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1 Introduction

1.1 General background

The Centre for Image Analysis (CBA), founded 1988, is a joint university entity between Uppsala Uni-
versity (UU) and the Swedish University for Agricultural Sciences (SLU). 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 dissertations per year but there are significant variations over time and during 2007
there were no dissertations. However, in 2008 we are expecting four plus a licentiate.

An important event during the year was the external evaluation of research at UU conducted through
the so called KoF Quality and Renewal project. 25 international expert groups scrutinized all areas of
research and came up with detailed critical evaluations. We were pleased with the statements by our
evaluators that The research at CBA holds a high international standard, as witnessed by the quality
of its publications and The CBA is successfully facing the strong international competition. We also
appreciated the recommendation to the faculty: The Panel recommends that the CBA receive increased
funding for permanent researchers; the number of permanent staff is too small compared to the high
number of temporary staff. Anyone wishing to read the whole report about CBA, or any other part of UU,
can find the 578 page report at: http://usxs.fysik.uu.se/projectweb/451bc17f63905/Home%20Eng.html

Also this year our research received external recognition in another way, through scientific prices
and rewards. Gunilla Borgefors received the prestigious Edlundska priset from the Royal Academy of
Sciences (KVA) and she was also elected Fellow of IEEE. Our former PhD student Nataša Sladoje was
awarded the Benzelius prize from the Royal Society of Sciences in Uppsala. Stina Svensson one of our
lecturers became our first docent at SLU.

Computer graphics and visualization are different subjects than image analysis, but at UU they have
both been included under the heading “image processing” and research and teaching in those topics is
part of CBA’s responsibilities. Since visualization issues are important when working with images of
higher dimensions this ties in well with our general research profile. A big event during the year was
the inauguration of our new visualization studio, 3DIS4U, 3D Image Studio for Uppsala. There results
from, e.g., image analysis experiments, computer graphics exercises or scientific computations can be
projected in full 3D stereo to an audience of up to 30 persons. The studio also has a high speed fibre link
to the high performance computers of UPPMAX through which we expect to be able to provide exciting
possibilities of live visualizations of complex scientific calculations.

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 28 national and 32 international
co-operation partners, see Section 5.2. From a methodological point of view our focus is on discrete
geometry and multi-dimensional images, both spatially, 3D and 4D, and spectrally, i.e., images with
many spectral channels.

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 2007, a total of 29 persons have been working at CBA as researchers, administrators or PhD
students. Additionally, six Master thesis students have finished their thesis work at CBA. This does,
however, not mean that we have had 35 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, we had the equivalent of about 20 full time full year
equivalents including teaching. The employees are formally employed at either university. The whole of
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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 is representing Sweden on
the governing board of the International Association of Pattern Recognition (IAPR) and Gunilla Borge-
fors serves on its advisory committee. She is also Area Editor for the scientific Journal Pattern Recog-
nition Letters. Stefan Seipel has served as Vice-chair of the Swedish Society for Computer Graphics
(SIGRAD). Ewert Bengtsson serves as senior advisor to the Rector of UU on information technology
and also as Chair of the Virtual IT Faculty, 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/AR07html/

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 twelve 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 twelve distinct research groups (i.e., one each); 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 15 PhD students and the senior researchers worked on 33 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. 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 so called haptics. This has resulted in a toolbox that has
been made publicly available over Internet. Another toolbox which also has been made publicly avail-
able has been developed for analysing “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. With
the ambition to make the home-pages easy to navigate, they got a new structure and layout in 2007.
The main structure contains links to a brief presentation, staff, vacant positions (if any). It contains
information on courses, seminars (—Note that our Monday 15:15 seminar series is open to all interested
persons—), a popular introduction to image analysis, this annual report (as .html and .pdf 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, 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 for
Agricultural Sciences (SLU), but administered through UU.

How many we are at CBA is a question with several answers. If we count the number of
persons “in house” (excluding Master thesis students and visiting scientists) for at least part
of their time we were 29 at the end of 2007. If we sum up the time spent at CBA, we had
the equivalent of about 20 full time persons. About two thirds of us belongs to UU, the other
third to 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 2007 was 16.6 million SEK which is about 20% increase from the level
the three previous years. A bit more than one third, 37%, comes from UU, somewhat less than
one third, 31%, from SLU, and the last third 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 TN-faculty at UU and within the 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 centres 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 2007, 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 Sci-
ence and Technology (TN) at UU or at the Faculty of Forest 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 un-
dergraduate 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 2007. 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 16.6 million SEK for
2007. The total cost was 15.0 million SEK, the surplus was mainly project money that is reserved for the next year.
Our small operational budget also showed a small surplus. 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 SLU has increased by 0.8 million SEK. There
has also been an increase in non-governmental grants, mainly due to a new EU funded project. The percentage of
research financed from outside sources is about 32%, which still is lower than our ambitions of at least 50%, since
the faculty funds have increased about as much as the external funding.
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The total turnover is about 16% higher than the previous year. 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, almost all images we work with come from
co-operation partners.

One big event last year was the inauguration of our new Visualization studio, 3DIS4U, 3D Image Studio for
Uppsala. In that studio we can project stereo images and thus visualize 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. We hope to be able to develop the studio and add new visualisation facilities
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 2007.

Income Costs
UU 4927 Personnel 8047
SLU 5096 Equipment 278
UU rent compensation 1128 Operating exp. 4) 3706
Governmental grants 1) 3278 Rent 1256
Non-governmental grants 2) 1471 University overhead 1670
Contracts 3) 548
Financial netto 119
Total income 16567 Total cost 14957

1) The Swedish Research Council, SIDA
2) Research foundations, EU
3) Internal invoices and compensations
4) Including travel and conferences
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Financial netto
1%

Contracts 3)
3%

Non−governmental
grants 2)

9%

Governmental
grants 1)

20%

UU rent 6%

SLU 31%

UU 30%

University overhead
13%

Rent 8%

Operating exp. 4)
13%

Equipment
2%

Personnel
64%

Figure 1: CBA income (top) and costs (below) for 2007.
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2.3 Staff

Ewert Bengtsson, Professor, PhD, Director, UU
Gunilla Borgefors, Professor, PhD, SLU, UU
Olle Eriksson, Lecturer, PhD, Deputy Director, (part time) UU

Amin Allalou, Graduate Student, 0702–, UU
Maria Axelsson, Graduate Student, SLU
Gerhard Bax, Docent, PhD, UU
Milan Gavrilovic, Graduate Student, UU
Magnus Gedda, Graduate Student, UU
Anders Hast, Researcher (50%), PhD, 0701–, UU
Patrick Karlsson, Graduate Student, UU
Joakim Lindblad, Researcher, PhD, SLU
Tommy Lindell, Docent, PhD, (part time) UU
Filip Malmberg, Graduate student, –0712, SLU
Khalid Niazi, Graduate Student, 0702–, 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 20%) UU and University College of Gävle
Bettina Selig, Graduate Student, 0710–, SLU
Suthakar Somaskandan, Graduate Student, (part time) UU and University of Jaffna, Sri Lanka
Robin Strand, Graduate Student, UU
Stina Svensson, Researcher, PhD, SLU
Erik Vidholm, Graduate Student, –0712, UU
Lars Winkler Pettersson, Graduate student, UU
Carolina Wählby, Researcher, PhD, (part time) UU
Catherine Östlund, Researcher (40%), 0701–, SLU

Lena Wadelius, Administration

Master Thesis students:
Anders Berggren, Tomas Björklund, Martin Ericsson, Daniel Fransson, Max Koszela, Johannes Lärkner,
Marcus Molander

In addition to the above Graduate Students,
G. Borgefors is assistant supervisor to
Anders Larsolle, Dept. of Biometry and Engineering, SLU
Erik Melin, Dept. of Mathematics, UU
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.

The Bologna process took effect from July 1, 2007. One noticable change is the new credit
system with so called högskolepoäng. 1,5 hp denote one week of full time studies. One year
of full time studies renders 60 hp. Hence, some of the courses are below given with the former
credit system (p) and some with the new credit system (hp) depending on whether the course
was given in Spring or Fall.

We offer a number of Master thesis projects (examensarbeten) each year. Six were completed
during 2007.

3.1 Undergraduate courses

1. Advanced Computer Graphics and Visualization, 5p
Ingela Nyström, Erik Vidholm
Period: 0701–03
Comment: Guest lectures by Mats Lind, Stefan Seipel, and Daniel Wesslén.

2. Programming Techniques II and MN2, 5p
Hamid Sarve
Period: 0701–03

3. Calculus of Several Variables, 10p
Robin Strand
Period: 0701–05

4. Software Architecture with Java, 5p
Olle Eriksson
Period: 0701–03

5. OOP with C++, 5p
Bo Nordin
Period: 0703–05

6. Computer Programming I, 5p
Olle Eriksson
Period: 0703–06

7. Computer Assisted Image Analysis, 5p
Maria Axelsson, Patrick K. Edlund, Magnus Gedda, Carolina Wählby
Period: 0703–05

8. Computers and Programming, TDB II, 5p
Bo Nordin
Period: 0703–06

9. Computers and Programming, DOP, 10hp
Bo Nordin, Kristin Norell
Period: 0708–0801

10. Calculus of Several Variables, 9hp
Robin Strand
Period: 0708–12
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11. Programming Techniques II, 6hp
Olle Eriksson
Period: 0710–12

12. Computer Assisted Image Analysis NV2, 7.5hp
Bo Nordin, Ingela Nyström, Joakim Lindblad, Ewert Bengtsson, Robin Strand, Milan Gavrilovic, Amin
Allalou, Hamid Sarve
Period: 0710–12

3.2 Master theses
1. Image analysis methods for measuring the outer layer in the secondary cell wall of wood cells

Student: Anders Berggren
Supervisor: Stig Bardage and Jonas Brändström, Dept. of Wood Science, SLU
Subject supervisor: Stina Svensson
Publisher: CBA Master Thesis No. 94
Abstract: Certain properties of the cell structure among different species of wood effect production of wood
products in diverse ways. In order to optimize the usage of a raw material it is needed to increase its
comprehension, thus it can be used more efficiently.
The tools used by wood scientists today to understand structural differences in the wood cell are manual and
therefore uncertain and time consuming. This implicates that they are not well suited for statistical analysis.
One aim of this master thesis project has been to explore the possibility of letting image analyze methods
speed up and increase reliability of wood cell characteristics evaluation.
One usable application of a faster wood cell structure evaluating tool is in the production of paper pulp.
Wood cells consist of a cell wall, which is divided into three layers, the S1- S2- and S3 layer. Tree scientists
believe that the first layer plays a determining role when wood fibers (cells) are made ready for paper pulp
production. The thicker it is, the more energy is needed to be consumed in order to make the fibers ready for
paper pulp production. Is it possible with image analyze methods to distinguish a width difference between
different species, thus the best suited raw material is used in paper pulp production?

2. Noise reduction of X-ray microtomography images of paper using anisotropic filtering methods
Student: Daniel Fransson
Supervisor: Maria Axelsson
Subject supervisor: Stina Svensson
Publisher: CBA Master Thesis No. 95
UU School of Engineering, UPTEC F07 009
Abstract: It is of interest for the paper industry to receive deeper knowledge of the internal structure of
their products. This knowledge can be received through measurements of the fibre structure, using image
analysis. The high resolute volume images needed to do the measurements can be imaged using X-ray
microtomography. However, to increase the quality of the measurements it is preferred to pre-process the
images to suppress the present noise.
One problem with regular low-pass noise filtering is that also the sharpness of the image details, e.g. the
fibre edges, are reduced or blurred. This effect of the fibre edges might be negative for the following
measurements. In this Master’s Thesis report so called anisotropic filtering methods were tested to suppress
the noise and conserve the fibre edges. Anisotropic filtering methods locally adapts the smoothing of the
image. Hence, well tuned they can conserve edges while they suppress the noise. Four different anisotropic
filtering methods were tested and compared, Bilateral filtering, SUSAN smoothing, anisotropic diffusion
and Adaptive filtering with structure tensors.
It is shown that all four methods, applied on the paper images, can be tuned to give a result with suppressed
noise and conserved edges. Also the pros and cons of the different methods are discussed.
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3. Measurement of local filer content in paper
Student: Max Koszela
Supervisor: Marco Lucisano, STFI-Packforsk AB, Stockholm
Subject supervisor: Joakim Lindblad
Partner: STFI-Packforsk AB, Stockholm
Publisher: CBA Master Thesis No. 96
UU School of Engineering, UPTEC F07 014
Abstract: Variations in paper structure are of major importance to the manufacturing process. Together with
filler they affect the optical and mechanical properties of the finished paper product.
The aim of this thesis is first to try to evaluate and second to further develop the usability of, a new method
for measuring the distribution of filler content in paper. Digital image analysis, based on images from
induced fluorescence photography on paper sheets, split by a lamination technique developed at STFI-
Packforsk, is to be used to accomplish this.
A review of the literature on the topic is done, focus is put on the spatial distribution of filler. Later a method
for splitting of paper samples is introduced, followed by a description of the appropriate ways of acquiring
images. The proper set-up for the image acquisition process is determined, and a suggestion of suitable
digital image analysis tools are designed and evaluated.
After attempting to acquire suitable photographs, image segmentation is tried in order to extract images of
filler material clusters. A combination of image filters and morphology transforms is evaluated as a method
to extract this information. A 3D visualisation of the filler distribution follows. Finally a check for validity
of the photographies is done using a optical sample mass measurement and a statistical approach. During
this project, MATLAB-code is developed to perform these image analysis operations.
Accurate photographies describing the filler distribution could not be obtained. Therefore this method could
not be tested thoroughly. The recommendation is nevertheless not to develop this method further due to the
unreliability discovered. Interesting – and possibly usable – discoveries might have been made in the process
of coming to this conclusion. If so, the effects of these remain to be seen.

4. Water level measuring with a camera surveillance system
Student: Johannes Lärkner
Supervisor: Magnus Eriksson, Vattenfall AB
Subject supervisor: Ewert Bengtsson
Partner: Vattenfall AB
Publisher: CBA Master Thesis No. 97
UU School of Engineering, UPTEC STS07 016
Abstract: The aim of this Masters Thesis is to investigate the possibility of replacing the water level gauge
in a specific hydro power plant ownde by Vattenfall AB with a camera surveillance system.
In the northern parts of Sweden the water in dams freeze during winter. In the spring, when the ice breaks
up, the water level gauge gets damaged due to ice floes. One consequence of this phenomenon is that the
engine operators of the power plant repeatedly have to replace the broken gauge with new ones. Another
consequence is that the quality of the measurements of the water level is low while the gauge is in bad
condition.
To explore the possibilities of replacing the gauge with a camera surveillance system both the technincal
and sociotechnical conditions were investigated. From a technical point of view there was no problem
with the project and a program that calculates the water level in the dam was created in MATLAB. From a
sociotechnical point of view on the other hand, the project could not be carried out. Due to the water decree,
the water level gauges could not be replaced. Therefore, no camera surveillance system was implemented.
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5. 3D pointer using stereo imaging
Student: Tomas Björklund
Supervisor: Ingela Nyström
Subject supervisor: Ewert Bengtsson
Publisher: CBA Master Thesis No. 98
UU School of Engineering, UPTEC F07 071
Abstract: Today there are several advanced stereo imaging devices able to detect the 3D position of an
object, of even of a hundred objects! but for prices at around 50 000 SEK and up. It should be possible to
produce a product for only a 100th of that price, that can detect a 3D position for pointing purposes in 3D
images, similar to how a mouse can point in 2D.
The goal of this master thesis project is to produce a low budget 3D pointer with two standard webcams
connected to a normal PC.
By filtering out visible light and using an IR diode as pointer the position in the images are determined
with thresholding and connected component labeling followed by a camera calibration. A 3D position is
calculated from the two 2D images with a home made geometric solution.
The result is a VC++ program that delivers new 3D coordinates in a user defined coordinate system every
25 ms. Despite the low resolution of the webcams a relatively high precision is achieved.

6. Algorithm design for signal detection in fluorescence microscopy images of cells
Student: Amin Allalou
Supervisor: Carolina Wählby
Subject supervisor: Ewert Bengtsson
Partner: Anton K. Raap(1); Frans M. van de Rijke(1); Roos Jahangir Tafrechi(1)
(1)Dept. of Molecular Cell Biology, Leiden University Medical Center, The Netherlands; Visiopharm,
Hørsholm, Denmark.
Publisher: CBA Master Thesis No. 99
UU School of Engineering, UPTEC X07 007
Abstract: Cell cultures as well as cells in tissue always display a certain degree of variability, and mea-
surements based on cell averages will miss important information contained in a heterogeneous population.
Fluorescence microscopy in combination with automated digital image analysis pr vides an efficient ap-
proach to single cell analysis. Image analysis software for these types of applications is however often
complicated and not easy to use for persons lacking extensive knowledge in image analysis, e.g., laboratory
personnel. This thesis presents an implementation of an automated method for image based measurements
of mitochondrial DNA (mtDNA) mutations in individual cells detected with padlock probes and RCA. The
implementation is done as an added functionality to a user friendly and MS WindowsTM based image anal-
ysis software called VIS (Visiopharm A/S). The mitochondria are present in the cell’s cytoplasm, and each
cytoplasm has to be delineated. Three different methods for segmentation of cytoplasms are compared and it
is shown that automated cytoplasmic delineation can be performed 30 times faster than manual delineation,
with an accuracy as high as 87%. The final image based measurements of mitochondrial mutation load are
also compared to, and show high agreement with, measurements made using biochemical techniques.
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4 Graduate education

In addition to three previuosly obtained docent degrees at CBA, we received our first Docent
in Image Analysis at SLU in 2007. Our docents (Associate Professors) are listed at the end of
this chapter. We had no PhD exams at CBA in 2007, but we expect to have several dissertations
in 2008. We gave two PhD courses for our own students, one course where we invited PhD
students in image analysis from all over Sweden, and one for students in other areas that need
basic knowledge on image analysis.

At the end of 2007, we were main supervisors for 15 PhD students, ten at UU and five at
SLU. Another three PhD students will be recruited in early 2008. Borgefors is also assistant
supervisor for two PhD students at Dept. of Mathematics, UU, and one PhD student at Dept. of
Biometry and Engineering, SLU.

4.1 Graduate courses
1. Fuzzy Sets and Fuzzy Techniques, 5p

Examiner: Joakim Lindblad
Lecturers: Joakim Lindblad, Nataša Sladoje, László Nyúl
Period: 0701–03
Description: This course provides the foundations of fuzzy set theory and fuzzy reasoning, as well as
practical hands on experience of fuzzy techniques in various applications through computer exercises and
project work.

2. Summer School on Digital Geometry and Mathematical Morphology, 4.5hp
Examiner and course coordinator: Ingela Nyström
Lecturers: Christer Kiselman, Dept. of Mathematics, UU; Pierre Soille, EC JRC, Ispra, Italy
Period: 070814–17
Description: A graduate course on digital geometry and mathematical morphology. The course consisted
of lectures and computer exercises. In addition, the students were obliged to perform a project and write a
report on some theoritical and/or applicational aspects, possibly on own images.
Comment: Course financed through grants from UU and SSBA.

3. Application Oriented Image Analysis, 7.5hp
Examiner: Ewert Bengtsson
Course coordinator: Robin Strand
Lecturers: Maria Axelsson, Gerhard Bax, Ewert Bengtsson, Gunilla Borgefors, Ingela Nyström, Robin
Strand
Computer exercises: Amin Allalou, Khalid Niazi
Period: 0710–12
Description: The aim of this course is to give PhD students in other areas sufficient knowledge to be able
to use image analysis in their research. The course is application oriented in the meaning that it does not
go too deeply into fundamental mathematics, but concentrates on basic concepts and general methodology.
The course book is “Gonzalez & Woods, Digital Image Processing, Addison & Wesley, 2002”.

4. Research Methodology for Image Analysis, 3hp
Examiner: Gunilla Borgefors
Lecturer(s): Gunilla Borgefors, Ewert Bengtsson, Ulrika Haak
Period: 0711–0801
Description: The course provides general and useful knowledge about how to become a good and published
researcher in image analysis and/or various applications thereof (especially medicine and forest industry).
Many questions of the type “How?” and “Where” are answered.
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4.2 Dissertations

There were no dissertations at CBA in 2007.

4.3 Docent degree
1. Title: Datoriserad bildanalys möjliggör studier av proteindynamik

(Computerised image analysis allows for studies of protein dynamics)
Stina Svensson
Date: 071213
Abstract: Computerised image analysis is used to analyse digital images automatically and objectively. It
is a necessary tool when information is collected in terms of images, for instance within structural biology.
Organic life is built up by a surprisingly small number of molecular types. Above all we have DNA, RNA,
and proteins. The genetic code, i.e. the information which is stored in DNA, is translated to RNA. In turn,
RNA is translated to proteins. Proteins are the macromolecules taking part in biochemical reactions in the
cells as well as the structural building of the cells and the organism.
Up to now, proteins have essentially been studied with respect to their catalytic properties as well as to
the general structure of each type. Imaging by, e.g. X-ray crystallography gives information about the
three dimensional structure of a protein at a resolution which allows individual atoms to be distinguished.
However, this image acquisition technique has limitations. Some proteins cannot be crystallised, or the
crystallisation takes long time (weeks or months). Moreover, X-ray crystallography gives only one example
how the subunits of a protein are related to each other, i.e. one example of all the existing conformations.
State of the art image acquisition techniques nowadays allows for imaging of individual proteins by using
electron microscopes. The protein is imaged from several different angles and a three dimensional, so
called cryo-electrontomography (cryo-ET), image is generated. Cryo-ET gives an image of the protein with
lower resolution than if X-ray crystallography is used. Still the resolution is high enough to distinguish the
subunits of the protein and to measure how the subunits are related to each other. Moreover, cryo-ET has the
advantages that the protein does not need to by crystallised, i.e. a small amount of material is required for
the analysis, and that individual proteins can be imaged. This opens up for a new and interesting research
area where we can study the shape of individual proteins of a specific type and draw conclusions about its
flexibility and how it effect its function. We can say that we study individual proteins from a structural point
of view.
The amount of data which is generated by cryo-ET is large. To handle these data, advanced tools are
required. One such a tool is computerised image analysis, which allows us to objectively and quantitatively
extract measurements of the relations between the subunits of a specific protein. The measurements can
then be used to create models on how flexible the protein is. The models can be related to the function of
the protein and thereby give a better understanding of the biology behind.
In this lecture I will focus of my part of the above described research, i.e. how to extract quantitative
measurements on protein flexibility from cryo-ET images. It is an interesting topic not only with respect
to the specific application but also from an image analysis point of view. In cryo-ET images, the protein is
represented by a rather small number of image points, which makes shape analysis difficult. The electron
microscope images, used to generate a cryo-ET image, are collected by aiming an electron beam towards the
sample and then using a detector which register the number of electrons which passes through the sample in
the various points on the detector. This results in an image of the density in each point of the sample. Only
a low dose of electrons can be used in order to not destroy the structure of the protein. For this reason, the
contrast in cryo-ET images is low, which is something that also makes the analysis difficult.
Computerised image analysis is used in many applications. Often the same type of methods can be used for
different problems. To point out this, I will round off the lecture by showing examples from a completely
different application, namely quantitative measurement of the three dimensional structure of paper and wood
fibre composite materials.
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
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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 33 research projects that were active during 2007. Some are large
projects that have been active for a long time, while others are smaller and short-lived. We
started six new projects this year, while six 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 5.2, we list
the 32 international groups in 16 countries and 28 national groups with which we have had
active cooperation in 2007.

5.1 Current research projects

Theory: discrete geometry, volumes and fuzzy methods
1. Skeletonization in 3D discrete binary images

Robin Strand, Ingela Nyström, Gunilla Borgefors
Funding: UU TN Faculty, Graduate School in Mathematics and Computing (FMB), SLU S Faculty
Period: 9501–
Partners: Gabriella Sanniti di Baja, Istituto di Cibernetica, CNR, Pozzuoli, Italy
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 can not be both thin and fully reversible. We have been working on 3D skeletonization for the
last decade.
By finding the set of centers of maximal balls (CMBs) and keeping these as anchor points in the skeletoniza-
tion, the reversibility is guaranteed. In 2007, some results for extracting CMBs in a distance transform using
weighted distances based on neighbourhood sequences were published and presented at the ISPA confer-
ence.

2. Distance functions and distance transforms in discrete images
Robin Strand, Gunilla Borgefors, Stina Svensson, Filip Malmberg
Funding: SLU S Faculty, Graduate School in Mathematics and Computing (FMB)
Period: 9309–
Partner: Benedek Nagy, Dept. of Computer Science, Faculty of Informatics, University of Debrecen, De-
brecen, Hungary
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. Recently, a distance function using both
weights and neighbourhood sequences was introduced. The neighbourhood sequence allows the size of
the neighbourhood to vary along the paths. Optimal weights and neighbourhood sequences, condition for
metricity, and algorithms have been derived and presented for the square grid. This distance function has
been evaluated by comparing it to the traditional weighted distance and distances based on neighbourhood
sequences. In a distance transform (DT), each picture element in an object is labeled with the distance to
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the closest element in the background. Thus the shape of the object is “structured” 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 recognition. Since the distance defined
by using both weights and a neighbourhood sequence is defined by a minimal cost-path using only a 3× 3
neighbourhood, it is computationally efficient — also for the case with constrained distance. Moreover,
since it uses both weights and neighbourhood sequences, the rotational dependency is low.

3. Comparison of gray weighted distance measures
Magnus Gedda
Funding: SLU S Faculty; UU TN Faculty
Period: 0601–
Abstract: In several application projects we have discovered the benefit of computing distances weighted
by the gray levels traversed, e.g., Project 12. 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). The next step is to do a thorough
examination of the performance of the underlying algorithms in these calculations.

4. Polar distance transform
Kristin Norell, Joakim Lindblad, Stina Svensson
Funding: Swedish Timber Measurement Council (VMR), SLU S Faculty
Period: 0702–
Partners: Swedish Timber Measurement Council (VMR), Dept. of Forest Products and Markets, SLU
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, and are related by a
function, γ, that can be a function of the radius. 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 circle segment on that radius.
Different relations between the weights, give different shapes of the distance image. Figure 2 shows that a
higher value of γ gives a more circular shape.
We also extend the PDT to a grey weighted polar distance transform, where an intensity image is used as a
cost function for the PDT.
A 5 × 5 neighbourhood is used in the computation of a local step, both in the PDT and the GWPDT. This
reduces 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 transforms, and attention must be paid
to all pixels that are covered in a step to be sure that the path is really a minumum cost path. Our method for
the whole 5 × 5 neighbourhood can be used also in other grey weighted distance transforms, not only the
GWPDT. The GWPDT is used as a tool for outlining annual rings on log end face images (see Project 27).
This project resulted in a publication at the 14th International Conference on Image Analysis and Processing
(ICIAP 2007).

5. Image processing and analysis of 3D images in the bcc and fcc grids
Robin Strand, Gunilla Borgefors
Funding: Graduate School in Mathematics and Computing (FMB)
Period: 0308–
Partners: Christer Kiselman, Dept. of Mathematics, UU; Peer Stelldinger, University of Hamburg, Ger-
many; Benedek Nagy, Dept. of Computer Science, Faculty of Informatics, University of Debrecen, Debre-
cen, Hungary
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-
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(a) γ = 0.02 (b) γ = 0.10

Figure 2: Distance images of size 300× 300 pixels with the PDT computed from the pixel marked with
an × and with the origin in the centre of the images. Dark pixels correspond to low distance values.

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. Some results about
a visualization algorithm with the fcc and bcc grids were presented at ICIAP, see Section 14. By using a
smooth object and a grid that is dense enough, it is shown that the surface of the object using the proposed
visualization algorithm has the same topology as the original object.
The basic theory for weighted distance based on neighbourhood sequences (see Project 2) has been derived
for the fcc and bcc grids resulting in a number of publications. A functional form of the distance between
two grid points were presented at the DGCI conference. Manuscripts in which parameters minimizing the
rotational dependecy and conditions for metricity are presented have been accepted for publication. In Fig-
ure 3, the asymptotic shapes of balls using optimal weights and neighbourhood sequences are shown for the
fcc and bcc grids, respectively.

6. Fuzzy shape analysis in 2D and 3D
Joakim Lindblad, Ingela Nyström, Gunilla Borgefors
Funding: SLU S Faculty, UU TN Faculty
Period: 0109–
Partners: Nataša Sladoje (Matić), Faculty of Engineering, University of Novi Sad, Serbia
Abstract: The advantages of representing objects in images as fuzzy spatial sets are numerous and have lead
to increased interest for fuzzy approaches in image analysis. Fuzziness is an intrinsic property of images
and a natural outcome of most imaging devices. Preservation of fuzziness implies preservation of important
information about objects and images. Our previous results within this project show that an improved
precision of shape description can be achieved if the description is based on a fuzzy, instead of a crisp shape
representation, where the fuzzy membership of a point reflects the level to which that point belongs to the
object.
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Figure 3: The asymptotic shape of balls when the optimal (the compactness ratio is minimized) weights
and neighbourhood sequences are used for fcc (left) and bcc (right). Transparent Euclidean balls are
shown for illustration.

7. Defuzzification of fuzzy segmented objects by feature invariance
Joakim Lindblad, Ingela Nyström, Stina Svensson
Funding: SLU S Faculty, UU TN Faculty
Period: 0301–
Partners: Nataša Sladoje (Matić), Tibor Lukić, Faculty of Engineering, University of Novi Sad, Serbia
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 the of defuzzification method was further developed during 2007. A method based
on Difference of Convex functions (DC programming), in combination with convex-concave regularization,
as a deterministic approach for solving the optimization problem imposed by defuzzification by feature
distance minimization, was developed an evaluated. This work was presented at the ISPA conference in
September 2007. Exploration of the Spectral Projected Gradient method as an alternative optimization
method was initiated and continues in 2008.

8. Decomposition of 3D objects
Stina Svensson, Magnus Gedda
Funding: Swedish Research Council (Project 621-2005-5540); SLU S Faculty; UU TN Faculty
Period: 9801–
Abstract: Methods for decomposition of 3D discrete objects as well as grey-level representations of proteins
(see Project 12) have earlier been developed at CBA. These methods have been further developed by utilising
the concept of fuzzy sets. The application in mind is Cryo-ET data of proteins, but the method is general
and can be used as a blob separation algorithm for 2D or 3D grey-level images in applications where grey-
levels are increasing towards the internal parts of the blobs. By using fuzzy sets, the inner properties of
the structure is enhanced, thus, aiding decomposition. The decomposition scheme combines fuzzy distance
information from the fuzzy object and fuzzy distance based hierarchical clustering of local maxima (see
Project 3) with a region growing process to identify the parts of the fuzzy object. This approach shows
promising results. An article describing the decomposition scheme was published in Pattern Recognition
Letters during 2007.
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The decomposition scheme make use of the reverse fuzzy distance transform as a region growing method.
During 2007, the properties of the reverse fuzzy distance transform was further investigated, both as a
region growing method and in the context of centres of maximal fuzzy balls. The latter is of interest when
developing skeletonization algorithms in a fuzzy setting. Some preliminary results was presented at 8th
International Symposium on Mathematical Morphology (ISMM) and published in the proceedings from the
symposium.

Analysis of microscopic biomedical images
9. New objective quantitative analysis techniques for quantification of tissue regeneration around med-

ical devices
Gunilla Borgefors, Joakim Lindblad, Hamid Sarve
Funding: SLU, S Faculty, Swedish Research Council
Period: 0503–
Partner: Carina Johansson, Dept. of Clinical Medicine, Örebro University
Abstract: In order to evaluate how tissue reacts on implants, the interface between the implant and the tissue
must be studied. Today, this procedure is done manually in a microscope.
The aim of this project is to develop automatized image analysis methods for analyzing images of the
junction of tissue and implant. This method shall make the procedure more effective as well as giving an
objective estimation.
The analysis involves segmentation of the images in different tissue-types and measurement of some rele-
vant measures such as length, area and volume.
Before the analysis, methods that shall remove artifacts be applied. Differences in graylevels, color and
possibly texture features will be used for the recognition. Known methods will be used to present the result.
Results from this project was presented at the 12th International Conference on Computer Analysis of Im-
ages and Patterns (CAIP’07) in August. See Figure 4.

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.
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Figure 5: A: A 2D-slice of a skeletal muscle fiber from rat. The red signal represents the fiber sarcomere,
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.

10. Analysis of skeletal muscle fibers in three dimensional images
Patrick Karlsson, Ewert Bengtsson, Joakim Lindblad
Funding: Swedish Research Council, 2007–2009
Period: 0603–
Partners: Anna-Stina Höglund, Alexander Cristea, Jingxia Liu, Lars Larsson, Dept. of Neuroscience, UU
Hospital
Abstract: A detailed 3D spatial description of the organization of myonuclei in healthy and diseased human
muscle cells can be a useful tool for understanding the underlying mechanisms of muscle wasting associated
with, e.g., neuromuscular disorders, and aging. The current poor understanding of the spatial arrangement
of myonuclei is to be remedied by an interdisciplinary collaboration between CBA and the Muscle Research
Group (MRG), UU. This project develops and evaluates methods for modeling and quantitative analysis of
3D distributions of myonuclei by utilizing the proficiency of modern confocal microscopic techniques to
create true 3D volume images. Advanced computerized modeling of the elongated generalized cylinder
structure of the imaged muscle cells is paramount in investigating the myonuclear domain, i.e., each finite
volume in which a myonucleus controls the gene products. The complex topological conditions put on 3D
models and measurement methods, compared to 2D equivalents, are a challenge in developing appropriate
image analysis tools and algorithms. The project currently involves comparison of muscle fibers between
different species, and comparison of human muscle fibers with relation to a patients age, and the muscle
genotype. The project was presented in 2007: as an oral presentation at The European Muscle Conference
in Stockholm, as a poster at Medicinteknikdagarna i Örebro, and as a poster at the Biophysical Society,
Bethesda, USA. A conference paper on a nuclei segmentation method has been submitted.

11. Fully automatic heart beat rate determination in digital video recordings of rat embryos
Khalid Niazi, Ewert Bengtsson
Funding: COMSATS Institute of Information Technology, Islamabad, Pakistan
Period: 0702–
Partners: Mats Nilsson, Bengt Danielsson, Div. of Toxicology, Dept. of Pharmaceutical Biosciences, UU
Abstract: The technique of whole embryo culture of rodents (where rat and mouse embryos can be cultured
outside the uterus) has been used for over four decades to study adverse effects of chemicals and drugs on
embryonic development. A major advantage of whole embryo culture is that development can be directly
monitored during organogenesis. For instance the presence of heart rate and blood circulation, a sign of
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a healthy embryo, is normally monitored at different times during culture. Usually this is done manually
under a light microscope where the culture flask is placed and the heart rate is determine by simply counting
the number of heart beats for a period of time. 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 have developed
a new method, which in the first phase increases the signal to noise ratio by masking the boundary of the
moving embryo with the help of directional filter bank. Later, information from sampling frequency is
used to detect the location of the heart in the embryo. As a last step, cross-correlation is used to find a
one-dimensional signal, where number of peaks in the signal corresponds to the number of heart beats.
Currently, we are focused on automatic arrhythmia detection from these videos.

12. Automated extraction of geometrical features of proteins from cryo electron tomographic data
Stina Svensson, Magnus Gedda
Funding: Swedish Research Council (Project 621-2005-5540); SLU S Faculty; UU TN Faculty
Period: 0401–
Partners: Dept. of Cell and Molecular Biology (CMB), Karolinska Institutet, Stockholm; Dipartimento di
Energetica “S. Stecco” and Dipartimento di Fisica, Universitá di Firenze (UF), Florence, Italy; Laboratoire
de Biophysique (LB), Statistique ITP/SB, Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzer-
land, Medical Research Council Centre (MRCC), Cambridge, United Kingdom
Abstract: State of the art imaging techniques makes it possible to study individual proteins and other macro-
molecules from a structural point of view. Descriptions with respect to geometry and shape facilitates study-
ing 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 individual
proteins at a resolution of approximately 2 nm. Moreover, they have together with UF and LB developed
methods for modelling protein dynamic based on the images. Fitting a model to each 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 fit the protein model to image content. In this project, we develop
methods to fill the gap between image and model and thereby make large-scale studies of the movement of
proteins possible. We will develop methods for automatically extracting the geometrical features needed as
input to the models. This will be done taking into account both grey-level information (which reflects the
internal structure of the protein) and 3D shape information.
The first step in this process is to identify the different parts of the protein. This is of interest as the parts and
their relative positions are the key to understanding how flexible a protein is and how it can interact with,
or bind to, other proteins or substances. During 2007, a decomposition method, theoretically described in
Project 8, was published in Pattern Recognition Letters.
Once the parts (or domains) of a protein are identified, the next step is to extract relevant geometrical
features. During 2007, we developed a method to extract the interdomain angles and the translation of the
domains with respect to each others for the Immunoglobulin G (IgG) antibody imaged by Cryo-ET. The IgG
antibody consists of three parts, the Fc stem and the two Fab arms. The parts are approximately equal in
size. We compared the results with X-ray cristallography experiments for the same structure and could con-
clude that, even though Cryo-ET gives images of lower resolution than X-ray cristallography, the mentioned
geometrical features can be extracted with high significance. This work was done in close cooperation with
UF and LB and published in Journal of Microscopy. In Figure 6, one IgG antibody, which has been con-
structed from information stored in the Protein Data Bank (http://www.pdb.org/), illustrates the method: to
the left, the IgG antibody decomposed into Fc stem and Fab arms; in the middle, the principal components
of each parts used for measuring the interdomain angles; and to the right, the Fab-Fab dyad in which the
translation between the domains are measured.

The decomposition method is also used in a study of another protein, namely the Met tyrosine kinase
receptor. This is done in cooperation with with MRCC, UF, and LB. The Met protein controls growth,
invasion, and metastasis in cancer cells and activating Met mutations predispose to human cancer. It has a
unique biological role and is therefore of interest to study. In its mature form, Met consists of an extracellular
α chain and a longer β chain. The α chain and the first part of the β chain folds to a β propeller structure.
This β propeller region is sufficient for the binding to its ligand, hepatocyte growth factor / scatter factor
(HGF/SF). The remaining part of the β chain is called stalk, due to its stalk-like structure. The stalk is, for
the moment, understood to hold the β propeller in correct orientation for the ligand binding. To get a better
understanding of the biology behind, a quantitative study of the flexibility of the stalk for Met. During 2007,
a method for identifying the β propeller and the stalk and to extract a representation, a stalk curve suitable

25



Figure 6: For PDB code 1IGY constructed at 20 Å resolution: surface rendering of the Fc stem (yellow)
and the Fab arms (red and blue); PCFab1, PCFab2, and PCFc; and Fab dyad, PCFab1, and PCFab2.

Figure 7: Two MET proteins decomposed into β-propeller (red) and stalk (cyan), and their respective
stalk curves.

for extracting geometrical features regarding its flexibility was presented at 12th International Conference
on Computer Analysis of Images and Patterns and published in the proceedings from the conference. In
Figure 7, the method is illustrated by two examples.

13. Segmentation and analysis methods for cytology
Amalka Pinidiyaarachchi, Carolina Wählby, Ewert Bengtsson
Funding: SIDA
Period: 0605–
Partner: N. Rantatunga, Dept. of Pathology, University of Peradeniya, Sri Lanka
Abstract: In many biomedical applications quantitative measurements of stained nuclei of both cytological
and histological samples are used in aid of decision making by the expert. The digital images produced in
such processes are in color and segmentation of specific regions of such images is an area that has been
widely studied. A project is carried out in collaboration with the Dept. of Pathology, Faculty of Medicine,
University of Peradeniya, Sri Lanka where thyroid smear samples are expected be analyzed. The image
processing goal to be achieved is the development of successful color image segmentation methods. This
involves tests in different color spaces, selection of a good segmentation method and dealing with heavily
clustered cell nuclei segmentation. The biological goal in the study is to use the methods effectively in
extracting various features of cell nuclei that can be used in expert decision making process. Extensions
of watersheds to color images where color gradient measures and statistical comparison with neighborhood
are used are to be tested on the images in further studies.
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Figure 8: Top: Central z slice of an original image, the 3D Sobel-filtered image, and initial result after
seeded watershed segmentation in 3D. Bottom: The final segmentation after region merging and 3D view
of segmentation result.

14. Segmentation and analysis of point-like fluorescent signals in 2D and 3D images of cells
Amalka Pinidiyaarachchi, Amin Allalou, Carolina Wählby
Funding: EU-Strep Project ENLIGHT (ENhanced LIGase based Histochemical Techniques), SIDA
Period: 0305–
Partners: Malin Jarvius, Chatarina Larsson, Katerina Pardali, Ola Söderberg, Irene Weibrecht, Mats Nils-
son, Dept. of Genetics and Pathology, UU
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. See Figure 8.

15. Image based measurements of single cell mtDNA mutation load
Amin Allalou, Carolina Wählby
Period: 0608–
Funding: EU-Strep Project ENLIGHT (ENhanced LIGase based Histochemical Techniques)
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
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 9: Left: Zoom in on a small part of a maximum intensity projection of the random array. A
typical array contains approximately 5000 blobs. Right: Blob identities represented by different colors
after classification based on spectral decomposition. Weakly fluorescing blobs are discarded if the signal
pattern has low confidence.

16. Quantification and localization of colocalization
Milan Gavrilovic, Carolina Wählby
Period: 0611–
Funding: EU-Strep Project ENLIGHT
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. The method for cross-talk suppresion and localization of colocalization are expected
to be tested in real image situations.

17. Analysis of random array data
Carolina Wählby
Funding: Uppsala BioX
Period: 0501–
Partners: Jenny Göransson, Mats Nilsson, Dept. of Genetics and Pathology, UU
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, see Figure 9.

18. BlobFinder; a tool for fluorescence microscopy image cytometry
Amin Allalou, Carolina Wählby
Funding: Olink Bioscience, EU-Strep Project ENLIGHT
Period: 0702–0712
Abstract: Image acquisition can be performed at a very high rate with modern fluorescence microscopy
hardware, giving rise to a demand for high-speed data analysis. There are numerous image analysis software
that can perform a wide array of different measurements. However, the multi-application capability often
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compromises the simplicity of the tool. Also, the gain in speed of analysis is often compromised by time
spent learning complicated software and understanding input parameters. Together with Olink Bioscience
our aim was to create a free, single-application and user-friendly software that primarily should be provided
to the customers of Olink Bioscience. The software, called BlobFinder, can localize and quantify point
like source signals and cells in fluorescence microscopy images, e.g., from FISH, in-situ PLA and padlock
probes. BlobFinder can be downloaded from http://www.cb.uu.se/˜amin/Blobfinder.

19. Parallax error correction in retinal image registration
Khalid Niazi, Ewert Bengtsson
Funding: COMSATS Institute of Information Technology, Islamabad, Pakistan
Period: 0711–
Partners: Albert Alm, Dept. of Neuroscience, UU Hospital
Abstract: Retinal image 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 in a process of developing a new method which will help in evaluation of
glaucoma progression. We are specially concentrating on correction of parallax error, which is normally
produced due to change in angular position of the camera. We believe that directional information will play
a major role in correct registration of these retinal images. Our plan is to automatically find the points where
the vascular structure interests the optic disc, and then use these points for registration purpose.

3D analysis and visualization

20. Improved interactive medical image analysis through haptic display methods
Erik Vidholm, Ewert Bengtsson, Ingela Nyström, Stefan Seipel, Filip Malmberg
Funding: Swedish Research Council, UU TN Faculty
Period: 0301–
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
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 21, and hardware
assisted visualization of breast MR images, see Project 22. 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.

21. Interactive liver segmentation from CT images
Erik Vidholm, Ingela Nyström, Ewert Bengtsson
Funding: Swedish Research Council, UU TN Faculty
Period: 0501–
Partners: Sven Nilsson, Hans Frimmel, Dept. of Oncology, Radiology, and Clinical Immunology, UU Hos-
pital
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 liver from CT scans of patients with neu-
roendocrine tumors. Liver segmentation is of importance in hepatic surgery planning, where it is a first step
in the process 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.
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Figure 10: Left: A user working with the haptic display. Middle: Initialization of the deformable model
with a sphere. Right: A user interacting with the model by applying forces to a selected part of the mesh
using the haptic device.

Figure 10 illustrates a tool for interactive 3D liver segmentation using deformable surface models repre-
sented by simplex meshes. The interaction is performed directly in 3D with the haptic device. We use
volume haptics to convey information about the volumetric data used for external force computations. This
helps us to better understand the data and adjust the deformation weights. It is also possible to interact
directly with the mesh during deformation. By pointing the haptic probe like a torch at the mesh, vertices
and faces in a user-specified neighbourhood are selected and forces can be applied to the selected sub-mesh
only. We performed an experiment where 10 segmentations of the liver from CT data was performed. The
segmentation results show high sensitivity and specificity when compared to manual delineations made by
a radiologist.
The results were presented at the MICCAI 2007 Workshop: Interaction in Medical Image Analysis and
Visualization, in Brisbane.

22. Analysis of dynamic breast MRI
Ewert Bengtsson, Erik Vidholm, Ingela Nyström
Funding: UU TN Faculty, The Australian Research Council
Period: 0503–
Partners: Stuart Crozier, Andrew Mehnert and co-workers at the ITEE Department, University of Queens-
land, Brisbane, Australia
Abstract: The pattern of change of signal intensity over time in contrast enhanced magnetic resonance (MR)
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. The program was further improved during
2007 and a version which also allows for drawing regions of interest was installed in Brisbane to be used for
validation studies. The project was presented at the workshop on interaction in medical image visualization
in conjunction with MICCAI 2007 in Brisbane.

23. Interactive exploration of medical images for visualization on standard PC hardware
Suthakar Somaskandan, Ingela Nyström, Ewert Bengtsson
Funding: SIDA
Period: 0409–
Abstract: Several of the medical imaging systems provide 3D volume information, e.g., CT, MRT, SPECT,
and ultrasound. This is very useful since the human body is 3D. However, to reach a diagnostic conclusion,
the 3D images need to be projected onto the 2D computer screens in more sophisticated ways than slice by
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slice projections. It is particularly useful to device methods where the user interactively can explore the 3D
information in the images. Earlier, allowing dynamic interaction with medical volume images of realistic,
clinically useful resolution required very expensive display stations driven by high-performance computers.
Today, a PC equipped with a high-end standard graphics card can be used quite effectively for the purpose of
medical visualization. The research task in this project is to develop effective display methods for exploring
medical data by utilizing GPU programming. For health reasons this project has been idle during 2007.

24. Efficient algorithms for computer graphics
Ewert Bengtsson
Funding: UU TN Faculty
Period: 9911–
Partners: Anders Hast, Dept. of Mathematics, Natural Sciences, and Computing, University College of
Gävle; Tony Barrera, Barrera Kristiansen AB, Uppsala
Abstract: Computer graphics is increasingly being used to create realistic images of 3D objects. Typical ap-
plications are in entertainment (animated films, games), commerce (showing 3D images of products on the
web which can be manipulated and rotated), industrial design, and medicine. For the images to look realistic
high quality shading and surface texture and topology rendering is necessary. Many fundamental algorithms
in this field were developed already in the early seventies. The algorithms that produce the best results are
computationally quite demanding (e.g., Phong shading) while other produce less satisfactory results (e.g.,
Gouraud shading). In order to make full 3D animation on standard computers feasible, high efficiency is
necessary. We are in this project re-examining those algorithms and are finding new mathematical ways
of simplifying the expressions and increasing the implementation speeds without sacrificing image quality.
The project is carried out in close collaboration with Tony Barrera, an autodidact mathematician. It has been
running since 1999 and resulted in around 25 international publications and a PhD thesis. During 2007 the
work resulted in a book chapter on trigonometric splines which will appear in 2008.

25. Collaborative 3D visualizations
Stefan Seipel, Lars W. Pettersson
Funding: UU TN Faculty
Period: 0309–0712
Partners: Swedish Defense College; Dept. of Information Technology, UU; University College of Gävle
Abstract: In many important decision situations, more than only one stakeholder is concerned with the anal-
ysis and interpretation of the decisive data. Often, the data collected is very complex, it may be organized
in several orthogonal dimensions or is ordered in multiple independent layers. Our technical means to ef-
ficiently visualize this complexity are limited to the two-dimensional grid of colored pixels on a computer
screen. In this current project we investigate how we optimally can design visualizations that support more
collaborating users who interact simultaneously with the same visualization in the same place. We use a
rather unique display technology (in collaboration with and at the Swedish Defense College, FHS) to present
up to 8 individual pictures at the same display surface. It allows to selectively controlling, which picture(s)
are seen by individual users. In this environment we study the effects of several features of advanced visu-
alizations, which are dynamic observer conditions, stereoscopic cues, and layer separated visualizations.

Forestry related applications
26. Image analysis of the internal paper structure and cellulose based composite materials in 3D images

Maria Axelsson, Filip Malmberg, Stina Svensson, Joakim Lindblad, Gunilla Borgefors
Funding: SLU S Faculty
Period: 0406–
Partners: Norwegian Pulp and Paper Research Institute (PFI), Trondheim, Norway; STFI-Packforsk, Stock-
holm; KTH Fibre and Polymer Technology, Stockholm; Dept. of Physics, University of Jyväskylä (UJ),
Finland
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 dimen-
sional (3D) structure, see Figure 11. Another application for wood-fibres that has recently gained a lot of
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 interaction between the fibres and the polymer matrix surrounding
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Figure 11: A screenshot from a tool, developed using VTK, for quick visual inspection of volume images
of fibrous materials.

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 rendering of a sample of a composite material image with X-ray
microtomography are shown in Figure 12 (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. Other methods for measuring properties of the material, that do not require a complete
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, Schweiz. Furthermore, methods for creating other sample volume images are investigated.
During 2007, the project has resulted in one publication. A method for tracking individual fibres in volume
image data, which gives estimates of the fibre centre line and the cross sectional dimensions of each fibre,
was presented at the International Conference on Image Processing (ICIP) 2007. See Figure 12 (bottom)
for examples of two tracking results. In the project, a method for measuring the fibre orientation in volume
image data is under development. Other ongoing research regards improved binarization of phase-contrast
microtomography images, and automatic measurement of fibre-fibre contact.
During the year, we have initiated cooperation with University of Jyväskylä (UJ). One commonly used
method to measure porosity in porous materials such as paper and composite is by Mercury Intrusion
Porosimetry (MIP). The group in UJ has recently developed an image analysis method to simulate the
intrusion and extrusion process in MIP based on skeletonization of the pore space. At CBA we make use of
a watershed based segmentation of the pore space to do the same simulation. Initial studies on images gen-
erated using a SkyScan microtomography instrument show that the two methods give comparable results,
and that they can be used as an alternative to MIP.
An application to WoodWisdom on “WoodFibre3D” was approved during late 2007. The project starts
in 2008. This ensures a continuation and expansion of the fibre application projects during the coming
three-year period.
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Figure 12: 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 two individual fibres.
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27. Log end feature extraction of untreated wood logs in saw mill environment
Kristin Norell, Stina Svensson, Gunilla Borgefors
Funding: Swedish Timber Measurement Council (VMR), SLU S Faculty
Period: 0505–
Partners: Swedish Timber Measurement Council (VMR), Dept. of Forest Products, SLU
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 saw mills, where the log scaler has a couple of seconds to de-
termine features like the approximate annual ring density, presence of rot and presense of compression
wood. By using computerized image analysis application instead, the analysis can be more robust. In this
project methods to measure important properties of logs in saw mill 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 and scots pine taken in a saw mill environment. The
logs are sawn with a regular harvester or chain saw. Images used so far are picked to represent a large
variety of features that can occur.
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
pith detection method has been submitted for journal publication.
Work has started on detection of annual rings, using the pith detection method and the grey weighted polar
distance transform (GWPDT), see Project 4. Figure 13 shows preliminary results for an end face image
with the computed distance image and minimum cost paths. By using the intensity image as a cost function
for the GWPDT, the annual rings can be outlined. This end face is of high quality. More work must be done
for the method to become successful also on end faces with less visible rings.
A camera for imaging log end faces has been installed at a Swedish sawmill during 2007, to produce a
large and representative image material for the project. The camera has a color sensor and images end faces
on-line as the logs pass on a conveyor.

28. Detection of rot in end faces of wood logs
Kristin Norell, Stina Svensson, Gunilla Borgefors
Funding: SLU S Faculty, Stiftelsen Mauritz Carlgrens fond
Period: 0612–
Partners: Kim Dralle, Anders Björholm Dahl at Dralle A/S, Copenhagen, Denmark
Abstract: This project focus on 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.

29. Quantification of the quality of wood fibres
Bettina Selig, Gunilla Borgefors
Funding: SLU S Faculty
Period: 0709–
Abstract: Wood fibre quality is important for many uses of this raw material. The quality can be tested by
various microscopy methods, where different fibre properties are qualitatively and/or quantitatively mea-
sured. In this project, we will develop automatic quantitative image analysis of single wood fibres.
Usually, the substance lignin is located between the individual wood cells but sometimes it also deposits in
the cell walls. This is an undesirable condition, because if these fibres are processed to paper, the lignin in
the cell walls causes bad quality. For this reason the percentage of the lignin in the cell shall be estimated
to quantify the quality of the wood fibres. For this project images with glowing lignin created with a fluo-
rescence microscope are used, see Figure 14. The goal is to estimate the size of the cell and the amount of
the lignin in the cell using image analysis methods.
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(a) Distance image (218×158 pixels) (b) Shortest paths to the object from
pixels marked on the diagonal line
from the origin to the lower left of the
image

(c) The shortest path to each of the 16
end pixels in the object

Figure 13: The GWPDT applied on a log end image with annual ring pattern. The origin is in the
upper right, and the object pixels, from where the GWPDT has been computed, are marked pixels on the
vertical line below the origin.

Figure 14: Fluorescence microscopy image of wood cells. The lignin appears brighter, so it can be seen
that in this sample the lignin is not only between the cells but also within the cell walls.

In a second part of the project, the damage of single fibres (breaks, cracks, distortions etc.) shall be charac-
terized 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.
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Remote sensing
30. Nordkalotten satellite evaluation co-operation network (NorSEN)

Tommy Lindell
Funding: UU TN Faculty, Dept. of Infrastructure, KTH, Stockholm
Period: 0406–
Partners: Kai Sörensen, Norwegian Institute for Water Research (NIVA); Terry Callaghan, Abisko Scien-
tific Research Station (ANS), Fredrik Bergholm
Abstract: Field measurements were performed on Lake Torneträsk, and near Abisko. From June 2004, spec-
trometer measurements were run by Fredrik Bergholm on the arctic vegetation around Abisko Naturveten-
skapliga Station (ANS), and spectral measurements were performed by Tommy Lindell and Kai Sörensen
on Lake Torneträsk. The field measurements have continued during the years 2005-2007. Fredrik Bergholm
has been measuring with spectrometers, among other things from the ski lift in Abisko. Tommy Lindell and
Kai Sörensen has been taking water samples for analyses, made manual recording of spectral characteris-
tics and have had a floating device on Torne Träsk for spectral measurements during the summer months.
Tommy Lindell has collected and analysed satellite data from the lake. Kai Sörensen has been using ships on
Hurigrutten for continuous sampling of spectral information and water quality variables. These field mea-
surements have contributed to the data base for the Scandinavian NorSEN project, which formally started in
2005. The project deals with validation of satellite images in polar-near areas, and build-up of ground- based
spectral sensors around ANS. Little scientific work has been done before on the use of satellite data in polar-
near areas, with low sun angles and special atmospheric conditions. The project aims to find normalisation
and correction measures of the satellite data for these areas.

31. Digital video and camera in remote sensing of water variables
Tommy Lindell
Period: 0001–
Partners: CNR, Milan, Italy
Abstract: Test of the usefulness of air-borne digital camera and video for mapping water variables. Lindell
has been constructing a holder for the digital video/camera for small aircrafts.
Data have been collected from Lakes Erken and Mälaren, from coral bottoms in Bisceyne National Park and
for mapping of Lake Garda, Italy. The test in Italy led to new vibration reduction to the holder to improve
image quality.
Recently, tests of the usefulness of those images have been performed for the classification of the Swedish
coastline.

32. Surtsey and Capelinhos, two contemporary submarine volcanoes
Tommy Lindell
Funding: UU TN Faculty
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 1967 from 4 submarine vents after a couple of days with seismic activities. The
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.
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Other projects
33. The development of a general image analysis software platform

Bo Nordin, Ewert Bengtsson
Funding: UU TN Faculty
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, 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. Recently, a new C++ based version, Pixy, has been created. However, due to lack of resources and
time, this version is not yet complete and the work has during 2007 primarily been focused on supporting
the needs of specific projects.
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5.2 Cooperation partners

International

School of ITEE, University of Queensland, Brisbane, Australia

Queensland X-Ray, Greenslopes Private Hospital, Australia

CSIRO Mathematical and Information Sciences, North Ryde (Sydney), Australia

Centre for Biomedical Image Analysis, Facluty of Informatics, Masaryc University, Brno, Czech Republic

Dralle A/S, Copenhagen, Denmark

Visiopharm, Hørsholm, Denmark

Dept. of Physics, University of Jyväskylä, Finland

Institute of Material Science, Dresden University of Technology, Germany

Cognitive Systems Group, University of Hamburg, Germany

Institute for Computational Visualistics, University of Koblenz-Landau, Germany

3rd Medical Dept., Hamatology-Oncology, Johannes Gutenberg University, Mainz, Germany

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

Dept. of Computer Science, Institute of Informatics, University of Szeged, Hungary

EC Joint Research Centre, Ispra, Italy

Dept. of Physics, University of Florence, Florence, Italy

Dept. of Energetic, University of Florence, Florence, Italy

National Research Council, Milan, Italy

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

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

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

COMSATS, Institute of Information Technology, Islamabad, Pakistan

Dept. of Computer Engineering, Center for Advanced Studies in Engineering, Islamabad, Pakistan

Faculty of Engineering, University of Novi Sad, Serbia

Research Group on Mathematical Linguistics, Rovira i Virgili University, Tarragona, Spain

University of Jaffna, Sri Lanka

University of Peradeniya, Sri Lanka

Laboratoire de Biophysique (LB), Statistique ITP/SB, Ecole Polytechnique Fédérale de Lausanne, Lausanne,
Switzerland

Faculty of Technology, Makere University, Uganda

Medical Research Council Centre (MRCC), Cambridge, UK

Theoretical Physics, School of Physics and Astronomy, University of Manchester, UK
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National

Nyby Sawmill, Setra Group, Björklinge

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

Dept. of Biomaterials, Göteborg University, Göteborg

SenseGraphics, Kista

Centre for Medical Imaging and Visualization, CMIV, Linköping

Computer Vision Laboratory, Linköping University, Linköping

Swedish Defense College, Stockholm

Swedish Pulp and Paper Research Institute (STFI), Stockholm

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

Dept. of Oncology-Pathology, Cancer Center, Karolinska Institute, Stockholm

Dept. of Computer and Systems Sciences, Royal Institute of Technology, Stockholm

KTH Fibre and Polymer Technology, Royal Institute of Technology, Stockholm

Swedish Timber Measurement Council (VMR), Sundsvall

Barrera Kristiansen AB, Uppsala

GE Healthcare, Uppsala/London

Olink Bioscience, Uppsala

Dept. of Genetics and Pathology, UU

Dept. of Information Technology, UU
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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 2007. We have edited one conference
proceedings. We have published twelve journal articles and as many as 18 articles in refereed
international conference proceedings. In addition, we published twelve papers in non-refereed
or abstract refereed conference proceedings and five other reports. These numbers indicate yet
another productive year for CBA.

6.1 Book chapters

During 2007 there were no books published authored by CBA people, but a number of chapters are in
the pipeline that will appear in the next few years.

6.2 Edited conference proceedings

1. Conference name: Interaction in Medical Image Analysis and Visualization
Editors: Smedby, Ö.(1); Bengtsson, E.; Persson, A.(1)
(1) Center for Medical Image Science and Visualization (CMIV), Linköping University
Comment: Workshop at 10th International Conference on Medical Image Computing and Computer As-
sisted Intervention (MICCAI 2007), Brisbane, Australia, 2007. 96 pages.

6.3 Journal articles

1. Comparison of histomorphometrical data obtained with two different image analysis methods
Authors: Ballerini, L.(1); Franke-Stenport, V.(2); Borgefors, G.; Johansson, C.(1)
(1) Dept. of Clinical Medicine, Örebro University
(2) Dept. of Biomaterials, Göteborg University
Journal: Journal of Materials Science: Materials in Medicine 18(8):1471–1479, 2007
Abstract: A common way to determine tissue acceptance of biomaterials is to perform histomorphometrical
analysis on histologically stained sections from retrieved samples with surrounding tissue, using various
methods. The time and money consuming methods and techniques used are often in house standards. We
address light microscopic investigations of bone tissue reactions on un-decalcified cut and ground sections
of threaded implants. In order to screen sections and generate results faster, the aim of this pilot project was
to compare results generated with the in-house standard visual image analysis tool (i.e., quantifications and
judgements done by the naked eye) with a custom made automatic image analysis program. The histomor-
phometrical bone area measurements revealed no significant differences between the methods but the results
of the bony contacts varied significantly. The raw results were in relative agreement, i.e., the values from the
two methods were proportional to each other: low bony contact values in the visual method corresponded
to low values with the automatic method. With similar resolution images and further improvements of the
automatic method this difference should become insignificant. A great advantage using the new automatic
image analysis method is that it is time saving – analysis time can be significantly reduced.
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2. Resolving the geometry of biomolecules imaged by cryo electron tomography
Authors: Bongini, L.(1); Fanelli, D.(2); Svensson, S.; Gedda, M.; Piazza, F.(3), Skoglund, U.(4)
(1) Dipartimento di Fisica, Università di Firenze, Florence, Italy
(2) Theoretical Physics, School of Physics and Astronomy, University of Manchester, Manchester, U.K.
(3) Laboratoire de Biophysique Statistique ITP/SB, Ecole Polytechnique Fédérale de Lausanne, Switzer-
land
(4) Cell and Molecular Biology Department, Karolinska Institut, Stockholm
Journal: Journal of Microscopy 228:174–184, 2007
Abstract: In this paper, we describe two methods for computerized analysis of cryo electron tomogra-
phy reconstructions of biomolecules. Both methods aim at quantifying the degree of structural flexibility
of macromolecules and eventually resolving the inner dynamics through automatized protocols. The first
method performs a Brownian dynamics evolution of a simplified molecular model into a fictitious force field
generated by the tomograms. This procedure enables us to dock the simplified model into the experimental
profiles. The second uses a fuzzy framework to delineate the subparts of the proteins and subsequently
determine their interdomain relations. The two methods are discussed and their complementarities high-
lighted with reference to the case of the immonoglobulin antibody. Both artificial maps, constructed from
immunoglobulin G entries in the Protein Data Bank and real tomograms are analyzed. Robustness issues
and agreement with previously reported measurements are discussed.

3. Weighted distance transforms generalized to modules and their computation on point lattices
Authors: Fouard, C.; Strand, R.; Borgefors, G.
Journal: Pattern Recognition 40(9):2453–2474, 2007
Abstract: This paper presents the generalization of weighted distances to modules and their computation
through the chamfer algorithm on general point lattices. The first part is dedicated to formalization of
definitions and properties (distance, metric, norm) of weighted distances on modules. It resumes tools found
in literature to express the weighted distance of any point of a module and to compute optimal weights in
the general case to get rotation invariant distances. The second part of this paper proves that, for any point
lattice, the sequential two-scan chamfer algorithm produces correct distance maps. Finally, the definitions
and computation of weighted distances are applied to the face-centered cubic (FCC) and body-centered
cubic (BCC) grids.

4. Single-cell A3243G mitochondrial DNA mutation load assays for segregation analysis
Authors: Jahangir Tafrechi, R.S.(1); van de Rijke, F.M.(1); Allalou, A.; Larsson, C.(1); Sloos, W.C.R.(1);
van de Sande, M.(1); Wählby, Carolina; Janssen, G. M. C.(1); Raap, A. K.(1)
(1) Dept. of Molecular Cell Biology and Dept. of Genetics and pathology, Leiden University Medical Cen-
ter, Leiden, The Netherlands
Journal: Journal of Histochemistry and Cytochemistry 55(11):1159–1166, 2007
Abstract: Segregation of mitochondrial DNA (mtDNA) is an important underlying pathogenic factor in
mtDNA mutation accumulation in mitochondrial diseases and aging, but the molecular mechanisms of
mtDNA segregation are elusive. Lack of high-throughput single-cell mutation load assays lies at the root
of the paucity of studies in which, at the single-cell level, mitotic mtDNA segregation patterns have been
analyzed. Here we describe development of a novel fluorescence-based, non-gel PCR restriction fragment
length polymorphism method for single-cell A3243G mtDNA mutation load measurement. Results cor-
related very well with a quantitative in situ Padlock/rolling circle amplification-based genotyping method.
In view of the throughput and accuracy of both methods for single-cell A3243G mtDNA mutation load
determination, we conclude that they are well suited for segregation analysis.

5. In situ detection of phosphorylated platelet-derived growth factor receptor beta using a generalized
proximity ligation method
Authors: Jarvius, M.(1); Paulsson, J.(2); Weibrecht, I.(1); Leuchowius, K.-J.(1); Andersson, A.-C.(3);
Wählby, C.; Gullberg, M.(3); Botling, J.(1); Sjöblom, T.(1); Markova, B.(4); Ostman, A.(2); Landegren,
U.(1); Söderberg, O.(1)
(1) Dept. of Genetics and Pathology, Rudbeck Laboratory, UU
(2) Dept. of Oncology-Pathology, Cancer Center, Karolinska Institut, Stockholm
(3) Olink AB, Uppsala
(4) 3rd Medical Department, Hematology-Oncology, Johannes Gutenberg University, Mainz, Germany
Journal: Molecular and Cellular Proteomics 6:1500–1509, 2007
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Abstract: Improved methods are needed for in situ characterization of post-translational modifications in
cell lines and tissues. For example, it is desirable to monitor the phosphorylation status of individual recep-
tor tyrosine kinases in samples from human tumors treated with inhibitors to evaluate therapeutic responses.
Unfortunately the leading methods for observing the dynamics of tissue post-translational modifications in
situ, immunohistochemistry and immunofluorescence, exhibit limited sensitivity and selectivity. Proximity
ligation assay is a novel method that offers improved selectivity through the requirement of dual recogni-
tion and increased sensitivity by including DNA amplification as a component of detection of the target
molecule. Here we therefore established a generalized in situ proximity ligation assay to investigate phos-
phorylation of platelet-derived growth factor receptor ß (PDGFRß) in cells stimulated with platelet-derived
growth factor BB. Antibodies specific for immunoglobulins from different species, modified by attachment
of DNA strands, were used as secondary proximity probes together with a pair of primary antibodies from
the corresponding species. Dual recognition of receptors and phosphorylated sites by the primary antibodies
in combination with the secondary proximity probes was used to generate circular DNA strands; this was
followed by signal amplification by replicating the DNA circles via rolling circle amplification. We detected
tyrosine phosphorylated PDGFRß in human embryonic kidney cells stably overexpressing human influenza
hemagglutinin-tagged human PDGFRß in porcine aortic endothelial cells transfected with the β-receptor,
but not in cells transfected with the alpha-receptor, and also in immortalized human foreskin fibroblasts, BJ
hTert, endogenously expressing the PDGFRß. We furthermore visualized tyrosine phosphorylated PDGFRß
in tissue sections from fresh frozen human scar tissue undergoing wound healing. The method should be
of great value to study signal transduction, screen for effects of pharmacological agents, and enhance the
diagnostic potential in histopathology.

6. Endothelial cell image enhancement using non-subsampled image pyramid
Authors: Khan, M.A.U.(1); Khan, M.K.; Khan, M.A.(1); Ibrahim, M.T.(2)
(1) Dept. of Electrical Engineering, COMSAT Institute of Information Technology, Abbottabad, Pakistan
(2) Dept. of Computer Engineering, Center for Advanced Studies in Engineering, Islamabad, Pakistan
Journal: Information Technology Journal 6(7):1057–1062, 2007
Abstract: A corneal endothelial cell image provides vast amount of information about a human eye. The
cell density and cell shape parameters of a given endothelial cell image help opthamologists in making
many vital clinical decisions. The acquired endothelial image is poor in contrast where cell boundaries are
masked in the background. Previously, most of the work was based on morphological operations in spatial
domain. However, if we think of cell structure as texture hidden in noisy background, we can get help from
texture segmentation, a well studied area. In this work, we propose a non-subsampled Gaussian pyramid
decomposition of lowpass region. At certain level of the pyramid, we start observing cleaner cell boundary
structure which greatly facilitates its segmentation. Once segmented automatic cell counting can be used
and simulation results have shown improvement in cell density count.

7. Representation and reconstruction of fuzzy disks by moments
Authors: Sladoje, N.; Lindblad, J.
Journal: Fuzzy Sets and Systems 158(5):517–534, 2007
Abstract: In this paper, we analyze the representation and reconstruction of fuzzy disks by using moments.
Both continuous and digital fuzzy disks are considered. A fuzzy disk is a convex fuzzy spatial set, where
the membership of a point to the fuzzy disk depends only on the distance of the point to the centre of the
disk. We show that, for a certain class of membership functions defining a fuzzy disk, there exists a one-to-
one correspondence between the set of fuzzy disks and the set of their generalized moment representations.
Theoretical error bounds for the accuracy of the estimation of generalized moments of a continuous fuzzy
disk from the generalized moments of its digitization and, in connection with that, the accuracy of an
approximate reconstruction of a continuous fuzzy disk from the generalized moments of its digitization, are
derived. Defuzzification (reduction of a continuous fuzzy disk to a crisp representative) is also considered.
A statistical study of generated synthetic objects complements the theoretical results.

8. Distances based on neighbourhood sequences in non-standard three-dimensional grids
Authors: Strand, R.; Nagy, B.(1)
(1) Dept. of Computer Science, Faculty of Informatics, University of Debrecen, Debrecen, Hungary
Journal: Discrete Applied Mathematics 255(4):548–557
Abstract: Properties for distances based on neighbourhood sequences on the face-centred cubic (fcc) and
the body-centred cubic (bcc) grids are presented. Formulas to both compute the distances and assure that
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the distances satisfy the conditions for being metrics are presented and proved to be correct. The formulas
are used to calculate the neighbourhood sequences that generates distances with lowest deviation from the
Euclidean distance.

9. Weighted distances based on neighbourhood sequences
Authors: Strand, R.
Journal: Pattern Recognition Letters 28(15):2029–2036, 2007
Abstract: By combining weighted distances and distances based on neighbourhood sequences, a new family
of distance functions with potentially low rotational dependency is obtained. The basic theory for these dis-
tance functions, including functional form of the distance between two points, is presented. By minimizing
an error function, the weights and neighbourhood sequence that give the distance function with the lowest
rotational dependency are derived. To verify that the low rotational dependency of the proposed distance
function is valid also in applications, the constrained distance transform on a binary image is computed and
compared with some traditionally used distance functions.

10. A decomposition scheme for 3D fuzzy objects based on fuzzy distance information
Authors: Svensson, S.
Journal: Pattern Recognition Letters 28(2):224–232, 2007
Abstract: A decomposition scheme for 3D fuzzy objects is presented. The decomposition is guided by a
fuzzy distance transform (FDT) of the fuzzy object and aims to decompose the fuzzy object into simpler
parts. Relevant voxels, corresponding to the “centres” of the parts, are detected on the FDT and suitably
grouped, using a hierarchical clustering technique, into significant seeds for the decomposition. A region
growing process is then applied to the seeds. The region growing process makes use of the reverse fuzzy
distance transform, which is introduced in this manuscript. The decomposition scheme is illustrated us-
ing real data from different applications of which one, namely the identification of the three parts of the
Immunoglobulin G antibody imaged using cryo electron tomography, is described more in detail.

11. Identification of the main arterial branches by whole-body contrast-enhanced MRA in elderly sub-
jects using limited user interaction and fast marching
Authors: Tizon, X.; Lin, Q. (1); Hansen, T.(2); Borgefors, G.; Johansson, L.(2); Ahlström, H.(2); Frimmel,
H.(2)
(1) Computer Vision Laboratory, Linköping University, Linköping
(2) Dept. of Oncology, Radiology and Clinical Immunology, UU Hospital
Journal: Journal of Magnetic Resonance Imaging 25(4):806-814, 2007
Abstract: To extract a graph model corresponding to a predefined set of arterial branches from whole-body
contrast-enhanced magnetic resonance angiography (CE-MRA) data sets in elderly asymptomatic subjects,
a high-incidence group.Maximum intensity projections (MIPs) were used as an interface to place landmarks
in the three-dimensional (3D) data sets. These landmarks were linked together using fast marching to form
a graph model of the arterial tree. Only vessels of interest were identified.We tested our method on 10 sub-
jects. We were able to build a graph model of the main arterial branches that performed well in the presence
of vascular pathologies, such as stenosis and aneurysm. The results were rated by an experienced radiolo-
gist, with an overall success rate of 80%.We were able to extract chosen arterial branches in 3D whole-body
CE-MRA images with a moderate amount of interaction using a single MIP projection.

12. Application of underwater hyperspectral data for color correction purposes
Authors: Åhlén, J.; Sundgren, D.(1); Bengtsson, E.
(1) Dept. of Computer and Systems Sciences, Royal Institute of Technology, Stockholm
Journal: Pattern Recognition and Image Analysis 17(1):170–173, 2007
Abstract: Color correction of underwater images has been considered a difficult task for a number of rea-
sons. Those include severe absorption of the water column, the unpredictable behavior of light under the
water surface, limited access to reliable data for correction purposes, and the fact that we are only able to
process three spectral channels, which is insufficient for most color correction applications. Here, the au-
thors present a method to estimate a hyperspectral image from an RGB image and pointwise hyperspectral
data. This is then used to color correct the hyperspectral underwater image and transform it back into RGB
color space.

43



6.4 Refereed conference proceedings

1. Image based measurements of single cell mtDNA mutation load
Authors: Allalou, A.; van de Rijke, M.F.(1); Jahangir Tafrechi, R.(1); Raap, A.K.(1); Wählby, C.
(1) Dept. of Molecular Cell Biology, Leiden University Medical Center, The Netherlands
Conference: 15th Scandinavian Conference on Image Analysis (SCIA 2007), Aalborg, Denmark. LNCS
vol. 4522, pp. 631–640
Editors: Ersbøll, B.K.; Pedersen, K.S.
Abstract: Cell cultures as well as cells in tissue always display a certain degree of variability, and mea-
surements based on cell averages will miss important information contained in a heterogeneous population.
This paper presents automated methods for image based measurements of mitochondiral DNA (mtDNA)
mutations in individual cells. The mitochondria are present in the cell2̆019s cytoplasm, and each cytoplasm
has to be delineated. Three different methods for segmentation of cytoplasms are compared and it is shown
that automated cytoplasmic delineation can be performed 30 times faster than manual delineation, with an
accuracy as high as 87%. The final image based measurements of mitochondrial mutation load are also
compared to, and show high agreement with, measurements made using biochemical techniques.

2. 3D tracking of cellulose fibres in volume images
Authors: Axelsson, M.
Conference: IEEE International Conference on Image Processing (ICIP 2007), San Antonio, TX, volume
4, pp. 309–312.
Abstract: Segmentation of individual fibres in volume images is important when analysing the three dimen-
sional (3D) fibre structure in paper and cellulose based composite materials. This paper presents a novel
method for 3D tracking of individual fibres which can be used as a pre-segmentation step to a full cell wall
segmentation or be used to estimate the fibre orientation. The tracking starts in one seed in each fibre and
automatically extracts the local fibre orientation and the fibre centre point in each step using 3D information.
Good results are obtained for cellulose fibres that are partially collapsed, cracked or irregularly shaped. The
proposed method can also be used in other applications where tracking of tubular structures is of interest.

3. Flexibility description of the MET protein stalk based on the use of non-uniform B-splines
Authors: Gedda, M.; Svensson, S.
Conference: 12th International Conference on Computer Analysis of Images and Patterns (CAIP 2007),
Vienna, Austria. LNCS vol. 4673, pp. 173–180
Editors: Kropatsch, W.G.; Kampel, M.; Hanbury, A.
Abstract: The MET protein controls growth, invasion, and metastasis in cancer cells and is thereby of
interest to study, for example from a structural point of view. For individual particle imaging by Cryo-
Electron Tomography of the MET protein, or other proteins, dedicated image analysis methods are required
to extract information in a robust way as the images have low contrast and resolution (with respect to the
size of the imaged structure). We present a method to identify the two parts of the MET protein, 0̆3b2-
propeller and stalk, using a fuzzy framework. Furthermore, we describe how a representation of the MET
stalk, denoted stalk curve, can be identified based on the use of non-uniform B-splines. The stalk curve
is used to extract relevant geometrical information about the stalk, e.g., to facilitate curvature and length
measurements.

4. The spatial distribution of nuclei in single skeletal muscle cells as visualised by 3-D images: the dif-
ferences in organisation between species and between healthy cells and cells affected by disease
Authors: Höglund, A.-S.(1); Liu, J.(1); Karlsson, P.; Lindblad, J.; Borgefors, G.; Bengtsson, E.; Larsson,
L.(1)
(1) Dept. of Neuroscience, UU Hospital
Conference: Biophysical Society, 51st annual meeting, Baltimore ML. Biophysical Journal : 637A Suppl.
S. - 2007
Abstract: This project is directed towards detailed image analyses of nuclear organization in single skeletal
muscle cells. The object is to identify structural parameters which can be used for diagnosis of different
muscle diseases. Skeletal muscle fibers are multinucleated cells, each nucleus determines the protein ex-
pression in a finite volume of the fiber, i.e. the myonuclear domain. Thus, it is important to characterize
the spatial organization of muscle cell nuclei and understand the basic mechanism behind their distribution
in order to reach insights about the importance of distorted nuclear organizations during various muscle
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diseases. However, the spatial organization of nuclei in human muscle cells is poorly understood, partly due
to insufficient methods for 3D visualization. Simply counting the number of nuclei in cross-sections, which
is a common technique, is accompanied by a number of technical limitations. We use a procedure where
single fibres are fluorescently labelled for actin and nuclei and attached between micromanipulators. This
allows us to adjust the sarcomeres to an appropriate length and acquire confocal images through the entire
muscle cell. We are now employing this technique to: 1) Analyze nuclei organization in confocal images of
single muscle cells from seven different mammalian species representing a 100,000-fold difference in body
size; 2) Determine the variability in nuclear size, nuclear domain, and 3D organization in segments of single
fibers of both the fast- and slow-twitch types; 3) Determine the spatial organization of transcriptionally ac-
tive/inactive nuclei in single muscle fibers; 4) Characterize the 3D organization of transcriptionally active,
inactive and apoptotic nuclei in muscle cells in critically ill, intensive care unit patients (ICU) with severe
muscle wasting and during recovery.

5. Defuzzification by feature distance minimization based on DC programming
Authors: Lindblad, J.; Lukić, T.(1); Sladoje, N.(1)
(1) Faculty of Engineering, University of Novi Sad, Serbia
Conference: 5th International Symposium on Image and Signal Processing and Analysis (ISPA 2007), pp.
373–378 (IEEE proceedings)
Editors: Petrou, M.; Saramäki, T.; Loncaric, S
Abstract: We introduce the use of DC programming, in combination with convex-concave regularization,
as a deterministic approach for solving the optimization problem imposed by defuzzification by feature dis-
tance minimization. We provide a DC based algorithm for finding a solution to the defuzzification problem
by expressing the objective function as a difference of two convex functions and iteratively solving a family
of DC programs. We compare the performance with the previously recommended method, simulated an-
nealing, on a number of test images. Encouraging results, together with several advantages of the DC based
method, approve use of this approach, and motivate its further exploration.

6. Assessment of GIS DATA interoperability in Uganda
Authors: Musinguzi, M.; Tickodri-Togboa, S.(1); Bax, G.
(1) Faculty of Technology, Makere University, Uganda
Conference: Conference on Collaborative Research for Technological Development, Kampala, Uganda
Abstract: In this paper, we present and discuss the data interoperability issues that are considered to place the
greatest limitation to the utilization of GIS Technology in Uganda and other similar Developing Countries.
Semantic Similarity Assessment and Geometrical Integration Assessment are applied to spatial datasets
from the major providers of spatial data in Uganda. The major semantic issues are identified as either
those originating from different approaches to spatial feature development by institutions, or using ’equiv-
alent’ spatial data in models that were designed for other environments. Geometrical Integration issues are
identified as variations in scale, projections and local adjustments, to generic spatial reference systems and
variations in approaches to seamless mapping for UTM projection in Uganda. Documentation of data and
legislation on SDI are recommended as solutions to the interoperability issues in Uganda.

7. Analysis of the IMAPCT of GIS/ICT On wetland ASSESSMENT
Authors: Musinguzi, M.; Bax, G.; Tickodri-Togboa, S.(1)
(1) Faculty of Technology, Makere University, Uganda
Conference: Conference on Collaborative Research for Technological Development, Kampala, Uganda
Abstract: In this paper, we trace the origin and development of wetland assessment techniques from early
1970s up to the current age. We present the bottlenecks to wetland assessment and relate them to the levels
of development in ICT, GIS and other spatial technologies. In order to address the current limitations to
wetland assessment, which are mainly emanating from cost of data collection, use of GIS and ICT are
justified as supporting technologies.

8. Grey weighted polar distance transform for outlining circular and approximately circular objects
Authors: Norell, K.; Lindblad, J.; Svensson, S.
Conference: 14th International Conference on Image Analysis and Processing (ICIAP 2007), Modena, Italy,
pp.647–652 (IEEE proceedings)
Editors: Cucchiara, R.
Abstract: We introduce the polar distance transform and the grey weighted polar distance transform for
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computation of minimum cost paths preferring circular shape, as well as give algorithms for implementa-
tions in a digital setting. An alternative to the polar distance transform is to transform the image to polar
coordinates, and then apply a Cartesian distance transform. By using the polar distance transform, resam-
pling of the image and interpolation of new pixel values are avoided. We also handle the case of grey
weighted distance transform in a 5 × 5 neighbourhood, which, to our knowledge, is new. Initial results
of using the grey weighted polar distance transform to outline annual rings in images of log end faces are
presented.

9. Quantification of bone remodeling in the proximity of implants
Authors: Sarve, H.; Johansson, C.B.(1); Lindblad, J.; Borgefors, G.; Franke-Stenport, V.(2)
(1) Dept. of Clinical Medicine, Örebro University
(2) Biomaterials Research Center, Göteborg University
Conference: 12th International Conference on Computer Analysis of Images and Patterns (CAIP 2007),
Vienna, Austria. LNCS vol. 4673, pp. 253–260
Editors: Kropatsch, W.G.; Kampel, M.; Hanbury, A.
Abstract: In histomorphometrical investigations of bone tissue modeling around screw-shaped implants, the
manual measurements of bone area and bone-implant contact length around the implant are time consuming
and subjective. In this paper we propose an automatic image analysis method for such measurements. We
evaluate different discriminant analysis methods and compare the automatic method with the manual one.
The results show that the principal difference between the two methods occurs in length estimation, whereas
the area measurement does not differ significantly. A major factor behind the dissimilarities in the results is
believed to be misclassification of staining artifacts by the automatic method.

10. Real-time rendering of ice
Authors: Seipel, S.; Nivfors, A.
Conference: 9th IASTED International Conference: Computer Graphics and Imaging, pp. 60–66
Editors: Gobbetti, E.
Abstract: We present a method for implementing visual appearance of ice and its most important character-
istics in real-time. The proposed method is capable of filling a given convex geometry with air particles and
bubbles as well as adding an arbitrary amount of cracks. Techniques are presented for creating a bumpy and
irregular surface that multiply reflects and refracts the environment. An improved image space technique
for clipping a geometry using the Boolean difference of two geometries is presented as well. This technique
is used on the cracks to clip them against the iceś geometry. The reflection and refraction effects on the
ice are implemented by using environment mapping. Two-sided refraction is accomplished by combining
the normal vectors of the front and back side of the ice object. The result is ice with convincing visual
appearance rendered in real-time using modern graphics hardware.

11. Volumetric normal mapping in rendering of multivariate volume data
Authors: Seipel, S.
Conference: EUROGRAPHICS 2007, Eurographics - Shortpapers and Medical Prices, pp. 49–52
Editors: Cignoni, P.; Sochor, J.
Abstract: The work presented in this paper introduces volumetric normal maps for producing visual struc-
ture in direct volume rendering (DVR) of 3D data for the purpose of visualizing multiple attributes in a 3D
volume. We use volumetric normal maps to represent normal vector glyphs that are subsequently applied
to warp the gradients in the primary volume data. This method is intended to visualize some secondary
attribute in DVR. We demonstrate that our method can render visual structures in DVR without the need of
explicit surface reconstruction and texturing.

12. Minimal cost-path for path-based distances
Authors: Strand, R.; Malmberg, F.; Svensson, S.
Conference: 5th International Symposium on Image and Signal Processing and Analysis (ISPA 2007), pp.
379–384 (IEEE proceedings)
Editors: Petrou, M.; Saramäki, T.; Loncaric, S
Abstract: Distance functions defined by the minimal cost-path using weights and neighbourhood sequences
(n.s.) are considered for the constrained distance transform (CDT). The CDT is then used to find one
minimal cost-path between two points. The behaviour of some path-based distance functions is analyzed
and a new error function is introduced. It is concluded that the weighted n.s.-distance with two weights
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(3 × 3 neighbourhood) and the weighted distance with three weights (5 × 5 neighbourhood) have similar
properties in terms of minimal cost-path computation, while the former is more efficient to compute.

13. Shape representation with maximal path-points for path-based distances
Authors: Strand, R.
Conference: 5th International Symposium on Image and Signal Processing and Analysis (ISPA 2007), pp.
397–402 (IEEE proceedings)
Editors: Petrou, M.; Saramäki, T.; Loncaric, S
Abstract: A general framework explaining the extraction of maximal path-points (related to the set of centres
of maximal balls) for path-based distances is presented. The traditional weigthed distance and distance
based on neighbourhood sequences are considered and compared with the recently developed weighted
distance based on neighbourhood sequences.

14. Topology preserving marching cubes-like algorithms on the face-centered cubic grid
Authors: Strand, R.; Stelldinger, P.(1)
(1) Cognitive Systems Group, University of Hamburg, Germany
Conference: 14th International Conference on Image Analysis and Processing (ICIAP 2007), Modena, Italy,
pp.781–788 (IEEE proceedings)
Editors: Cucchiara, R.
Abstract: The well-known marching cubes algorithm is modified to apply to the face-centered cubic (fcc)
grid. Thus, the local configurations that are considered when extracting the local surface patches are not
cubic anymore. This paper presents three different partitionings of the fcc grid to be used for the local
configurations. The three candidates are evaluated theoretically and experimentally and compared with the
original marching cubes algorithm. It is proved that the reconstructed surface is topologically equivalent to
the surface of the original object when the surface of the original object that is digitized is smooth and a
sufficiently dense fcc grid is used.

15. Weighted distances based on neighbourhood sequences in non-standard three-dimensional grids
Authors: Strand, R.
Conference: 15th Scandinavian Conference on Image Analysis (SCIA 2007), Aalborg, Denmark. LNCS
vol. 4522, pp. 452–461
Editors: Ersbøll, B.K.; Pedersen, K.S.
Abstract: By combining weighted distances and distances based on neighbourhood sequences, a new fam-
ily of distance functions with potentially low rotational dependency is obtained. The basic theory for these
distance functions, including functional form of the distance between two points, is presented for the face-
centered cubic grid and the body-centered cubic grid. By minimizing an error function, the optimal combi-
nation of weights and neighbourhood sequence is derived.

16. Centres of maximal balls extracted from a fuzzy distance transform
Authors: Svensson, S.
Conference: 8th International Symposium on Mathematical Morphology (ISMM 2007) volume 2, pp. 19–
20
Editors: Banon, G.J.F.; Barrera, J.; Braga-Neto, U.d.M.; Hirata, N.S.T.
Comment: Extended abstract.

17. Hardware-accelerated volume visualization of parametrically mapped dynamic breast MRI data
Authors: Vidholm, E.; Mehnert, A.(1); Bengtsson, E.; Wildermoth, M.(1); McMahon, K.(2); Wilson, S.(1);
Crozier, S.(1)
(1) School of ITEE, The University of Queensland, Brisbane, Australia
(2) Queensland X-Ray, Greenslopes Private Hospital, Australia
Conference: Workshop on Interaction in medical Image analysis and visualization at 10th International
Conference on Medical Image Computing and Computer Assisted Intervention (MICCAI 2007), pp. 33–40
Abstract: We present a new approach to visualising parametric volumes obtained in voxel-wise model fitting
of dynamic contrast-enhanced (DCE) MRI data of the breast. The visualisation makes use of hardware-
accelerated rendering to obtain an interactive, 3D colour-correct maximum intensity projection (MIP). The
method has been realised in software that permits the user to not only interactively visualise the parametric
volume but also to delineate 3D regions of interest using a 2D slicewise interface. Experimental results,
based on 14 DCE-MRI data sets from routine clinical practice, show that using the visualisation/tracing
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tool a medically qualified operator can achieve the same sensitivity for the detection of malignancy as a
radiologist using conventional manual interpretation, but with better specificity. The results demonstrate
that the visualisation methodology/software has potential as a tool for assisting the radiologist with the task
of interpreting 4D DCE-MRI data in the routine clinical setting.

18. Haptic interaction with deformable models for 3D liver segmentation
Authors: Vidholm, E.; Nyström, I.
Conference: Workshop on Interaction in medical image analysis and visualization at 10th International
Conference on Medical Image Computing and Computer Assisted Intervention (MICCAI 2007), pp. 41–48
Abstract: We present a tool for interactive 3D liver segmentation using deformable surface models repre-
sented by simplex meshes. The interaction is performed directly in 3D with a haptic device. We use volume
haptics to convey information about the volumetric data used for external force computations. This helps
us to better understand the data and adjust the deformation weights. It is also possible to interact directly
with the mesh during deformation. By pointing the haptic probe like a “torch” at the mesh, vertices and
faces in a user specified neighbourhood are selected and forces can be applied to the selected sub-mesh
only. We performed an experiment where 10 segmentations of the liver from CT data was performed. The
segmentation results show high sensitivity and specificity when compared to manual delineations made by
a radiologist.

6.5 Non-refereed conferences and workshops

1. Segmentation of cytoplasms of cultured cells
Author: Allalou, A.; Wählby, C.; van de Rijke, F..M(1); Jahangir Tafrechi, R.S.(1); Raap, A.K.(1)
(1) Dept. of Molecular Cell Biology and Dept. of Genetics and pathology, Leiden University Medical Center,
Leiden, The Netherlands
Conference: Swedish Society for Automated Image Analysis Symposium (SSBA 2007), Linköping, pp.
81–84
Editors: Borga, M.; Brun, A.; Felsberg, M.
Publisher: Linköping University

2. 2D Ring artifact reduction of X-ray tomography images
Author: Axelsson, M.; Svensson, S.; Borgefors, G.
Conference: Swedish Society for Automated Image Analysis Symposium (SSBA 2007), Linköping, pp.
85–88
Editors: Borga, M.; Brun, A.; Felsberg, M.
Publisher: Linköping University

3. Quantification and localization of colocalization
Author: Gavrilovic, M.; Wählby, C.
Conference: Swedish Society for Automated Image Analysis Symposium (SSBA 2007), Linköping, pp.
93–96
Editors: Borga, M.; Brun, A.; Felsberg, M.
Publisher: Linköping University

4. On colorspaces for cytology
Author: Pinidiyaarachchi, A.; Wählby, C.
Conference: Swedish Society for Automated Image Analysis Symposium (SSBA 2007), Linköping, pp.
105–108
Editors: Borga, M.; Brun, A.; Felsberg, M.
Publisher: Linköping University

5. Analysis of histological image and SRuCT image volumes of bone remodeling around implants
Author: Sarve, H.; Lindblad, J.
Conference: Swedish Society for Automated Image Analysis Symposium (SSBA 2007), Linköping, pp.
117–120
Editors: Borga, M.; Brun, A.; Felsberg, M.
Publisher: Linköping University

48



6. Haptic interaction with deformable simplex meshes for 3D segmentation
Author: Vidholm, E.
Conference: Swedish Society for Automated Image Analysis Symposium (SSBA 2007), Linköping, pp.
1–4
Editors: Borga, M.; Brun, A.; Felsberg, M.
Publisher: Linköping University

7. Analysis of skeletal fibers in three dimensional images
Author: Karlsson, P.; Lindblad, J.; Bengtsson, E.; Höglund, A.-S.(1); Liu, J.(1); Larsson, L.(1)
(1) Institutionen för neurovetenskap, Dept. of Neuroscience, UU
Conference: Medicinteknikdagarna 2007
Comment: Medicinteknikdagarna is a yearly conference on medical devices for actors within research,
health, and the biotech and pharma industry.

8. Image analysis of bone tissue remodelling around biomaterials
Author: Sarve, H.
Conference: Medicinteknikdagarna 2007

9. Analysis of 3D images of molecules, cells, tissues and organs
Author: Bengtsson, E.
Conference: Medicinteknikdagarna 2007

10. Image based measurements of single cell mtDNA mutation load
Author: Allalou, A.; van de Rijke, F.M.(1); Jahangir Tafrechi, R.S.(1); Raap, A.K.(1); Wählby, C.
(1) Dept. of Molecular Cell Biology and Dept. of Genetics and pathology, Leiden University Medical Center,
Leiden, The Netherlands
Conference: Medicinteknikdagarna 2007

11. Analysis of skeletal fibers in three dimensional images: Methodological considerations
Author: Karlsson, P.; Lindblad, J.; Bengtsson, E.; Höglund, A.-S.; Liu, J.; Larsson, L.
Conference: XXXVIth European Muscle Conference of the European Society for Muscle Research : Euro-
pean Muscle Conference 2007
Editors: Arner, A; Lövdahl, C; Larsson, L.

12. Image analysis of bone tissue remodelling around implants
Author: Sarve, H.; Lindblad, J.; Johansson, C.B.(1); Franke-Stenport, V.(2); Bernhard, R.(3); Scharnweber,
D.(3); Borgefors, G.; Sul, Y.(2)
(1) Dept. of Clinical Medicine/Medical Technology, Örebro University
(2) Dept. of Biomaterials, Göteborg University
(3) Institute of Material Science, Dresden University of Technology, Germany
Conference: European Conference on Biomaterials 2007

6.6 Other publications

See also Section 3.2 for Master theses finished during 2007.

1. CBA Annual Report 2006
Editors: Bengtsson, E.; Norell, K.; Nyström, I.; Strand, R.; Wadelius, L.
Publisher: Centre for Image Analysis, 79 pages

2. Hemmafrun som lyckades
Author: Borgefors, G.
Journal: Nämnaren 34(1):18–20, 2007
Comment: Journal for mathematics education. (In Swedish.)

3. Detection of directions and symmetries in 2D images
Author: Norell, K.
Publisher: CBA Internal Report no. 43, 14 pages
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4. Projects Reports from SSBA Summer School 2007: Digital Geometry and Mathematical Morphology
Editor: Nyström, I.
Publisher: CBA Internal Report no. 44, 74 pages

5. PixelActiveSurface:
A tabletop rear-projection display for collaboration with pixel-accurate interaction
Author: Seipel, S.; Winkler Pettersson, L.
Publisher: Technical Report: Dept. of Information Technology, UU
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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 2007. 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 important awards: Gunilla Borgefors was
elected Fellow of IEEE and she was also appointed the Edlundska Prize by the Swedish Royal
Society of Sciences. In addition, Borgefors’ former PhD student Nataša Sladoje was appointed
the Benzelius award from the Royal Society of Sciences in Uppsala for her PhD thesis entitled
On Analysis of Discrete Spatial Fuzzy Sets in 2 and 3 Dimensions.

Since 2000 Docent Ingela Nyström serves 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 International Association of Pattern Recognition (IAPR). Professor Ste-
fan 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 Technology, 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 nine conferences and workshops during
2007. We held twelve seminars outside CBA, most in the Uppsala area, but also in Australia,
Korea, Serbia, and the USA. We had eight invited seminars at CBA, from Finland, Germany,
Czech Republic, Australia, Hungary, and Sweden. In addition, we held 33 seminars in our
“Monday seminar series”, of which seven were Master Thesis presentations. We gave eight
(sic!) special invited talks, four oral and nine poster presentations at international fully reviewed
conferences, and nine other oral conference presentations. We had seven long term visitors
from abroad, i.e., from Uganda, Serbia, Germany, Czech Republic, and Hungary. 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 43 national “committees” of the most varying
types in which we have served.

7.1 Awards

1. Title: The Swedish Royal Society of Sciences Edlundska Prize 2007
Name: Gunilla Borgefors
Date: 070331
Description: This prestigeous price in memory of the physicist Erik Edlund consists of a diploma and a sum
of money.

2. Title: Royal Society of Sciences in Uppsala Benzelius Award
Name: Nataša Sladoje
Date: 070413
Description: The Benzelius awards are given to promising young scientists in Uppsala and consists of a
diploma and a sum of money.
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3. Title: Fellow of IEEE
Name: Gunilla Borgefors
Date: 071201
Description: Borgefors was elected Fellow of IEEE in the class of 2008. Only 0,1% of the members of
IEEE, the worlds largest engineering society, can become Fellows.

7.2 Organised conferences and workshops
1. UPPMAX Tutorial: Visualization with VTK

Organisers: UPPMAX
Address: Polacksbacken
Date: 070327
Comment: Workshop on visualization with VTK, organized by Anders Hast and Filip Malmberg.

2. UPPMAX Inauguration of IBM Cluster Isis
Organisers: UPPMAX
Address: Polhemsalen, Ångströmlaboratoriet
Date: 070601
Comment: A seminar afternoon arranged by Ingela Nyström in connection with the official inauguration
ceremony of UPPMAX cluster Isis. Among the speakers: Carl von Linné, Jan-Otto Carlsson, Johan Ekesiöö
(Country General Manager IBM Sweden), and users.

3. Summer School on Digital Geometry and Mathematical Morphology, 4.5hp
Examiner: Ingela Nyström
Lecturers: Christer Kiselman, Dept. of Mathematics, UU; Pierre Soille, JRC, Ispra, Italy
Period: 070814–17
Description: A graduate course on digital geometry and mathematical morphology. The course consisted
of lectures and computer exercises. In addition, the students were obliged to perform a project and write a
report on some theoritical and/or applicational aspects, possibly on own images.
Comment: The course was organized by Ingela Nyström and colleagues at CBA. It was financed through
grants from UU and SSBA. The course had 24 participants.

4. International Symposium on Image and Signal Processing and Analysis 2007 (ISPA’07)
Organisers: Aytul Ercil and Sven Loncaric
Address: Bogazici University, Istanbul, Turkey
Date: 070927–29
Comment: Joakim Lindblad was organizer and Co-Chair for: “Special Session on Digital shape: Analysis
and Representation”.

5. Medicinteknikdagarna 2007
Organisers: Swedish Society for Medical Engineering
Address: Conventum, Örebro
Date: 071002–03
Topic: National Swedish Conference on Medical Engineering
Comment: Ewert Bengtsson was member of the programme committee

6. Interaction in medical image analysis and visualization, workshop in conjunction with MICCAI 2007
Organisers: Anders Persson, Ewert Bengtsson
Address: Brisbane Convention & Exhibition Centre, Brisbane, Australia
Date: 071102
Comment: Ingela Nyström was member of the programme committee.
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7. SNIC Interaction 2007
Organisers: UPPMAX
Address: Häggsalen, Ångströmlaboratoriet
Date: 071128–29
Comment: The SNIC Interaction meetings are intended to stimulate interaction among users of high-
performance computing (HPC) in Sweden. There were two keynote speakers, Arthur Trew, University
of Edinburgh, and Jacko Koster, NOTUR, in addition to user presentations and news from SNIC. SNIC
Interaction had approximately 70 participants.

8. Inauguration of the Visualization Lab, 3DIS4U
Organisers: Ewert Bengtsson, Ingela Nyström
Address: CBA
Date: 071129
Comment: The official inauguration of the Visualization Lab at CBA took place in connection with SNIC
Interaction 2007 and SIGRAD 2007. Among other equipments, 3D projection via a stereo wall with con-
nection to the UPPMAX cluster Isis was presented. 3DIS4U stands for 3D Image Studio for Uppsala.

9. SIGRAD 2007
Organizers: Anders Hast
Address: Ångströmlaboratoriet
Date: 071129–30

7.3 Seminars held outside CBA
1. Ewert Bengtsson

Date: 070202
Address: Molecular and Cellular Biology Dept., University of California, Davis, CA
Title: 3D biomedical image analysis at the Centre for Image Analysis in Uppsala

2. Ingela Nyström
Date: 070212
Address: Dept. of Oncology, Radiology and Clinical Immunology, UU Hospital
Title: Interaction in Medical Image Analysis and Visualization
Comment: Ewert Bengtsson also participated in discussions on future joint projects.

3. Stina Svensson
Date: 070301
Address: Dept. of Bioenergy, SLU
Title: Datoriserad bildanalys med inriktning på naturresurser och miljö
Comment: Guest lecture on the course Geografiska Informationssystem (GIS).

4. Joakim Lindblad
Date: 070414
Address: Centre for Mathematics and Statistics, Faculty of Engineering, University of Novi Sad, Serbia
Title: Image analysis for quantitative estimation of seed vitality

5. Ewert Bengtsson
Date: 070402
Comment: Guest lecture on the course Medical Informatics.

6. Ewert Bengtsson
Date: 070530
Address: Uppsala Learning Lab, Observatorieparken, Uppsala
Title: Mini poster exhibit on IT in learning
Comment: Ewert awarded a price to one of the exhibitors on behalf of the virtual IT faculty
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7. Ewert Bengtsson
Date: 070531
Address: The senate of UU, Auditorium Minor, Gustavianum
Title: The IT development and the future of UU

8. Stina Svensson
Date: 070731
Address: Science research school, Karlskoga
Title: Undersök världen med hjälp av digitala bilder
Comment: Lecture for upper secondary school pupils from all over the country. It is organised every summer
by PhD students from Swedish Universities.

9. Gunilla Borgefors
Date: 071026
Address: Centre for Mathematics and Statistics, Faculty of Engineering, University of Novi Sad, Serbia
Title: Colour vision in the animal and digital kingdoms

10. Ewert Bengtsson
Date: 071026
Address: Inje University, Gimhae, Korea
Title: Analysis of 3D images of molecules, cells, tissues and organs.
Comment: Invited presentation in connection with visit to Inje. Host was Dean of research, Heung-Kook
Choi, former CBA PhD student.

11. Ewert Bengtsson
Date: 071115
Address: CSIRO Image Analysis Group, Sydney, Australia
Title: Analysis of 3D images of molecules, cells, tissues and organs

7.4 Seminars at CBA with invited guest lecturers
1. Antti Niemistö

Address: Dept. of Signal Processing, Tampere University of Technology, Finland
Date: 070115
Title: Quantitative image analysis for understanding cellular signalling dynamics and peroxisome assembly
in yeast

2. László Nyúl
Address: Dept. of Computer Science, Friedrich-Alexander University of Erlangen-Nuremberg, Germany
Date: 070312
Title: Retina Image Analysis for Screening Examinations

3. Hans Frimmel
Address: Dept. of Oncology, Radiology and Clinical Immunology, UU
Date: 070426
Title: e-Health Research Centre, Brisbane - from automated cancer staging to colonoscopy simulation

4. Michal Kozubek
Address: Centre for Biomedical Image Analysis, Masaryk University, Brno, Czech Republic
Date: 070820
Title: Automation of biomedical image acquisition and analysis in optical microscopy

5. Shiva Samieinia
Address: Dept. of Mathematics, Stockholm University
Date: 070917
Title: Chord properties of digital straight line segments
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6. Lukas Ahrenberg
Address: Independent Research Group 3: Graphics - Optics - Vision, Max-Planck-Institut für Informatik,
Saarbrücken, Germany
Date: 070924
Title: Methods for digital holographic 3D displays

7. Mark Berman
Address: CSIRO Mathematical and Information Sciences, Sydney, Australia
Date: 071001
Title: Some Statistical Problems in Spectroscopy and Hyperspectral Imaging

8. Benedek Nagy
Address: Dept. of Computer Science, Faculty of Informatics, University of Debrecen, Hungary
Date: 071024
Title: Visualisation of computations and a new type of computing with interval-values

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. Milan Gavrilovic
Date: 070108
Title: Automatic determination of HER-2 status by analyzing fluorescent microscopy images

2. Cezary Bloch
Date: 070122
Title: Rendering of multivariate 3D volume data
Comment: Master Thesis Presentation

3. Max Koszela
Date: 070124
Title: Measurement of local filler content in paper
Comment: Master Thesis Presentation

4. Maria Axelsson
Date: 070129
Title: 3D tracking of cellulose fibres

5. Amin Allalou
Date: 070205
Title: Algorithm design for signal detection in fluorescence microscopy images of cells

6. Stina Svensson
Date: 070212
Title: Distance weighted propagation of gradient magnitudes OR how to avoid edge binarisation in Hierar-
chical Chamfer Matching

7. Hamid Sarve
Date: 070219
Title: Analysis of histological images and SRµCT image volumes of bone remodeling around implants

8. Magnus Kronnäs
Date: 070226
Title: A tool for computer aided measurements of 3D curvature of the spine in scoliosis patients
Comment: Master Thesis Presentation

9. Khalid Niazi
Date: 070305
Title: Improved directional filter bank and its application in image enhancement
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10. Joakim Lindblad
Date: 070319
Title: Image analysis for quantitative estimation of seed vitality

11. Robin Strand
Date: 070416
Title: Weighted distances based on neighbourhood sequences

12. Johannes Lärkner
Date: 070420
Title: Vattennivåavläsning med kamerateknik - att ersätta gamla rutiner med ny teknik
Comment: Master thesis presentation

13. Magnus Gedda
Date: 070423
Title: MET protein stalk flexibility description

14. Erik Vidholm
Date: 070507
Title: Hardware-accelerated volume visualisation of parametrically mapped dynamic breast MRI

15. Tomas Björklund
Date: 070514
Title: 3D pointer using stereo imaging
Comment: Master thesis presentation

16. Ingela Nyström
Date: 070528
Title: UPPMAX - a resource of high-performance computers and know-how

17. Gerhard Bax
Date: 070604
Title: 90 degrees, 9000 meters; potential and challenges of geoinformatics @uu.se

18. Carolina Wählby
Date: 070611
Title: What’s going on in the ENLIGHT project

19. Qing Gu
Date: 070618
Title: Finding and segmenting human faces
Comment: Master thesis presentation

20. Filip Malmberg
Date: 070827
Title: Binarization of 3D images of fibrous materials

21. Gunilla Borgefors
Date: 070903
Title: Colour vision in the animal and digital kingdoms

22. Milan Gavrilovic
Date: 070910
Title: Algorithms for detection of colocalization based on spectral decomposition

23. Kristin Norell
Date: 071008
Title: Polar Distance Transform

24. Patrick Karlsson Edlund
Date: 071015
Title: Analysis of skeletal fibers in three dimensional images
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25. Maria Axelsson
Date: 071022
Title: An introduction to MATLAB MEX-files

26. Joakim Lindblad
Date: 071029
Title: Version management with Bazaar (bzr)

27. Carl Krusell
Date: 071030
Title: Simulering av MR bildartefakter orsakade av inhomogenitet i det statiska magnetfältet B0
Comment: Master thesis presentation

28. Bettina Selig
Date: 071105
Title: Automatic colour calibration for the RoboCup Small-Size League

29. Stefan Seipel
Date: 071112
Title: How to (and not to) fool your brain to perceive 3D

30. Catherine Östlund
Date: 071126
Title: Image analysis activities at STFI-Packforsk

31. Khalid Niazi
Date: 071203
Title: Heart detection in mouse embryos

32. Robin Strand
Date: 071210
Title: Algorithms for computing distance transforms

33. Ewert Bengtsson
Date: 071217
Title: Some impressions and cooperation prospects from Korea, Australia and India

7.6 Conference participation

7.6.1 Special invited speakers

1. Conference: Summer School on Image Processing 2007 (SSIP’07)
Joakim Lindblad
Date: 070706–15
Address: Dept. of Image Processing and Computer Graphics, University of Szeged, Hungary
Title: Hough transform with anisotropic distance transform for robust segmentation of seedlings
Comment: SSIP is organized annually for graduate and PhD students interested in image processing.

2. Conference: Workshop on Software Issues in Computational Science and Engineering
Ingela Nyström
Date: 070815–16
Address: Dept. of Information Technology, UU
Title: Computational Science and Engineering at Uppsala University
Comment: Nyström held the official opening ceremony of this international workshop.

3. Conference: Medicinteknikdagarna
Ewert Bengtsson
Date: 071002–03
Address: Conventum, Örebro
Title: Analysis of 3D images of molecules, cells, tissues and organs
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4. Conference: GeoInfo07
Stefan Seipel
Date: 071017
Address: University College of Gävle
Title: Trends in table-top display development and their use in GiS applications.

5. Conference: Global Human Resources Forum 2007
Ewert Bengtsson
Date: 071023–26
Address: Grand Intercontinental Hotel, Seoul, Korea
Title: The biotech industry in the Uppsala region - result of academic research and private entrepreneurship

6. Conference: SIGRAD 2007
Stefan Seipel
Date: 071130
Adress: Ångströmlaboratoriet
Title: How to fool your brain to percieve 3D from planar displays
Comment: Seipel was keynote speaker.

7. Conference: Indo-Swedish Workshop on e-Health and Visualization
Ewert Bengtsson
Date: 071202–05
Address: CDAC, New Dehli, India
Title: Image Analysis for Medical Applications at the Centre for Image Analysis in Uppsala
Comment: Also chaired group meetings and summarized the conclusions at the end of the workshop.

8. Conference: EON Reality - Developers Conference
Stefan Seipel
Date: 071214
Address: Ängelholm
Title: 3D stereoscopic projections in muli-viewer and multiple display environments

7.6.2 Oral presentations - refereed conferences

1. Conference: The 12th International Conference on Computer Analysis of Images and Patterns (CAIP’07)
Magnus Gedda
Date: 070827–29
Address: Vienna, Austria
Title: Flexibility description of the MET protein stalk based on the use of non-uniform B-splines

2. Conference: European Muscle Conference
Patrick K. Edlund, Joakim Lindblad
Date: 070908–0912
Address: Stockholm, Sweden
Title: Analysis of skeletal muscle fibers in three dimensional images.

3. Conference: The Fifth International Symposium on Parallel and Distributed Processing and Applications
(ISPA’07)
Robin Strand
Date: 070927–29
Address: Istanbul, Turkey
Title: Minimal cost-path for path-based distances
Title: Shape representation with maximal path-points for path-based distances
Comment: Two oral presentations.
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7.6.3 Poster presentations - refereed conferences

1. Conference: Scandinavian Conference on Image Analysis 2007 (SCIA’07)
Amin Allalou
Date: 070611–13
Address: Aalborg, Denmark
Title: Image based measurements of single cell mtDNA mutation load

2. Conference: Scandinavian Conference on Image Analysis 2007 (SCIA’07)
Robin Strand
Date: 070611–13
Address: Aalborg, Denmark
Title: Weighted distances based on neighbourhood sequences in non-standard three-dimensional grids

3. Conference: The 12th International Conference on Computer Analysis of Images and Patterns (CAIP’07)
Hamid Sarve
Date: 070827–29
Address: Vienna, Austria
Title: Quantification of bone remodeling in the proximity of implants

4. Conference: The 14th International Conference on Image Analysis and Processing (ICIAP’07)
Kristin Norell
Date: 070911–13
Address: Modena, Italy
Title: Grey weighted polar distance transform for outlining circular and approximately circular objects

5. Conference: The 14th International Conference on Image Analysis and Processing (ICIAP’07)
Robin Strand
Date: 070911–13
Address: Modena, Italy
Title: Topology preserving marching cubes-like algorithms on the face-centered cubic grid

6. Conference: IEEE International Conference on Image Processing (ICIP’07)
Maria Axelsson
Date: 070916–19
Address: San Antonio, TX, USA
Title: 3D Tracking of cellulose fibres in volume images

7. Conference: 8th International Symposium on Mathematical Morphology 2007 (ISMM’07)
Stina Svensson
Date: 071011–13
Address: Rio de Janeiro, Brasil
Title: Centres of maximal balls extracted from a fuzzy distance transform

8. Conference: Interaction in medical image analysis and visualization, workshop in conjunction with MIC-
CAI 2007
Ewert Bengtsson, Erik Vidholm
Date: 071102
Address: Brisbane Convention & Exhibition Centre, Brisbane, Australia
Title: Haptic interaction with deformable models for 3D liver segmentation
Title: Hardware-accelerated volume visualization of parametrically mapped dynamic breast MRI data
Comment: 2 poster presentations.

9. Conference: Group 07 Conference
Winkler Pettersson, L.; Seipel, S.
Date: 071103–07
Address: Sanibel Island, Florida, USA
Title: Collaborative pixel-accurate interaction with PixelactiveSurface
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7.6.4 Oral presentations

1. Conference: Swedish Society for Automated Image Analysis Symposium 2007 (SSBA’07)
Amin Allalou, Carolina Wählby
Date: 070313–15
Address: Dept. of Biomedical Engineering (IMT), Linköping University
Title: Segmentation of cytoplasms of cultured cells
Comment: The paper was presented by Carolina Wählby

2. Conference: Swedish Society for Automated Image Analysis Symposium 2007 (SSBA’07)
Maria Axelsson
Date: 070313–15
Address: Dept. of Biomedical Engineering (IMT), Linköping University
Title: 2D ring artifact reduction of X-ray tomography images

3. Conference: Swedish Society for Automated Image Analysis Symposium 2007 (SSBA’07)
Milan Gavrilovic
Date: 070313–15
Address: Dept. of Biomedical Engineering (IMT), Linköping University
Title: Quantification and localization of colocalization

4. Conference: Swedish Society for Automated Image Analysis Symposium 2007 (SSBA’07)
Amalka Pinidiyaarachchi
Date: 070313–15
Address: Dept. of Biomedical Engineering (IMT), Linköping University
Title: On color spaces for cytology

5. Conference: Swedish Society for Automated Image Analysis Symposium 2007 (SSBA’07)
Hamid Sarve
Date: 070313–15
Address: Dept. of Biomedical Engineering (IMT), Linköping University
Title: Analysis of histological images and STRµCT image volumes of bone remodeling around implants

6. Conference: Swedish Society for Automated Image Analysis Symposium 2007 (SSBA’07)
Erik Vidholm
Date: 070313–15
Address: Dept. of Biomedical Engineering (IMT), Linköping University
Title: Haptic interaction with deformable simplex meshes for 3D segmentation

7. Conference: BASTU-day
Carolina Wählby
Date: 070403
Address: Eklundshof Conference Centre, Uppsala
Title: Cross-disciplinary project-oriented problem solving in computerized image analysis
Comment: The “BASTU” project is an effort from Uppsala University to improve the quality of the educa-
tion. Carolina Wählby received a grant to “connect Computer Assisted Image Analysis with existing and
coming courses within the education program as well as industry by introducing problem based projects”.
The plans for achieving this were discussed at the conference.

8. Conference: ENLIGHT PMG-meeting
Carolina Wählby
Date: 070607–08
Address: Leiden University, Leiden, The Netherlands
Title: Progress of WP2 - Image analysis at CBA
Comment: During this project management meeting for the EU-Strep project ENLIGHT, status of the dif-
ferent work packages were discussed and plans for the continued project were outlined.
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9. Conference: Medicinteknikdagarna 2007
Hamid Sarve
Date: 071002
Address: Örebro
Title: Bildanalys av benvävnadsombildning kring material

7.6.5 Poster presentations

1. Conference: Medicinteknikdagarna 2007
Amin Allalou
Date: 071002–03
Address: Conventum, Örebro
Title: Image based measurements of single cell mtDNA mutation load

2. Conference: Medicinteknikdagarna 2007
Ewert Bengtsson
Date: 071002–03
Address: Conventum, Örebro
Title: Hardware-accelerated volume visualization of parametrically mapped dynamic breast MRI data
Title: Analysis of skeletal muscle fibres in three dimensional images
Comment: Presented the posters instead of Erik Vidholm and Patrick K. Edlund, who was not present.

7.6.6 Attendee

1. Conference: IS&T/SPIE Electronic Imaging
Ewert Bengtsson
Date: 070128–0201
Address: San Jose Marriott and San Jose Convention Center
San Jose, California USA
Comment: Attended this conference to learn more about the state of the art in display technology in prepa-
ration for our Visualisation Lab. Also attended several interesting sessions on image analysis.

2. Conference: SUN World Wide Educational and Research Conference, WERC
Ewert Bengtsson
Date: 070206–08
Address: St Francis Hotel, San Francisco, California
Comment: Attended this conference to learn more about latest trends in computing and what SUN currently
has to offer.

3. Conference: PhD student day, Swedish Society for Automated Image Analysis Symposium 2007
Amin Allalou, Maria Axelsson, Patrik K. Edlund, Milan Gavrilovic, Magnus Gedda, Filip Malmberg,
Khalid Niazi, Kristin Norell, Amalka Pinidiyaarachchi, Hamid Sarve, Erik Vidholm
Date: 070313
Address: Dept. of Biomedical Engineering (IMT), Linköping University

4. Conference: Swedish Society for Automated Image Analysis Symposium 2007 (SSBA’07)
Ewert Bengtsson, Patrick K. Edlund, Magnus Gedda, Joakim Lindblad, Filip Malmberg, Khalid
Niazi, Kristin Norell, Ingela Nyström, Robin Strand, Stina Svensson
Date: 070313–15
Address: Dept. of Biomedical Engineering (IMT), Linköping University
Comment: Ingela Nyström was on the Board of the SSBA Annual Meeting.

5. Conference: Relation Uppsala
Ewert Bengtsson
Date: 070322
Address: Flustret Conference Centre, Uppsala
Comment: Attended part of this exhibit and seminar day representing UU and the Virtual IT-faculty, which
was one of the sponsors.
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6. Conference: SLU Prefektmöte
Ewert Bengtsson
Date: 070322–23
Address: Eklundshof Conference Centre, Uppsala
Comment: Attended part of this two day conference for all department heads at SLU.

7. Conference: Sundbladssymposium
Stina Svensson
Date: 070322
Address: STFI-Packforsk, Stockholm
Comment: Stiftelsen Gunnar Sundblads Forskningsfond 50 år: Vägar in i framtiden för svensk massa och
pappersindustri

8. Conference: Deans conference UU
Ewert Bengtsson
Date: 070417–18
Address: Nova Park Conference, Knivsta
Comment: Discussions on future strategies for UU

9. Conference: Scandinavian Conference on Image Analysis 2007 (SCIA’07)
Ewert Bengtsson, Kristin Norell, Hamid Sarve
Date: 070611–0613
Address: Aalborg, Denmark

10. Conference: 21st European Conference on Biomaterials (ESB’07)
Hamid Sarve
Date: 070910–12
Address: Brighton, UK

11. Conference: European Muscle Conference
Joakim Lindblad
Date: 070908–0912
Address: Stockholm, Sweden

12. Conference: The Fifth International Symposium on Parallel and Distributed Processing and Applications
(ISPA’07)
Joakim Lindblad
Date: 070927–29
Address: Istanbul, Turkey

13. Conference: Inauguration of Graphics Lab in Gävle
Ewert Bengtsson
Date: 070928
Address: Gävle University College

14. Conference: 2nd International Sympoisum on Brain, Vision and Artificial Intelligence 2007 (BVAI’07)
Gunilla Borgefors
Date: 071010–12
Address: Naples, Italy
Comment: Borgefors was Session Chair

15. Conference: Medical Image Computing and Computer Assisted Intervention 2007 (MICCAI’07)
Ewert Bengtsson, Erik Vidholm
Date: 071029–1102
Address: Brisbane Convention & Exhibition Centre, Brisbane, Australia

16. Conference: SNIC Interaction
Ewert Bengtsson
Date: 071128–29
Address: CBA
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17. Conference: SIGRAD 2007
Ewert Bengtsson
Date: 071129–30
Address: Ångströmlaboratoriet

7.7 Visiting scientists (staying at least 2 weeks)
1. Moses Musinguzi

Address: Makere University, Uganda
Host: Gerhard Bax
Date: 070322–0721
Comments: Musinguzi is a PhD student supervised by Gerhard Bax.

2. Lydia Mazzi
Address: Makere University, Uganda
Host: Gerhard Bax
Date: 070823–0930
Comments: Mazzi is a PhD student supervised by Gerhard Bax.

3. Nataša Sladoje
Address: Centre of Mathematics and Statistics, Faculty of Engineering, University of Novi Sad, Serbia
Host: Joakim Lindblad
Date: 070210–0310
Comments: Lectures on the course Fuzzy Sets and Fuzzy Techniques, research cooperation.

4. László Nyúl
Address: Dept. of Computer Science, Institute of Informatics, University of Szeged, Hungary
Hosts: Joakim Lindblad, Ingela Nyström, Gunilla Borgefors
Date: 070301–31
Comments: Nyúl held a lecture on the course Fuzzy Sets and Fuzzy Techniques and discussed research with
CBA staff.

5. Michal Kozubek
Address: Centre for Biomedical Image Analysis, Faculty of Informatics, Masaryk University, Brno, Czech
Republic
Hosts: Carolina Wählby, Ewert Bengtsson
Date: 070704–0820
Topic: Collaboration
Comments: Michal Kozubek came as a visiting researcher to exchange ideas and discuss future collabora-
tions.

6. Benedek Nagy
Address: Dept. of Computer Science, Faculty of Informatics, University of Debrecen, Hungary
Hosts: Robin Strand, Gunilla Borgefors
Date: 070814-1231
Topic: Digital geometry with applications in image processing in three dimensions.
Comment: Nagy was visiting CBA tree times during the fall: 0814–0825, 1018–1027 and 1206–1231.

7. Nataša Sladoje
Address: Centre of Mathematics and Statistics, Faculty of Engineering, University of Novi Sad, Serbia
Host: Joakim Lindblad, Gunilla Borgefors
Date: 070824–0908
Comments: Benzelius prize award for Sladoje, research cooperation.
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7.8 Visits to other research groups (for at least 2 weeks)
1. Joakim Lindblad

Hosts: Nataša Sladoje, Silvia Ghilezan
Address: Centre of Mathematics and Statistics, Faculty of Engineering, University of Novi Sad, Serbia
Date: 070407–0502
Topic: Research visit, Novi Sad
Comments: Joint research project and invited speaker at the Seminar of Mathematics and Statistics.

2. Joakim Lindblad
Hosts: Nataša Sladoje, Silvia Ghilezan
Address: Centre of Mathematics and Statistics, Faculty of Engineering, University of Novi Sad, Serbia
Date: 070703–25
Topic: Research visit, Novi Sad
Comments: Joint research projects

3. Magnus Gedda
Host: Pascal Vallotton
Address: CSIRO, Sydney, Australia
Date: 070920–1231
Topic: PhD Internship CSIRO

4. Joakim Lindblad
Hosts: Nataša Sladoje, Silvia Ghilezan
Address: Centre of Mathematics and Statistics, Faculty of Engineering, University of Novi Sad, Serbia
Date: 071102–1202
Topic: Research visit, Novi Sad
Comments: Joint research projects

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

1. Carolina Wählby and Amin Allalou
Hosts: Björn Ekström, Mats Gullberg, Ann-Chatrin Andersson
Address: Olink Bioscience, Uppsala
Date: 070110–0610
Topic: BlobFinder
Comments: Several meetings for discussions and evaluation of a single-application and user-friendly soft-
ware developed by us, in order to primarily provide the customers of Olink Bioscience with a tool for signal
quanitification. The software, called BlobFinder, can localize and quantify point like source signals and
cells in fluorescence microscopy images, e.g., from FISH, in-situ PLA and padlock probes.

2. Ewert Bengtsson
Host: Per-Uno Malmström
Address: Rudbeck Lab, UU
Date: 070118
Topic: Bo Johan Norlendagen 2007 seminar
Comments: A seminar on urologic pathology

3. Ewert Bengtsson
Host: Faculty of Science and Technology
Address: Häggsalen, UU
Date: 070119
Topic: Seminar on the working conditions for PhD students
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4. Ewert Bengtsson
Host: IVA Section X
Address: Royal Swedish Academy of Engineering Sciences (IVA), Stockholm
Date: 070123
Topic: Seminar on Successful Swedish Medical Engineering

5. Joakim Lindblad, Carl Krusell
Host: Jan Weis
Address: Dept. of Diagnostic Radiology, MRT-section, UU Hospital
Date: 070130
Topic: Master’s project initiation - Simulation and correction of MR image artefacts

6. Ewert Bengtsson
Host: R Holland Cheng
Address: Dept. of Molecular and Cellular Biology, University of California, Davis, CA
Date: 070202
Topic: Possible cooperation on electron microscopic tomographic image analysis
Comments: Also gave a seminar, see separate entry

7. Ewert Bengtsson
Host: Stig Hagström
Address: Wallenberg hall, Stanford University, CA
Date: 070205
Topic: Discussion about continued cooperation between Stanford and UU

8. Ewert Bengtsson
Host: Kent Åberg
Address: SUN Executive Briefing Centre, Menlo Park, CA
Date: 070205
Topic: Information about SUN new graphics display concepts

9. Ewert Bengtsson
Host: IVA Section VII
Address: Royal Swedish Academy of Engineering Sciences (IVA), Stockholm
Date: 070214
Topic: What does stock options have to do with the heat transfer equation
Comments: Participation in a meeting

10. Khalid Niazi
Host: Mats Nilsson
Address: Div. of Toxicology, Dept. of Pharmaceutical Biosciences, UU
Date: 070226
Topic: Mouse embryo culture process
Comments: Brief demonstration on mouse embryo culture process. Also observed the embryo imaging
process

11. Ewert Bengtsson
Adress: Eklundshof Conference Centre, Uppsala
Date: 070223
Topic: Meeting for all department heads at SLU.

12. Ewert Bengtsson
Hosts: Lars Mattson, Jonny Gustafsson
Address: Production engineering, Royal Institute of Technology, Stockholm
Date: 070306
Topic: 3D stereo display technology for medical visualisation
Comments: Part of preparation for an application to the Visualisation call from KK foundation
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13. Ewert Bengtsson
Host: Irene Kolare
Address: Faculty Office, UU
Date: 070307
Topic: Discussions about the future administrative status of CBA and NITA

14. Stina Svensson
Date: 070328
Topic: SLU course information.
Comment: Promoting computerised image analysis for academic year 2007/08.

15. Ewert Bengtsson
Host: IVA
Address: Royal Swedish Academy of Engineering Sciences (IVA), Stockholm
Date: 070320
Topic: Education for innovation and entrepreneutrship - what is needed?
Comments: General IVA membership meeting

16. Ewert Bengtsson
Address: SLU
Date: 070320
Topic: Course on working environment for department heads at SLU.

17. Krisin Norell, Stina Svensson, Catherine Östlund
Host: Mats Nylinder
Address: Dept. of Forest Products, SLU
Date: 070329
Topic: Introduction to WinDENDRO
Comments: WinDENDRO is a semiautomatic image analysis system for tree-ring measurement and analy-
sis. Cecilia Åstrand at the Dept. of Forest Products gave a demonstration.

18. Kristin Norell, Stina Svensson
Host: Lars Björklund (VMR)
Address: Nyby sawmill, Björklinge
Date: 070412
Topic: Image acquisition system at Nyby sawmill
Comments: The visit aimed to investigate whether it is feasible to put up an on-line camera to capture log
end images in realistic saw mill environement. Per Berg and Johan Oja from SP Trätek was also present.

19. Ewert Bengtsson
Host: IVA Section VII
Address: Royal Swedish Academy of Engineering Sciences (IVA), Stockholm
Date: 070416
Topic: How to get the maximum out of what we send into space

20. Stina Svensson
Address: Studion, SLU - Umeå
Date: 070417
Topic: Meeting for the contact persons for SLU postgraduate students.

21. Kristin Norell, Stina Svensson
Host: Anders Bjorholm Dahl
Address: Dralle A/S, Copenhagen, Denmark
Date: 070426–27
Topic: Rot detection in log end face images
Comments: A meeting about the ongoing project with rot detection in log end face images. Kim Dralle,
Mads Jeppe Tarp-Johansen and Morten Larsen from Dralle A/S was also present, as well as Iben Thomsen,
Dept. of Forest and Landscape, University of Copenhagen, Denmark.
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22. Ewert Bengtsson, Ingela Nyström, Erik Vidholm
Host: Faculty of Medicine,UU
Address: Grönvallsalen UU Hospital
Date: 070427
Topic: PhD dissertation for Joel Kullberg
Comments: Attended this dissertation on ”Assessment of Body Composition Using Magnetic Resonance
Imaging”. The defendant has had much cooperation with CBA during his PhD work.

23. Ewert Bengtsson
Host: Jonas Gårding
Address: Elekta, Stockholm
Date: 070521
Topic: Joint application to Visualization call.
Comment: Meeting with the members of the application team.

24. Ewert Bengtsson, Stina Svensson
Address: Sidec Technologies AB, Kista
Date: 070523
Topic: Meeting with representatives from SIDEC and SenseGraphics on interactive visualization of in situ
3D protein images

25. Ewert Bengtsson, Carolina Wählby
Host: Pär Svanström
Address: Forskarpatent AB, Uppsala Science Park
Date: 070601
Topic: Discussion about a possible patent

26. Stina Svensson, Catherine Östlund
Host: Kristofer Gamstedt
Address: STFI-Packforsk, Stockholm
Date: 070605
Topic: Fibre and composite projects
Comments: Discussions on fibre and composite projects

27. Hamid Sarve and Joakim Lindblad
Address: Deutsches Electronen-Syncrotron, Hamburg, Germany
Date: 070613–15
Topic: SRµCT-scanning
Comments: Beamtime in Hamburg. Carina Johansson , Örebro University, also participated.

28. Kristin Norell
Host: Mats Nylinder
Address: Dept. of Forest Products, SLU
Date: 070705
Topic: WinDENDRO
Comments: Meeting with the summer project worker Martin Tubes introducing him to the project and his
work with WinDENDRO. Cecilia Åström, Dept. of Forest Products, also participated.

29. Joakim Lindblad
Host: Antal Nagy
Address: University of Szeged, Hungary
Date: 070709–13
Topic: Invited lecturer SSIP
Comments: Invited lecturer at Summer School on Image Processing (SSIP)

30. Ewert Bengtsson
Host: Kerstin Sahlin
Address: Pro vice chancellor office, UU
Date: 070824
Topic: IT strategic council organization
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31. Ewert Bengtsson
Host: Dataföreningen, Uppsala
Address: UU Hospital
Date: 070925
Topic: National medical IT strategy.

32. Ewert Bengtsson
Host: Professor Albert Alm
Address: Dept. of Neuroscience, UU Hospital
Date: 070925
Topic: Planning PhD research cooperation on retinal image analysis
Comments: Starting a new project for Khalid Niazi

33. Kristin Norell
Host: Jonas Lantz
Address: Nyby sawmill, Björklinge
Date: 071004
Topic: Camera at sawmill
Comments: Installing the camera in Nyby together with Per Berg, SP Trätek

34. Filip Malmberg, Patrick K. Edlund
Date: 071010
Topic: UU course information.
Comment: Promoting the courses “Advanced computer graphics an visualization” and “Computer assisted
image analysis”for spring 2008.

35. Kristin Norell, Joakim Lindblad, Catherine Östlund
Host: Jonas Lantz
Address: Nyby sawmill, Björklinge
Date: 071018, 071024, 071105, 071212
Topic: Camera installation at Nyby sawmill
Comments: Several visits to make settings and tune parameters for the on-line camera for end face imaging.

36. Ewert Bengtsson, Milan Gavrilovic
Host: Pär Svanström
Address: Forskarpatent AB, Uppsala Science Park
Date: 071019
Topic: Discussion about the patent application

37. Bettina Selig, Gunilla Borgefors
Host: Stig Bardage
Address: Dept. of Forest Products, SLU
Date: 071023
Topic: Introduction of Selig and start of cooperation.

38. Gunilla Borgefors
Host: Nataša Sladoje
Address: Centre of Mathematics and Statistics, Faculty of Technical Sciences, University of Novi Sad,
Serbia
Date: 071026
Topic: Ongoing research cooperation

39. Bettina Selig, Maria Axelsson
Host: Marco Stampanoni
Address: TOMCAT, PSI, Villigen, Schweiz
Date: 071025–28
Topic: Imaging of fibre based materials using synchrotron X-ray microtomography
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40. Khalid Niazi
Host: Mats Nilsson
Address: Division of Toxicology, Dept of Pharmaceutical Biosciences, UU
Date: 071113
Topic: GUI for mouse embryo heart beat detection
Comments: Delivered the first version of Mouse Embryo Heart Beat Detection

41. Ewert Bengtsson, Tommy Lindell
Host: Leanne Bischof
Address: CSIRO Image Analysis Group, Sydney, Australia
Date: 071115
Comment: A visit to the research group where Magnus Gedda, Ida-Maria Sintorn and others have been.

42. Bettina Selig
Host: Felix Beckmann
Address: Deutsches Electronen-Syncrotron, Hamburg, Germany
Date: 071116–17
Topic: Imaging of fibre based materials using synchrotron X-ray microtomography.
Comment: Karin Almgren, STFI-Packforsk, also participated.

43. Kristin Norell, Gunilla Borgefors
Host: Håkan Lindström
Address: A-sort, Uppsala
Date: 071116
Topic: Possible future cooperation
Comments: A-sort develops systems for automatic log classification at sawmills.

44. Maria Axelsson
Host: Marco Stampanoni
Address: TOMCAT, PSI, Villigen, Schweiz
Date: 071122–24
Topic: Imaging of fibre based materials using synchrotron X-ray microtomography.
Comment: Karin Almgren, STFI-Packforsk, also participated.

45. Amin Allalou and Carolina Wählby
Host: Nils-Göran Larsson
Address: Dept. of Metabolic diseases at Novum (KI)
Date: 071127
Topic: Project meeting, mtDNA

46. Gunilla Borgefors
Host: David Coeurjolly
Address: LIRIS laboratory, University Claude Bernard Lyon 1, France
Date: 071204
Topic: Presentation of ongoing reserach

47. Ewert Bengtsson
Host: Fredrik Georgsson
Address: Dept. of Computer Science, Umeå University
Date: 071213
Topic: General image analysis discussions.

48. Ewert Bengtsson, Carolina Wählby, Milan Gavrilovic
Host: Pär Svanström
Address: Forskarpatent AB, Uppsala Science Park
Date: 071218
Topic: Discussion about the patent application
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7.10 Other visitors

1. Lars Larsson, Anna-Stina Höglund, and Alexander Cristea
Hosts: Patrick K. Edlund, Ewert Bengtsson, Joakim Lindblad
Address: Dept. of Neuroscience, UU
Date: 070101
Topic: Project meeting, muscle fibres.
Comments: Several meetings during the year.

2. Andrew Mehnert
Address: University of Queensland, ITEE, Brisbane, Australia
Hosts: Erik Vidholm, Ewert Bengtsson
Date: 0701-08
Topic: Breast MRI visualization project meeting.
Comment: 6 telephone meetings.

3. Sven Nilsson
Address: Dept. of Oncology, Radiology and Clinical Immunology, UU Hospital
Host: Erik Vidholm
Date: 070109
Topic: Liver segmentation within the haptics project.
Comment: 5 meetings during the year.

4. Anders Bjorholm Dahl
Address: Dralle A/S, Copenhagen, Denmark
Hosts: Kristin Norell, Stina Svensson
Date: 070111
Topic: Rot detection in log end face images.
Comment: Telephone meeting.

5. Antti Niemistö
Address: Tampere University of Technology, Dept. of Signal Processing, Tampere, Finland
Host: Ewert Bengtsson
Date: 070115
Topic: Possible cooperation on cell image analysis and modelling

6. Bo I Nilsson, Tatjana Miljatovic
Address: Unibioscreen S.A.
Host: Ewert Bengtsson
Date: 070115
Topic: Discussions about our findings that digitalis medication influences the morphology of breast cancer
cell nuclei

7. Gunnar Jansson (1), Lennart Thurfjell (2)
Address: (1) Dept. of Psychology, UU (2) GE Helthcare, Uppsala
Hosts: Erik Vidholm, Ewert Bengtsson, Ingela Nyström, Stefan Seipel
Date: 0701-12
Topic: 3 meetings with the reference group of the Haptics project during the year.

8. Carina Johansson
Address: Dept. of Clinical Medicine, Örebro University
Hosts: Hamid Sarve, Joakim Lindblad
Date: 070124
Topic: Discussion on the Bone Implant Project

9. Laurent Barbe
Address: Dept. of Biotechnology, KTH, Stockholm
Host: Joakim Lindblad
Date: 070212
Comment: Telephone meeting.
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10. Mats Nilsson
Address: Div. of Toxicology, Dept. of Pharmaceutical Biosciences, UU
Host: Ewert Bengtsson, Stina Svensson, Bo Nordin, Khalid Niazi
Date: 070221
Topic: Possible cooperation on detecting heart beats of mouse embryos.

11. Kent Åberg
Address: Sun Microsystems AB, Kista
Host: Ewert Bengtsson
Date: 070308
Topic: Discussions about possible SUN solutions for UU and our visualisation lab.

12. Anders Åberg, Anders Edin
Address: Sidec Technologies AB, Kista
Host: Ewert Bengtsson, Stina Svensson
Date: 070316
Topic: Interactive visualization of in situ 3D protein images.

13. Anders Tegeman
Address: Hantverkargatan 36, Hofors
Host: Ewert Bengtsson
Date: 070402
Topic: Discussion about a possible interpretation of images of small objects in blood.

14. Kristofer Gamstedt
Address: Dept. of Fibre and Polymer Tech., KTH, Stockholm
Host: Stina Svensson, Filip Malmberg, Catherine Östlund
Date: 070402
Topic: Fibre and composit projects
Comments: Discussions on the upcoming FORMAS application.

15. KOF Evaluation Committee No 12
Host: Ewert Bengtsson and all of CBA
Date: 070425
Number of visitors: 10
Topic: Presentation of CBA research and evaluation.
Comment: Part of a comprehensive evaluation of research quality and renewal at UU. The senoir researchers
at CBA gave presentations about the on-going projects.

16. Ingrid Carlbom
Address: New Jersey, USA
Host: Ewert Bengtsson
Date: 070507
Topic: Discussion on possible future joint projects.

17. Karin Øyaas, Gary Chinga
Address: Paper and Fibre Research Institute, Trondheim, Norway
Host: Maria Axelsson, Stina Svensson
Date: 070524
Topic: Discussions on future cooperation and ongoing work on pore structure characterization.

18. Matthias Biedermann (1), Joel Kullberg (2)
Address: (1) Institute for Computational Visualistics, University of Koblenz-Landau, Germany, (2) Dept.
of Oncology, Radiology and Clinical Immunology, UU Hospital
Host: Ingela Nyström
Date: 070822
Topic: Joint project on how to pursue liver segmentation on the GPU
Comments: Continued collaboration from 2006.
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19. Carina Johansson
Address: University of Örebro
Host: Hamid Sarve, Joakim Lindblad and Gunilla Borgefors
Date: 070824
Topic: Discussion on the bone implant project.

20. Sven Nilsson
Address: Dept. of Oncology, Radiology and Clinical Immunology, UU Hospital
Host: Ewert Bengtsson, Ingela Nyström and Erik Vidholm
Date: 070824
Topic: Liver segmentation by haptics.
Comments: Plans for future collaboration after Vidholm’s dissertation.

21. Cecilia Winrow
Address: Uppsala university administration
Host: Ewert Bengtsson
Date: 070831
Topic: The future coordination of IT development projects at UU.

22. Victor Smedby
Address: Katedralskolan, Uppsala
Host: Ewert Bengtsson
Date: 070912
Topic: Discussing a project on WII implementation.

23. Karin Almgren
Address: STFI-Packforsk, Stockholm
Host: Maria Axelsson, Stina Svensson and Catherine Östlund
Date: 071024
Topic: Discussion on synchrotron radiation imaging of composite materials and cooperation.

24. Per Nygård (1), Björn Steinar Tanem (2)
Address: (1) Paper and fibre research institute, Trondheim, Norway, (2) SINTEF Materials and Chemistry,
Trondheim, Norway
Hosts: Stina Svensson, Catherine Östlund
Date: 071031, 071119
Topic: Beamtime discussions
Comment: 2 telephone meetings

25. Karin Almgren (1), Kristofer Gamstedt (2)
Address: (1) STFI-Packforsk, Stockholm, (2) KTH Solid Mechanics, Stockholm
Host: Maria Axelsson, Stina Svensson
Date: 071121
Topic: Discussion on synchrotron radiation imaging of composite materials and cooperation.

26. Arthur Bienenstock
Address: Special assistant to the president for federal research policy, Stanford University, USA
Host: Ewert Bengtsson
Date: 071126
Topic: Cooperation UU and Stanford University
Comments: Four other participants from UU also attended the meeting.

27. Albert Alm
Address: Dept. of Neuroscience, UU
Host: Khalid Niazi, Ewert Bengtsson
Date: 071128
Topic: Expert opinion on acceptable registration error
Comments: Discussed which registration method we are going to use for retinal image registration.
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28. Anders Tegeman
Address: Hantverkargatan 36, Hofors
Host: Ewert Bengtsson
Date: 071210
Topic: Discussion on blood image analysis
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7.11 Committees
Ewert Bengtsson
International:

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

• Editorial board member of “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–

• Programme Committee of WSCG’07
Comment: International conference series in Computer Graphics and Image Analysis held in Plzen, Czech
Rèpublic in February each year

• 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 2007

• Expert evaluator for the European Research Council Starting Grant call 2007

• On the EU Project ENLIGHT Program Management Board
Comment: 2 telephone meetings

National:

• Member of the Royal Swedish Academy of Engineering Sciences, Section VII: Basic and Interdisciplinary
Engineering Sciences. 200610–

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

• Chair of the Virtual Faculty of Information Technology, UU, 199807–200712
Comment: The faculty is responsible for coordinating all aspects of the information technology field at UU.
The faculty board has about 15 members. 4 meetings and additionally 4 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,
together forming “Rektorsrådet” the Rector’s advisory council.

• Chair of the WWW management board of UU, 200001–200712
Comment: (3 meetings.)

• Project leader for a National IT User Centre, NITA, 200008–200712
Comment: Established a Swedish national IT user centre funded by Vinnova and UU and in cooperation
with industry. During 2007, a few informal meetings concerning future financing and cooperation plans
took place. (3 meetings.)

• Member of the Board of UpGIS, the net for Geographical Information Systems at UU, 199904–
Comment: Representing the Virtual IT Faculty, responsible for managing the economy of the network.
(5 meetings.)

• Member of the UU student cooperation group, 200001–
Comment: A group where the leadership of the university and the student unions meets to discuss matters
of common interest. (3 meetings.)

• Member of the board of the Uppsala Multidisciplinary Center for Advanced Computational Science (UPP-
MAX), 200303–
Comment: (6 meetings.)
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• Member of the IT-cluster group, 200108–200712
Comment: A group under the chairmanship of Uppsala municipality with the task of promoting the IT
business activity in Uppsala by making the present competence and activity known to the local, national and
international community. All kinds of organisations are represented on the committee. Bengtsson represents
UU. (2 meetings.)

• SUUS IT group, 200503–200712
Comment: Representing UU on the group for cooperation between universities in the Stockholm region in
the IT field. (3 meetings)

• Board of EHealth Centre at UU, 200508–
Comment: Member of the board of this Centre representing the faculty of Science and Technology.
(3 meetings)

• 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.)

• On the steering committee for the project “rational web publishing” at UU, 200610–200712
Comment: (5 meetings and additionally 5 informal planning meetings.)

• Program Committee of the National Medical Engineering Conference 2007, Örebro, 200704–200710
Comment: (4 meetings)

• On the prioritization committee for medical engineering for the Swedish Research Council, VR NT-A,
070917–18
Comment: A 2-day meeting

• Dissertation committee for Claes Lundström, CMIV, Linköping, 070914
Comment: Title: Efficient medical volume visualization - an approach based on domain knowledge.

• Expert evaluator for grant applications to the Swedish Research Council Post Doc Grant Programme

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

• On the prioritization committee for ”Light” applications for the Visualization call managed by the Knowl-
edge Foundation, KK-stiftelsen.

• On the steering group for the Intranet/Employee portal planning project at UU 200703-200708
Comment: (3 meetings)

• On the faculty recruitment committee for information technology 200707–
Comment: (1 meeting)

• On the cooperation group for units supporting IT in learning at UU 200710–
Comment: (2 meetings)

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

• On the steering group of the information flow analysis project of the Faculties of Medicine and Pharmacy
at UU, 200701–200711
Comment: (8 meetings)

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

• On a planning group for a joint project on Visualisation in surgery planning involving several universities
and companies.
Comment: (8 meetings)
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Gunilla Borgefors
International:

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

• Fellow of the International Association for Pattern Recognition (IAPR), 1998–
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0710
Comment: 4 applicants.

• Dissertation committee of Torbjörn Alm, Dept. of Science and Technology, Linköping University, 070315
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