar att metoden fungerar
över förväntan.
Comment: The docent lecture was held in Swedish.
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Docent degrees from CBA

1. Lennart Thurfjell, 1999

2. Ingela Nyström, 2002

3. Lucia Ballerini, 2006

4. Stina Svensson, 2007

5. Tomas Brandtberg, 2008

6. Hans Frimmel, 2008
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5 Research

CBA is conducting a whole range of projects ranging from basic image analysis research to
direct application work, and increasingly in scientific visualization. By keeping close touch
both with theoretical front line research and with real life application projects, we believe that
we make the best contribution to our field. On the theoretical side, we are especially strong in
volume and multispectral image analysis. In line with the stated goal for CBA, we give priority
to applications in the fields of biomedicine and the environmental sciences, including the forest
industry; we are part of the Faculty of Forest Sciences at SLU.

In this section, we list the 36 research projects that were active during 2008. Some are large
projects that have been active for a long time, while others are smaller and short-lived. We
started eleven new projects this year, while eight were completed since last year.

The list of projects is roughly grouped into image analysis theory; medical image applications
(from proteins to organs); computer graphics and visualization; forest and agricultural projects;
and finish with aquatic remote sensing and some miscellaneous projects. For each project, we
list who at CBA is involved, where the funding comes from, when the project started (and
finished), and who our cooperation partners outside CBA are.

As is obvious from the descriptions, most of the projects are carried out in close cooperation
with researchers from other universities and from other research areas. In Section 5.7, we list
the 20 international groups in 12 countries and 35 national groups with which we have had
active cooperation in 2008.

5.1 Theory: discrete geometry, volumes and fuzzy methods

1. Skeletonization in 3D discrete binary images
Robin Strand, Ingela Nyström, Gunilla Borgefors
Partner: Gabriella Sanniti di Baja, Istituto di Cibernetica, CNR, Pozzuoli, Italy
Funding: Graduate School in Mathematics and Computing (FMB); TN-faculty, UU; S-faculty, SLU
Period: 9501–
Abstract: Skeletonization is a way to reduce dimensionality of digital objects. A skeleton should have the
following properties: topologically correct, centred within the object, thin, and fully reversible. In general,
the skeleton cannot be both thin and fully reversible. We have been working on 3D skeletonization based
on distance transforms for the last decade.
By finding the set of centers of maximal balls (CMBs) and keeping these as anchor-points in the skele-
tonization, the reversibility is guaranteed. In 2008, one of the chapters in Strand’s PhD thesis (see page 18)
covers CMBs and other related representations.
Also this year, a book chapter (see pp. 44) by Borgefors, Nyström and Sanniti di Baja on distance-based
skeletonization in 2D and 3D was published in a book on medial representations in general.

2. Distance functions and distance transforms in discrete images
Robin Strand, Gunilla Borgefors, Stina Svensson, Filip Malmberg
Partners: Benedek Nagy, Dept. of Computer Science, Faculty of Informatics, University of Debrecen, Hun-
gary; Nicolas Normand, IRCCyN, École Polytechnique de l´Université de Nantes, France
Funding: S-faculty, SLU; Graduate School in Mathematics and Computing (FMB)
Period: 9309–
Abstract: The distance between any two grid points in a grid is defined by a distance function. In this
project, weighted distances have been considered for many years. A generalization of the weighted dis-
tances is obtained by using both weights and a neighborhood sequence to define the distance function.
The neighborhood sequence (ns) allows the size of the neighborhood to vary along the paths. In Thesis 5
(pp. 18), weighted ns-distances are defined in a general framework including, e.g., the standard square
grid, the face-centered cubic grid, and the body-centered cubic grid. Optimal weights and neighborhood
sequences, condition for metricity, and algorithms are presented.
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(a) (b) (c)

Figure 2: Grey-weighted distance transform. (a) Input image with seed point (green cross) and con-
straints (red). (b) Weighted distance transform on curved space of input image (a). (c) Iso-distance
surface in grey-weighted distance transform of abdominal contrast-enhanced MR angiography image.

The weighted ns-distance has been evaluated by comparing it to the traditional weighted distance and dis-
tances based on neighborhood sequences. In a distance transform (DT), each picture element in an object
is labeled with the distance to the closest element in the background. Thus the shape of the object is “struc-
tured” in a useful way. Only local operations are used, even if the results are global distances. DTs are
very useful tools in many types of image analysis, from simple noise removal to advanced shape recog-
nition. Since the distance defined by using both weights and a neighborhood sequence is defined by a
minimal cost-path using only a 3 × 3 neighborhood, it is computationally efficient — also for the case
with constrained distance. Moreover, since it uses both weights and neighborhood sequences, the rotational
dependency is low.

3. Comparison of gray weighted distance measures
Magnus Gedda
Funding: TN-faculty, UU
Period: 0601–
Abstract: In several application projects we have discovered the benefit of computing distances weighted
by the gray levels traversed, e.g., project 11. There are many ways of doing this, and in this project we have
made a thorough comparison of the distances calculated with Gray Weighted Distance Transforms (GWDT)
and the Weighted Distance Transforms On Curved Spaces (WDTOCS). In 2006, the work was presented at
Discrete Geometry for Computer Imagery (DGCI2006) and published in the conference proceedings. We
are currently doing a thorough examination of the performance of the underlying algorithms. See Fig. 2.

4. Polar distance transform
Kristin Norell, Robin Strand, Joakim Lindblad, Stina Svensson
Partners: The Swedish Timber Measurement Council (VMR), Dept. of Forest Products and Markets, SLU
Funding: The Swedish Timber Measurement Council (VMR); S-faculty, SLU; Graduate School in Mathe-
matics and Computing (FMB)
Period: 200702–
Abstract: Distances and minumum cost paths between pixels can be measured using distance transforms.
In this project we focus on images, where circular paths are preferred over straight lines. By introducing
the polar distance transform (PDT) we avoid conversion of the image to polar coordinates and associated
resampling problems.
In the PDT each pixel is related to an origin in the image, which is an (approximate) centre of a circular
pattern or shape. A path is made up from a sum of local steps, taken in a neighbourhood around each pixel.
Different weights are used for steps in the radial and angular direction, respectively. By giving a high cost
in the radial direction compared to the angular, the shortest path between two points on the same radius is a
segment of a circle.
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(a) Original set (b) Eroded set (c) Opened set.

Figure 3: Opening. The origin is in the centre of the image. 301× 301 pixels.

A 5 × 5 neighbourhood is used in the computation of a local step, both in the PDT and the GWPDT. This
gives a hexadeconal (16-sided) pattern instead of the octogonal pattern that would be the case with the 3×3
neighbourhood. To use the 5× 5 neighbourhood is new to the application of grey weighted distance trans-
forms. Our method can be used also in other grey weighted distance transforms, not only the GWPDT.
An article on the polar distance transform was published at the Swedish Society for Automated Image
Analysis Symposium 2008, and a paper was published at the 19th International Conference on Pattern
Recognition 2008 on computations of the PDT by the fast-marching method.
Distance transforms can be used when computating mathematical morphology. Erosions and dilations are
performed by thresholding the distance transform, provided that the distance transform is a metric. In an
article published at the 19th International Conference on Pattern Recognition 2008 we showed that the PDT
is a metric and used it for morphological operations. In Fig. 3, opening using the PDT is performed to sep-
arate circular segments on different radii. The opening removes disturbances between the circular segments
(upper part of the image) and separates segments on different radii that are connected (lower part).

5. Image processing and analysis of 3D images in the bcc and fcc grids
Robin Strand, Gunilla Borgefors
Partners: Christer Kiselman, Dept. of Mathematics, UU; Benedek Nagy, Dept. of Computer Science, Fac-
ulty of Informatics, University of Debrecen, Debrecen, Hungary
Funding: Graduate School in Mathematics and Computing (FMB)
Period: 0308–
Abstract: The main goal of the project is to develop image analysis and processing methods for volume
images digitized in non-standard 3D grids. Volume images are usually captured in one of two ways: either
the object is sliced (mechanically or optically) and the slices put together into a volume or the image is
computed from raw data, e.g., X-ray or magnetic tomography. In both cases, voxels are usually box-shaped,
as the within slice resolution is higher than the between slice distance.
Before applying image analysis algorithms, the images are usually interpolated into the cubic grid. How-
ever, the cubic grid might not be the best choice. In two dimensions, it has been demonstrated in many ways
that the hexagonal grid is theoretically better than the square grid. The body-centered cubic (bcc) grid and
the face-centered cubic (fcc) grid are the generalizations to 3D of the hexagonal grid. In the bcc grid, the
voxels consist of truncated octahedra, and in the fcc grid, the voxels consist of rhombic dodecahedra. The
fcc grid is a densest packing, meaning that the grid points are positioned in an optimally dense arrangement.
The fcc and bcc grids are reciprocal, so the Fourier transform on an fcc grid results in a bcc grid. In some
situations, the densest packing (fcc grid) is prefered in the frequency domain, resulting in a bcc grid in
spatial domain. In some cases, the densest packing is prefered in the spatial domain.
In the thesis 5, results about acquiring, processing, representing, and visualizing images on point-lattices
such as the fcc and bcc grids are presented. The main focus of the thesis is on distance functions and
distance transforms defined on point-lattices.

6. Defuzzification of fuzzy segmented objects by feature invariance
Joakim Lindblad
Partners: Nataša Sladoje, Tibor Lukić, Faculty of Engineering, University of Novi Sad, Serbia
Funding: S-faculty, SLU; TN-faculty, UU
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Period: 0301–
Abstract: This project concerns the development of a method for feature based defuzzification of spatial
fuzzy sets. The developed method Defuzzification by Feature Distance Minimization generates crisp shapes
from fuzzy shapes by finding a crisp shape at a minimal distance to the fuzzy shape. We define the distance
between two fuzzy sets as a distance between their feature-based representations in a chosen feature space.
We have found it appropriate for defuzzification to incorporate both local and global features of the two
sets. We have studied the use of membership values, gradient, area, perimeter, and centre of gravity in the
distance measure. Several existing distance measures can be used to define the distance measure in the
feature space. We have so far focused the research on Minkowski type distances measure.
The optimization part of the defuzzification method was further developed during 2008. A method based on
the Spectral Projected Gradient method in combination with concave regularization to solve the minimiza-
tion problem imposed by defuzzification by feature distance minimization, was developed and evaluated.
This work was presented at the DAGM conference in June 2008.

7. Spel coverage representations
Joakim Lindblad
Partners: Nataša Sladoje, Vladimir Ćurić, Faculty of Engineering, University of Novi Sad, Serbia
Funding: S-faculty, SLU
Period: 0801–
Abstract: This project concerns exploration of partial pixel/voxel coverage models for image object repre-
sentation, where spatial image elements (spels) are allowed fractional coverage by the object. The project
involves both development of methods for estimation of partial spel coverage (coverage segmentation) as
well as development of methods for properly utilizing the information contained in such segmented images
(feature extraction). The project builds on previous experience and knowledge from more general fuzzy
representations, where the restriction to coverage representations enables derivation of strong theoretical
results.
During 2008, a method for precise boundary length estimation from a pixel coverage representation was
developed. We have shown that the method provides error-free measurements of the length of straight
boundary segments in the case of non-quantized pixel values. For quantized pixel values, optimal estimates
are derived and we have proven that the estimate converges toward a correct value as the number of gray
levels tends toward infinity. A description and evaluation of the method, together with a suggested approach
for pixel coverage segmentation, is published in IEEE Transactions on Pattern Analysis and Machine Intel-
ligence in February 2009.

5.2 Analysis of microscopic biomedical images

8. New objective quantitative analysis techniques for quantification of tissue regeneration around med-
ical devices
Hamid Sarve, Joakim Lindblad, Gunilla Borgefors
Partners: Carina Johansson, Dept. of Clinical Medicine, Örebro University Vladimir Ćurić, Nataša Sladoje,
Faculty of Engineering, University of Novi Sad, Serbia
Funding: Swedish Research Council; S-faculty, SLU
Period: 0503–
Abstract: With an aging and increasingly osteoporotic population, bone implants are becoming more im-
portant to ensure the quality of life. In order to evaluate how tissue reacts on implants, the interface at the
implant and tissue must be studied. Today, this procedure is done manually in a microscope.
The aim of this project is to develop automatic image analysis methods for evaluating images of the junction
of tissue and implant. These methods would make the measurements on how well the implant is integrated
in the bone much faster than today’s manual methods, as well as giving an objective estimation. The analy-
sis involves segmentation of the images in different tissue-types and measures such as bone contact length,
area and volume.
The project encompasses parallel development and comparison of methods for 2D analysis of histologi-
cal sections as well as 3D analysis of SRµCT volumes. To facilitate comparison of results from the two
imaging modalities, a 2D-3D registration method was developed during 2008 and was presented at the 5th
International Symposium on Visual Computing (ISVC’08). See Fig. 4.
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Figure 4: A 3D-rendering of a preliminary segmentation of the commercially pure titanium implant
inserted in rabbit-tibia bone into implant (dark blue) and surrounding bone material (light yellow). The
implant was imaged using SRµCT imaging technique.

9. Analysis of skeletal muscle fibers in three dimensional images
Patrick Karlsson, Ewert Bengtsson, Joakim Lindblad
Partners: Anna-Stina Höglund, Alexander Cristea, Jingxia Liu, Lars Larsson, Dept. of Neuroscience, UU
Hospital
Funding: VR, The Swedish Research Council
Period: 0603–080930
Abstract: A highly detailed 3D spatial description of the organization of myonuclei in healthy and dis-
eased human skeletal muscle cells enables detailed understanding of the underlying mechanisms of muscle
wasting associated with, e.g., neuromuscular disorders, and aging. In this interdisciplinary collaboration
between the Center for Image Analysis (CBA) and the Muscle Research Group (MRG), both at Uppsala
University, we have developed and evaluated new methods for modeling and quantitative analysis of the 3D
distributions of myonuclei. The project has been based on the proficiency of modern confocal microscopic
techniques to create true 3D volume images. Advanced computerized modeling of the elongated general-
ized cylinder structure of the imaged muscle cells has been developed and used for the investigation of the
myonuclear domains, i.e., each finite volume in which a myonucleus control the gene products. The com-
plex topological conditions put on 3D models and measurement methods, compared to 2D equivalents, has
been a challenge in developing appropriate image analysis tools and algorithms. The project involved com-
parison of muscle fibers between different species, and comparison of human muscle fibers with relation
to a patient’s age, and the muscle genotype. The project was presented orally in 2008 at the International
Symposium on Biomedical Imaging, Paris, France, and thoroughly presented in two Ph.D. theses at Up-
psala University on the same day, September 19, by Alexander Cristea and Patrick Karlsson respectively.
Also a journal article was accepted for publication in 2009. There is a substantial potential of using and
further developing the methods created within the project and we are currently seeking ways of funding
such continued collaborative work between the two groups. See Fig. 5.

10. Analysis of rat embryo heart activity
Khalid Niazi, Ewert Bengtsson
Partners: Mats Nilsson, Bengt Danielsson, Div. of Toxicology, Dept. of Pharmaceutical Biosciences, UU
Funding: COMSATS IIT, Islamabad, Pakistan
Period: 0702–
Abstract: Empirical mode decomposition (EMD) is a powerful data analysis technique which decomposes
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Figure 5: (A) A 2D-slice of a skeletal muscle fiber from rat. The red signal represents the fiber sarcom-
ere, and the blue represents the nuclei. (B) A maximum intensity projection of the nuclei perpendicular
to the imaging plane. (C) Iso-surface of the fiber signal. (D) 3D-view of the nuclei signals with estimated
centroid position based on local intensity maximums. (E) Retrieved nuclei centroids, based on (D).

any complicated signal into intrinsic mode functions (IMF). EMD is usually combined with Hilbert trans-
form to analyze the instantaneous frequency in non-stationary signals. This combination is commonly
referred as Hilbert-Huang Transform (HHT). In this project, we have used EMD with slight modification
to detect periodic activity in rat embryo’s heart. The normal embryo’s heart activity can easily be detected
by local maxima detection but it becomes a challenging task once the heart activity becomes abnormal. For
instance, Fig. 6 shows a rat embryo on the left while an abnormal heart activity is shown on the right as a
function of time.
EMD decomposes the signal into different IMF functions; where each IMF function is believe to capture
different frequency range. It is different from Fourier transform and Wavelet transform in the sense that
it has got adaptive basis. Fourier transform relies on Cosine basis and requires a number of cutoffs if one
needs to decompose a signal using a Fourier transform. Wavelet transform requires the selection of mother
wavelet, and also the level of decompositions which is one of the most difficult tasks if one wants to auto-
mate a process. On the other hand, EMD generates the IMF functions from the underlying signal making it
adaptive in nature. We have exploited this property to denoise the complicated signal which has resulted in
easy detection of maxima during abnormal heart activity.

11. Automated localisation of macromolecules in cryo electron tomographic data
Stina Svensson, Magnus Gedda
Partners: Dept. of Cell and Molecular Biology (CMB), Karolinska Institute, Stockholm
Funding: The Swedish Research Council; S-faculty, SLU; TN-faculty, UU
Period: 0401–
Abstract: State of the art imaging techniques make it possible to study individual proteins and other macro-
molecules from a structural point of view. Descriptions with respect to geometry and shape facilitates
studying protein dynamics. This type of study is essential to increase the understanding of their biological
role. CMB has developed methods, using cryo electron tomography (Cryo-ET), for 3D imaging of indi-
vidual proteins at a resolution of a few nm. Localisation of the protein in the image has so far been done
manually. For large-scale studies, computerized image analysis serves as an essential tool to automatically
and objectively analyse image content. In this project, we develop methods to automatically localise macro-
molecules from in vitro Cryo-ET images and thereby make large-scale studies of proteins possible. This is
done by taking into account both grey-level information (which reflects the internal structure of the protein)
and 3D shape information. See Fig. 7.
The first step in the process is to identify positions in the Cryo-ET image likely to hold a protein of the
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(a) (b)

Figure 6: (a) Image of a rat embryo, where the superimposed white circle represents the heart region.
(b) An abnormal heart activity where small black circles represents the true location of local minima.

searched protein type. The second step is to further investigate the structure in each such position with
respect to the outer shape of the structure itself and of its subunits and thereafter take a decision on whether
it belongs to the protein type or not. This step is tailored for each protein type. During 2008 we have built
systems to localise proteins which consist of a set of roundish subunits of equal size and to localise proteins
which consist of one elongated and one roundish subunit.

12. Segmentation and analysis of point-like fluorescent signals in 2D and 3D images of cells
Amalka Pinidiyaarachchi, Amin Allalou, Carolina Wählby
Partners: Malin Jarvius, Chatarina Larsson, Katerina Pardali, Ola Söderberg, Irene Weibrecht, Mats Nils-
son, Agata Zieba, Dept. of Genetics and Pathology, UU
Funding: EU-Strep Project ENLIGHT; SIDA
Period: 0305–
Abstract: The interior of a cell is elaborately subdivided into many functionally distinct compartments, often
organized into intricate systems. One way of studying such compartments is by the use of different fluo-
rescent markers that bind specifically to the objects of interest, in this case padlock- and proximity probes.
This type of staining followed by imaging through a fluorescence microscope results in point-source signals,
together with compartment-specific stains, background noise and autofluorescence. 3D images are acquired
by making non-invasive serial optical sections of the object. Analysis of spatial relationships in 2D and
3D requires pre-processing followed by signal detection and segmentation of cell compartments combining
intensity and shape information. Once the signals are detected, the goal is to analyze spatial relationships
and non-random patterns in the signal distribution.

13. Image based measurements of single cell mtDNA mutation load
Amin Allalou, Carolina Wählby
Partners: Anton K. Raap, Frans M. van de Rijke, Roos Jahangir Tafrechi, Dept. of Molecular Cell Biology,
Leiden University Medical Center, The Netherlands; Visiopharm, Hørsholm, Denmark
Funding: EU-Strep Project ENLIGHT
Period: 0608–
Abstract: Cell cultures as well as cells in tissue always display a certain degree of variability, and measure-
ments based on cell averages will miss important information contained in a heterogeneous population. An
automated method for image based measurements of mitochondiral DNA (mtDNA) mutations in individual
cells has been implemented and integrated as a part of the VIS image analysis platform. The methods are
used on a daily bases in the continued work on mutation load analysis at Leiden University Medical Center
in the Netherlands. The development of image based single cell analysis will continue to be in focus in the
ongoing ENLIGHT project.
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Figure 7: (a) Iso-surface representation of a Cryo-ET image. (b) Densities at positions selected after
first step. (c) Densities when decomposed correspond in size to protein domains. (d) Protein among the
decomposed densities in (c).

14. Quantification and localization of colocalization
Milan Gavrilovic, Carolina Wählby
Funding: EU-Strep Project ENLIGHT
Period: 0611–
Abstract: In fluorescence microscopy, during image acquisition of multiply labeled specimen, two or more
of the emission signals can often be physically located in the same area or very near to one another in the
final image due to their close proximity within the microscopic structure. This is known as colocalization.
Colocalization is particularly important for revealing information on how and where bio-molecules such as
proteins and protein complexes interact within a cell, as well as in which sub-cellular structures they are
present. If red and green fluorochromes are selected colocalization will appear as yellow emission. Existing
methods for quantification and localization of colocalized pixels have been implemented and compared. At
the same time new methods for detection of cross-talk and colocalization based on spectral decomposition
have been developed. We show that robustness of detection of colocalization can be improved by separating
color information from intensity information. Color can then be represented using an angle histogram,
created by compensating for discretization noise. Standard methods for histogram-based classification are
thereafter applied to detect red, green, and colocalized pixels. See Fig. 8.
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Figure 8: Detection of colocalization by decoupling intensity and color information. (A) Input image of
a cell where the cell nucleus is blue and wild-type and mutant mitochondrial DNA has been detected in
red and green respectively, using padlock probing. (B) Intensity information decoupled from color infor-
mation (excluding blue). (C Angle histogram showing distribution of red and green color information.
(D) Pixel classification based on the shape of the angle histogram. (E) Combining object detection and
classification for a final count of red, green and colocalized signals.

15. Analysis of random array data
Carolina Wählby
Partners: Jenny Göransson, Mats Nilsson, Dept. of Genetics and Pathology, UU
Funding: Uppsala BioX
Period: 0501–
Abstract: Nilsson et al. are developing new methods for molecular analyses that allow analysis at the
ultimate level of single bio-molecules through padlock- and proximity probing coupled to rolling-circle am-
plification. Rolling-circle products spontaneously form micron-sized coils (blobs) that can be immobilized
randomly on a glass surface, referred to as a random blob array. Blobs are identified by hybridization of
fluorescence labeled tag-oligonucleotides. Therefore, individual detection oligonucleotides act as biotran-
sistors that convey and amplify the information from the nanometer-sized probe molecules to observable
micron-sized products. In this project, the goal is to use combinations of fluorescent molecules on single
detection oligonucleotides, as well as repeated staining and de-staining, in order to create image data that
can be analyzed for simultaneous identification of many different types of DNA fragments, transcripts, and
proteins. The position of the reaction sites of a random blob array are random. In order to classify the
blobs, they are first detected by a combination of filtering and morphological operations. Methods based on
spectral decomposition are thereafter used for blob classification.
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Figure 9: (a) A retinal image suffering from noise and low contrast. (b) The snake is superimposed over
the edge image. The figure shows how the snake converges towards the optical disc.

16. Monitoring cell growth by wavelet based texture classification
Amalka Pinidiyaarachchi and Carolina Wählby
Partner: Hans Claesson, Histogenics Corporation, Waltham, MA, USA.
Funding: SIDA IT-project
Period: 0806–
Monitoring cell confluence is valuable for optimization of cell culture parameters and cell harvest. In
this project, we are developing an automatic method for quantifying cell confluence of a time sequence
of fibroblasts imaged using phase contrast microscopy. Using wavelet based texture features we classify
images into regions consisting of interphase cells and proliferating and/or necrotic cells. The results agree
with direct observations of the cell culture and the method shows the potential of being part of an automatic
cell culturing system indicating when the cells have reached the desired level of confluence. The ability to
detect necrosis also provides a warning system that indicates if the cultures are failing.

17. Parallax error correction in retinal image registration
Khalid Niazi, Ewert Bengtsson, Ingela Nyström
Partner: Albert Alm, Dept. of Neuroscience, UU Hospital
Funding: COMSATS IIT, Islamabad
Period: 0711–
Abstract: Retinal imaging is one of the main sources in ophthalmology to study the optical nerve head and
the retina. Retinal images are often used for analyzing, diagnosing and treating a number of diseases of the
human retina. Image registration plays an important role in determining the progression of retinal illness. In
the current project, we are developing a method which will help in evaluation of glaucoma progression. We
are especially concentrating on correction of parallax error, which is normally produced due to a change in
the angular position of the camera. Our goal is to automatically find the points where the vascular structure
intersects the optical disc, and subsequently use these points for registration purposes.
Retinal images are normally suffering from noise. For instance, Fig. 9a) shows a typical retinal image which
is suffering from noise and low contrast. We have used bilateral filtering for noise removal. Bilateral filtering
is well known to reduce noise while preserving the edges at the very same time. This process is followed
by edge detection which is performed using first order absolute moment (FOAM). FOAM is good at edge
detection and localization but is very sensitive to noise. Preprocessing by bilateral filtering makes FOAM
an ideal candidate for edge detection. In order to detect the optical disc boundary, a snake is initialized at
the image border, where the edge image will serve as potential function for the snake. The introduction of
bilateral filtering and FOAM has given us the freedom to initialize the snake quite far away from the optical
disc. Fig. 9b) shows the process of optical disc detection from the edge image of Fig. 9a) using snakes. This
prior step to identify where the vascular structure intersects the optical disc is under evaluation.
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Figure 10: Resolution series of TEM images of a sample containing Adeno virus. Regions likely to
contain viruses were automatically detected in low resolution images. The borders of these regions are
overlayed on the higher resolution images. The actual viruses are visible only in the higest resolution.

18. Identification of highly pathogenic viruses in transmission electron microscopy images
Gustaf Kylberg, Ida-Maria Sintorn, Ewert Bengtsson, Gunilla Borgefors
Partners: Vironova AB; Ali Mirazimi, Kjell-Olof Höglund, Centre for Microbiological Preparedness; Swedish
Institute for Infectious Disease Control (SMI)
Funding: Swedish Emergency Management Centre (KBM), Swedish Defense Materiel Administration (FMV),
Swedish Agency for Innovative Systems (VINNOVA)
Period: 0801–
Abstract: Transmission electron microscopy (TEM) is an important virus diagnostic tool. The main draw-
back is that an expert in virus appearance in electron microscopy is needed to perform the analysis by the
microscope, an often very time consuming task. This project aims at automating the diagnostic process
and thereby creating a rapid, objective, and user independent virus diagnostic system. The task consists of
method development at several levels: identifying regions likely to contain viruses in low magnification im-
ages, see Fig. 10 to enable automating and making the image acquisition process more efficient; segmenting
virus particles with different shapes and sizes in high magnification images; extracting descriptive features
to enable classifying the virus species.

19. Analysis of virus morphology in electron microscopy images
Ida-Maria Sintorn
Partner: Vironova AB
Funding: VINNMER programme, Swedish Agency for Innovative Systems
Period: 0801–
Abstract: Electron Microscopy allows for studying virus morphology at the nm level. This means that
structural differences between virus maturation stages, related virus species, wild type virus and virus treated
with a potential drug or a small molecule can be analyzed. Both external (shape and protein patterns on the
virus surface) and internal structural differences can be analyzed. In this project methods for identifying
and quantifying such structural differences are developed.

20. A multidisciplinary approach to establish mechanisms for mitochondrial DNA segregation in human
disease
Amin Allalou and Carolina Wählby
Partners: Nils-Göran Larsson, Karolinska Institute; Mats Nilsson, Dept. of Genetics and Pathology, UU
Funding: The Swedish Research Council, Collaboration Grant, Medicine
Period: 080101
Abstract: Mutations of mitochondrial DNA (mtDNA) cause genetic syndromes with widely varying pheno-
types and are also implicated in many age-associated diseases and the ageing process itself. Our knowledge
of the principles governing segregation of mtDNA mutations in somatic tissues and in the germ line is very
limited. In this collaborative project we combine a powerful technique for detection of individual mtDNA
molecules with image analysis. We work with a variety of mouse models and the goal is to develop im-
age analysis software to do three-dimensional (3D) reconstruction of the distribution of mutated mtDNA
molecules in mammalian tissues. We want to use this technology to study segregation of mtDNA mutations
in mouse tissues and to study the mtDNA bottleneck by visualizing the distribution of mutated mtDNA dur-
ing oogenesis. The ultimate goal is to study the distribution of mtDNA mutations in embryos and placenta
to establish principles for prenatal diagnosis.
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5.3 3D analysis and visualization

21. Improved interactive medical image analysis through haptic display methods
Erik Vidholm, Filip Malmberg, Ingela Nyström, Ewert Bengtsson, Stefan Seipel
Partners: Lennart Thurfjell, GE Healthcare, Uppsala/London, UK; Gunnar Jansson, Dept. of Psychology,
UU; Hans Frimmel, Dept. of Oncology, Radiology, and Clinical Immunology, UU Hospital
Funding: Swedish Research Council; TN-faculty, UU
Period: 0301–
Abstract: Modern medical imaging techniques provide 3D images of increasing complexity. Better ways of
exploring these images for diagnostic and treatment planning purposes are needed. Combined stereoscopic
and haptic display of the images form a powerful platform for such image analysis.
In order to work with specific patient cases, it is necessary to be able to work directly with the medical image
volume and to generate the relevant 3D structures directly as they are needed for the visualization. Most
work so far on haptic display has used predefined object surface models. In this project, we are creating the
tools necessary for effective interactive exploration of complex medical image volumes for diagnostic or
treatment planning purposes through combined use of haptic and 3D stereoscopic display techniques. The
developed methods are tested on real medical application data.
Our current applications are interactive liver segmentation from CT images, see Project 22, hardware as-
sisted visualization of breast MR images, see Project 23, and interactive segmentation of back muscles in
MR images, see Project 24. In additon to this, we are working on haptic interaction with 3D deformable
surface meshes and 3D live-wire from a more theoretical point of view. A software package for interac-
tive visualization and segmentation developed within this project has been released under an open-source
license. The package is available for download at http://www.cb.uu.se/research/haptics. Erik Vidholm de-
fended his doctoral thesis in February 2008, see Section 4.3. PhD student Filip Malmberg continues the
project.

22. Interactive organ segmentation from abdominal CT images
Erik Vidholm, Filip Malmberg, Ingela Nyström, Ewert Bengtsson
Partners: Sven Nilsson, Milan Golubovic, Dept. of Oncology, Radiology, and Clinical Immunology, UU
Hospital
Funding: Swedish Research Council; TN-faculty, UU
Period: 0501–
Abstract: The manual step in semi-automatic segmentation of medical volume images typically involves
initialization procedures, such as placement of seed-points or positioning of surface models inside the ob-
ject to be segmented. The initialization is then used as input to an automatic segmentation algorithm. We
investigate how such initialization tasks can be facilitated by using haptic feedback.
In this project, we develop interactive methods for segmenting the organs from abdominal CT scans. For
example, liver segmentation is of importance in hepatic surgery planning, where it is a first step in the pro-
cess of finding vessels and tumours, and the classification of liver segments. Liver segmentation may also
be useful for monitoring patients with liver metastases, where disease progress is correlated to enlargement
of the liver.
We have developed a fully 3D liver segmentation method where high accuracy and precision is efficiently
obtained via haptic interaction in a 3D user interface. Our method makes it possible to avoid time-consuming
manual delineation, which otherwise is a common option prior to, e.g., hepatic surgery planning. This work
was presented at SPIE Medical Imaging 2008: Visualization, Image-Guided Procedures, and Modeling.
Currently, we are incorporating and adapting region-based segmentation methods, such as the image forest-
ing transform (IFT), into our software. Fig. 11 illustrates interactive organ segmentation with IFT.

23. Analysis of dynamic breast MRI
Ewert Bengtsson, Erik Vidholm, Ingela Nyström
Partners: Stuart Crozier, Andrew Mehnert, ITEE Dept., University of Queensland, Brisbane, Australia
Funding: TN-faculty, UU; The Australian Research Council
Period: 0503–
Abstract: The pattern of change of signal intensity over time in contrast enhanced magnetic resonance (MR)
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Figure 11: Left: A user working with the haptic display. Right: A user segments the liver in a CT
image by placing seed-points representing the liver and the background, respectively. The outline of the
segmentation is updated dynamically in real-time. Bottom: Final segmentation of a number of organs.

images of the breast is a useful indicator of malignancy. The methods used for assesing and visualizing this
in current clinical practice are rather tedious; it is difficult to visualise and evaluate 4D (3D volumes over
time) data effectively. During his sabbatical at the University of Queensland in 2004–2005, Bengtsson
joined a new project in this area which developed into a collaborative project which is continuing. A basic
concept for the visualisation is to convert the time course for each voxel into a colour coded representation
where intensity and saturation represents the uptake of contrast and hue represents the washout which is
different for normal and malignant tissue. We thus obtain a colour coded volume image. During 2006, a
program where this image is visualized with hardware accelerated maximum intensity projection (MIP) in
the hue-saturation-value (HSV) colour space was developed. This project is part of Vidholm’s doctoral the-
sis, defended in February 2008, see Section 4.3. Currently the resulting visualizations are beeing evaluated
on a larger material collected in Brisbane.

24. Interactive segmentation of back muscles in MR images
Filip Malmberg, Ewert Bengtsson, Ingela Nyström
Partners: Andrew Mehnert and Craig Engstrom, ITEE Dept., University of Queensland, Brisbane, Australia
Funding: TN-faculty, UU; The Australian Research Council
Period: 0803–
Abstract: In cricket fast bowlers, substantial volume asymmetries of the quadratus lumborum (QL) muscle
have been associated with a significantly increased risk of developing lumbar spine stress fractures. In
this project, we aim to measure such asymmetries by segmenting the QL muscle in MR images. At the
university of Queensland, an automatic segmentation method has been developed for this purpose. The
method uses a shape atlas, built from a large number of reference segmentations, to segment a specific
muscle. Currently, we are investigating if interactive segmentation methods can be used to accelerate the
creation of reference segmentations. By accelerating this process, we make it easier to adapt the atlas based
automatic segmentation method to other interesting muscles.
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25. Efficient algorithms for computer graphics
Ewert Bengtsson, Anders Hast
Partner: Tony Barrera, Uppsala
Funding: TN-faculty, UU
Period: 9911–
Abstract: Computer graphics is increasingly being used to create realistic images of 3D objects for applica-
tions in entertainment, (animated films, games), commerce (showing 3D images of products on the web),
industrial design and medicine. For the images to look realistic high quality shading and surface texture
and topology rendering is necessary. A proper understanding of the mathematics behind the algorithms
can make a big difference in rendering quality as well as speed. We are in this project re-examining some
of the established algorithms and are finding new mathematical ways of simplifying the expressions and
increasing the implementation speeds without sacrificing image quality. We have also invented a number of
completely new algorithms. The project is carried out in close collaboration with Tony Barrera, an autodi-
dact mathematician. It has been running since 1999 and resulted in more than 25 international publications
and a PhD thesis. During 2008 the work resulted in two book chapters one on trigonometric splines the
other on an alternative model for shading of diffuse light for rough materials. Another paper was accepted
for a conference in early 2009.

26. Whole hand haptics with true 3D displays
Ingrid Carlbom; Ewert Bengtsson, Ingela Nyström, Stefan Seipel
Partners: Jonny Gustafsson, Industrial Metrology and Optics Group, KTH; Gunnar Jansson, Dept. of Psy-
chology, UU; Roland Johansson, Dept. of Neurophysiology, Umeå University; Stefan Johansson, PiezoMo-
tor AB; Håkan Lanshammar, Dept. of Information Technology, UU; Lars Mattsson, Industrial Metrology
and Optics Group, KTH; Demetri Terzopoulos, Dept. of Computer Science, UCLA; Northern Light Stu-
dios; SenseGraphics AB
Period: 0810–
Abstract: We propose to build a system using true volumetric haptics for interfacing with a true 3D display
of virtual models. The result will provide an unprecedented experience allowing the user to touch and ma-
nipulate high contrast, high resolution, three-dimensional (3D) virtual objects suspended in space using a
glove that gives such realistic whole hand haptic feedback that the interaction closely resembles interaction
with a real objects using a bare hand. The system will allow multiple users simultaneous access to the same
virtual object in a fully lit room, providing a natural environment for collaboration on complex tasks. This
project is highly multidisciplinary, and we have assembled a team of researchers from computer science,
engineering, material science, neurophysiology, and psychology. Such a system has numerous applications.
Most interaction would benefit from using your own, gloved hand reaching around and inside a 3D virtual
model or even using a real tool to interact with the virtual object, rather than using a traditional interaction
tool such as a mouse or a stylus to manipulate a virtual hand or a virtual tool that in turn interacts with a
flat display of an object. One application area may be computer-aided design where the designer not only
wants to see a true rendition of the proposed design but also wants to touch it thereby using two of his or
her senses to verify its correctness. Another application may be a training system for assembly of complex
objects, where the trainee can both touch and see the object under construction. Yet another application
may be a surgery or medical diagnosis training tool. The user would be able to touch a virtual patient and
perform surgery using his or her own hands holding real surgery tools while simultaneously getting haptic
feedback in all fingertips and the whole hand. Finally, this project would give game manufacturers a novel
interaction tool for 3D games. See Fig. 12. During the fall of 2008, we have planned this project, assembled
the research team, and sought funding from major research funding agencies.

27. ProViz — Interactive visualization of in situ 3D protein images
Lennart Svensson, Stina Svensson, Ingela Nyström, Ewert Bengtsson
Partners: Dept. of Cell and Molecular Biology, Karolinska Institute; Sidec AB; SenseGraphics AB
Funding: The Visualization Program by Knowledge Foundation; Vaardal Foundation; Foundation for Strate-
gic Research; VINNOVA; Invest in Sweden Agency
Period: 0807–
Abstract: The traditional methods for solving the structure of proteins are X-Ray crystallography and NMR
spectroscopy. An alternative approach, cryo-electron tomography (cryo-ET), has more recently gained in-
terest within the field of structural biology as it enables studies of individual structures in tissue at nanometer
scale, whereas the old methods only allowed studies in solution. Another important fact is that Cryo-ET
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Figure 12: A pin array mounted on a motorized x-y table.

enables studies of the dynamics of proteins. As Cryo-ET results in images of low resolution (lower than e.g.,
X-ray crystallography) and low signal-to-noise ratio a new kind of software for postprocessing is required,
which allows for proper visualization and analysis, as well as data fusion with measurements from X-Ray
crystallography and NMR. The target of the ProViz project is to create these software tools. Moreover to
make use of stereo visualization and haptic rendering of the image in order to facilitate a good understand-
ing of the data as well as interactivity in semi-automatic methods.
As the ProViz project was initiated during the summer of 2008, no new methods have been developed yet.
In Fig. 13, we show an example on how we depict an interactive data fusion method. First, an initial po-
sition for the high resolution data is found automatically. Thereafter the position is refined to better fit the
Cryo-ET data. The refinement is guided by the user who is interacting with the simplex mesh using a haptic
probe.

28. PAP-cell detection, analysis and classification
Ewert Bengtsson, Patrik Malm, Hyun-Ju Choi, Carolina Wählby, Bo Nordin
Funding: Vinnova
Period: 0801–
Abstract: Cervical cancer is killing a quarter million women every year. Screening based on so called
PAP-smears have proven very effective to reduce cancer mortality but require much work of well trained
cytotechnologist. For 50 years research to automate the screening has been in progress, Bengtsson was very
active in this field 1973–1993. Since about 10 years, commercial automated systems have been in operation
but unfortunately those systems have many limitations.
In India there is no effective screening program in operation and around 70,000 women die from the disease
each year. Now an effort to develop a screening system adapted to Indian needs is planned and CBA has
been invited to cooperate. In this preparative project, funded by Vinnova, Bengtsson has visited India twice
to work out the detailed project plans. The planning also resulted in an application to the Swedish Research
Council for funding of a more detailed study of the 3D chromatin texture of the cervical cells. It is well
known that the chromatin texture of cell nuclei is a strong indicator of malignancy. It has even been shown
that cells in the vicinity of malignancies have a different chromatin texture than normal cells from healthy
specimens. Unfortunately the extraction of texture features is strongly focus dependent making automation
based on texture features unreliable.We propose to solve that problem by developing novel 3D texture
analysis methods and apply those to image stacks acquired through a high numerical aperture lens.
The VR application has been granted and that part of the project has already started although funding will
only be available from the beginning of 2009. Dr Hyun-Ju Choi from Korea has studied 3D nuclear texture
for other applications and she has received a sholarship to be a visiting researcher at CBA working on this
project, starting November 2008 and continuing for one year. The Indian funding for the project is still
pending but we hope to get a decision and project start before mid 2009.
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Figure 13: An example on how stereo visualization and haptic rendering is used to facilitate interactive
segmentation in the ProViz project. A simplex mesh corresponding to high resolution data (such as X-
Ray crystallography) is fused with Cryo-ET data of an antibody. (Acknowledgement: Illustration by
Erik Vidholm, former PhD student at CBA.)

5.4 Forestry related applications

29. Image analysis of the internal structure of paper and wood fibre based composite materials in 3D im-
ages
Maria Axelsson, Filip Malmberg, Erik Wernersson, Anders Brun, Stina Svensson, Joakim Lindblad, Cris
Luengo, Gunilla Borgefors, Catherine Östlund
Partners: Norwegian Pulp and Paper Research Institute (PFI), Trondheim, Norway; STFI-Packforsk, Stock-
holm; Dept. of Fibre and Polymer Technology, KTH, Stockholm; Dept. of Physics, University of Jyväskylä
(UJ), Finland; SINTEF Materials and Chemistry, Norway; Risø National Laboratory, Technical University
of Denmark
Funding: S-faculty, SLU; WoodWisdom-Net
Period: 0406–
Abstract: The internal structure of paper is important to study since many material properties correspond
directly to the properties of single fibres and their interaction in the fibre network. How single fibres in paper
bond and how this effects paper quality is not fully understood since most structure analysis of paper has
been performed in cross sectional two dimensional (2D) images and paper is a complex three dimensional
(3D) structure, see Fig. 14 (top).
Another application for wood-fibres that has recently gained interest is wood polymer composite materials.
The properties of these materials do not only depend on the structure of the fibre network, but also on inter-
action between the fibres and the polymer matrix surrounding the fibres. Advances in imaging technology
has made it possible to acquire 3D images of paper and wood polymer composite materials. In this project,
image analysis methods for characterising the 3D material structure in such images are developed. The
detailed knowledge of the material structure attainable with these methods is useful for improving material
properties and for developing new materials. An example slice from a binarised volume and a surface ren-
dering of a sample of a composite material image with X-ray microtomography are shown in Fig. 14 (top).
The project objective is to achieve a complete segmentation of individual fibres and pores in volume images
of the material. Given such a segmentation, any measurement of the internal structure is available. Mea-
surements on individual fibres and the structural arrangement of fibres can then be related to macroscopical
material properties. A tracking method to segment fibres was recently developed and a result can be seen
in Fig. 14 (bottom). Other methods for measuring properties of the material, that do not require a complete
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Figure 14: (top) A slice from a binarised volume image of a composite material and a surface rendering
of a sample of a composite material. (bottom) Tracking results obtained for an individual fibre.

segmentation of the samples, are also investigated.
In this project, different volume images of paper and composite materials are available for the studies. This
includes one volume created from a series of 2D scanning electron microscopy (SEM) images at StoraEnso
in Falun and X-ray microtomography volume images of paper and composite samples imaged at the Euro-
pean Radiation Synchrotron Facility (ESRF) in Grenoble, France and at the Paul Scherrer Institut (PSI) in
Villigen, Switzerland. Furthermore, methods for creating other sample volume images are investigated.
During 2008, the project has resulted in a number of publications. A licentiate thesis on binarisation and
segmentation of e.g. X-ray microtomography images and fibre-fibre contact measurements was presented.
A new method for estimating 3D fibre orientation in volume image data, which provides an estimate of
the fibre orientation in each voxel, was presented at the International Conference on Pattern Recognition
(ICPR). A volume rendering of a wood fibre composite is shown to the left in Fig. 15 and to the right,
the estimated orientation in the material is shown using pseudo colour that correspond to the orientation
vector. The porous structure of fibre based materials was also investigated during the year. A study of the
pore structure of newsprints was published in Journal of Pulp and Paper Science in collaboration with Nor-
wegian Pulp and Paper Research Institute (PFI), Trondheim, Norway. In a cooperation with University of
Jyväskylä different image analysis methods to simulate intrusion and extrusion processes of Mercury Intru-
sion Porosimetry (MIP) in porous material were compared and presented at the Progress in Paper Physics
Seminar.
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(a) (b)

Figure 15: (a) A volume image of a composite material. (b) The fibre orientation is estimated and
visualized using pseudo colors.

30. Log end feature extraction of untreated wood logs in saw mill environment.
Kristin Norell, Stina Svensson, Gunilla Borgefors
Partners: The Swedish Timber Measurement Council (VMR), Dept. of Forest Products and Markets, SLU
Funding: The Swedish Timber Measurement Council (VMR); S-faculty, SLU
Period: 0505 –
Abstract: The wood quality of a log can be determined, to some extent, by examining the log end. Such
analysis is mostly performed manually at sawmills, where the log scaler has a couple of seconds to determine
features like the approximate annual ring density, presence of rot and presence of compression wood as the
log passes on a conveyor belt. By using computerized image analysis instead, the analysis can be more
robust and used also when the log scaler is not present. In this project, methods to measure important
properties of logs in sawmill environment using computerized image analysis is developed. Some interesting
features are:

• position of the center of the annual rings (pith)

• shape of the log end

• annual ring density

• rot

• blue stain

The images used are log end images of Norway spruce (Picea abies (L.) H.Karst) and Scots pine (Pinus
sylvestris L.) taken in a sawmill environment. The logs are sawn with a regular harvester or chain saw
and stored for various times before imaging. End faces are depicted in sawmill on-line production with an
industrial colour camera.
During 2008, a journal article on pith detection was published in Computers and electronics in agriculture.
Pith position is found using filters to detect local orientation, Hough transform, and a final adjustment
technique. Once the pith is found some other measurements will be easy, and others will be facilitated.
The grey weighted polar distance transform (GWPDT) (see project number 3) together with the method for
pith detection can be used to outline the annual rings on an end face. The method performs well for high
quality end faces and work is now ongoing to handle also end faces with less visible rings.
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Figure 16: Final result for one wood cell. The segmented areas are lumen, normal lignified cell wall and
highly lignified cell wall.

31. Detection of rot in end faces of wood logs
Kristin Norell, Stina Svensson, Gunilla Borgefors
Partners: Kim Dralle, Anders Björholm Dahl, Dralle A/S, Copenhagen, Denmark
Funding: S-faculty, SLU; Stiftelsen Mauritz Carlgrens fond
Period: 0612 –
Abstract: The focus of this project is image analysis methods for identifying rot in log end faces. The
purpose is to detect rot already while harvesting, or when the logs are in a stack waiting for transport. Logs
are depicted using a standard color digital camera that can be mounted on a harvester or a vehicle. The goal
is to find a robust method for detecting rot in timber suitable for practical use.

32. Quantification of the quality of wood fibres
Bettina Selig, Cris Luengo, Gunilla Borgefors
Partners: Dept. of Forest Products, SLU
Funding: S-faculty, SLU
Period: 0709–
Abstract: Wood fibre quality is important for many uses of this raw material. The quality can be tested by
various microscopy methods. High lignification of the wood cells has effects on their mechanical proper-
ties which is especially important in paper production. Before these effects can be studied the degree of
lignification has to be estimated. In auto flourescence light microscopy images of fibre cross-sections, the
substance lignin is made visible, as it emit more light than other parts of the cell wall. The goal here is to
develop an automatic method to detect and measure highly lignified areas and relate them to the area of the
whole cell wall. The task is much complicated by the fact that edges are notoriously fuzzy in flourescence
images, but the problem is now solved for single cells, see see Fig. 16. In a second part of the project, the
damage of single fibres (breaks, cracks, distortions etc.) shall be characterized and classified. And in a third
part the thickness of the middle lamella shall be estimated. For both problems polarized light microscopy
images will be applied.

5.5 Remote sensing

33. Surtsey and Capelinhos, two contemporary submarine volcanoes
Tommy Lindell
Funding: TN-faculty, UU
Period: 0703–
Abstract: Capelinhos, close to the Island of Faial in the Azores in the middle of the Atlantic, began to erupt
on the 27 of September 1957 from 4 submarine vents after a couple of days with seismic activities. The
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outbreak of magma started a violent eruption of ash, lapilli and steam when it interacted with the sea water.
This continued until May 1958. The first two cones collapsed after a few months but the third cone still
remains. is located most westerly of the island of Faial.
The island of Surtsey was formed in a volcanic eruption which began 130 meters below sea level, and
reached the surface on 14 November 1963. The eruption lasted until 5 June 1967, when the island reached
its maximum size of 2.7 km2. Wind and wave erosion has diminished the island in size to about 1.4 km2

today. Like as for the Capelinhos, eruptions created more islands from the vents, Jólnir and Syrtlingur but
as in the case for Capelinhos those two islands disappeared soon.
Wind and waves are the main factors eroding these two volcanic features. They are now approximately half
a century old, resting in two similar locations but within two rather different climatological systems as to
their wave and wind climate. One intriguing question is then of course if the environment may have had
any major differentiating effect on the present shape of the islands. This is under investigation, based on
satellite imagery and aerial photos and climatological data.

5.6 Other projects

34. The development of a general image analysis software platform
Bo Nordin, Ewert Bengtsson
Funding: TN-faculty, UU
Period: 8807–
Abstract: In image analysis research it is important to have a good platform for interactive work with digital
images. We have therefore for many years had a supporting ”background” project in which we have been
developing and maintaining a flexible platform for image analysis work to which new modules easily can
be added. The first version of the system, IMP, created in the late 1980-ies, was based on a commericial
collaboration project in which around 10 man-years were invested and it has been used extensively in our
research and education over the years. Some years ago a new C++ based version, Pixy, was initiated. It
has been used to some extent even though the full initially planned system has not yet been implemented.
Today a rapidly increasing number of software platforms for image analysis are becoming available so our
work on IMP and Pixy is becoming limited to giving support and making specific additions as needed.

35. Comparison of priority queue algorithms
Cris Luengo
Funding: S-faculty, SLU
Period: 0807–0808
Abstract: Many algorithms in image analysis require a priority queue, a data structure that holds pointers
to pixels in the image, and which allows efficiently finding the pixel in the queue with the highest priority.
Many assessments of priority queues can be found in the literature, but mostly in the context of numerical
simulation rather than image analysis. Furthermore, due to the ever-changing characteristics of computing
hardware, performance evaluated empirically 10 years ago is no longer relevant. We did an empirical
evaluation on different computer systems, and found that the heap is in general more efficient than any
other algorithm. This finding contradicts conclusions from the literature of the 1980’s and 1990’s. We also
proposed a simple modification of the hierarchical queue (or bucket queue) that is more efficient than the
implicit heap for extremely large queues.

36. Geodesic computations in sampled manifolds
Anders Brun
Funding: SLU
Period: 0806 –
Partners: Ola Nilsson, Dept. of Science and Technolog, Linköping University
Abstract: The estimation of geodesic distances in sampled manifolds and surfaces, such as geometric mesh
models in 3-D visualization or abstract sampled manifolds in image analysis, poses a difficult and computa-
tionally demanding problem. Despite the many advances in discrete mathematics and distance transforms,
and fast marching and numerical methods for the solution of PDEs, the solution of the eikonal equation
||∇u|| = 1 in a general manifold chart equipped with an arbitrary sampled metric gij(x) known only in a
discrete set of points has only recently beed adressed in 3-D and higher dimensions by researchers. In this
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Figure 17: Geodesic distances computed from a point source on a mesh model. A cyclic colormap
reveals level sets of the distance function. The pseudo-sphere is a surface with constant negative Gauss
curvature.

project we focus on accurate computations of geodesic distances and related mappings, such as the log map,
in 2-D and 3-D. Applications for such methods are found in computer graphics (e.g. camera movement, tex-
ture mapping, tensor field visualization) and basic image analysis (e.g. skeletonization, manifold learning,
clustering). During 2008, one article has been submitted to SCIA (distance computation) and a manuscript
has been prepared for submission (the log map on mesh models). See Fig. 17

41



5.7 Cooperation partners

International

School of ITEE, University of Queensland, Brisbane, Australia

Risø National Laboratory, Technical University of Denmark, Denmark

Dralle A/S, Copenhagen, Denmark

Visiopharm, Hørsholm, Denmark

Dept. of Mathematical Information Technology, University of Jyväskylä, Finland

Dept. of Physics, University of Jyväskylä, Finland

IRRCyN École Polytechnique de l’Université de Nantes, France

Dept. of Computer Science, Faculty of Informatics, University of Debrecen, Hungary

Istituto di Cibernetica, National Research Council, Pozzuoli (Napoli), Italy

Dept. of Genetics and Pathology, Leiden University Medical Center, The Netherlands

Dept. of Molecular Cell Biology, Leiden University Medical Center, The Netherlands

Faculty of Natural Sciences and Technology, Norwegian University of Science and Technology, Norway

Norwegian Pulp and Paper Research Institute (PFI), Trondheim, Norway

SINTEF Materials and Chemistry, Norway

Dept. of Electrical Engineering, COMSAT Institute of Information Technology, Abbottabad, Pakistan

COMSATS, Institute of Information Technology, Islamabad, Pakistan

Faculty of Engineering, University of Novi Sad, Serbia

University of Peradeniya, Sri Lanka

Computer Science Dept. , UCLA, Los Angeles, CA, USA

Histogenics Corporation, Waltham, MA, USA

National

Nyby Sawmill, Setra Group, Björklinge

Dept. of Mathematics, Natural Sciences, and Computing, University of Gävle, Gävle

SenseGraphics, Kista

Sidec AB, Kista

Centre for Medical Imaging and Visualization, CMIV, Linköping

Dept. of Electrical Engineering, Linköping University, Linköping

Dept. of Science and Technology, Linköping University, Norrköping

Vironova AB, Nacka

Centre for Microbiological Preparedness, The Swedish Institute for Infectious Disease Control (SMI), Solna

Swedish Pulp and Paper Research Institute (STFI-Packforsk), Stockholm

Dept. of Cell and Molecular Biology (CMB), Karolinska Institute, Stockholm

Dept. of Laboratory Medicine, Karolinska Institute, Stockholm

Dept. of Solid Mechanics, KTH, Stockholm

Industrial Metrology and Optics Group, KTH, Stockholm

School of Industrial Engineering and Management, KTH, Stockholm

Fibre and Polymer Technology, KTH, Stockholm

Swedish Timber Measurement Council (VMR), Sundsvall
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Dept. of Neurophysiology, Umeå University

Northern Light Studios, Uppsala

Swedish Institute of Space Physics, Uppsala

Dept. of Astronomy and Space Physics, UU

Barrera Kristiansen AB, Uppsala

GE Healthcare, Uppsala/London

Olink Bioscience, Uppsala

PiezoMotor AB, Uppsala

Dept. of Genetics and Pathology, UU

Dept. of Information Technology, UU

Dept. of Mathematics, UU

Dept. of Neuroscience, UU Hospital

Dept. of Oncology, Radiology, and Clinical Immunology, UU Hospital

Dept. of Pharmaceutical Biosciences, UU

Dept. of Psychology, UU

Dept. of Biometry and Engineering, SLU, Uppsala

Dept. of Forest Products, SLU, Uppsala

Dept. of Clinical Medicine, Örebro University, Örebro
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6 Publications

We consider the publication of our results very important and a measure of the quality of our
work. Hence, all research projects we are involved in, see Section 5, should result in one or
more publications. Most often we publish in international scientific journals and fully refereed
international conference proceedings; this is true for works both on theory and on different
applications. In our research field, the impact factor of some of the conferences are in fact
higher than well-reputed journals, so in some cases we favour to submit high-quality work to
a conference rather than to a journal. In order to meet other scientists, we sometimes publish
in non-reviewed conferences, but those results are usually eventually also published elsewhere.
We also aim to produce some popular articles, but are less successful in this respect. However,
we give a number of such seminars each year.

This list covers all publications with publication date in 2008. We have published chapters in
two books. We have published six journal articles and as many as 15 articles in fully-reviewed
international conference proceedings. In addition, we published 14 papers in non-refereed or
abstract refereed conference proceedings and nine other reports. These numbers indicate yet
another productive year for CBA.

6.1 Book chapters
1. Discrete skeletons from distance transforms in 2D and 3D

Authors: Gunilla Borgefors, Ingela Nyström, Gabriella Sanniti di Baja (1)
(1) Istituto di Cibernetica, CNR, Pozzuoli, Italy
Book: Medial Representations: Mathematics, Algorithms and Applications, pp. 155–190
Publisher: Springer-Verlag
Abstract: We present discrete methods to compute the digital skeleton of shapes in 2D and 3D images. In
2D, the skeleton is a set of curves, while in 3D it will be a set of surfaces and curves, the surface skeleton,
or a set of curves, the curve skeleton. A general scheme could, in principle, be followed for both 2D and 3D
discrete skeletonization. However, we will describe one approach for 2D skeletonization, mainly based on
marking in the distance transform the shape elements that should be assigned to the skeleton, and another
approach for 3D skeletonization, mainly based on iterated element removal. In both cases, the distance
transform of the image will play a key role to obtain skeletons reflecting important shape features such as
symmetry, elongation, and width.

2. Neighborhood sequences in the diamond grid
Authors: Benedek Nagy (1), Robin Strand
(1) Dept. of Computer Science, Faculty of Informatics, University of Debrecen, Hungary
Book: Image analysis – from theory to applications, pp. 187–195
Publisher: Research Publishing, Singapore, Chennai
Abstract: In digital image processing digital distances are useful; distances based on neighborhood se-
quences are widely used.

In this paper the diamond grid is considered, that is the three-dimensional grid of Carbon atoms in the
diamond crystal. An algorithm to compute a shortest path defined by a neighborhood sequence between
any two points in the diamond grid is presented. A formula to compute the distance based on neighborhood
sequences is given. A necessary and sufficient condition to have a metric distance function is proved.

6.2 Journal articles
1. BlobFinder, a tool for fluorescence microscopy image cytometry

Authors: Amin Allalou, Carolina Wählby
Journal: Computer Methods and Programs in Biomedicine 94(1), pp. 58–65
Abstract: Images can be acquired at high rates with modern fluorescence microscopy hardware, giving rise
to a demand for high-speed analysis of image data. Digital image cytometry, i.e., automated measurements
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and extraction of quantitative data from images of cells, provides valuable information for many types
of biomedical analysis. There exists a number of different image analysis software packages that can be
programmed to perform a wide array of useful measurements. However, the multi-application capability
often compromises the simplicity of the tool. Also, the gain in speed of analysis is often compromised by
time spent learning complicated software. We provide a free software called BlobFinder that is intended
for a limited type of application, making it easy to use, easy to learn and optimized for its particular task.
BlobFinder can perform batch processing of image data and quantify as well as localize cells and point like
source signals in fluorescence microscopy images, e.g., from FISH, in situ PLA and padlock probing, in a
fast and easy way.

2. Structural characteristics of pore networks affecting print-through
Authors: Gary Chinga-Carrasco (1), Maria Axelsson, Øyvind Eriksen (2), Stina Svensson
(1) Norwegian Pulp and Paper Research Institute (PFI), Trondheim, Norway
(2) Faculty of Natural Sciences and Technology, Norwegian University of Science and Technology, Norway
Journal: Journal of Pulp and Paper Science (JPPS) 34(1), pp. 13–22
Abstract: The pore structure of handsheets and of commercial newsprints is described in detail. The advan-
tages and limitations of scanning electron microscopy and synchrotron radiation X-ray microtomography for
pore-structure assessment are discussed. This gives insight into the two-dimensional and three-dimensional
characteristics of the pore structure. A major achievement is the effective quantification of the submicron
pores by scanning electron microscopy. It is demonstrated that submicron pores contribute positively to
light scattering per unit thickness. The relationship between the pore structure, the light scattering and
print-through is explored.

3. Estimation of pith position in untreated log ends in sawmill environments
Authors: Kristin Norell, Gunilla Borgefors
Journal: Computers and Electronics in Agriculture, 63(2), pp. 155–167
Abstract: Two related methods for automatic estimation of the pith position, i.e., the centre of the annual
rings, in wood log end face images are presented. We use images that depict untreated log end faces that
are deliberately chosen to include difficulties such as rot, non-circular shape, uncentered pith and dirt. The
images are taken with a regular digital camera in sawmill environments. Both presented methods use local
orientation and Hough transform to detect the pith position, but two different ways to compute the local
orientation are used. The results are promising for both methods. At least one of the methods is fast enough
to use on-line at a sawmill.

4. A detailed analysis of 3D subcellular signal localization
Authors: Amalka Pinidiyaarachchi, Agata Zieba (1), Amin Allalou, Katerina Pardali (1), Carolina Wählby
(1) Dept. of Genetics and Pathology, UU
Journal: Cytometry. Part A
Abstract: Detection and localization of fluorescent signals in relation to other subcellular structures is an
important task in various biological studies. Many methods for analysis of fluorescence microscopy image
data are limited to 2D. As cells are in fact 3D structures, there is a growing need for robust methods for
analysis of 3D data. This article presents an approach for detecting point-like fluorescent signals and ana-
lyzing their subnuclear position. Cell nuclei are delineated using marker-controlled (seeded) 3D watershed
segmentation. User-defined object and background seeds are given as input, and gradient information de-
fines merging and splitting criteria. Point-like signals are detected using a modified stable wave detector
and localized in relation to the nuclear membrane using distance shells. The method was applied to a set
of biological data studying the localization of Smad2-Smad4 protein complexes in relation to the nuclear
membrane. Smad complexes appear as early as 1 min after stimulation while the highest signal concen-
tration is observed 45 min after stimulation, followed by a concentration decrease. The robust 3D signal
detection and concentration measures obtained using the proposed method agree with previous observations
while also revealing new information regarding the complex formation.

5. Aspects on the reverse fuzzy distance transform
Author: Stina Svensson
Journal: Pattern Recognition Letters, 29(7), pp. 888–896
Abstract: We extend the concept of the reverse distance transform for binary images to a fuzzy framework,
leading to the reverse fuzzy distance transform. Furthermore, we introduce centres of maximal fuzzy balls
intended for, e.g. fuzzy distance based skeletonization of a fuzzy object. Finally, we propose to use the
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reverse fuzzy distance transform as an alternative region growing process to the seeded watershed segmen-
tation, in order to further emphasize the shape of fuzzy objects. We make a comparison using an application
where the aim is to identify the cytoplasms in fluorescence microscopy images of cells.

6. Finding cells, finding molecules, finding patterns
Authors: Carolina Wählby, Patrick Karlsson, Sara Henriksson (1), Chatarina Larsson (1), Mats Nilsson (1),
Ewert Bengtsson
(1) UU, Dept. of Genetics and Pathology, UU
Journal: International Journal on Signal and Imaging Systems Engineering 1(1), pp. 11–17
Abstract: Many modern molecular labeling techniques result in bright point signals. Signals from molecules
that are detected directly inside a cell can be captured by fluorescence microscopy. Signals representing dif-
ferent types of molecules may be randomly distributed in the cells or show systematic patterns, indicating
that the corresponding molecules have specific, non-random localisations and functions in the cell. As-
sessing this information requires high speed robust image segmentation followed by signal detection, and
finally, pattern analysis. We present and discuss these types of methods and show an example of how the
distribution of different variants of mitochondrial DNA can be analysed.

6.3 Refereed conference proceedings
1. Estimating 3D fibre orientation in volume images

Author: Maria Axelsson
Conference: 19th International Conference on Pattern Recognition
Abstract: Fibre orientation is an important structural property of fibre-based materials. For example, in
paper the orientation of the fibres influences the dimensional strength of the sheet and the tendency of the
sheet to curl and twist at moisture changes. Here, we present a threedimensional image analysis method for
estimating the fibre orientation and the orientation anisotropy. The proposed method can be applied directly
to greyscale volume images and is based on local orientation estimates using quadrature filters and structure
tensors. From the tensor field the fibre orientation can be estimated together with a corresponding certainty
measurement. Good results are obtained for both synthetic fibre data sets and fibre based materials imaged
using X-ray microtomography.

2. Design and implementation of a stereoscopic display in a lecture-room
Authors: Martin Ericsson (1), Anders Hast, Ingela Nyström
(1) Dept. of Information Technology, UU
Conference: SIGRAD 2008: The Annual SIGRAD Conference Special Theme: Interaction, Stockholm,
pp. 79–80
Editors: Kai-Mikael Jää-Aro, Lars Kjelldahl
Abstract: This paper describes the master thesis project 3DIS4U: Design and implementation of a distributed
visualization system with a stereoscopic display carried out at Uppsala University. The main contributions
of the thesis are the installation and evaluation of a wallsized stereoscopic display in a class room-like envi-
ronment and improvement of the quality, interactivity and usability of visualizations at Uppsala University
by connecting the system to one of UPPMAX high-performance computing (HPC) clusters. The project
involved modifications to open source softwares, mainly the Visualization ToolKit (VTK) and ParaView.
Furthermore, software was developed to aid users in creating interactive stereoscopic simulations. Software
was installed and modified for better usability. The option of using HPC resources for larger interactive
visualizations also exists. As a final step, evaluations of the display and of the software were carried out
together with background research on distributed rendering techniques to be able to produce a proposal for
further development of the project. The result of this work is a class room environment which in a few min-
utes can be turned into a visualization studio with a stereoscopic display with the ability to create interactive
visualizations. The lecture room retains its function as a class room and can support up to 30 simultaneous
viewers.
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3. Non-uniform 3D distance transform for anisotropic signal correction in confocal image volumes of
skeletal muscle cell nuclei
Authors: Patrick Karlsson Edlund, Joakim Lindblad
Conference: 2008 IEEE International Symposium on Biomedical Imaging: From Nano to Macro, pp. 1363–
1366
Abstract: Detailed description of the three dimensional organization of nuclei in confocal microscope image
volumes of skeletal muscle fibers needs accurate identification of the nuclei centroids. We propose a model
based method, applied as a weighted distance transform that take into consideration the diffuse, attenuated,
anisotropic, and non-symmetric behavior of the nuclei signals, to provide a transformed image volume
where the individual nuclei are better separated, and where the correct nuclei centroids are easily attained.

4. Interactive visualization of new electromagnetic quantities
Authors: Siavoush M. Mohammadi (1), Anders Hast, Lars K.S. Daldorff (3), Martin Ericsson (2), Jan, E.S.
Bergman (1), Bo Thidè (1)
(1) Swedish Institute of Space Physics
(2) Dept. of Information Technology, UU
(3) Dept. of Astronomy and Space Physics, UU
Conference: SIGRAD 2008: The Annual SIGRAD Conference Special Theme: Interaction, Stockholm,
pp. 71–4
Editors: Kai-Mikael Jää-Aro, Lars Kjelldahl
Abstract: Recent development in classical electrodynamics has demonstrated the usefulness of different
rotational and topological modes in the electromagnetic fields (angular momentum, polarization, vortic-
ity etc.). Unfortunately, the visualization tools available to illustrate these electrodynamic quantities have
hitherto been inadequate. Therefore we have developed a VTK and Python based interactive visualiza-
tion tool, with working name EMVT (ElectroMagnetic VisualizationTool), targeted at visualizing precisely
these modes.In the near future, EMVT will be further developed to visualize and control live antenna sys-
tems, where electromagnetic field data is instantly received, calculated, and visualized from an antenna or
a system of antennas. It will then be possible to see how the antenna properties change through direct user
interaction in real time.

5. Fully automatic heart beat rate determination in digital video recordings of rat embryos
Authors: Muhammad Khalid Khan Niazi, Mats F Nilsson (1), Bengt R. Danielsson (1), Ewert Bengtsson
(1) Dept. of Pharmaceutical Biosciences, UU
Conference: Third International Conference on Advances in Mass Data Analysis of Images and Signals in
Medicine, Biotechnology, Chemistry and Food Industry, pp. 27–37
Editors: Petra Perner, Ovidio Salvetti
Abstract: Embryo cultures of rodents is an established technique for monitoring adverse effects of chemicals
on embryonic development. The assessment involves determination of the heart rate of the embryo which
is usually done visually, a technique which is tedious and error prone. We present a new method for fully
automatic heart detection in digital videos of rat embryos. First it detects the heart location, and then it
counts the number of heart beats for a predetermined period of time. Using this automated method many
more embryos can be evaluated at reasonable cost.

6. Deterministic defuzzification based on spectral projected gradient optimization
Authors: Tibor Lukic (1), Nataša Sladoje (1), Joakim Lindblad
(1) Faculty of Engineering, University of Novi Sad, Serbia
Conference: 30th Symposium of the German Association for Pattern Recognition (DAGM), pp. 576–485
Editor: Gerhard Rigoll
Abstract: We apply deterministic optimization based on Spectral Projected Gradient method in combina-
tion with concave regularization to solve the minimization problem imposed by defuzzification by feature
distance minimization. We compare the performance of the proposed algorithm with the methods pre-
viously recommended for the same task, (non-deterministic) simulated annealing and (deterministic) DC
based algorithm. The evaluation, including numerical tests performed on synthetic and real images, shows
advantages of the new method in terms of speed and flexibility regarding inclusion of additional features in
defuzzification. Its relatively low memory requirements allow the application of the suggested method for
defuzzification of 3D objects.
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7. Spatially-variant morphological operations on binary images based on the polar distance transform
Authors: Kristin Norell, Joakim Lindblad
Conference: Proceedings of 19th International Conference on Pattern Recognition (ICPR 2008), Tampa,
Florida, December 2008
Abstract: Binary mathematical morphology can be computed by thresholding a distance transform, provided
that the distance transform is a metric. Here we show that the polar distance transform is a metric and use
it for morphological operations. The polar distance transform varies with the spatial coordinates of the
image, resulting in spatially-variant morphology. In this distance transform each pixel is related to an image
origin. We prefer angular propagation over radial, thus we construct structuring elements that are elongated
in the angular direction, which is useful when circular segments are handled. We show an example where
segments of annual rings on a log end face are connected using mathematical morphology based on the
polar distance transform.

8. Enabling bio-feedback using real-time fMRI
Authors: Henrik Ohlsson (1), Joakim Rydell (2), Anders Brun, Jacob Roll (1), Mats Andersson (2), Anders
Ynnerman (3), Hans Knutsson (2)
(1) Dept. of Electrical Engineering, Linköping university
(2) Dept. of Medical Engineering, Linköping university
(3) Dept. of Science and Technology, Linköping university
Conference: Proceedings of the 47th IEEE Conference on Decision and Control, pp. 3336–3341
Abstract: Despite the enormous complexity of the human mind, fMRI techniques are able to partially ob-
serve the state of a brain in action. In this paper we describe an experimental setup for real-time fMRI in
a bio-feedback loop. One of the main challenges in the project is to reach a detection speed, accuracy and
spatial resolution necessary to attain sufficient bandwidth of communication to close the bio-feedback loop.
To this end we have banked on our previous work on real-time filtering for fMRI and system identification,
which has been tailored for use in the experiment setup.

9. Direct weight optimization applied to discontinuous functions
Authors: Henrik Ohlsson (1), Jacob Roll (1), Anders Brun, Hans Knutsson (2), Mats Andersson (2), Lennart
Ljung (1)
(1) Dept. of Electrical Engineering, Linköping University
(2) Dept. of Medical Engineering, Linköping University
Conference: Proceedings of the 47th IEEE Conference on Decision and Control, pp. 117–122
Abstract: The Direct Weight Optimization (DWO) approach is a nonparametric estimation approach that has
appeared in recent years within the field of nonlinear system identification. In previous work, all function
classes for which DWO has been studied have included only continuous functions. However, in many appli-
cations it would be desirable also to be able to handle discontinuous functions. Inspired by the bilateral filter
method from image processing, such an extension of the DWO framework is proposed for the smoothing
problem. Examples show that the properties of the new approach regarding the handling of discontinuities
are similar to the bilateral filter, while at the same time DWO offers a greater flexibility with respect to
different function classes handled.

10. Registration of 2D histological images of bone implants with 3D SRµCT volumes
Authors: Hamid Sarve, Joakim Lindblad, Carina B. Johansson (1)
(1) Dept. of Clinical Medicine, Örebro University
Conference: ISVC 2008, pp. 1071–1080
Editors: George Bebis, Richard Boyle, Bahram Parvin, Darko Koracin, Paolo Remagnino, Fatih Porikli,
Jörg Peters, James Klosowski, Laura Arns, Yu Ka Chun, Theresa-Marie Rhyne, Laura Monroe
Abstract: To provide better insight in bone modeling and remodeling around implants, information is ex-
tracted using different imaging techniques. Two types of data used in this project are 2D histological images
and 3D SRuCT (synchrotron radiation-based computed microtomography) volumes. To enable a direct
comparison between the two modalities and to bypass the time consuming and difficult task of manual
annotation of the volumes, registration of these data types is desired.

In this paper, we present two 2D-3D intermodal rigid-body registration methods for the mentioned purpose.
One approach is based on Simulated Annealing (SA) while the other uses Chamfer Matching (CM). Both
methods use Normalized Mutual Information for measuring the correspondence between an extracted 2D-
slice from the volume and the 2D histological image whereas the latter approach also takes the edge distance
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into account for matching the implant boundary. To speed up the process, part of the computations are done
on the Graphic Processing Unit.
The results show that the CM-approach provides a more reliable registration than the SA-approach. The
registered slices with the CM-approach correspond visually well to the histological sections, except for
cases where the implant has been damaged.

11. A connection between Zn and generalized triangular grids
Authors: Robin Strand, Benedek Nagy (1)
(1) Dept. of Computer Science, Faculty of Informatics, University of Debrecen, Hungary
Conference: International Symposium on Visual Computing (ISVC 2008), Las Vegas, Nevada, USA, pp. 1157–
1166
Editors: George Bebis, Richard Boyle, Bahram Parvin, Darko Koracin, Paolo Remagnino, Fatih Porikli,
Jörg Peters, James Klosowski, Laura Arns, Yu Ka Chun, Theresa-Marie Rhyne, Laura Monroe
Abstract: In this paper we show how non-standard three-dimensional grids, such as the face-centered cubic
(fcc), the body-centered cubic (bcc), and the diamond grids can be embedded in Z4. The fcc grid is a hy-
perplane in Z4, the diamond grid is the union of two parallel hyperplanes. The union of four hyperplanes
(in a circular way) gives the bcc grid. Based on these connections, several types of neighborhood structures
are introduced on these grids. These structures span from the most natural ones (crystal bonds, Voronoi
neighbors) to infinite families.

12. The polar distance transform by fast-marching
Authors: Robin Strand, Kristin Norell
Conference: 19th International Conference on Pattern Recognition (ICPR 2008), Tampa, Florida, USA
Abstract: Image analysis tools that process the image using polar coordinates are needed to avoid the in-
terpolation from polar to cartesian coordinates. We present a tool for analysing and processing circular
objects — the polar distance transform computed by fast-marching. The fast marching method can be used
for computing the grey-weighted distance transform by numerically approximating the Eikonal differential
equation. We modify the Eikonal equation using weights that depend on the radius and angle relative to a
pre-defined coordinate system.

13. Weighted neighborhood sequences in non-standard three-dimensional grids – parameter optimiza-
tion
Authors: Robin Strand, Benedek Nagy (1)
(1) Dept. of Computer Science, Faculty of Informatics, University of Debrecen, Hungary
Conference: International Workshop on Combinatorial Image Analysis (IWCIA 2008), Buffalo, NY, USA,
pp. 51–62
Editors: Valentin E. Brimkov, Reneta P. Barneva, Herbert A. Hauptman
Abstract: Recently, a distance function was defined on the face-centered cubic and body-centered cubic
grids by combining weights and neighborhood sequences. These distances share many properties with tra-
ditional path-based distance functions, such as the city-block distance, but are less rotational dependent.
We introduce four different error functions which are used to find the optimal weights and neighborhood
sequences that can be used to define the distance functions with low rotational dependency.

14. Weighted neighbourhood sequences in non-standard three-dimensional grids — metricity and algo-
rithms
Authors: Robin Strand, Benedek Nagy (1)
(1) Dept. of Computer Science, Faculty of Informatics, University of Debrecen, Hungary
Conference: International Conference on Discrete Geometry for Computer Imagery (DGCI 2008), Lyon,
France, pp.201–212
Editors: David Coeurjolly, Isabelle Sivignon, Laure Tougne, Florent Dupont
Abstract: Recently, a distance function was defined on the face- centered cubic and body-centered cubic
grids by combining weights and neighbourhood sequences. These distances share many properties with
traditional path-based distance functions, such as the city-block distance, but are less rotational dependent.
We present conditions for metricity and algorithms to compute the distances.
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15. Accurate and reproducible semi-automatic liver segmentation using haptic interaction
Authors: Erik Vidholm, Milan Golubovic (1), Sven Nilsson (1), Ingela Nyström
(1) Dept. of Oncology, Radiology and Clinical Immunology, UU
Conference: Medical Imaging 2008: Visualization, Image-Guided Procedures, and Modeling
Editors: Michael I. Miga, Kevin R. Cleary
Abstract: In this work, we describe and evaluate a semi-automatic method for liver segmentation in CT
images using a 3D interface with haptic feedback and stereo graphics. Recently, we reported our fast semi-
automatic method using fast marching segmentation. Four users performed initialization of the method for
52 datasets by manually drawing seed-regions directly in 3D using the haptic interface. Here, we evaluate
our segmentation method by computing accuracy based on newly obtained manual delineations by two ra-
diologists for 23 datasets. We also show that by performing subsequent segmentation with an interactive
deformable model, we can increase segmentation accuracy. Our method shows high reproducibility com-
pared to manual delineation. The mean precision for the manual delineation is 89%, while it is 97% for the
fast marching method. With the subsequent deformable mesh segmentation, we obtain a mean precision of
98%. To assess accuracy, we construct a fuzzy ground truth by averaging the manual delineations. The mean
sensitivity for the fast marching segmentation is 93% and the specificity is close to 100%. When we apply
deformable model segmentation, we obtain a sensitivity increase of three percentage points while the high
specificity is maintained. The mean interaction time for the deformable model segmentation is 1.5 minutes.
We present a fully 3D liver segmentation method where high accuracy and precision is efficiently obtained
via haptic interaction in a 3D user interface. Our method makes it possible to avoid time-consuming manual
delineation, which otherwise is a common option prior to, e.g., hepatic surgery planning.

6.4 Non-refereed conferences and workshops
1. Tracking tubular structures in volume image data

Author: Maria Axelsson
Conference: SSBA Symposium on Image Analysis, Lund

2. Correction in 3D confocal images
Authors: Patrick Karlsson, Joakim Lindblad
Conference: SSBA Symposium on Image Analysis, Lund

3. Graph cut based segmentation of phase contrast volume images of fibrous materials
Authors: Filip Malmberg, Catherine Östlund (1), Gunilla Borgefors
(1) Swedish Pulp and Paper Research Institute (STFI-Packforsk), Stockholm
Conference: SSBA Symposium on Image Analysis, Lund

4. Measuring heart rate from rat embryo videos
Authors: Muhammad Khalid Khan Niazi, Ewert Bengtsson
Conference: SSBA Symposium on Image Analysis, Lund

5. The polar distance transform
Authors: Kristin Norell , Joakim Lindblad, Stina Svensson
Conference: SSBA Symposium on Image Analysis, Lund

6. Registration of 2D Histological images of bone implants with 3D SRuCT volumes
Authors: Hamid Sarve, Joakim Lindblad, Carina B. Johansson (1)
(1) Dept. of Clinical Medicine, Örebro University
Conference: SSBA Symposium on Image Analysis, Lund
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7. Weighted neighbourhood sequences – computing the distance transform
Author: Robin Strand
Conference: SSBA Symposium on Image Analysis, Lund

8. Algorithms for cross-talk suppression in fluorescence microscopy
Authors: Milan Gavrilovic, Carolina Wählby, Joakim Lindblad, Ewert Bengtsson
Conference: Medicinteknikdagarna, Göteborg

9. Automatisk spårning av dendriter i konfokalmikroskopibilder av nervceller
Author: Magnus Gedda
Conference: Medicinteknikdagarna, Göteborg

10. Att hitta ett histologiskt 2D snitt av ett benimplantat i en 3D mikrotomografivolym
Authors: Hamid Sarve, Joakim Lindblad, Gunilla Borgefors, Carina B. Johansson (1)
(1) Dept. of Clinical Medicine, Örebro University
Conference: Medicinteknikdagarna, Göteborg

11. Image analysis in fluorescence microscopy: the human eye is not enough
Author: Carolina Wählby
Conference: Medicinteknikdagarna, Göteborg

12. An automated image analysis method for measuring fibre contact in fibrous and composite materials
Authors: Filip Malmberg, Joakim Lindblad, Catherine Östlund (1), Karin M. Almgren (2), Kristofer M.
Gamstedt (1)
(1) Swedish Pulp and Paper Research Institute (STFI-Packforsk), Stockholm
(2) Dept. of Solid Mechanics, KTH, Stockholm
Conference: European Conference on Composite Materials, ECCM13, Stockholm

13. Are all state of the art techniques ”simple as that” to implement in biomaterials research?: a pilot
study in rat bone
Authors: Hamid Sarve, Joakim Lindblad, Carina B. Johansson (1), Gunilla Borgefors
(1) Dept. of Clinical Medicine, Örebro University
Conference: AstraTech World Congress, pp. 136–137

14. Using image analysis to model 3D liquid-paper interaction
Authors: Tuomas Turpeinen (1), Stina Svensson, Catherine Östlund (2), Jari Hyväluoma (3), Jussi Timo-
nen (3)
(1) Dept. of Mathematical Information Technology, University of Jyväskylä, Finland
(2) Swedish Pulp and Paper Research Institute (STFI-Packforsk), Stockholm
(3) Dept. of Physics, University of Jyväskylä, Finland
Conference: Progress in Paper Physics Seminar 2008

6.5 Other publications

See also Section 3.2 for Master theses finished during 2007.

1. CBA Annual Report 2007
Editors: Ewert Bengtsson, Kristin Norell, Ingela Nyström, Robin Strand, Lena Wadelius
Publisher: Centre for Image Analysis, 77 pages
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2. Perimeter estimation based on grey level object representation
Authors: Nataša Sladoje, Joakim Lindblad
Publisher: CBA, External report (Blue series) No. 33, 31 pages.

3. Short descriptions pf international journals on image analysis and its applications
Author: Gunilla Borgefors
Publisher: CBA, Internal report No. 45

4. Review of scientific papers on automated cervical cancer screening throught image analysis
Author: Patrik Malm
Publisher: CBA, Internal report No. 46

5. Introduction to the Mean-Shift procedure: filtering and segmentation
Author: Patrick Karlsson Edlund
Publisher: CBA, Internal report No. 47

6. A survey of available tools for volume visualazation
Authors: Filip Malmberg, Lennart Svensson
Publisher: CBA, Internal report No. 48

7. Räta linjer på dataskärmen: En illustration av rekursivitet
Author: Gunilla Borgefors
Journal: Nämnaren 35(1) 46–50, 2008

8. Tessellationer — konsten att dela upp planet i regelbundna mönster
Author: Gunilla Borgefors
Comment: A chapter in the book ”Människor och matematik — läsebok för nyfikna”

9. UPPMAX Progress Report
Editors: Hans Karlsson, Ingela Nyström
Publisher: Uppsala University

52



7 Activities

Apart from the activities reported in previous Sections, we also spend much time and effort on
outside contacts. These contacts are aimed at colleagues in academia, at industries based on
image analysis or need of it, and at society in general. We participate in conferences; give and
organize seminars; receive visitors and make visits, both for long and short stays; and participate
in many different committees, both international and national. In the following Section, we have
listed these activities for the year 2008. We have left out all meetings within ongoing research
projects and all lectures we have given or attended as part of the regular educational activities.
Still, the lists are quite extensive.

This year once again CBA personnel received an award: Khalid Niazi recieved the best paper
award at an international conference, MDA’08.

This year, Docent Ingela Nyström was elected Second Vice President of the Executive Com-
mittee of the International Association for Pattern Recognition (IAPR). This is in continuation
of the activities since 2000 as Board Member (President 2002–2006) of the Swedish Society for
Automatic Image Analysis (SSBA) and one of its representatives in the Governing Board of the
IAPR. Professor Stefan Seipel has served as Vice-chair of the Swedish Society for Computer
Graphics (SIGRAD). Professor Ewert Bengtsson continued to serve as advisor to the Rector of
UU on information technology and also as Chair of the Virtual Faculty of Information Tech-
nology, together with many other related appointments. Professor Gunilla Borgefors is one of
three Area Editors for the Journal “Pattern Recognition Letters”.

To give some figures: We were involved in arranging a workshop at the well-reputed MICCAI
2008 conference. We held as many as 20 seminars outside CBA, most in the Uppsala area, but
also in France, India, and Serbia. We had nine invited seminars at CBA, from Finland, France,
Italy, Serbia, Sweden, and the USA. In addition, we held 33 seminars in our “Monday seminar
series”, of which five were Master Thesis presentations. We gave four special invited talks, six
oral and three poster presentations at international fully reviewed conferences, and ten other
oral conference presentations. We had two long-term visitors from abroad, both from Serbia.
In addition, Joakim Linblad has spent several longer visits at the Faculty of Engineering, Uni-
versity of Novi Sad, Serbia. We have also received a large number of national and international
short-term visitors at many different occasions and have often visited others ourselves.

Finally, we have listed 29 international and 41 national “committees” of the most varying
types in which we have served.

7.1 Awards

1. Title: Best paper award at the International Conference on Mass Data Analysis of Signals and Image in
Medicine, Biotechnology, Chemistry, and Food Industry
Name: Khalid Niazi
Date: 080714
Comment: Title: Fully automatic heart beat rate determination in digital video recordings of rat embryos

7.2 Organised conferences and workshops

1. CBA internal planning workshop Organisers: Ewert Bengtsson, Lena Wadelius, Ingela Nyström, Patrik
Malm, Robin Strand
Address: Orbaden konferens & spa, Hälsingland
Date: 090617–18
Attendees: All personell from CBA
Topic: This workshop addressed long-term strategic questions regarding CBA. The workshop comprised
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four sessions, especially focusing on the major topics “Research areas” , “Work environment”, “Situation
for PhD students/seniors” and “PR and outreach”. The discussions, e.g., included questions of informa-
tion sharing within CBA, quality and quantity of PhD courses, standardisation of formats for presentations
outside CBA.

2. Manifolds in Medical Imaging: Metrics, Learning and Beyond, workshop in conjunction with MIC-
CAI 2008
Organisers: Robert Pless (1); Christos Davatzikos (2); Anders Brun; Richard Souvenir (3)
Affiliation: (1) Washington University in St. Louis, MO, USA; (2) University of Pennsylvania, PA, USA;
(3) University of North Carolina at Charlotte, NC, USA
Address: Helen and Martin Kimmel Center for University Life, New York, NY, USA
Date: 080910
Comment: Brun was one of the Area chairs.

7.3 Seminars held outside CBA

1. Gunilla Borgefors
Date: 080211
Address: Undervisningshuset, Ultuna, SLU
Title: Introduction to Image Analysis
Comment: A three-hour lecture in a GIS course for undergraduates at SLU

2. Kristin Norell
Date: 080213
Address: Uppsala Konsert och Kongress
Title: Image analysis of log end faces — Annual rings
Comment: Seminar held in Swedish at a meeting for the development group in the Swedish Timber Mea-
surement Council, VMR.

3. Ingela Nyström
Date: 080219
Address: Härnösands gymnasium, Härnösand
Title: One possible (and exciting!) path to take
Comment: Invitation to present CBA and UU to high-school students in natural sciences education.

4. Ewert Bengtsson
Date: 080317
Address: CDAC Research Centre, Thiruvananthapuram, India
Title: MIP for AUTOPAP – from an Uppsala perspective
Comment: Introductory seminar presentation in our joint planning work for the PAD-CDAC project

5. Ewert Bengtsson
Date: 080320
Address: Manonmaniam Sundaranar University, Tirunelveli, India
Title: Biomedical image analysis molecules, cells, tissues and organs
Comment: Part of the one week planning visit in India, MS University is an intended collaboration partner

6. Joakim Lindblad
Date: 080326
Address: Faculty of Engineering, University of Novi Sad, Serbia
Title: How to improve perimeter estimation by using grey level information

7. Ewert Bengtsson
Date: 080507–09
Address: University of Kalmar, Kalmar Nyckel Conference Centre
Title: IT - tool or agent for change in education?
Comment: The seminar was held at NU2008, a workshop as part of the national conference on university
level education
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8. Gunilla Borgefors
Date: 080515
Address: Swedish National Road and Transport Research Institute (VTI), Linköping
Title: Writing scientific texts

9. Ewert Bengtsson
Date: 080519
Address: Akademihotellet, Uppsala
Title: Visions for IT: How we communicate through computers.
Comment: Presentation for a delegation from Rijksuniversiteit Groningen

10. Ewert Bengtsson
Date: 080523
Address: KTH, Stockholm
Title: Visualization – an important tool for (biomedical) image analysis
Comment: Invited presentation in the KTH seminar series on visualization.

11. Kristin Norell
Date: 080523
Address: Dept. of Forest Products, SLU
Title: Automatic measurements of sawlogs with image analysis
Comment: The seminar was held as a part of a one day seminar on measuring pulp wood. The audience
was people from the Dept. of Forest Products, SLU, The Swedish Measurement Council and from the pulp
measurement industry, in total about 25 people.

12. Robin Strand
Date: 080605
Address: Institut de Recherche en Communications et Cybernétique de Nantes, IRCCyN, Nantes, France
Title: Computing the distance transform with path-based distance functions

13. Filip Malmberg, Lennart Svensson
Date: 080926
Address: Grand, Uppsala
Comment: Participation in a popular science event, ”Forskarfredag — Researcher’s night”. Demonstration
of haptic equipment.

14. Gunilla Borgefors
Date: 081006
Address: INRIA, Sophia-Antipolis, France
Title: Discrete distance-based skeletons in 2D and 3D
Comment: An invited lecture in a series organized by the Ariana project group, headed by Josiane Zerubia

15. Ewert Bengtsson
Date: 081015–16
Address: Gimo Manor conference centre
Title: IT-development trends, looking in the chrystal ball
Comment: The seminar was given at the deans meeting UU.

16. Joakim Lindblad
Date: 081030
Address: Faculty of Engineering, University of Novi Sad, Serbia
Title: GPGPU + Golf = Money?

17. Ewert Bengtsson
Date: 081125
Adress: Dept. of Information Technology, UU
Title: Medical imaging and image analysis
Comment: A lecture on the course Medical informatics.
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18. Carolina Wählby
Date: 081204
Address: Dept. of Engineering Sciences, UU
Title: Image processing and image analysis: background, principles and examples from surface characteri-
zation and microscopy
Comment: A lecture on the course Surface Characterization for students at the Materials and Science Pro-
gramme. The lecture was given in Swedish.

19. Ewert Bengtsson
Date: 081210
Address: Uppsala Learning Lab
Title: IT in university education — Checking the chrystal ball

7.4 Seminars at CBA with invited guest lecturers
1. Erkki Oja

Address: Computer Science and Engineering, Helsinki University of Technology, Finland
Date: 080124
Title: Semantics, self-organizing maps, and multimedia databases

2. Nataša Sladoje
Address: Faculty of Engineering, University of Novi Sad, Serbia
Date: 080204
Title: How to improve perimeter estimation by using grey level

3. Jean Serra
Address: Centre of Mathematical morphology, Paris, France
Date: 080303
Title: Variations on digital watersheds

4. Chandrajit Bajaj
Address: Computational Visualization Center, Dept. of Computer Sciences, Institute of Computational En-
gineering and Sciences, University of Texas at Austin, TX, USA
Date: 080505
Title: Image analysis and structure elucidation techniques for single particle cryo-EM versus cryo-ET

5. Siavoush Mohammadi Mohaghegh
Address: Swedish Institute of Space Physics
Date: 080915
Title: Visualization of electromagnetic observables in radio-beams

6. Vladimir Ćurić
Address: Faculty of Engineering, University of Novi Sad, Serbia
Date: 080922
Title: Mathematical modeling of efficient water flow management
Comment: Master thesis presentation

7. Antti Niemistö
Address: Dept. of Signal Processing, Tampere University of Technology, Finland
Date: 081027
Title: Image analysis for systems biology: Experiences from the world of dynamic, genome-wide, high-
throughput, and single-cell analyses

8. Gabriella Sanniti di Baja
Address: Istituto di Cibernetica, CNR, Pozzuoli, Italy
Date: 081103
Title: On Medial Representations
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9. David Coeurjolly
Address: Université Claude Bernard Lyon 1, France
Date: 081106
Title: Volumetric discrete object analysis: Separable techniques and performance issues

7.5 Seminars at CBA

Seminars by seniors, PhD students and Master thesis students at CBA.
Some of these seminars were held in Swedish.

1. Hamid Sarve
Date: 080114
Title: Registration of 3D SRµCT volumes with 2D histological images

2. Ida-Maria Sintorn
Date: 080121
Title: Presentation of myself, Vironova, and the kind of image analysis performed there

3. Lars Winkler Pettersson
Date: 080128
Title: Collaborative visualization in co-located multiple viewer display environments

4. Cris Luengo
Date: 080129
Title: Berkeley drosophila transcription network project: Morphology and gene expression atlas
Comment: Luengo gave this seminar about his research in connection with his visit to CBA for interview.

5. Erik Melin
Date: 080211
Title: Khalimsky manifolds

6. Amalka Pinidiyaarachchi
Date: 080225
Title: Localization of point-like fluorescent signals in cell images in 3D

7. Bettina Selig
Date: 080310
Title: Estimation of the amount of lignin in wood cells — Classification of detected edges

8. Amin Allalou
Date: 080317
Title: Cells and blobs; my current research

9. Marcus Molander
Date: 080331
Title: Quantitative image analysis of Cherenkov light from nuclear fuel assemblies
Comment: Master thesis presentation

10. Erik Wernersson
Date: 080414
Title: Spectral problems for quantum graphs.

11. Patrik Malm
Date: 080421
Title: Multisectional and optimized hierarchical clustering

12. Gunilla Borgefors
Date: 080428
Title: How to use Chinese counting rods
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13. Anders Brun
Date: 080512
Title: Data as manifolds — Manifolds as images
Comment: Brun gave this seminar about his research in connection with his visit to CBA for interview.

14. Magnus Gedda
Date: 080519
Title: Towards automated neurite tracing in 3D — A dynamic approach

15. Kristin Norell
Date: 080526
Title: Are you able to count to 20? — Measuring annual rings in coniferous saw-logs

16. Maria Axelsson
Date: 080602
Title: Estimating fibre orientation in volume images

17. Martin Ericsson
Date: 080609
Title: Design and implementation of a distributed visualization system with a stereoscopic display
Comment: Master thesis presentation

18. Johannes Löwén
Date: 080616
Title: Automatic liquid chromatography rack recognition
Comment: Master thesis presentation

19. Martin Norling
Date: 080623
Title: Improving facial recognition using textual annotation
Comment: Master thesis presentation

20. Lennart Svensson
Date: 080825
Title: Marker based motion capture

21. Cris Luengo
Date: 080901
Title: Introducing DIPimage

22. Patrik Malm
Date: 080929
Title: Introduction to the 3D software Blender

23. Filip Malmberg
Date: 081006
Title: Getting started with VTK

24. Erik Wernersson
Date: 081013
Title: Markov random fields

25. Hamid Sarve
Date: 081020
Title: 2D-3D registration aided by GPU

26. Robin Strand
Date: 081030
Title: Avståndsfunktioner och bildbehandling på gitter — med fokus på de tredimensionella yt- och kropp-
scentrerade kubiska gittren

27. Gustaf Kylberg
Date: 081110
Title: Moving towards automated TEM for virus detection
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28. Khalid Niazi
Date: 081117
Title: Counting the heart beats during arrhythmia

29. Erik Ahlberg
Date: 081119
Title: Design of a sense-and-avoid algorithm for manned aircrafts and UAVs: A motion based approach for
object detection and tracking
Comment: Master thesis presentation

30. Milan Gavrilovic
Date: 081124
Title: Applications of spectral angle based classification in microscopy image processing

31. Joakim Lindblad
Date: 081201
Title: GPGPU + Golf = Money?

32. Ingrid Carlbom
Date: 081208
Title: Challenges in multi-disciplinary research

33. Gustaf Kylberg and Hamid Sarve
Date: 081215
Title: An attractive and compelling graphic profile facilitates recognition and symbolizes quality

7.6 Conference participation

7.6.1 Special invited speakers

1. Conference: Communication challenges for universities in the age of high-tech
Ewert Bengtsson
Date: 080417–18
Address: Vilnius University, Lithuania
Title: IT trends & perspectives. Checking the crystal ball trying to understand where the IT development is
taking our universities
Comment: Two day conference organised by the Rectors Conference of Lithuanian Universities with three
invited speakers.

2. Conference: Visual Forum 2008
Stina Svensson
Date: 080422
Address: Filmstaden Bergakungen, Göteborg
Title: ProViz — Interactive visualization of in situ 3D protein images

3. Conference: Medicinteknikdagarna 2008
Carolina Wählby
Date: 081014–15
Address: Göteborg Convention Centre
Title: Image analysis in fluorescence microscopy; the human eye is not enough

4. Conference: VIPCON 2008
Stefan Seipel
Date: 081016
Address: Teknikdalen, Borlänge
Title: The role of the display technique for visualization and perception
Comment: The talk was held in Swedish

59



7.6.2 Oral presentations - refereed conferences

1. Conference: International Workshop on Combinatorial Image Analysis (IWCIA’08)
Robin Strand
Date: 080407–09
Address: Adam’s Mark Hotel, Buffalo, NY, USA
Title: Weighted neighbourhood sequences in non-standard three-dimensional grids — Parameter optimiza-
tion

2. Conference: International Conference on Discrete Geometry for Computer Imagery (DGCI’08)
Robin Strand
Date: 080416–18
Address: Université Claude Bernard Lyon 1, France
Title: Weighted neighbourhood sequences in non-standard three-dimensional grids — Metricity and algo-
rithms

3. Conference: International Symposium on Biomedical Imaging (ISBI’08)
Patrick Karlsson Edlund
Date: 080514–17
Address: Paris Marriott Rive Gauche Hotel & Conference Center, Paris, France
Title: Non-uniform 3D distance transform for anisotropic signal correction in confocal image volumes of
skeletal muscle cell nuclei

4. Conference: International Conference on Mass Data Analysis of Signals and Image in Medicine, Biotech-
nology, Chemistry, and Food Industry (MDA’08)
Khalid Niazi
Date: 080714
Address: Großer Brockhaus, Leipzig, Germany
Title: Fully automatic heart beat rate determination in digital video recordings of rat embryos
Comment: Reciever of the best paper award.

5. Conference: International Symposium on Visual Computing (ISVC’08)
Hamid Sarve
Date: 081201–03
Address: Monte Carlo Casino and Hotel, Las Vegas, NV, USA
Title: Registration of 2D histological images of bone implants with 3D STRµCT volumes

6. Conference: International Conference on Pattern Recognition (ICPR’08)
Kristin Norell
Date: 081207–11
Address: Tampa Convention Centre, FL, USA
Title: The polar distance transform by fast-marching

7.6.3 Poster presentations - refereed conferences

1. Conference: Medical Imaging 2008: Visualization, Image-Guided Procedures, and Modeling
Erik Vidholm
Date: 080216–20
Address: Town & Country Resort and Convention Center, San Diego, CA, USA
Title: Accurate and reproducible semi-automatic liver segmentation using haptic interaction

2. Conference: International Conference on Pattern Recognition (ICPR’08)
Maria Axelsson
Date: 081207–11
Address: Tampa Convention Centre, FL, USA
Title: Estimating 3D fibre orientation in volume images
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3. Conference: International Conference on Pattern Recognition (ICPR’08)
Kristin Norell
Date: 081207–11
Address: Tampa Convention Centre, FL, USA
Title: Spatially-variant morphological operations on binary images based on the polar distance transform

7.6.4 Oral presentations

1. Conference: Swedish Society for Automated Image Analysis Symposium (SSBA’08)
Maria Axelsson
Date: 080313–14
Address: Centre for Mathematical Sciences, Lund University
Title: Tracking tubular structures in volume image data

2. Conference: Swedish Society for Automated Image Analysis Symposium (SSBA’08)
Ewert Bengtsson
Date: 080313–14
Address: Centre for Mathematical Sciences, Lund University
Title: Measuring heart rate from rat embryo videos
Comment: Presenting as stand-in for Khalid Niazi who was not present.

3. Conference: Swedish Society for Automated Image Analysis Symposium (SSBA’08)
Patrick Karlsson Edlund
Date: 080313–14
Address: Centre for Mathematical Sciences, Lund University
Title: Correction in 3D confocal images

4. Conference: Swedish Society for Automated Image Analysis Symposium (SSBA’08)
Filip Malmberg
Date: 080313–14
Address: Centre for Mathematical Sciences, Lund University
Title: Graph cut based segmentation of phase contrast volume images of fibrous materials

5. Conference: Swedish Society for Automated Image Analysis Symposium (SSBA’08)
Kristin Norell
Date: 080313–14
Address: Centre for Mathematical Sciences, Lund University
Title: The polar distance transform

6. Conference: Swedish Society for Automated Image Analysis Symposium (SSBA’08)
Hamid Sarve
Date: 080313–14
Address: Centre for Mathematical Sciences, Lund University
Title: Registration of 3D SRµCT volumes with 2D histological images

7. Conference: Swedish Society for Automated Image Analysis Symposium (SSBA’08)
Robin Strand
Date: 080313–14
Address: Centre for Mathematical Sciences, Lund University
Title: Weighted neighbourhood sequences — Computing the distance transform

8. Conference: 13th European Conference on Composite Materials (ECCM13)
Erik Wernersson
Date: 080602–05
Address: KTH, Stockholm
Title: An automated image analysis method for measuring fibre contact in fibrous and composite materials
Comment: Presentation of Filip Malmberg’s paper.
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9. Conference: U.S. Department of Health & Human Services Public Health Emergency Medical Counter-
measure Enterprise Stakeholders Workshop 2008
Ida-Maria Sintorn
Date: 080923–25
Address: Crystal Gateway Marriott, Arlington, VA, USA
Title: Technology platform for rapid identification of highly pathogenic viruses

10. Conference: Medicinteknikdagarna 2008
Magnus Gedda
Date: 081014–15
Address: Göteborg Convention Centre
Title: Automatisk spårning av dendriter i konfokalmikroskopibilder av nervceller

7.6.5 Poster presentations

1. Conference: AstraTech World Congress
Hamid Sarve
Date: 080605–07
Address: Washington D.C., USA
Title: Are all state of the art techniques simple as that to implent in biomaterial search?

2. Conference: Medicinteknikdagarna 2008
Milan Gavrilovic
Date: 081014–15
Address: Göteborg Convention Centre
Title: Algorithms for cross-talk suppression in fluorescence microscopy

3. Conference: Medicinteknikdagarna 2008
Hamid Sarve
Date: 081014–15
Address: Göteborg Convention Centre
Title: Att hitta ett histologiskt 2D snitt av ett benimplantat i en 3D mikrotomografivolym

7.6.6 Attendee

1. Conference: PhD student day, Swedish Society for Automated Image Analysis Symposium 2008
Amin Allalou, Maria Axelsson, Patrick Karlsson Edlund, Milan Gavrilovic, Gustaf Kylberg,
Patrik Malm, Filip Malmberg, Kristin Norell, Hamid Sarve, Bettina Selig
Date: 080312
Address: Centre for Mathematical Sciences, Lund University

2. Conference: Swedish Society for Automated Image Analysis Symposium (SSBA’08)
Amin Allalou, Gunilla Borgefors, Milan Gavrilovic, Gustaf Kylberg, Joakim Lindblad, Patrik Malm,
Ingela Nyström, Bettina Selig, Ida-Maria Sintorn, Erik Wernersson
Date: 080313–14
Address: Centre for Mathematical Sciences, Lund University
Comment: Nyström was on the Board of the SSBA Annual Meeting.

3. Conference: 14th International Conference on Discrete Geometry for Computer Imagery (DGCI’08)
Gunilla Borgefors
Date: 080416–18
Address: Université Claude Bernard Lyon 1, France
Comment: Borgefors was session chair.

4. Conference: International Conference on Mass Data Analysis of Signals and Image in Medicine, Biotech-
nology, Chemistry, and Food Industry (MDA’08)
Ewert Bengtsson
Date: 080714
Address: Großer Brockhaus, Leipzig, Germany
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5. Conference: 11th International Conference on Medical Image Computing and Computer Assisted Interven-
tion (MICCAI’08)
Anders Brun
Date: 080906–10
Address: Helen and Martin Kimmel Center for University Life, New York

6. Conference: Medicinteknikdagarna 2008
Amin Allalou, Ewert Bengtsson, Gustaf Kylberg, Partik Malm
Date: 081014–15
Address: Göteborg Convention Centre

7. Conference: SIGRAD 2008
Ewert Bengtsson, Lennart Svensson
Date: 081127–28
Address: KTH, Stockholm

8. Conference: 19th International Conference on Pattern Recognition (ICPR’08)
Ingela Nyström
Date: 081208–11
Address: Tampa Convention Centre, FL, USA
Comment: Swedish representative at IAPR Governing Board meeting. Elected 2nd Vice President of the
IAPR.

7.6.7 Other conferences

1. Conference: TDB’08
Ingela Nyström
Date: 080114–15
Address: Vanbo Herrgård, Smedjebacken
Comment: Internal conference arranged by the Div. of Scientific Computing (TDB) at the Dept. of Infor-
mation Technology.

2. Conference: ENLIGHT PMG-meeting
Carolina Wählby, Ewert Bengtsson
Date: 080117–18
Address: Edinburgh Cancer Research Center, UK
Comment: Project report from CBA was presented

3. Conference: SIDA-SPIDER Help Desk Inauguration
Ewert Bengtsson
Date: 080121
Address: SIDA Conference Center, Stockholm
Comment: SPIDER coordinates IT work in relation to third world countries

4. Conference: Bo Johan Norléndagen
Ewert Bengtsson
Date: 080130
Address: Rudbecksalen, UU
Comment: A seminar on urology, Bengtsson participated as member of the scientific board of Hillevi Fries
Foundation which gave out grants at the seminar

5. Conference: ProDiver Course
Ewert Bengtsson
Date: 080213
Address: Ekonomikum, UU
Comment: Bengtsson participated in this course on how to use the ProDiver system to explore statistics
about UU
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6. Conference: Academy of Moving Images
Ewert Bengtsson
Date: 080312
Address: Idékraft, Uppsala
Comment: Workshop on possible cooperation in the visualisation and animation field in the Uppsala region,
sponsored by Vinnova

7. Conference: Deans meeting UU
Ewert Bengtsson
Date: 080414–15
Address: Friibergh Manor conference centre
Comment: Semiannual meeting, discussions about UU policy issues

8. Conference: IT in developing countries
Ewert Bengtsson
Date: 080416
Address: Uppsala Missionskyrka Conference Centre
Comment: International workshop about the importance of IT in development

9. Conference: Seminar on moving images
Ewert Bengtsson
Date: 080513
Address: Idékraft, Uppsala
Comment: Discussing cooperation on visualisation and related topics in the Uppsala region

10. Conference: India Sweden collaboration in the field of science and technology
Ewert Bengtsson
Date: 080519
Address: World Trade Centre, Stockholm
Comment: A seminar arranged by Vinnova and the Indian Embassy to promote collaboration in e.g. medical
image analysis

11. Ewert Bengtsson
Date: 080523
Address: Evolutionary Biology Centre (EBC), UU
Title: Cooperation possibilities between UU and University of Gävle in graduate education and research
Comment: Discussions about experiences and possibilities in collaboration based on a new agreement be-
tween the universities.

12. Conference: ENLIGHT PMG-meeting
Carolina Wählby, Ewert Bengtsson
Date: 080828–29
Address: VTT Technical Research Centre of Finland, Turku, Finland
Comment: Project report from CBA was presented

13. Conference: Faculty days
Ewert Bengtsson
Date: 080910–11
Address: SLU, Umeå
Comment: General presentations and discussions for all employees of Faculty of Forest Sciences, SLU.

14. Conference: Working conference for IT council, UU
Ewert Bengtsson
Date: 080917–18
Address: Friibergh Manor
Comment: Workshop for UU IT council to develop new strategic program for IT at UU chaired by Bengtsson
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15. Conference: PPS course
Ewert Bengtsson
Date: 081012
Address: Victoria Conference Centre
Comment: One day course on how the PPS project management model works in relation to members of
management groups

16. Conference: IVA Högtidssammankomst
Ewert Bengtsson, Gunilla Borgefors
Date: 081024
Address: Stockholm Concert Hall
Comment: The annual conference by the Royal Swedish Academy of Engineering Sciences with presenta-
tions about current developments in engineering in Sweden

17. Conference: SLU prefect meeting
Ewert Bengtsson
Date: 081203–04
Address: Krusenberg Manor
Comment: Discussions about SLU policy and management issues

7.7 Visiting scientists (staying at least 2 weeks)
1. Nataša Sladoje

Address: Faculty of Engineering, University of Novi Sad, Serbia
Host: Joakim Lindblad
Date: 080126–0210
Comments: Research cooperation

2. Vladimir Ćurić
Address: Faculty of Engineering, University of Novi Sad, Serbia
Host: Gunilla Borgefors
Date: 080914–1130
Topic: Fuzzy sets in digital geometry

7.8 Other visitors
1. Göran Sandberg (1), Lars Andersson (2)

Address: (1) LUNARC, Lund University; (2) C3SE, Chalmers University of Technology, Göteborg
Host: Ingela Nyström
Date: 080109
Topic: Collaboration on prospective resources for high-performance computing
Comments: UPPMAX guests visiting CBA

2. Harald Klomp
Address: Image Intelligence - IMINT AB, Uppsala
Host: Ewert Bengtsson
Date: 080111
Topic: Discussions on possible cooperation through master thesis projects or similar

3. Svante Burström
Address: BANQIT AB, Kista
Host: Ewert Bengtsson
Date: 080218
Topic: Discussions on possible use of spectral image analysis in cash handling equipment
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4. Carina Johansson
Address: Hälsoakademin, Örebro University
Host: Hamid Sarve, Gunilla Borgefors
Date: 080326
Topic: Project planning

5. Magnus Hjelmblom
Address: University of Gävle
Host: Ewert Bengtsson, Ingela Nyström, Stefan Seipel
Date: 080404
Topic: Augmented reality in medical image analysis and construction applications
Comments: Discussion of a future project

6. Section VII of IVA the Royal Swedish Academy of Engineering Sciences
Address: Stockhom and other parts of Sweden
Host: Ewert Bengtsson
Date: 080410
Number of visitors: 20
Topic: Computerized image analysis at CBA
Comments: A regular meeting of section VII plus presentations of several CBA researchers about our work.

7. Carl Gunnstam
Address: Faculty of Engineering, Lund University (LTH)
Host: Filip Malmberg
Date: 080508
Topic: Presentation of the visualization activity at CBA.
Comments: Gunnstam is a student at LTH. As a part of his education he is making a survey of the visual-
ization activity at the Swedish universities.

8. Mats Nilsson (1), Bill Webster (2)
Address: (1) Div. of Toxicology, Dept. of Pharmaceutical Biosciences, UU; (2) Reproductive Toxicology
Laboratory & CHALUS, University of Sydney, Australia
Host: Khalid Niazi
Date: 080829
Topic: Arrhythmia dectection in rat embryos

9. Sven Nilsson, Milan Golubovic
Address: Dept. of Oncology, Radiology and Clinical Immunology, UU Hospital
Host: Filip Malmberg, Ingela Nyström
Date: 080909
Topic: Planning of a joint research project on liver segmentation

10. Maya Neytcheva
Address: Dept. of Information Technology, UU
Host: Gunilla Borgefors
Date: 080912
Topic: Possible joint master thesis on numerical analysis in non-traditional grids

11. Jens Laage Hellman
Address: Vinnova
Host: Ewert Bengtsson
Date: 080925
Topic: The history of medical image analysis in Sweden
Comments: The visitor is writing a report about the results of previous funding in medical image analysis
and related fields and interviewed Bengtsson for two hours
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12. John Klepper
Address: Northern Light Studios
Host: Ewert Bengtsson
Date: 080925
Topic: Image analysis and tracking
Comments: Discussion about possible cooperation on tracking projects

13. Shantanu Padhi
Address: University of Queensland, Brisbane, Australia
Host: Ewert Bengtsson
Date: 081001
Topic: Image analysis and signal processing
Comments: Conversation about CBA activities and signal processing activities at UU.

14. Antti Niemistö
Address: Shmulevich Lab, Institute for Systems Biology, Seattle, WA, USA and Dept. of Signal Processing,
Tampere University of Technology, Finland
Host: Ewert Bengtsson
Date: 081027–28
Topic: Presentation of CBA activities in conjunction with seminar.

15. Joseph Nordgren
Address: TN-faculty, UU
Host: Ewert Bengtsson
Date: 081028
Topic: CBA research activities and plans presented for the new faculty dean

16. Gabriella Sanniti di Baja
Address: Istituto di Cibernetica ”E. Caianiello”, CNR, Pozzuoli (Napoli), Italy
Host: Gunilla Borgefors
Date: 081029–1108
Topic: Continuing co-operation
Comments: Sanniti di Baja was also in the dissertation committee of Strand.

17. Daniel Evestedt, Johan M. Beskow
Address: SenseGraphics, Kista
Host: Lennart Svensson
Date: 081103
Topic: Haptic hardware setup

18. Andrea Perna
Address: LINA, Nantes University, France
Host: Gunilla Borgefors
Date: 081111
Number of visitors: 3
Topic: Analysis of the geometry of termite nests
Comments: David Sumpter and a number of CBA people participated.

19. Göran Stenberg
Address: Helsingborgs Dagblad
Host: Robin Strand
Date: 081112
Topic: Interview for the newspaper Helsingborgs Dagblad
Comments: Telephone interview

20. Per Gustafsson
Address: Sveriges Radio, Vetenskapsredaktionen, Uppsala
Host: Robin Strand
Date: 081117
Topic: Interview for the radio show Tekno
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21. Bjørn Steinar Tanem (1), Kristofer Gamstedt (2)
Address: SINTEF Materials and Chemistry, Trondheim, Norway; KTH Solid Mechanics, Stockholm
Host: Cris Luengo
Date: 081120
Topic: WoodWisdom3D project meeting
Comments: Tanem is head of the Nordic WoodFibre3D project. Gamstedt from KTH was also present. All
CBA people involved participated.

22. Rolf Olsson, Anita Göndör
Address: Dept. of Development and Genetics, UU
Host: Carolina Wählby and Ewert Bengtsson
Date: 081125
Topic: Analysis of the 3D distribution of chromatin in cell nuclei.
Comments: Discussion on possible future collaboration.

7.9 Visits to other research groups (for at least 2 weeks)
1. Joakim Lindblad

Host: Nataša Sladoje, Silvia Ghilezan
Address: Faculty of Engineering, University of Novi Sad, Serbia
Topic: Joint research project
Comments: Several longer visits were made during the year.

7.10 Short visits to other research groups and meetings outside CBA
Note: Meetings occassioned by permanent appointments are listed in section 7.11

1. About 20 CBA researchers
Host: Lars Mattsson
Address: Dept. of Production Engineering, School of Industrial Engineering and Management, KTH, Stock-
holm
Date: 080109
Topic: Traditional ”Lucia study visit”
Comments: Our annual study visit was to see the 3D volumetric display based on a holographic optical
element developed by the hosts.

2. Amin Allalou, Carolina Wählby
Host: Björn Ekström, Mats Gullberg, Ann-Chatrin Andersson
Address: Olink Bioscience
Date: 080110
Topic: BlobFinder and related image analysis applications
Comments: Several meetings during the year for discussions and evaluations of the by CBA developed
BlobFinder.

3. Gunilla Borgefors, Catherine Östlund
Host: Bjørn Steinar Tanem
Address: STFI-Packforsk, Stockholm
Date: 080116
Topic: Start-up meeting WoodFibre3D project
Comments: WoodFibre3D is a joint Nordic project with participants from Denmark, Finland, Norway and
Sweden.

4. Catherine Östlund
Host: Kristofer Gamstedt
Address: STFI-Packforsk, Stockholm
Date: 080123
Topic: Planning of WoodFibre3D
Comments: Discussions on first publications from WoodFibre3D
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5. Joakim Lindblad, Johannes Löwén
Host: Ola Strandberg
Address: Biotage AB
Date: 080205
Topic: Master thesis project initiation — Automatic liquid chromatography rack recognition

6. Ewert Bengtsson, Gustaf Kylberg, Ida-Maria Sintorn
Host: Mohammed Homman
Address: Vironova AB, Nacka
Date: 080215
Topic: PanViruShield kick-off

7. Ida-Maria Sintorn
Host: Svante Ödman, Swedish Emergency Management Agency
Address: Westmanska Palatset, Stockholm
Date: 080305
Topic: Project presentation: Rapid identification of highly pathogenic viruses

8. Ida-Maria Sintorn
Host: Nils-Erik Rönnberg
Address: Swedish Defense Material Administration, Stockholm
Date: 080305
Topic: Project presentation: Rapid identification of highly pathogenic viruses

9. Amin Allalou, Carolina Wählby
Host: Nils-Göran Larsson, Christoph Freyer, Jim Stewert, Camilla Looman
Address: Dept. of Laboratory Medicine, Div. of Metabolic Diseases, Karolinska Institute, Stockholm
Date: 080306
Topic: Start-up meeting for cross-disciplinary studies of mitochondrial DNA
Comments: Chatarina Larsson and Mats Nilsson from the Dept. of Genetics and Pathology, UU, also took
part in the meeting.

10. Ingela Nyström
Host: Göran Sandberg
Address: Dept. of Construction Sciences, Lund University
Date: 080313
Topic: Collaboration between UPPMAX and Lunarc in acquiring computer resources

11. Ewert Bengtsson
Host: Shri V Muralidharan, Additional Director and Head CIG, C-DAC
Address: CDAC Research Centre, Thiruvananthapuram, Kerala, India
Date: 080317–0324
Topic: Planning cooperation on PAP-CDAC project
Comments: A full week visit with discussions on our planned joint work on PAP-smear screening for
cervical cancer

12. Erik Wernersson
Host: Kristofer Gamstedt
Address: STFI-Packforsk, Stockholm
Date: 080327
Topic: Project discussions

13. Joakim Lindblad
Host: Zoltán Kató, Tibor Csendes
Address: Institute of Informatics, University of Szeged, Hungary
Date: 080407–0410
Topic: Research discussions and initiation of joint project
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14. Erik Wernersson
Host: Stina Svensson
Address: Sidec AB, Kista
Date: 080423
Topic: Attended a seminar by Ali Mohammad-Djafari

15. Hamid Sarve
Address: AstraTech, Mölndal
Date: 080425
Topic: Discussion on bone implants

16. Filip Malmberg
Host: Johan M. Beskow
Address: Sensegraphics, Kista
Date: 080507
Topic: SenseGraphics open house

17. Gunilla Borgefors
Host: Bent Sørensen
Address: Risø DTU National Laboratory for Sustainable Energy, Denmark
Date: 080520
Topic: WoodFibre3D meeting
Comments: In addition to the fibre meeting, there was also a demonstration of the Risø Laboratoies

18. Martin Ericsson, Anders Hast
Host: Erling Weibust
Address: IBM, Malmö
Date: 080522
Topic: CELL Architecture

19. Maria Axelsson, Erik Wernersson
Host: Catherine Östlund
Address: STFI-Packforsk, Stockholm
Date: 080522
Topic: Meeting with Hannes Vomhoff and Marco Lucisano to discuss future research on the 3D structure of
fibre-based materials.

20. Robin Strand
Host: Nicolas Normand
Address: Institut de Recherche en Communications et Cybernétique de Nantes, France
Date: 080531–0608
Topic: Joint research

21. Gunilla Borgefors
Host: David Sumpter
Address: Dept. of Mathematics, UU
Date: 080624
Topic: Possible future co-operation
Comments: A group of people met to discuss possible co-operation with in the Centre for Applied Mathe-
matics

22. Joakim Lindblad
Host: Allan Hanbury
Address: Vienna University of Technology, Austria
Date: 080707–16
Topic: Invited lecturer at Summer school on image processing (SSIP)
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23. Lennart Svensson
Host: Stina Svensson
Address: Sidec, Kista
Date: 080820
Topic: ProViz project
Comments: Seeing the equipment at Sidec and meeting contact persons.

24. Lennart Svensson
Host: Daniel Evestedt
Address: SenseGraphics AB, Kista
Date: 080820
Topic: ProViz project
Comments: Discussing the project and meeting contact persons.

25. Hamid Sarve
Host: Carina Johansson
Address: Dept. of Clinical Medicine, Örebro University
Date: 080902
Topic: Project discussion

26. Maria Axelsson, Anders Brun, Cris Luengo, Erik Wernersson
Host: Kristofer Gamstedt
Address: STFI-Packforsk, Stockholm
Date: 080904
Topic: WoodFibre3D

27. Filip Malmberg, Lennart Svensson
Host: Daniel Evestedt
Address: SenseGraphics, Kista
Date: 080918–19
Topic: Course, H3DAPI

28. Gustaf Kylberg
Host: Kjell-Olof Hedlund
Address: Swedish Institute for Infectious Disease Control (SMI), Solna
Date: 080924
Topic: TEM in virus diagnostics

29. Erik Wernersson, Cris Luengo
Host: Markku Kataja
Address: University of Jyväskylä, Finland
Date: 081007
Topic: WoodFibre3D project meeting

30. Martin Ericsson, Anders Hast
Host: Daniel Persson
Address: Gridcore AB, Göteborg
Date: 081008–09
Topic: Nordic PowerXCell workshop

31. Carolina Wählby
Hosts: Anne Carpenter, Thouis Ray Jones
Address: Broad Institute of MIT and Harvard, Cambridge, MA, USA
Date: 081026–1101
Topic: Digital image analysis of cells
Comments: Wählby presented her research and discussed future collaborations and joint projects.
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32. Ewert Bengtsson
Host: Pasha Razifar
Address: GE Medical, Uppsala
Date: 081103
Topic: Cooperation on master thesis projects on PET

33. Ewert Bengtsson
Hosts: Tomas Aronsson, Monica Winge
Address: Vinnova, Stockholm
Date: 081104
Topic: Modified plans on research collaboration with India with Vinnova funding

34. Cris Luengo
Host: Thomas Brodin
Address: Carl von Linné Kliniken, Uppsala Science Park
Date: 081104
Topic: Possible collaboration

35. Ewert Bengtsson, Ingrid Carlbom, Stefan Seipel
Host: Stina Algotson
Address: KK Foundation, Stockholm
Date: 081110
Topic: Hearing on our application for a meeting place for visualisation

36. Lennart Svensson
Host: Annika Brännström
Address: Sidec
Date: 081201
Topic: ProViz

37. Anders Hast
Host: Erling Weibust
Address: IBM, Kista
Date: 081216
Topic: Collaboration
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7.11 Committees
Ewert Bengtsson
International:

• Editorial board member of the journal Machine Graphics & Vision, 1994–
Comment: Published by Polish Academy of Sciences

• Editorial board member of the journal Computer Methods and Programs in Biomedicine, 1995–
Comment: Published by Elsevier

• Senior member of the Institute of Electrical and Electronics Engineers (IEEE) 2004–
Comment: Member since 1974.

• Member of the International Society for Optical Engineering (SPIE)

• Member of Eurographics, the European Association for Computer Graphics, 1998–

• Member of the International Society for Analytical Cytology (ISAC), 2000–

• Programme Committee of European Signal Processing Conference (EUSIPCO) 2007

• Programme Committee of the International Conference on Mass-Data Analysis of Images and Signals in
Medicine, Biotechnology, Chemistry and Food Industry, MDA 2008

• On the EU Project ENLIGHT Program Management Board

• Member of the European Research Council Advanced Grants Panel, 080424
Comment: Served on one of the panels that ranked proposals for the ERC first call for senior investigators
(2 2 day meetings)

• Opponent and dissertation committee member of Erlend Hodneland, Dept. of Biomedicine, University of
Bergen, 081209
Comment: Title: Biomedical image processing in the study of living cells

National:

• Member of the Royal Swedish Academy of Engineering Sciences, Section VII: Basic and Interdisciplinary
Engineering Sciences. 200610–
Comment: (6 meetings)

• Member of the Royal Society of Sciences in Uppsala (Kungliga Vetenskapssocieteten), 199809–
Comment: Elected member of the oldest scientific society in Sweden. (2 meetings)

• Chair of Uppsala University IT Council, 2008–
Comment: The IT Council is responsible for coordinating all aspects of IT usage and development at UU.
The board has about 15 members. 4 meetings and additionally 5 preparatory and follow up meetings.

• Advisor to the Rector on Information Technology at UU, 199802–
Comment: One of five advisors appointed to lead the strategic planning of UU and give advice to the Rector.

• Member of the Board of UpGIS, the net for Geographical Information Systems at UU, 199904–
Comment: (7 meetings.)

• Member of the UU student cooperation group, 2000–
Comment: A group where the leadership of the university and the student unions meets to discuss matters
of common interest. (4 meetings.)

• Member of the board of the Uppsala Multidisciplinary Center for Advanced Computational Science (UPP-
MAX), 200303–200812
Comment: (8 meetings.)

• Board of EHealth Centre, UU, 200508–200806
Comment: Member of the board representing the Faculty of Science and Technology.
(5 meetings)
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• Member of the scientific board of Hillevi Fries Research Scholarship Foundation.
Comment: A Swedish foundation that accepts applications and gives out research grants for urology re-
search. The board has three members. (2 meetings.)

• Expert evaluator for grant applications to the Swedish Foundation for International Cooperation in Research
and Higher Education, STINT

• On the cooperation group for units supporting IT in learning at UU 200710–
Comment: (3 meetings)

• On the reference group for Open Access Publications at UU 2008–
Comment: (3 meetings)

• Non-voting member of the UU Library Board 200711–
Comment: (1 meeting)

• On the Department Head Council of Polacksbacken, “Prefektrådet”
Comment: (2 meetings)

• On a planning group for an application to the Wallenberg Foundation on IT in learning together with Stan-
ford University.
Comment: (12 meetings)

• Auditor for Swedish Society for Image Analysis (SSBA), 2004–

• Dissertation committee of Björn Svensson, Centre for Medical Image Science and Visualization, Linköping
University, 080418
Comment: Title: A multidimensional filtering framework with applications to local structure analysis and
image enhancement

• Dissertation committee of Maycel Isaac Faraj, School of Information Science, Computer and Electrical
Engineering (IDE), Halmstad University, 080916
Comment: Title: Lip-Motion Biometrics for Audio-Visual Identity Recognition

Gunilla Borgefors
International:

• Fellow of the Institute of Electrical and Electronics Engineers, Inc. (IEEE), 2007–
Comment: Senior member since 1998

• IEEE Computer Society 2008 Fellows Evaluation Committee

• Fellow of the International Association for Pattern Recognition (IAPR), 1998–

• Member of the Advisory Committee of the International Association for Pattern Recognition (IAPR), 2006–
2008

• Area editor of the journal Pattern Recognition Letters, 2004–
Comment: On the editorial Board since 1998. Published by Elsevier.

• Editorial Board member of the journal Image Processing and Communications, 1994–
Comment: Published by the Institute of Telecommunications, Bydgoszcz, Poland.

• Editorial Board member of the journal Pattern Recognition and Image Analysis: Advances in Mathematical
Theory and Applications, 1993–
Comment: Published by Interperiodica Publishing in cooperation with the “Cybernetics” Scientific Council,
Russian Academy of Sciences.

• Editorial Board of the book series Computational Imaging and Vision, published by Kluwer Academic
Publishers, 2003–

• Steering committee for Discrete Geometry for Computer Imagery (DGCI) conferences, 2000–
Comment: DGCI 2008 took place in Lyon, France, April 2008.

• Publication committee for 19th International Conference on Pattern Recognition (ICPR’08), Tampa, FL,
USA, 2008
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• “Rapporteur” on the committee for the habilitation of David Coeurjully, LIRIS laboratory, University
Claude Bernard Lyon 1, France, 071205
Comment: Title: Algorithms for analysis and modelling in discrete geometry (in French)

National:

• Royal Society of Sciences in Uppsala (Kungliga Vetenskapssocieteten), Member No. 19, 2000–
Comment: Elected member of the oldest scientific society in Sweden (founded 1710), (4 meetings.)

• Member of Swedish Parliamentarians and Scientists, 1987–
Comment: Members are elected. Only one scientist per field admitted.

• Nomination Committee, Swedish Society for Automated Image Analysis (SSBA)

• Vice chair of Appointments board, Faculty of Forest Sciences, SLU, 199907–
Comment: (5 meetings.)

• The Prize and Reward committee of the Faculty of Forest Sciences, SLU, 2006–
Comment: (2 meetings)

• Deputy member of the Docent committee, Faculty of Forest Sciences, SLU, 2007–
Comment: (1 meeting)

• Language committee, TN-faculty, UU, 200610–2008
Comment: The main task of this committee is to encourage the use of good written and spoken Swedish at
the faculty, especially regarding under-graduate education (8 meetings.)

• Celsius-Linné committe, TN-faculty, UU, 200705–
Comment: The committee selects the speakers for the annual Celsius and Linné lectures (1 meeting.)

• Member of the Board of UpGIS, the net for Geographical Information Systems at UU, 199904–
Comment: Representing TN-faculty, UU

• Opponent at dissertation of Klas Folkesson, Dept. of Radio and Space Science, Chalmers University of
Technology, Göteborg, 080509
Comment: Title: Model-based stem volume retrieval and windthrow detection using CARABAS and P-band
SAR

• Opponent at dissertation of Christina Olsén, Dept. of Computing Science, Umeå University, 080605
Comment: Title: Towards automatic image analysis for computer aided mammography

• Dissertation committee of Lars Winkler Pettersson, Dept. of Information technology, UU, 080201
Comment: Title: Colloborative Visualization: Designing and evaluating systemes for co-located work

• Dissertation committee of Jacob Sternby, Dept. of Mathematics, Lund University, 080530
Comment: Title: Template based recognition of on-line handwriting

• Dissertation committee of Hartwig Fronthaler, School of Information Science, Computer and Electrical
Engineering, Halmstad University and Chalmers University of Technology, 080924
Comment: Title: Improving fingerprint biometrices by local symmetry and fusion

Ingela Nyström
International:

• 2nd Vice President of the Executive Committee, International Association for Pattern Recognition (IAPR),
2008–2010

• Governing Board Member, International Association for Pattern Recognition (IAPR), 2002–

• Programme Committee Member of the 14th International Conference on Discrete Geometry for Computer
Imagery (DGCI 2008), Lyon, France, 200801–04

• Programme Committee Member of the 19th International Conference on Pattern Recognition 2008 (ICPR
2008), Tampa, Florida, 200801–12
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National:

• Board Member of Swedish Society for Automated Image Analysis (SSBA), 2000–
Comment: President 2002–2006

• Board Member of the Swedish University computer NETwork (SUNET), 2008–2010

• Member of the Evaluation Panel for grant applications to the Swedish Research Council: Natural and Engi-
neering Sciences — Biomedical Engineering

• Dissertation Committee of Robin Strand, Centre for Image Analysis, UU, 081107
Comment: Title: Distance Functions and Image Processing on Point-Lattices with Focus on the 3D Face-
and Body-centered Cubic Grids

Stefan Seipel
National:

• Board Member of the SIGRAD organisation, Svenska föreningen för grafisk databehandling, 2004

• Expert evaluator for a senior lecturer position, Human-Computer Interaction, KTH, 0806-09
Comment: 8 applicants.

• Dissertation committee of Jimmy Johansson, Linköping University, 080530
Comment: Title: Efficient Information Visualization of Multivariate and Time-Varying Data

Ida-Maria Sintorn
National:

• Board member of Swedish Society for Automated Image Analysis (SSBA), 2008–

Stina Svensson
International:

• IAPR-TC18 discrete geometry, 061117–2008
Comment: Vice-chair (one of two) for Technical Committee no. 18 of IAPR.

• Steering committee member of Discrete Geometry and Computer Imagery 2008 (DGCI’08), 0801–04

Carolina Wählby
International:

• Dissertation committee of Jyrki Selinummi, Faculty of Computing and Electrical Engineering, Tampere
University of Technology, Finland, 081203
Comment: Title: On algorithms for two and three dimensional high throughput light microscopy
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