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1 Introduction

The Centre for Image Analysis (CBA) conducts research in computerised image analysis and perceptu-
alisation. Our role is to develop theory in image analysis and processing as such, but also to develop
better methods, algorithms and systems for various applications. We have found applications primarily
in digital humanities, life sciences, and medicine. In addition to our own research, CBA contributes to
image technology promotion and application in other research units and society nationally as well as
internationally.

1.1 General background

CBA was founded in 1988 and was until 2014 a collaboration between Uppsala University (UU) and
the Swedish University of Agricultural Sciences (SLU). From an organisational point of view, CBA was
an independent entity within our host universities until 2010. Under the auspices of the Disciplinary
Domain of Science and Technology at Uppsala University, CBA is today hosted by the Department of
Information Technology (IT), where we belong to one of the five divisions, namely the Division of Visual
Information and Interaction (Vi2).

Approximately 40 persons within Vi2 were active in CBA research during 2020 and 2021, half of
the staff being PhD students and the other half seniors (of which three are Professor Emeriti). Many
have additional duties to research, for example, teaching, appointments within the Faculty or University,
and leave for work outside academia. A complement to the CBA researchers are the 43 students who
completed their Bachelor and Master thesis work with examination and/or supervision from one of us
during 2020 and 2021.

The number of staff in the corridor fluctuates over the years thanks to that we have world class sci-
entists visiting CBA and CBA researchers visiting their groups, for longer or shorter periods, as an
important ingredient of our activities. Unfortunately, during the Corona situation this activity were put
on hold, but we are now planning for future visits and visitors again.

CBA has a well-functioning seminar series since the beginning of the 1990’s. Every Monday afternoon
during term time, we gather for a seminar on image analysis in the broad sense with an average of about
20 listeners. This activity continued throughout the Corona period, but via Zoom. In fact, thanks to
the format, we were able to invite external speakers despite the circumstances and the number of both
internal and external participants increased. We continue to have hybrid seminars after the Corona era
where those interested are given the opportunity to participate via Zoom if they are not able to attend
physically.

There were three PhD defenses during these two years, see illustrations from them on the cover-page.
All our PhDs can be recognised as the main product during the years. These well-educated and often
young persons will contribute to our society and within academia for many years to come. Another way
to measure our results is to acknowledge the 31 plus 35 fully reviewed articles in 2020 and 2021. The
publication results stem from a total of 52 ongoing research projects involving many international labs
and companies as well as national collaboration partners, plus not forgetting all the local collaborations
we have in Uppsala.

Despite the pandemic, CBA researchers have, as usual, participated in the organisation of conferences
in various roles, for example, the CBA hosted an international conference on May 24–27, 2021, the first
joint IAPR International Conference on Discrete Geometry and Mathematical Morphology (DGMM
2021). Filip Malmberg was General Chair, while Nataša Sladoje and Joakim Lindblad were Programme
Chairs for this high-quality scientific event.

Another outreaching activity that is particularly noteworthy is the traditional annual national sympo-
sium organised by the Swedish Society for Automated Image Analysis (SSBA) since late 1970’s, which
rotates between the active universities. The symposium series held Zoom versions in 2020 and 2021. In
connection with the traditional symposium a half day devoted to deep learning is organised since a few
years. These symposia gathers about 100 participants from academia and also several companies; CBA
– Sweden’s largest academic image analysis group – sends approximately 20 participants every year.
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We are very active in international and national societies and are pleased that our leaders are recognised
in these societies. Ingela Nyström continues on positions of trust within of the International Association
of Pattern Recognition (IAPR) after having been a member of the IAPR Executive Committee during
2008–2018 (President 2014–2016). We are also closely involved in the Network of EUropean BioImage
Analysis (NEUBIAS), where Nataša Sladoje and Carolina Wählby served as members of the manage-
ment committee. Nationally, CBA has had two board members in the Swedish Society for Automated
Image Analysis (SSBA) for the past years, Ida-Maria Sintorn as Chair and Robin Strand as Vice-Chair.
They both served as Swedish representatives on the IAPR Governing Board meeting at ICPR 2020.

During the last few years, we have been active on both national and local level to establish biomedical
image analysis and biomedical engineering as more well-supported strategic research areas. The UU
Faculties of Science and Technology, Medicine, and Pharmacy have formed the centre Medtech Science
and Innovation together with the UU Hospital. We are looking forward to the increased funding and
collaboration opportunities we expect to be the results of this structure. In addition, our image analysis
support for researchers within life science continues to develop with the national SciLifeLab facility
within BioImage Informatics.

CBA has several elected members of learned socities. Ewert Bengtsson, Gunilla Borgefors, Chris-
ter Kiselman, and Carolina Wählby are elected members of the Royal Society of Sciences in Uppsala.
Christer Kiselman is elected member and Ingela Nyström is elected as well as board member of the
Royal Society of Arts and Sciences of Uppsala. In addition, Ewert Bengtsson, Gunilla Borgefors, and
Carolina Wählby are elected members of the Royal Swedish Academy of Engineering Sciences (IVA),
and Christer Kiselman is an elected member of the Royal Swedish Academy of Sciences.

Researchers at CBA also serve on several journal editorial boards, scientific organisation boards, con-
ference committees, and PhD dissertation committees. In addition, we take an active part in reviewing
grant applications and scientific papers submitted to conferences and journals.

The CBA Annual Report series is in existence since 1993 (approximately 100 pages each). Please,
find links to them at https://www.it.uu.se/cba/annualReports, where also this biennial
annual report is available.

1.2 CBA research

The objective of CBA is to carry out research in computerised image analysis and perceptualisation.
We are pursuing this objective through a large number of research projects, ranging from fundamental
mathematical methods development, to application-tailored development and testing in, for example, bio-
medicine. We also have interdisciplinary collaboration with the humanities mainly through our projects
on handwritten text recognition. In addition, we develop methods for perceptualisation, combining com-
puter graphics, haptics, and image processing. Some of our projects lead to entrepreneurial efforts, which
we interpret as a strength of our research.

Our research is organised in many projects of varying size, ranging in effort from a few person months
to several person years. There is a lot of interaction between different researchers; generally, a person is
involved in several different projects in different constellations with internal and external partners. See
Section 5 for details on and illustrations of our research projects on the diverse topics.

As a curiousity, we have collected all the titles of reviewed publications and produced a word-cloud
from them for 2020 and 2021, respectively. See for yourself which words emerge as most important to
our current scientific activities, see Figure 1.

1.3 How to contact CBA

CBA maintains a home-page (https://www.cb.uu.se/). There you can find the CBA annual
report series in existence since 1993 (approximately 100 pages each), lists of all publications since CBA
was founded in 1988, and other material. Note that our seminar series is open to anyone interested.
Please, join us on Mondays at 14:15. Staff members have their own homepages, which are found within
the UU structure. On these, you can find some detailed course and project information, et cetera.
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Figure 1: Word-clouds from the titles of our journal and reviewed conference proceedings publications
in 2020 (top) and 2021 (bottom). Words occurring at least twice are included.
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The Centre for Image Analysis (Centrum för bildanalys, CBA) can be reached by visiting us at the
new premises from January 2022, called New Ångström.

Welcome!

Visiting address:
Lägerhyddsvägen 1
Ångström Laboratory, building 10, floor 4
Uppsala

Postal address:
Box 337
SE-751 05 Uppsala
SWEDEN
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2 Organisation

In the early years, CBA was an independent entity belonging equally to Uppsala University (UU) and
the Swedish University of Agricultural Sciences (SLU). Multiple re-organisations at both universities
eventually led to the current situation from 2016, where CBA is hosted by the Department of Information
Technology in the Division for Visual Information and Interaction (Vi2). CBA remains Sweden’s largest
single academic group for image analysis, with a strong position nationally and internationally. This
successful operation shows that centre formations in special cases are worth investing in and preserving
long-term. Professor Ingela Nyström is the Director of CBA since 2012.

The general research subject of CBA and its PhD subject is Computerised Image Processing, including
both theory and applications. More specifically, our areas of particular strength are

• Image analysis theory based on discrete mathematics

• Method development based on, for example, machine learning and AI

• Interactive methods, visualization and haptics

• Digital humanities

• Quantitative microscopy

• Biomedical image analysis

As image analysis currently is finding widespread application in research in many fields as well as in
society in general, we believe there is a need for a centre with a multi-disciplinary organisation. CBA
offers a strong application profile based on equally strong roots in fundamental image analysis research
and now reaching into the AI era. After 30 years, CBA has long experience and is more than ever at the
research front.

2.1 Faculty-appointment

The Board of the Disciplinary Domain of Science and Technology (TekNat) has an established instruction
for CBA with description of objectives, mission, organisation, board, and roles of the director. TekNat
is appointing chair, board members, and director on three-year madnate periods. The board consisted in
2020 and 2021 of the following distinguished members (in alphabetic order):

• Axel Andersson, Dept. of Information Technology (PhD student representative 2021-07-01– )

• Richard Brenner, Dept. of Physics and Astronomy

• Anders Hast, Dept. of Information Technology

• Filip Malmberg, Dept. of Information Technology

• Ingela Nyström, Dept. of Information Technology (adjunct in her role as Director of CBA)

• Nataša Sladoje, Dept. of Information Technology, (Vice-chair)

• Robin Strand, Dept. of Information Technology (adjunct in his role as Head of Division)

• Andreas Thor, Dept. of Surgical Sciences, (Chair 2020-09-16–)

• Lennart Thurfjell, Combinostics Oy

• Håkan Wieslander, Dept. of Information Technology (PhD student representative –2021-06-30 )

• Carolina Wählby, Dept. of Information Technology (Chair –2020-09-15)

• Maria Ågren, Dept. of History
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2.2 Finances

After the re-organisation, where CBA became part of the Department of Information Technology, the
CBA economy is no longer separate, but integrated in activities as well as organisation within the Divi-
sion Vi2. Therefore, we do not here report finances per se. However, from the Faculty of Science and
Technology, we have a long-term grant to CBA of 600 KSEK to be used for joint CBA initiatives. Exam-
ples are travel and accommodation for guest researchers, work with (and printing) of the annual report,
maintaining the website, and a percentage to the Director of CBA. CBA researchers attract funding from
within UU and many external funding agencies.

CBA as a centre does not organise under-graduate and Master education, while the hosting Depart-
ment of Information Technology offers programmes and several courses on Image Analysis, Computer
Graphics, and Scientific Visualization. Most of us teach in these courses and are funded for teaching at
approximately 20% of our time, and some Associate Professors in fact teach more.

2.3 People

Researchers affiliated with CBA and employed by the Department of Information Technology (from
here on called CBA people) at any time during 2020 and 2021 are listed below. In addition, there are
numerous collaborators at other Departments and Universities who are affiliated with CBA. Information
about CBA alumni is available on request from the Director of CBA.

The e-mail addresses of the CBA people below is Firstname.Lastname@it.uu.se:

Amin Allalou, PhD, Researcher
Axel Andersson, Graduate Student
Christophe Avenel, PhD, Bioinformatician
Andrea Behanova, Graduate Student
Ewert Bengtsson, Professor Emeritus
Karl Bengtsson Bernander, Graduate Student
Can Deniz Bezek, Graduate Student
Gunilla Borgefors, Professor Emerita
Eva Breznik, Graduate Student
Anders Brun, PhD, Researcher
Eduard Chelebian, Graduate Student
Sukalpa Chanda, PhD, PostDoc
Ashis Kumar Dhara, PhD, PostDoc
Marc Fraile Fabrega, Graduate Student
Ankit Gupta, Graduate Student
Orcun Göksel, PhD, Associate Professor
Erik Hallström, Graduate Student
Anders Hast, Professor and Distinguished University Teacher
Raphaela Heil, Graduate Student
Christer O. Kiselman, Professor Emeritus
Anna Klemm, Docent, Bioinformatician
Nadezdha Koriakina, Graduate Student
Joakim Lindblad, Docent, Researcher
Filip Malmberg, Docent, Associate Professor
Damian Matuszewski, Graduate Student/PostDoc
Fredrik Nysjö, Graduate Student/Researcher
Ingela Nyström, Professor, Director
Gabriele Partel, Graduate Student
Nicolas Pielawski, Graduate Student
Petter Ranefall, Docent, Bioinformatician
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Stefan Seipel, Professor, UU and University of Gävle
Ida-Maria Sintorn, Docent, Associate Professor
Nataša Sladoje, Professor
Leslie Solorzano, Graduate Student/Researcher
Robin Strand, Professor, Head of Division
Ekta Vats, PhD, PostDoc
Elisabeth Wetzer, Graduate Student
Håkan Wieslander, Graduate Student
Carolina Wählby, Professor
Hangqin Zhang, PhD, PostDoc
Johan Öfverstedt, Graduate Student

Docent Degrees from CBA:

1. Lennart Thurfjell, 1999, UU

2. Ingela Nyström, 2002, UU

3. Lucia Ballerini, 2006, UU

4. Stina Svensson, 2007, SLU

5. Tomas Brandtberg, 2008, UU

6. Hans Frimmel, 2008, UU

7. Carolina Wählby, 2009, UU

8. Anders Hast, 2010, UU

9. Pasha Razifar, 2010, UU

10. Cris Luengo, 2011, SLU

11. Robin Strand, 2012, UU

12. Ida-Maria Sintorn, 2012, UU

13. Nataša Sladoje, 2015, UU

14. Petter Ranefall, 2016, UU

15. Filip Malmberg, 2017, UU

16. Anna Klemm, 2020, UU

17. Joakim Lindblad, 2020, UU

CBA people appointed Excellent Teachers:

• Anders Hast, 2014, UU

11
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3 Undergraduate education

CBA people supervises and reviews many Master and some Bachelor Theses every year, as
our subjects are useful in many different industries or for other academic research groups. The
subjects are also very popular with the students. In fact, during 2021 we were involved in a
record number of 33 Master Theses. That is partly because there were few in 2020, due to
Corona problems, but still a record. Of the 39 Master thesis for the two years, 20were togethe r
with various industries, 13 with other academic researchers, and six were generated by our own
research.

CBA as a centre does not organise under-graduate and Master education, while the host-
ing Department of Information Technology offers programmes and several courses on Image
Analysis, Computer Graphics, Scientific Visualization, Machine Learning, Medical Informat-
ics, Bioinformatics, and other related courses. CBA people are responsible for, or participate
in, many courses at under-graduate and Master level, and are funded for teaching at approxi-
mately 20% of our time, and some Associate Professors in fact teach more. Course examiners
are indicated in bold.
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Figure 2: The number of Master theses from CBA 2001–2021.

3.1 Courses
1. Computer-Assisted Image Analysis II, 10 hp

Nataša Sladoje, Johan Öfverstedt, Carolina Wählby, Elisabeth Wetzer, Robin Strand, Filip Malmberg,
Nicolas Pielawski, Joakim Lindblad
Period: 2020-01-19 – 2020-03-20

2. Advanced Visual Interfaces, 5 hp
Stefan Seipel
Period: 2020-03-23 – 2020-06-07

13



3. Computer Graphics, 10 hp
Anders Hast, Fredrik Nysjö, Leslie Solorzano
Period: 2020-03-23 – 2020-06-07

4. Computer Programming I, 5 hp
Johan Öfverstedt
Period: 2020-08-31 – 2020-10-23

5. Introduction to Image Analysis, 10 hp
Nataša Sladoje, Johan Öfverstedt, Håkan Wieslander, Anna Klemm, Filip Malmberg, Anders Brun, Robin
Strand, Carolina Wählby
Period: 2020-08-31 – 2021-01-17

6. Medical Informatics, 5 hp
Ingela Nyström
Period: 2020-08-31 – 2020-10-25

7. Scientific Visualization, 5 hp
Anders Hast, Fredrik Nysjö, Leslie Solorzano
Period: 2020-08-31 – 2020-10-25

8. Bioinformatics
Ida-Maria Sintorn
Period: 2020-09-20
Comment: 1-day image analysis introduction and cell biology focused image analysis computer exercise in
Bioinformatics course for MSc programmes at the Dept. of Immunology, Genetics and Pathology.

9. Computer-Assisted Image Analysis I, 5 hp
Ida-Maria Sintorn, Carolina Wählby, Anders Brun, Nadezhda Koriakina, Ankit Gupta, Axel Andersson,
Damian Matuszewski
Period: 2020-10-14 – 2021-01-14

10. Scientific Visualization, 5 hp
Anders Hast, Fredrik Nysjö, Leslie Solorzano
Period: 2020-10-26 – 2021-01-17

⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆

11. Computer Graphics, 10 hp
Fredrik Nysjö, Anders Hast, Filip Malmberg
Period: 2021-01-18 – 2021-03-22

12. Digital Imaging Systems, 7.5 hp
Ida-Maria Sintorn, Orcun Göksel, Ewert Bengtsson
Period: 2021-01-18 – 2021-03-18

13. Introduction to Machine Learning, 5 hp
Eva Breznik, Håkan Wieslander, Nicolas Pielawski
Period: 2021-01-18 – 2021-03-22

14. Advanced Visual Interfaces, 5 hp
Stefan Seipel
Period: 2021-03-23 – 2021-06-06

15. Computer Graphics, 10 hp
Fredrik Nysjö, Anders Hast, Filip Malmberg
Period: 2021-03-23 – 2021-06-06

16. Deep Learning for Image Analysis, 7.5 hp
Joakim Lindblad, Ankit Gupta, Eduard Chelebian, Håkan Wieslander
Period: 2021-03-23 – 2021-06-06

17. Computer Programming I, 5 hp
Johan Öfverstedt
Period: 2021-08-30 – 2021-10-27
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18. Introduction to Image Analysis, 10 hp
Nataša Sladoje, Elisabeth Wetzer, Filip Malmberg, Anna Klemm, Robin Strand, Carolina Wählby
Period: 2021-08-30 – 2022-01-16

19. Medical Informatics, 5 hp
Ingela Nyström, Andrea Behanova
Period: 2021-08-30 – 2021-10-27

20. Software Development in Image Analysis and Machine Learning, 15 hp
Filip Malmberg, Ida-Maria Sintorn
Period: 2021-08-30 – 2022-01-16

21. Bioinformatics
Ida-Maria Sintorn
Period: 2021-09-20
Comment: 1-day image analysis introduction and cell biology focused image analysis computer exercise in
Bioinformatics course for MSc programmes at the Dept. of Immunology, Genetics and Pathology.

22. Advanced Image Analysis, 7.5 hp
Robin Strand
Period: 2021-10-28 – 2022-01-16

23. Computer-Assisted Image Analysis I, 5 hp
Ingela Nyström, Filip Malmberg, Damian Matuszewski, Carolina Wählby.
Teaching assistants: Nadezhda Koriakina, Ankit Gupta, Eduard Chelebian Kocharyan, Erik Hallström
Period: 2021-10-28 – 2022-01-16

24. Scientific Visualization, 5 hp
Fredrik Nysjö, Stefan Seipel, Anders Hast
Period: 2021-10-28 – 2022-01-16
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3.2 Bachelor theses
1. Date: 2020-12-14

Targeting the zebrafish eye using deep learning-based image segmentation
Student: Joakim Holmberg
Supervisor: Hanqing Zhang, Dept. of Immunology, Genetics and Pathology UU
Reviewer: Amin Allalou
Abstract: Researchers studying cardiovascular and metabolic disease in humans commonly use computer
vision techniques to segment internal structures of the zebrafish animal model. However, there are no current
image segmentation methods to target the eyes of the zebrafish. Segmenting the eyes is essential for accurate
measurement of the eyes’ size and shape following the experimental intervention. Additionally, successful
segmentation of the eyes functions as a good starting point for future segmentation of other internal organs.
To establish an effective segmentation method, the deep learning neural network architecture, Deeplab, was
trained using 275 images of the zebrafish embryo. Besides model architecture, the training was refined
with proper data pre-processing, including data augmentation to add variety and to artificially increase the
training data. Consequently, the results yielded a score of 95.88 percent when applying augmentations, and
95.30 percent without augmentations. Despite this minor improvement in accuracy score when using the
augmented training dataset, it also produced visibly better predictions on a new dataset compared to the
model trained without augmentations.
Hence, the implemented segmentation model trained with augmentations proved to be more robust, as the
augmentations gave the model the ability to produce promising results when segmenting on new data.

⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆

2. Date: 2021-08-09
Enhancing users ability to interact with 3D visualization in web-based configurators
Student: Ellinor Hallmén
Supervisor: Samuel Johansson, Animec
Reviewer: Stefan Seipel
Abstract: 3D graphics are a recent addition to the web and introduce a type of interaction that is unfamiliar
to many users. 3D configurators enable customers to customize a product from a number of choices and
explore it freely within the 3D space. Historically, web-based configurators have used static images when
displaying products. Therefore it may be common practice for users to believe that the product visualization
is not interactive 3D and instead mistakes it for a static image. This study investigates if visual interaction
cues improve users’ ability to interact with 3D visualization in the configurator Aniconfigurator.
The investigation is carried out by implementing two Aniconfigurator prototypes, A and B, where the differ-
ence is that prototype B is enhanced with two visual interaction cues. Quantitative and qualitative usability
testing is then conducted among two test groups.
The results indicate that users are more likely to interact with the 3D visualization when including visual in-
teraction cues. Participants took less time before starting to interact and expressed a more positive response
of prototype B. No significant difference (P = 0.07) in the average time to complete task were observed
at the 0.05 level, a larger study would be needed to produce a statistically significant result. 79% of the
participants interacted with the 3D visualization in prototype B compared to 57% in prototype A. 100%
of the participants preferred to have some type of guidance of interaction rather than none. This study is
considered as a first step in the design process and to find the optimal visual interaction cue, further design
and usability testing iterations must be done.
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3. Date: 2021-08-12
Reinforcement Learning for Musculoskeletal Control with an OpenSim Model
Student: Oskar Åsbrink
Supervisor: Orcun Göksel
Reviewer: Gunilla Borgefors
Abstract: Simulations of the human Musculoskeletal system can help in treatment of injuries, planning
surgeries and prosthesis design. OpenSim provides a freely available open source software for the develop-
ment of Musculoskeletal models and creating dynamic simulations of movement. This enables the learning
of control and activations of the Musculoskeletal system with modern optimization methods. The use of
Reinforcement Learning allows for direct control of activations via communicated actions.
This thesis aims at demonstrating an implementation of a Deep Reinforcement Learning approach called
Policy Proximal Optimization (PPO) to control muscle activation of an OpenSim model with one active
muscle. Muscle activations are learned given current position and velocity as well as target position and
velocity. The results show a PPO-approach to muscle control of an OpenSim model that can be built upon
for more advanced use with several active muscles and training with parallel environments.

4. Date: 2021-09-20
Optimisation of card recognition routine
Student: Emil Bagge
Supervisor: Per Jannersten, Jannersten Förlag
Reviewer: Anders Hast
Abstract: Card-dealing machines for the game Bridge are used to automate the time-consuming process
of sorting cards. They require methods to recognize each card’s suit and value during the process, as the
sorting is predetermined. The machine considered in this thesis uses a webcam that feeds a 30 FPS video
stream to a contour analysis algorithm. This thesis goes through and researches possible solutions for 3
different improvement areas: motion blur, degradation and colour recognition.
Motion blur occurs when the cards move around in the machine, resulting in heavily distorted images whose
suit and value are difficult to recognize. I propose using a metric based on the variance of the Laplacian to
recognize blurry images. Testing shows that this is an efficient and accurate method that allows the machine
to save time by quickly discarding blurry images.
Degradation in the form of stains or colour loss risks breaking the connectivity of contours by distorting
shapes and figures, making contour analysis unreliable. To deal with this I propose different morphological
operations, such as closing and erosion, to quickly adjust these types of errors. By applying these methods,
images whose suit and value were previously unrecognizable could be processed successfully. To com-
pensate for the added run-time I propose implementing Otsu’s thresholding as a more efficient binarization
method. Testing shows that it is 4 times faster than the old method. But since it is unable to binarize
bright images I suggest using the old method as a fallback if Otsu’s method fails. More testing is needed to
establish if time is ultimately saved.
Colour information could help the recognition but is currently not used. I propose a simple metric based on
the amount of red pixels found by converting the RGB image into HSV and thresholding the hue channel.
By only considering the center of the image, the thresholding becomes 3.5 times faster while also being less
noisy than using the entire image. But since colour space conversion is a time-consuming process and the
resulting information has limited use, it is unlikely that this method is worth implementing.
Out of the 3 different improvement areas that has been researched 4 methods are proposed, but only 2
show promise after testing; a blur metric based on the Laplacian and using morphological operations to
fix distorted images. Otsu’s method is fast but unreliable and the redness metric results in very little value
added relative to run-time cost.
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3.3 Master theses
1. Date: 2020-06-23

Product Matching Using Image Similarity
Student: Melker Forssell, Gustav Janér
Supervisor: Carl Svärd, PriceRunner
Reviewer: Petter Ranefall
Abstract: PriceRunner is an online shopping comparison company. To maintain up-to- date prices, PriceRun-
ner has to process large amounts of data every day. The processing of the data includes matching unknown
products, referred to as offers, to known products. Offer data includes information about the product such
as: title, description, price and often one image of the product. PriceRunner has previously implemented
a textual-based machine learning (ML) model, but is also looking for new approaches to complement the
current product matching system. The objective of this master’s thesis is to investigate the potential of using
an image-based ML model for product matching. Our method uses a similarity learning approach where the
network learns to recognise the similarity between images. To achieve this, a siamese neural network was
trained with the triplet loss function. The network is trained to map similar images closer together and dis-
similar images further apart in a vector space. This approach is often used for face recognition, where there
is an extensive amount of classes and a limited amount of images per class, and new classes are frequently
added. This is also the case for the image data used in this thesis project. A general model was trained on
images from the Clothing and Accessories hierarchy, one of the 16 top- level hierarchies at PriceRunner,
consisting of 17 product categories. The results varied between each product category. Some categories
proved to be less suitable for image-based classification while others excelled. The model handles new
classes relatively well without any, or with briefer, retraining. It was concluded that there is potential in
using images to complement the current product matching system at PriceRunner.

2. Date: 2020-07-02
Cascade Mask R-CNN and Keypoint Detection used in Floorplan Parsing
Student: Anton Eklund
Supervisor: Fredrik Sandelin, Pythagoras AB
Reviewer: Anders Hast
Abstract: Parsing floorplans have been a problem in automatic document analysis for long and have up until
recent years been approached with algorithmic methods. With the rise of convolutional neural networks
(CNN), this problem too has seen an upswing in performance. In this thesis the task is to recover, as accu-
rately as possible, spatial and geometric information from floorplans. This project builds around instance
segmentation models like Cascade Mask R-CNN to extract the bulk of information from a floorplan image.
To complement the segmentation, a new style of using keypoint-CNN is presented to find precise locations
of corners. These are then combined in a post-processing step to give the resulting segmentation. The re-
sulting segmentation scores exceed the current baseline of the CubiCasa5k floorplan dataset with a mean
IoU of 72.7% compared to 57.5%. Further, the mean IoU for individual classes is improved for almost every
class. It is shown that Cascade Mask R-CNN is better suited than Mask R-CNN for this task.

3. Date: 2020-09-24
Wind Simulation in Networked Games
Student: Christoffer Gustafsson, Filip Björklund
Supervisor: Kristoffer Jonsson, Martin Wester, EA DICE
Reviewer: Anders Hast
Abstract: Wind is a natural phenomenon that interacts with the majority of physical objects to some extent.
Yet, in games this is often neglected. This is largely due to the complexity of the physics behind wind, in
relation to the impact that it may have on the game experience. Adding to the complexity of wind is the
fact that many modern games are networked, meaning multiple players need to share a consistent world
view. Wind is inherently chaotic in nature, which is a problem for networked games that heavily favors
deterministic behavior.
In this thesis, we summarize the current state of the art, in games and briefly other areas. With this knowl-
edge we push forward to improve on the existing solutions. Due to computational limitations of a real time
game, we have divided up the problem into two steps. First, we run the complex computational calculations
of the wind in a certain scenario in an offline setting, storing the result. Next, when running the game, we
utilize the pre-computed wind scenario to let the players experience realistic wind at a low computational
cost. We also investigate how to network the wind in a feasible way. The result of the project shows that
doing offline computation of wind, by running physical simulations is a feasible solution for adding wind
in a game setting.
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4. Date: 2020-11-06
A study on 2D advertisements in mobile versus VR experiences
Student: Simon Beverskog, Fredrik Larsson
Supervisor: Calle Sténson, Adverty
Reviewer: Stefan Seipel
Abstract: Virtual reality tech is new, exciting and full of opportunities. Despite this the gaming section of
virtual reality does not grow as fast as it was predicted it would be. Headsets and games are expensive and
perhaps a market model similar to the mobile gaming market would do the new tech good. The purpose of
this thesis is to show that virtual reality games are as viable an advertising target as mobile games that are
a popular advertisement medium. The study uses 2D billboard advertisements as they are a non-intrusive
advertisement format that can be implemented in a similar fashion on a mobile game and VR game. For this
study, two games were developed, one that runs on a Oculus Quest VR headset and one for mobile Android
devices. The games are as close to each other as possible in terms of objective and setting with the same
advertisements implemented in them, each game features two levels, one level contains advertisements and
one does not. Surveys are used to find data regarding how the advertisements affected the game experience
on both platforms. Interviews were then conducted to find more qualitative information and to explain the
results as well as to find out what makes an advertisement good or tolerable.

5. Date: 2020-12-02
Towards Explainable Decision-making Strategies of Deep Convolutional Neural Networks:
An exploration into explainable AI and potential applications within cancer detection
Student: Tobias Hammarström
Supervisor: Joakim Lindblad
Reviewer: Nataša Sladoje
Abstract: The influence of AI on society is increasing, with applications in highly sensitive and compli-
cated areas. Examples include using Deep Convolutional Neural Networks within healthcare for diagnosing
cancer. However, the inner workings of such models are often unknown, limiting the much-needed trust
in the models. To combat this, Explainable AI (XAI) methods aim to provide explanations of the mod-
els’ decision-making. Two such methods, Spectral Relevance Analysis (SpRAy) and Testing with Concept
Activation Methods (TCAV), were evaluated on a deep learning model classifying cat and dog images that
contained introduced artificial noise. The task was to assess the methods’ capabilities to explain the impor-
tance of the introduced noise for the learnt model. The task was constructed as an exploratory step, with the
future aim of using the methods on models diagnosing oral cancer. In addition to using the TCAV method,
this study also utilizes the CAV-sensitivity to introduce and perform a sensitivity magnitude analysis. Both
methods proved useful in discerning between the model’s two decision-making strategies based on either
the animal or the noise. However, greater insight into the intricacies of said strategies is desired. Addi-
tionally, the methods provided a deeper understanding of the model’s learning, as the model did not seem
to properly distinguish between the noise and the animal conceptually. In conclusion, the methods show
promise regarding the task of detecting visually distinctive noise in images, which could extend to other
distinctive features present in more complex problems. Consequently, more research should be conducted
on applying these methods on more complex areas with specialized models and tasks, e.g., oral cancer.

6. Date: 2020-12-03
Mapping medical expressions to MedDRA using Natural Language Processing
Student: Vanja Wallner
Supervisor: Lucie Gattepaille, Uppsala Monitoring Centre
Reviewer: Robin Strand
Abstract: Pharmacovigilance, or drug safety, is important for identifying risks related to medicine intake.
Side effects of medicine can be caused by, for example, interactions, high dosage and misuse. In order to find
patterns in what causes the unwanted effects, information needs to be gathered and mapped to predefined
terms. This mapping is today manual by experts which can be a very difficult and time consuming task. In
this thesis, the aim is to automate the process of mapping side effects by using machine learning techniques.
The model was developed using information from preexisting mappings of verbatim expressions of side
effects. The final model that was constructed made use of the pre-trained language model BERT, which
has received state-of-the-art results within the NLP field. When evaluating on the test set, the final model
performed an accuracy of 80.21%. It was found that some verbatims were difficult for our model to classify
because of ambiguity or lack of information contained in the verbatim. As it is important for the mappings to
be correct, a threshold was introduced which left for manual mapping the verbatims that were most difficult
to classify. This process could still be improved as suggested terms were generated from the model, which
could be used as support for the specialist responsible for the manual mapping.
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7. Date: 2021-01-18
Decoding Steady-State Visual Evoked Potentials (SSVEPs)
— Implementation and Performance Analysis
Student: Peipei Han
Supervisor: Mohammad Davari, Innobrain
Reviewer: Carolina Wählby
Abstract: Steady-state visual evoked potential (SSVEP)-based brain-computer interfaces(BCIs) have been
widely investigated. Algorithms from the canonical correlation analysis(CCA) family perform extremely
well in detecting stimulus targets by analyzing the relationship of frequency features between electroen-
cephalogram (EEG) signals and stimulus targets. In addition to CCA algorithms, convolutional neural net-
works(CCNs) also improve the performance of SSVEP-based BCIs by generalizing well on the frequency
features of the EEG signals. To find a new method for speeding up an online SSVEP decoding system, we
have evaluated three CCA methods which are standard CCA, individual-template CCA(IT-CCA), and Ex-
tended CCA, together with the complex spectrum CNN(C-CNN). The results have proved that algorithms
requiring individual subject training highly outperform standard CCA.

8. Date: 2021-03-04
Light-weight Augmented Realityon-the-go
Student: Max Dagerbratt, Christopher Ekfeldt
Supervisor: Saeed Bastani, Ericsson
Reviewer: Stefan Seipel
Abstract: Over 0.2% of all bicycle accidents that take place are caused by the cyclist removing their vi-
sion from the road by looking at their cellphone, watch, or cyclocomputer. By giving immediate and direct
admittance to information associated within a user’s view of the real world, Augmented Reality has the
possibility to reshape and define the way information is accessed and displayed. By reading and analyzing
scientific articles and empirical studies around Augmented Reality and cycling we got a good understanding
of how the problem could be approached and how a solution could be designed. This thesis has developed
and implemented an adaptive graphical user interface for a head-mounted display that shows relevant infor-
mation for cyclists. This information was designed so that the user can easily grasp the content and avoid
collisions by having his/her focus on the road, thus increasing safety.

9. Date: 2021-03-23
Image Mosaicking Using Vessel Segmentation for Application During Fetoscopic Surgery
Student: Axel Grönberg
Supervisor: Jonas Johnson, Karolinska Institutet, Stockholm
Reviewer: Ingela Nyström
Abstract: Twin-to-twin-transfusion syndrome is a condition where there is an imbalance in the shared blood
circulation between monochorionic twin fetuses due to certain inter-twin vascular connections (anasto-
moses) in the placenta which has very high morbidity and mortality rate for both fetuses. Fetoscopic laser
occlusive coagulation (FLOC) surgery is commonly used to treat the condition which uses a fetoscope to
explore the placenta and a laser to occlude the anastomoses causing the imbalance in blood circulation. In
order to deal with the navigational difficulties caused by the limited field of view of the fetoscope, this thesis
is part of a work towards an application which main purpose is to build a global map of the placenta as well
as display position of the fetoscope on that map. A combination of segmentation by neural networks are
combined with direct sequential registration techniques are applied to fetoscopic data from FLOC surgeries
at Karolinska University Hospital Huddinge and resulting in a proof-of-concept of this mosaicking pipeline
setup for the creation of a global map of the placenta during such a surgery. It was however also found that
more work is needed to make the system more reliable and among other things less sensitive to poor visual
conditions and drift, which can result in low quality mosaics with artifacts due to misaligned images.
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10. Date: 2021-05-27
Learning from 3D generated synthetic data for unsupervised anomaly detection
Student: Hampus Fröjdholm
Supervisor: Filip Ärlemalm, Unibap AB
Reviewer: Carolina Wählby
Abstract: Modern machine learning methods, utilising neural networks, require a lot of training data. Data
gathering and preparation has become a major bottleneck in the machine learning pipeline and researchers
often use large public datasets to conduct their research, such as the ImageNet or MNIST datasets. As these
methods begin being used in industry, these challenges become apparent. In factories objects being produced
are often unique and may even involve trade secrets and patents that need to be protected. Additionally,
manufacturing may not have started yet, making real data collection impossible. In both cases, a public
dataset is unlikely to be applicable. One possible solution, investigated in this thesis, is synthetic data
generation. Synthetic data generation using physically based rendering was tested for unsupervised anomaly
detection on a 3D printed block. A small image dataset was gathered of the block as control and a data
generation model was created using its CAD model, a resource most often available in industrial settings.
The data generation model used randomisation to reduce the domain shift between the real and synthetic
data. For testing the data, autoencoder models were trained, both on the real and synthetic data separately
and in combination. The material of the block, a white painted surface, proved challenging to reconstruct
and no significant difference between the synthetic and real data could be observed. The model trained on
real data outperformed the models trained on synthetic and the combined data. However, the synthetic data
combined with the real data showed promise with reducing some of the bias intentionally introduced in the
real dataset. Future research could focus on creating synthetic data for a problem where a good anomaly
detection model already exists, with the goal of transferring some of the synthetic data generation model
(such as the materials) to a new problem. This would be of interest in industries where they produce many
different but similar objects and could reduce the time needed when starting a new machine learning project.

11. Date: 2021-06-18
Low latency object detection on the Edge-cloud AprilTag-assisted object detection and positioning
Student: Dong Wang
Supervisor: Harald Gustafsson, Ericsson
Reviewer: Christophe Avenel
Abstract: This study proposes a low-latency video processing pipeline for object detection and position-
ing. The pipeline employs GPU-based inference frameworks and lightweight models for fast detection.
Moreover, two novel low-error pose estimation algorithms are introduced, Multi-tags averaging (MTA) and
Multi-points embedding (MPE), which reduce estimation error to 2 cm for 4K videos. You Only Calibrate
Once (YOCO) is introduced for speeding up image recovering for distorted images. The whole pipeline
is flexible and can be updated with faster object detection models or human pose estimation models in the
future. The proposed pipeline achieves a latency of 41 ms while processing 4K videos on the task of object
detection and positioning.

12. Date: 2021-06-22
The past, present or future? A comparative NLP study of Naive Bayes, LSTM and BERT for classi-
fying Swedish sentences based on their tense
Student: Norah Navér
Supervisor: Fabian Isaksson, Hejare
Reviewer: Anders Hast
Abstract: Natural language processing is a field in computer science that is becoming increasingly impor-
tant. One important part of NLP is the ability to sort text to the past, present or future, depending on when
the event came or will come about. The objective of this thesis was to use text classification to classify
Swedish sentences based on their tense, either past, present or future. Furthermore, the objective was also
to compare how lemmatisation would affect the performance of the models. The problem was tackled by
implementing three machine learning models on both lemmatised and not lemmatised data. The machine
learning models were Naive Bayes, LSTM and BERT. The result showed that the overall performance was
affected negatively when the data was lemmatised. The best performing model was BERT with an accuracy
of 96.3%. The result was useful as the best performing model had very high accuracy and performed well
on newly constructed sentences.
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13. Date: 2021-06-28
Computer Vision for Camera Trap Footage: Comparing classification with object detection
Student: Fredrik Örn
Supervisor: Maria Erman, AFRY
Reviewer: Ingela Nyström
Abstract: Monitoring wildlife is of great interest to ecologists and is arguably even more important in
the Arctic, the region in focus for the research network INTERACT, where the effects of climate change
are greater than on the rest of the planet. This master thesis studies how artificial intelligence (AI) and
computer vision can be used together with camera traps to achieve an effective way to monitor populations.
The study uses an image data set, containing both humans and animals. The images were taken by camera
traps from ECN Cairngorms, a station in the INTERACT network. The goal of the project is to classify
these images into one of three categories: ”Empty”, ”Animal” and ”Human”. Three different methods
are compared, a DenseNet201 classifier, a YOLOv3 object detector, and the pre-trained MegaDetector,
developed by Microsoft. No sufficient results were achieved with the classifier, but YOLOv3 performed
well on human detection, with an average precision (AP) of 0.8 on both training and validation data. The
animal detections for YOLOv3 did not reach an as high AP and this was likely because of the smaller
amount of training examples. The best results were achieved by MegaDetector in combination with an
added method to determine if the detected animals were dogs, reaching an average precision of 0.85 for
animals and 0.99 for humans. This is the method that is recommended for future use, but there is potential
to improve all the models and reach even more impressive results.

14. Date: 2021-07-06
A Computer Vision-Based Approach for Automated Inspection of Cable Connections
Student: Victor Lindvall
Supervisor: Athanasios Karapantelakis, Ericsson
Reviewer: Nataša Sladoje
Abstract: The goal of the project was to develop an algorithm based on a Convolutional Neural Net-
work(CNN) for automatically detecting exposed metal components on coaxial cable connections, a.k.a.
the detector. We show that the performance of such a CNN trained to identify bad weatherproofings can be
improved by applying an image post processing technique. This post processing technique utilizes specular
features as an advantage when predicting exposed metal components. Such specular features are notorious
for posing problems in computer vision algorithms and therefore typically removed. The results achieved
by applying the standalone detector, without post processing, are compared with the image post processing
approach to highlight the benefits of implementing such an algorithm.

15. Date: 2021-07-06
Implementation and Evaluation of a Variety of Image Stitching Methods
Student: Tristan Wright
Supervisor: Joakim Lindblad
Reviewer: Nataša Sladoje
Abstract: Image stitching includes image registration and image merging. Image registration can be catego-
rized into area based, frequency based, feature based, and—a recent addition—learning-based methods. As
it is not straightforward to assess stitching accuracy, a metric is adopted for measuring stitching error. Stitch-
ing success is defined by setting a threshold to this error metric. Using this definition of success,method
robustness can be determined by counting the number of successes on experiments. From the four registra-
tion method categories, seven image stitching methods are implemented and evaluated with the parameters:
overlap, noise, and rotation. Data is synthesized from larger images for the purpose of measuring robustness
with respect to these parameters. Robust methods are highlighted from results and further work proposed.

16. Date: 2021-08-09
Mapping time-series evapotranspiration for agricultural applications
Student: Erik Jan Bootsma
Supervisor: Salman Toor, Dept. of Information Technology
Reviewer: Anders Brun
Abstract: Fresh water provides a range of essential services and is often used for irrigation purposes. De-
creasing precipitation and increasing temperatures caused by climate change together with increased usage
by humans has put these resources under stress, especially in relatively dry areas. This project takes a closer
look at the irrigation of agricultural areas in the Guadalquivir river basin in southern Spain. An indication of
irrigation intensity is attained by estimating the evapotranspiration using the S-SEBI method. This method
is based on the surface energy balance and uses Landsat satellite images as its main input. Secondarily,
a random forest classifier is trained to differentiate between irrigated and non-irrigated agricultural areas.
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Evaluation of these implementations produced a Root Mean Squared Difference of 0.8 mm/day for daily ac-
tual evapotranspiration and an overall accuracy close to 80% for classification of irrigated areas. The results
indicate that both the level of evapotranspiration and the irrigated agricultural surface area were stable over
the period 2000-2020. This should not be taken to indicate that current freshwater management is there-
fore sustainable. This project shows the value of cloud-computing services such as Google Earth Engine
for remote sensing research. With this tool evapotranspiration estimation and irrigation classification was
performed on an unprecedented temporal and spatial scale.

17. Date: 2021-08-11
Evaluate Machine Learning Model to Better Understand Cutting in Wood
Student: Md Tahseen Anam
Supervisor: Albitar Houssam, Nasir Uddin, Husqvarna AB
Reviewer: Carolina Wählby
Abstract: Wood cutting properties for the chains of chainsaw is measured in the lab by analyzing the force,
torque, consumed power and other aspects of the chain as it cuts through the wood log. One of the essential
properties of the chains is the cutting efficiency which is the measured cutting surface per the power used
for cutting per the time unit. These data are not available beforehand and therefore, cutting efficiency cannot
be measured before performing the cut. Cutting efficiency is related to the relative hardness of the wood
which means that it is affected by the existence of knots (hard structure areas) and cracks (no material
areas). The actual situation is that all the cuts with knots and cracks are eliminated and just the clean cuts
are used, therefore estimating the relative wood hardness by identifying the knots and cracks beforehand
can significantly help to automate the process of testing the chain properties, saving time and material and
give a better understanding of cutting wood logs to improve chains quality. Many studies have been done to
develop methods to analyze and measure different features of an end face. This thesis work is carried out to
evaluate a machine learning model to detect knots and cracks on end faces and to understand their impact
on the average cutting efficiency. Mask R-CNN is widely used for instance segmentation and in this thesis
work, Mask R-CNN is evaluated to detect and segment knots and cracks on an end face. Methods are also
developed to estimate pith’s vertical position from the wood image and generate average cutting efficiency
graph based on knot’s and crack’s percentage at each vertical position of wood image.

18. Date: 2021-08-17
Deep Learning for Whole Slide Image Cytology: A Human-in-the-Loop Approach
Student: Christopher Rydell
Supervisor: Joakim Lindblad
Reviewer: Nataša Sladoje
Abstract: With cancer being one of the leading causes of death globally, and with oral cancers being among
the most common types of cancer, it is of interest to conduct large-scale oral cancer screening among the
general population. Deep Learning can be used to make this possible despite the medical expertise required
for early detection of oral cancers. A bottleneck of Deep Learning is the large amount of data required
to train a good model. This project investigates two topics: certainty calibration, which aims to make a
machine learning model produce more reliable predictions, and Active Learning, which aims to reduce the
amount of data that needs to be labeled for Deep Learning to be effective. In the investigation of certainty
calibration, five different methods are compared, and the best method is found to be Dirichlet calibration.
The Active Learning investigation studies a single method, Cost-Effective Active Learning, but it is found
to produce poor results with the given experiment setting. These two topics inspire the further development
of the cytological annotation tool CytoBrowser, which is designed with oral cancer data labeling in mind.
The proposed evolution integrates into the existing tool a Deep Learning-assisted annotation workflow that
supports multiple users.

19. Date: 2021-08-31
Application failure predictions from neural networks analyzing telemetry data
Student: Filip Hultgren, Max Rylander
Supervisor: Johan Hernefeldt, Telia
Reviewer: Filip Malmberg
Abstract: With the revolution of the internet, new applications have emerged in our daily life. People
are dependent on services for transportation, bank matters, and communication. Services availability is
crucial for their survival and competition against other service providers. Achieving good availability is a
challenging task. The latest trend is migrating systems to the cloud. The cloud provides numerous methods
to prevent downtimes, such as auto-scaling, continuous deployment, continuous monitoring, and more.
However, failures can still occur even though the preemptive techniques fulfill their purpose. Monitoring
the system gives insights into the system’s actual state, but it is up to the maintainer to interpret these
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insights. This thesis investigates how machine learning can predict future crashes of Kubernetes pods based
on the metrics collected from them. At the start of the project, there was no available data on pod crashes,
and the solution was to simulate a 10-tier microservice system in a Kubernetes cluster to create generic data.
The project applies two different models, a Random Forest model and a Temporal Convolutional Networks
model, where the first-mentioned acted as a baseline model. They predict if a failure will occur within
a given prediction time window based upon a 15-minutes of data. The project evaluated three different
prediction time windows. The five-minute prediction time window resulted in the best foresight based on
the models’ accuracy. The Random Forest model achieved an accuracy of 73.4%, while the TCN model
achieved an accuracy of 77.7%. Predictions of the models can act as an early alert of incoming failure,
which the system or a maintainer can act upon to improve the availability of its system.

20. Date: 2021-09-10
Resolution Independent Path Rendering of Dynamic Geometry
Student: Niklas Persson
Supervisor: Tomas Franzén, Bontouch
Reviewer: Stefan Seipel
Abstract: Vector graphics rendering is the subject of a large number of research papers. However, many of
them lack results regarding animated vector graphics despite its importance in many fields. In this thesis,
the resolution independent rendering of animated graphics is studied. A testing platform is implemented to
evaluate selected rendering backends based on state-of-the-art rendering algorithms and widely used vector
graphics libraries. The selected rendering algorithms were selected because they were lacking results for
animated graphics. The objectives of the work are achieved through the analysis of the results produced by
the animation platform on specifically designed scenarios. The performance of the renderers is evaluated
in terms of frame time and sensitivity to various parameters defining the animation. The results showed
that the algorithms not originally designed for rendering animated graphics are applicable for this task but
tradeoffs have to be made to choose a suitable rendering backend.

21. Date: 2021-09-13
Towards the Use of Satellite Data in Security Policy-Related Prediction
Student: Mary Chrishani Jayaweera
Supervisor: Jonas Clausen Mork, Totalförsvarets forskningsinstitut (FOI)
Reviewer: Carolina Wählby
Abstract: Inadequate economic data makes it more difficult for its incorporation in security-policy related
prediction and there is a need for alternative datasets. Satellite data, more specifically nighttime lights data,
can be used as a proxy for the economy. In this project, the correlation between nighttime lights and the
economy between 1992 and 2018 is explored for five countries in Africa: Nigeria, Libya, the Central African
Republic, the Republic of the Congo and Ghana. Data from two different satellite series, DMSP-OLS and
VIIRS-DNB are used, and the extracted datasets are calibrated for the differences or intercalibrated. There
was found to be a high correlation for two of the countries, the Republic of the Congo and Ghana. The
biggest improvement can be made by developing the intercalibration method. A pitfall of the method is that
it is not generally applicable as unique circumstances seen for Nigeria show in the correlation results.

22. Date: 2021-10-12
Evaluation of Learning-based Methods for Multimodal Biomedical Image Registration
Student: Jiahao Lu
Supervisor: Joakim Lindblad, Johan Öfverstedt
Reviewer: Nataša Sladoje
Abstract: Multimodal registration of biomedical images, where two or more images are to be mapped into
a common coordinate system in order to combine complementary information, is often a highly beneficial
yet challenging task. In recent years, the deep learning renaissance has reactivated the image registra-
tion field by showing impressive performance in various applications. However, there is still a lack of
empirical evaluations of learning-based methods for registration of multimodal biomedical data in the lit-
erature. This study aims to reduce this deficiency by evaluating several promising, while methodologically
different learning-based registration methods on a dataset consisting of multimodal microscopy images.
Selected methods include GAN-based cross-modality mapping combined with feature- or intensity-based
registration, and supervised or unsupervised end-to-end transformation predictions. Classic iterative mutual
information (MI) maximisation and a state-of-the-art framework tuned specifically to the dataset are used
as baselines. Both registration quality and processing speed are assessed. In our experiments, none of the
learning-based methods surpasses MI maximisation in quality. Nevertheless, GANs are demonstrated use-
ful in extending the ability of monomodal registration methods towards multimodal tasks. The outstanding
speed of end-to-end transformation prediction methods in both training and inference stages motivates their

24



further exploration. Multi-resolution strategy might be a key to improve both above-mentioned approaches.
The empirical evaluations provide an insight into the challenge in multimodal registration of biomedical
images. It not only lays a ground that can be used by future research as a reference, but also points out some
promising modifications to be studied further.

23. Date: 2021-10-25
Image Processing in MRI Guided Real-Time Adaptive Radiotherapy:
Super-Resolution and Segmentation using Temporal Data
Student: Venkata Sai Teja Mogillapalle
Supervisor: Samuel Fransson, Dept. of Surgical Sciences, UU
Reviewer: Robin Strand
Abstract: Efficient radiotherapy requires real-time segmentation as the internal geometry of the organs
might change during radiotherapy. Unfortunately, even advanced machinery like MR-LINAC takes con-
siderable time to generate the high-resolution images required for high-resolution segmentation. So, the
entire process of real-time segmentation and radiotherapy gets delayed due to the delay in generating high-
resolution images. One solution to fasten this is to make the MR-LINAC generate low-resolution images,
which can happen fast, and use deep-learning methods for the tasks like super-resolution and automatic
segmentation. This paper presents two kinds of GAN networks (and two generator networks) for super-
resolution and segmentation using 4D MRI scans of the male pelvic region collected from 10 healthy vol-
unteers. The first model is a CNN based GAN model, which doesn’t consider the temporal aspects in the
input data. The second model is a novel approach introduced in this paper. It is an LSTM based GAN net-
work that performs super-resolution and segmentation simultaneously by considering the temporal aspects
of the input data. The results of both super-resolution and segmentation for LSTM and non-LSTM models
are discussed in this paper. For both approaches, the doice score for segmentation has surpassed a value of
0.8, indicating excellent segmentation outputs.

24. Date: 2021-11-09
Image Processing in MRI Guided Real-Time Adaptive Radiotherapy - Up-Sampling and Segmenta-
tion of Target Volume and Organs at Risk
Student: Shreyas Shivakumara
Supervisor: Samuel Fransson, Dept. of Surgical Sciences, UU
Reviewer: Robin Strand
Abstract: Magnetic Resonance Imaging (MRI) is a useful medical imaging technique that is used for cancer
treatment.The major drawback of this method is the relatively long scan time, limiting its use for real time
tracking of a potentially moving target during the radiotherapy session. In this work, we aim to develop a
real-time segmentation method that generates high-resolution segmentation by combining prior knowledge
about the patient geometry MRI and the online low-resolution MRI image data.The intended approach is
based on Generative Adversarial Networks(GAN),which generate high-resolution segmentation based on
the low-resolution images acquired during treatment. The two GAN networks implemented in this work
are - Brain MRI super-resolution using 3D generative adversarial networks(3D GAN) and Super-resolution
and segmentation using a generative adversarial network: Application to neonatal brain MRI (SegSRGAN).
The visual and numerical results, such as PSNR and SSIM show that the 3D GAN network has produced
better SR reconstruction images compared to SegSRGAN network. Furthermore, SegSRGAN has pro-
duced promising results simultaneously for the SR reconstruction and multi-organ segmentation of Rectum,
Bladder and Prostate. We conclude by implementing different GAN frameworks to develop real-time seg-
mentation that generates high-resolution segmentation from low-resolution MRI images and could possibly,
reduce the scan time.

25. Date: 2021-11-17
Managing Coherency in Real-Time Ray Tracing
Student: Fabio Camaiora
Supervisor: Michael Doggett, Dept. of Computer Science, Lund University
Reviewer: Fredrik Nysjö
Abstract: In recent years, ray tracing’s popularity in real-time rendering was boosted by the introduction
of GPUs which supported hardware acceleration for ray tracing routines, which sped up the computation
time considerably. In spite of this, ray tracing is still expensive, and as such, most developers enhance their
graphical applications with only selected raytraced effects, while still relying on rasterization for the core
visual component. Different ray tracing workloads pose different challenges from a performance stand-
point, which require careful analysis by the programmer. Incoherent rays often lead to poor utilization of
the GPU, and is therefore a common bottleneck. However, current graphics application programming in-
terfaces (APIs) such as Microsoft’s DirectX Raytracing (DXR) expose no functionality for measuring the
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incoherence of rays, or for manually re-ordering the execution of rays as a means of improving perfor-
mance. This thesis introduces a framework for studying ray coherence and performing ray sorting in DXR.
Performance degradation caused by divergent rays is analyzed and evaluated using this framework against
popular benchmark scenes.

26. Date: 2021-11-17
Fast Parametric Registration and Machine Learning Analysis of Whole-Body MRI Volumes for Age-
Related Changes
Student: Saradh Tiwari
Supervisor: Orcun Göksel
Reviewer: Robin Strand
Abstract: Using an extensive dataset provided by the UK Biobank, this project intended to develop methods
for registering whole body MRI volumes and analyzing the changes in the body due to ageing. The regis-
tration method is developed using the p T V image registration module, which employs a fast registration
approach based on parametric total-variation to align volumes to the same local coordinate frames of the
reference, for point-wise anatomical region correspondence. The performance was evaluated using RMS
error and Jacobian determinant measures. The changes in liver fat as the body aged were studied, and it was
found that there was a weak correlation between age and liver fat. Based on variations of the liver fat over
time and other features, machine learning was utilized to classify the status of Type II Diabetes. Results are
discussed in terms of the correctness of the image registration method, and the changes in the average liver
fat of the participants. Recall was used as the model metric for the classifier owing to the minimization of
type II error.

27. Date: 2021-11-18
Towards Vision Zero using Virtual Reality
Student: Vivek Vivian
Supervisor: Yanni Xie, Volvo Cars
Reviewer: Christophe Avenel
Abstract: The number of individuals killed in road accidents around the world is rising. The problem of
road safety is a big societal concern. Drivers have a challenge while overtaking vulnerable road users since
it necessitates a well-timed, safe interaction between the vehicle, the road user, and approaching traffic. This
overtaking maneuver has been studied in the past in a variety of experimental settings, including naturalistic
driving, naturalistic cycling, and simulator studies. This research offers a comparison of driving behavior
when utilizing various virtual reality modes. While executing a basic driving activity, test participants were
exposed to mixed, virtual, and real reality utilizing a head mounted display capable of video see-through
in order to collect naturalistic data sets on driver behavior. In this thesis, driver in the loop testing was
conducted using an innovative method where each driver was put through multiple simulations at different
speed limits and conditions and was asked to overtake a cyclist in the presence of an oncoming car. We
used a test track to see how incoming traffic and the position of the bicycle within the lane affect overtaking
as well as driver behavior. Driver behavior was measured in terms of the time taken to complete a slalom
course while driving in different forms of virtual reality. Each driver was put through multiple simulations
at different speed limits and conditions and was asked to overtake a cyclist in the presence of an oncoming
car. The test persons involved in this study was a small group drivers and hence to determine a statistically
significant result a larger number of drivers would be needed. Each simulation had been carefully designed
keeping in mind three major factors: 1) time gap between ego vehicle and oncoming vehicle, 2) cyclist
lateral position, and 3) speed limit. Ultimately, the impacts of these factors on overtaking strategies were
investigated. Driving while wearing a head mounted display had a noticeable influence on the time taken
to complete the different courses designed. This research revealed how drivers followed a pattern and used
two different overtaking tactics. In the first user test performed it is clear that drivers drove slower with the
headset on compared to normal driving. It is clear that Virtual reality and Mixed reality are groundbreaking
technologies and can be used as a tool to study and analyse human behavior and interaction. This new
method of testing generated large amounts of naturalistic car and driver data which can be further used to
understand critical scenarios better. However, this research only provided limited knowledge into driver
behavior, a larger study with more number of test drivers should be performed in order to understand human
interaction deeper.
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28. Date: 2021-11-22
Document Layout Analysis for Historical Documents
Student: Jianbo Li
Supervisor: Matts Lindström, Dept. of ALM, Centre for Digital Humanities, UU
Reviewer: Anders Hast
Abstract: In this project, a state-of-the-art CV model called Mask Region Based Convolutional Neural
Networks (Mask R-CNN) was trained, to process the layout analysis of historical documents.In addition, a
practical webpage is designed, which includes a front-end for interaction, a back-end that supports search
and filter functions, and a MongoDB database. Besides that, this project was deployed to the cloud through
Jenkins. This project started from the training of the model, after that, built a webpage, and then deployed
it in the cloud. It is already a complete and usable tool that can provide great convenience to historical
documents researcher. At the same time, its architecture is decoupled, therefore, it is easy to expand and
update the model in the future.

29. Date: 2021-11-22
PACMan: An automated Chlorophyll-a fluorescence acquisition platform for single cell microalgae
analysis
Student: Olle Pontén
Supervisor: Lars Behrendt, Dept. of Organismal Biology, UU
Reviewer: Carolina Wählby
Abstract: In this thesis a robust Python based software for controlling a Chlorophyll-a Pulse-Amplitude-
Modulated (PAM) fluorescence microscope and analysing subsequent data has been developed and vali-
dated. The automation software, called PACMan (PAM Automation Control Manager) was made for the
purpose of increasing the amount of single cell data generated per experiment. PACMan includes an auto-
focus algorithm and the ability to vary experimental parameters during experiments. The analysis software,
called PAMalysis, processes and facilitates interpretation of PAM experimental data, printing both text files
and creating graphical output. PACMan was used on two different phytoplankton species of the Symbio-
diniacae family to characterize them under thermal stressors while immobilized on a microfluidic device.
The heterogeneity of the phytoplanktons response to increasing thermal stress was evaluated and the best
performers under heat stress have been removed using Laser Capture Microdissection for downstream cul-
tivation. PACMan was also used to compare the response of 4 Symbiodiniacae species to increasing relax-
ation time between light pulses and to image the heterogeneity of response of the common eukaryotic model
organism C. reinhartii to a chemical gradient of the common herbicide DCMU (3-(3,4-dichlorophenyl)-1,1-
dimethylurea).

30. Date: 2021-11-23
Package size estimation using mobile devices
Student: Anton Gildebrand
Supervisor: Bosse Granqvist, Bontouch AB
Reviewer: Damian Matuszewski
Abstract: In the last fifteen years, the use of smartphones has exploded and almost everyone in the Nordic
countries owns a smartphone that they use for everyday matters. With the rise of popularity in the usage of
smartphones and not least their technical development, the number of applications to use them continues to
increase. One area that smartphones can be used for is virtual reality (VR) and as this area has become more
popular, the technology behind VR has become more and more sophisticated. Nowadays many smartphones
are equipped with multiple cameras and LiDAR sensors that can be used by the device to create a virtual
model of the physical environment. In this project, different methods were evaluated to use this virtual
model to estimate the size of physical packages to add functionality to the PostNord consumer app for
measuring packages when purchasing postage.

31. Date: 2021-11-23
Closed-Loop EEG BCI: VR and Electrical Stimulation to treat Neuropathic Pain
Student: Shreya Kohli
Supervisor: Stanisa Raspopovic, Dept. of Health Sciences and Technology ETH Zurich
Reviewer: Amin Allalou
Abstract: Chronic pain is a life-threatening disease affecting over 20% of the US adult population as of
2016. Persistent episodes of pain can have a psychological effect on the body causing distress, depression,
anxiety, and mood fluctuations resulting in altered perceptions and cognition, and emotional instability.
There are pain detection therapies that rely on finding biomarkers of pain in physiological signals such
as Electroencephalogram (EEG) and Magnetoencephalography. However, due to the lack of reliable and
universal pain biomarkers, a framework for pain detection does not exist. Alongside, the present therapies
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are not wholesome as they are unable to target the emotional, cognitive, and physiological impact of pain.
In this thesis, we aim at developing a closed-loop Brain-Computer Interface (BCI) which detects pain and
delivers a non-invasive therapy. Given the complexity of pain perception and its impact, we have designed
a therapy that targets both the sensory and the emotional components of pain. Therefore, we use Tran-
scutaneous electrical nerve stimulation (TENS) to address the sensory and physical component and Virtual
Reality (VR) to address attention and emotions. Moreover, the combination of TENS and VR allows the
nerve stimulation sensation to be more realistic, providing a multisensory stimulation. This induces the
illusion of ownership over a healthy virtual body, modulating the subject’s body representation and having
a beneficial impact on brain plasticity. We measure and analyse the brain’s response to pain by recording
EEG signals. Due to the variable nature of EEG signals, we also use skin conductance along with EEG as
a biosignal to detect and classify pain more accurately. For the system to work as a stand-alone BCI, the
system is broken down into a training and a testing phase. In the training phase, we train a machine learn-
ing model on EEG and skin conductance (SC). This model is then used in the testing phase to detect pain
in real-time. The system is first implemented on healthy subjects by experimentally inducing painful and
non-painful stimulation using TENS. The resultant system works as a closed-loop adaptive system which
detects pain by continuously monitoring the EEG and skin Conductance of a person and delivers the therapy
of VR and TENS. The system was successfully tested on five healthy subjects.

32. Date: 2021-12-27
Face recognition on historical photographs
Student: Anil Poudel
Supervisor: Anders Hast
Reviewer: Gunilla Borgefors
Abstract: The Stockholm city museum contains a large collection of old photographs. Manually classifying
and comparing the photos for each person is inefficient and consumes more time. The idea is to recognize
if photographs belong to the same person and compare photos from the photos collection. This project
investigates several Deep Neural Networks for face recognition and compares similar faces utilizing the
relevant features extracted using the Convolution Neural Network. Training the models from scratch is
inconvenient for the lesser dataset. Instead, the transfer learning approach has shown better results in the
previous years. So, by utilizing the pre-trained networks, the results are more significant. Seven Different
Deep learning architectures have been experimented with and evaluated under the same circumstances. The
applied methods are evaluated, and the best accuracy is obtained from InceptionResnetV1. However, other
networks have also shown interesting results, among which Alexnet and Squeezenet showed considerable
performance. Nevertheless, the Siamese network is used to compare similar photos, which gave convincing
results. However, improvements can be made to improve the performance of the models; generating more
datasets and increasing the photo quality will add better results.

33. Date: 2021-12-28
Pedestrian Multiple Object Tracking Using Deep Learning
Student: Uvais Karni Mohideen Meera Sha
Supervisor: Ehsan Amini, Masoumeh Poormehdi, Veoneer AB
Reviewer: Nataša Sladoje
Abstract: In this thesis, we examine the viability of Deep Neural Network (DNN) based Multi-Object Track-
ing approaches for tracking pedestrians. The tracking results are used for Autonomous Driver Assistance
System (ADAS). The process of tracking multiple agents across video is termed as Multiple Object Track-
ing (MOT). Using only pedestrian detection for ADAS is inferior to using pedestrian tracking to determine
the next action to be taken. By tracking pedestrians, one can predict their next position with great accuracy.
Furthermore, pedestrians may not be detected in certain instances such as occlusion, and thus the system
fails to deliver the stability needed for safety priorities. For detection, a custom version of YOLO v3 is
applied. The most common problems that arise in tracking are ID switches and losing track of objects due
to occlusion. Two tracking methods Deep SORT and SORT-OH are utilised. The Deep SORT approach
uses motion feature obtained by Kalman filter and appearance feature obtained using CNN feature encoder
developed for Person Re-ID. SORT-OH is an approach that handles occlusion and re-identifies targets using
geometric cues. By the means of ablation study, it is found that Re-Identification plays a critical role in
obtaining good tracking results. Also by using different object detectors DPM, SDP and Faster R-CNN, it
could be concluded that the quality of detection plays a vital role in the performance of the Object Track-
ing approach. Both Deep SORT with DNN based Re-ID and SORT-OH with geometric cue-based Re-ID
features perform similarly, demonstrating the potential of DNN techniques in object tracking. Both the
MOT methods obtained good results by minimizing ID switches and handling occlusion, even in a difficult
situation with blur and varying illumination.
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Master theses under confidentiality agreement
1. Date: 2020

Analysis of Automated Visual and Mechanical Measurement Methods for the Magda Planar Grinding
Machine
Student: Axel Espeby
Supervisor: Fredrik Engberg, Sandvik Coromant AB
Reviewer: Gunilla Borgefors
Abstract: Confidential

2. Date: 2021
Generation and Usefulness of Synthetic PET-scans using Deep Learning
Student: Andreas Wallin
Supervisor: Joel Kullberg, Dept. of Surgical Sciences: Radiology
Reviewer: Robin Strand
Abstract: Confidential

3. Date: 2021
Unsupervised anomaly detection in abdominal CT using image inpainting
Student: Björn Sparresäter
Supervisor: Joel Kullberg, Dept. of Surgical Sciences: Radiology
Reviewer: Robin Strand
Abstract: Confidential

4. Date: 2021
Super resolution using machine learning, a comparison of single and multi-frame methods
Student: Emil Åberg
Supervisor: Johan Nordström, Niklas Fejes, IMINT
Reviewer: Robin Strand
Abstract: Confidential

5. Date: 2021
Automated quantification of muscle and adipose tissue volumes from widely used computed tomog-
raphy protocols
Student: Gustaf Andersson
Supervisor: Joel Kullberg, Dept. of Surgical Sciences: Radiology
Reviewer: Robin Strand
Abstract: Confidential

6. Date: 2021
Motion blur and noise reduction in photos using machine learning
Student: Magnus Sahlin
Supervisor: Johan Nordström, Niklas Fejes, IMINT
Reviewer: Robin Strand
Abstract: Confidential
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4 Graduate education

We offer three to four PhD courses each year in various subjects. For our own PhD students
subjects vary from theory to how to make our results known and useful to society in general.
Some courses are for other PhD students that need, and need to understand, image analysis
tools.

During 2020 two and in 2021 one, PhD students successfully defended their Doctoral theses.
The opponents came from The Netherlands (twice) and Germany. In most cases, our PhD
students go directly to the Doctoral Thesis. However, in 2021 we also had one Licentiate
Thesis.

At the end of year 2021, 16 PhD students were enrolled in the Doctoral subject Computerised
Image Processing. Thereby, we can expect about four dissertations in each of the coming years.
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Figure 3: The number of Licentiates (lightest green), PhDs (light green), and Docents (dark green) from
CBA per year. CBA was founded in 1988 and obtained examination rights in Computerised Image
Analysis/Processing in 1993.
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4.1 PhD courses
1. Classical & Modern Papers in Image Analysis, (up to) 10 hp

Examiner: Nataša Sladoje (2015–)
Period: 2011-09-16 –
Description: Presentations and discussions of classical or modern papers in image processing. The course
is given continuously and organised at CBA. Participants are PhD students at CBA.

2. Elements of Deep Learning, 7.5 hp
Examiner: Joakim Lindblad
Period: 2019-09-11 – 2020-09-11
Description: Advanced course in Deep Learning with lots of hands-on experience components.

3. Deep Learning, 8 hp
Lecturer: Joakim Lindblad
Period: 2020-03-17 – 2020-06-16
Description: Basics of machine learning. Feed forward neural networks. Backpropagation. Stochastic gra-
dient descent. Bias-/variance trade off, regularization. Batch normalization. Convolutional neural networks.
Deep time series models.

4. Digital Image Analysis for Scientific Applications, 8 hp
Examiner: Damian Matuszewski
Lecturer(s): Damian Matuszewski, Anna Klemm, Robin Strand, Carolina Wählby, Ida-Maria Sintorn, An-
ders Brun, Christophe Avenel
Period: 2020-10-06 – 2020-12-02
Description: This repeatedly given course aims at giving PhD students and researchers from different disci-
plines sufficient understanding to solve basic computerised image analysis problems. The course offers an
introduction to a number of freely available software tools (CellProfiler, ImageJ and ilastik), preparing the
participants to use computerised image analysis in their own research. The course includes basic methods
and computer exercises as well as research methodology and ethics for computerised image analysis. In a
second part of the course, the participants work on a project related to their main research field.
⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆

5. Advanced Electron Microscopy, 5 hp
Guest Lecturer: Ida-Maria Sintorn
Period: 2021-02-22 – 2021-03-12
Description: The course is a general introduction to scanning and transmission electron microscopy with
dedicated lectures and labs. The course is interdisciplinary and open to participants from all fields where
electron microscopy is used and with lecturers from the Swedish University of Agricultural Sciences and
several Departments at UU. Sintorn contributed with a lecture and exam task on image processing.

6. Using maths and computer science to do social good, 10 hp
Lecturer: Ida-Maria Sintorn
Period: 2021-09-01 – 2022-01-31
Description: Lecture and project course with the aim to let the students learn how to use maths, computer
science, statistics, machine learning or similar methods to make the world a better place.

7. Popular scientific presentation with focus on writing, 5 hp
Examiner: Ida-Maria Sintorn
Lecturer(s): Ida-Maria Sintorn, Gunilla Borgefors
Period: 2021-10-13 – 2022-02-24
Description: In this course, the students learn how to formulate and present science and research to the
general public. The lead words are to simplify without distorting! Outcomes are common rules of science
journalism and practice popular scientific writing and how to think and create illustrations.

8. Graph Based Image Processing and Combinatorial Optimization, 5 hp
Examiner: Filip Malmberg
Period: 2021-11-12 – 2021-12-03
Description: In image analysis and computer vision, graphs have emerged as a unified representation of
discrete image data. Many powerful image processing methods have been formulated on pixel adjacency
graphs, such as image filtering, segmentation, registration, and stereo vision, and are naturally formulated
as combinatorial optimization problems. The methods studied in the course are fairly general and should be
of interest to a wide range of applications in computer science and applied mathematics.
The course was sponsored by the Centre for Interdisciplinary Mathematics.
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4.2 Licentiate thesis

In 2021, we had one PhD student defend his Licentiate thesis in the subject Computerised Image Pro-
cessing.

1. Date: 2021-12-22
Improving Training of Deep Learning for Biomedical Image Analysis and Computational Physics
Student: Karl Bengtsson Bernander
Supervisor: Ingela Nyström
Assistant Supervisors: Joakim Lindblad, Nataša Sladoje, Robin Strand
Opponent: Magnus Oskarsson, Lund University
Chair: Stefan Seipel
Publisher: Licentiate thesis series Dept. of Information Technology, 2021-001
Abstract:
The previous decade has seen breakthroughs in image analysis and computer vision, mainly due to machine
learning methods known as deep learning. These methods have since spread to other fields. This thesis
aims to survey the progress, highlight problems related to data and computations, and show techniques to
mitigate them.
In Paper I, we show how to modify the VGG16 classifier architecture to be equivariant to transformations
in the p4 group, consisting of translations and specific rotations. We conduct experiments to investigate if
baseline architectures, using data augmentation, can be replaced with these rotation-equivariant networks.
We train and test on the Oral cancer dataset, used to automate cancer diagnostics.
In Paper III, we use a similar methodology as in Paper I to modify the U-net architecture combined with
a discriminative loss, for semantic instance segmentation. We test the method on the BBBC038 dataset
consisting of highly varied images of cell nuclei.
In Paper II, we look at the UCluster method, used to group sub- atomic particles in particle physics. We show
how to distribute the training over multiple GPUs using distributed deep learning in a cloud environment.
The papers show how to use limited training data more efficiently, using group-equivariant convolutions, to
reduce the problems of overfitting. They also demonstrate how to distribute training over multiple nodes in
computational centers, which is needed to handle growing data sizes.
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4.3 PhD theses

The following three PhD students successfully defended their respective PhD thesis in the subject Com-
puterised Image Processing during 2020 and 2021.

1. Date: 2020-03-13
Modeling and Visualization for Virtual Interaction with Medical Image Data
Student: Fredrik Nysjö
Supervisor: Ingela Nyström
Assistant Supervisors: Filip Malmberg, Ingrid Carlbom
Opponent: Professor Alexandru C. Telea, Dept. of Information and Computing Sciences, Utrecht Univer-
sity, The Netherlands
Committee:
(1) Professor Magnus Borga, Dept. of Biomedical Engineering, Linköping University
(2) Associate Professor Patric Ljung, Dept. of Science and Technology, Linköping University
(3) Professor Eva-Lotta Sallnäs Pysander, Division of Media Technology and Interaction Design, KTH,
Stockholm
Chair: Robin Strand
Publisher: Acta Universitatis Upsaliensis, ISBN: 978-91-513-0864-7
DiVA: http://uu.diva-portal.org/smash/record.jsf?pid=diva2%3A1388179&dswid=8374
Abstract:
Interactive systems for exploring and analysing medical three dimensional (3D) volume image data using
techniques such as stereoscopic rendering and haptics can lead to new workflows for virtual surgery plan-
ning. This includes the design of patient-specific surgical guides and plates for additive manufacturing (3D
printing). Our applications, medical visualization and cranio-maxillofacial surgery planning, involve large
volume data such as computed tomography (CT) images with millions of data points. This motivates the
development of fast and efficient methods for visualization and haptic rendering, as well as the development
of efficient modeling techniques for simplifying the design of 3D printable parts. In this thesis, we develop
methods for visualization and haptic rendering of isosurfaces in volume image data, and show applications
of these methods to medical visualization and virtual surgery planning. We further develop methods for
modeling surgical guides and plates for cranio-maxillofacial surgery, and integrate them into our system for
haptics-assisted surgery planning called HASP. This system is now installed at the department of surgical
sciences, Uppsala University, and is being evaluated for use in clinical research.

2. Date: 2020-10-29
Image and Data Analysis for Spatially Resolved Transcriptomics: Decrypting fine-scale spatial het-
erogeneity of tissue’s molecular architecture
Student: Gabriele Partel
Supervisor: Carolina Wählby
Assistant Supervisors: Anna H Klemm, Mats Nilsson
Opponent: Professor Roland Eils, Berlin Institute of Health, Germany
Committee:
(1) Associate Professor Stein Aerts, Dept. of Human Genetics, KU Leuven, Belgium
(2) Professor Anders Hast
(3) Associate Professor Bugoslaw Obara, School of Computing, Newcastle University
(4) Dr Stephan Preibisch, Max Delbrück Center, Berlin, Germany
(5) Docent Pelin Sahlén, Division of Gene Technology, KTH, Stockholm
Chair: Ingela Nyström
Publisher: Acta Universitatis Upsaliensis, ISBN: 978-91-513-1003-9
DiVA: http://uu.diva-portal.org/smash/record.jsf?pid=diva2%3A1465757&dswid=8530
Abstract:
Our understanding of the biological complexity in multicellular organisms has progressed at tremendous
pace in the last century and even more in the last decades with the advent of sequencing technologies that
make it possible to interrogate the genome and transcriptome of individual cells. It is now possible to even
spatially profile the transcriptomic landscape of tissue architectures to study the molecular organization of
tissue heterogeneity at subcellular resolution. Newly developed spatially resolved transcriptomic techniques
are producing large amounts of high-dimensional image data with increasing throughput, that need to be
processed and analysed for extracting biological relevant information that has the potential to lead to new
knowledge and discoveries. The work included in this thesis aims to provide image and data analysis tools
for serving this new developing field of spatially resolved transcriptomics to fulfill its purpose. First, an
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image analysis workflow is presented for processing and analysing images acquired with in situ sequencing
protocols, aiming to extract and decode molecular features that map the spatial transcriptomic landscape in
tissue sections. This thesis also presents computational methods to explore and analyse the decoded spatial
gene expression for studying the spatial molecular heterogeneity of tissue architectures at different scales.
In one case, it is demonstrated how dimensionality reduction and clustering of the decoded gene expres-
sion spatial profiles can be exploited and used to identify reproducible spatial compartments corresponding
to know anatomical regions across mouse brain sections from different individuals. And lastly, this thesis
presents an unsupervised computational method that leverages advanced deep learning techniques on graphs
to model the spatial gene expression at cellular and subcellular resolution. It provides a low dimensional
representation of spatial organization and interaction, finding functional units that in many cases correspond
to different cell types in the local tissue environment, without the need for cell segmentation.

⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆

3. Date: 2021-05-12
Image Processing, Machine Learning and Visualization for Tissue Analysis
Student: Leslie Solorzano
Supervisor: Carolina Wählby
Assistant Supervisors: Ida-Maria Sintorn, Petter Ranefall
Opponent: Professor Alexandru C. Telea, Dept. of Information and Computing Sciences, Utrecht
Committee:
(1) Dr Caroline Gallant, 10x Genomics, Stockholm
(2) Dr Anna Kreshuk, European Molecular Biology Laboratory, Heidelberg, Germany
(3) Associate Professor Patric Ljung, Dept. of Science and Technology, Linköping University
(4) Professor Bjoern Menze, Dept. of Quantitative Biomedicine, University of Zurich
(5) Professor Stefan Seipel, Dept. of Computer and Geospatial Sciences, University of Gävle
Chair: Robin Strand
Publisher: Acta Universitatis Upsaliensis, ISBN: 978-91-513-1173-9
DiVA: https://uu.diva-portal.org/smash/record.jsf?pid=diva2%3A1539980&dswid=62810
Abstract:
Knowledge discovery for understanding mechanisms of disease requires the integration of multiple sources
of data collected at various magnifications and by different imaging techniques. Using spatial information,
we can build maps of tissue and cells in which it is possible to extract, e.g., measurements of cell mor-
phology, protein expression, and gene expression. These measurements reveal knowledge about cells such
as their identity, origin, density, structural organization, activity, and interactions with other cells and cell
communities. Knowledge that can be correlated with survival and drug effectiveness. This thesis presents
multidisciplinary projects that include a variety of methods for image and data analysis applied to images
coming from fluorescence- and brightfield microscopy.
In brightfield images, the number of proteins that can be observed in the same tissue section is limited. To
overcome this, we identified protein expression coming from consecutive tissue sections and fused images
using registration to quantify protein co-expression. Here, the main challenge was to build a framework
handling very large images with a combination of rigid and non-rigid image registration.
Using multiplex fluorescence microscopy techniques, many different molecular markers can be used in
parallel, and here we approached the challenge to decipher cell classes based on marker combinations. We
used ensembles of machine learning models to perform cell classification, both increasing performance over
a single model and to get a measure of confidence of the predictions. We also used resulting cell classes and
locations as input to a graph neural network to learn cell neighborhoods that may be correlated with disease.
Finally, the work leading to this thesis included the creation of an interactive visualization tool, TissU-
Umaps. Whole slide tissue images are often enormous and can be associated with large numbers of data
points, creating challenges which call for advanced methods in processing and visualization. We built Tis-
sUUmaps so that it could visualize millions of data points from in situ sequencing experiments and enable
contextual study of gene expression directly in the tissue at cellular and sub-cellular resolution. We also used
TissUUmaps for interactive image registration, overlay of regions of interest, and visualization of tissue and
corresponding cancer grades produced by deep learning methods.
The aforementioned methods and tools together provide the framework for analysing and visualizing vast
and complex spatial tissue structures. These developments in understanding the spatial information of tissue
in different diseases pave the way for new discoveries and improving the treatment for patients.
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5 Research

In this section, we briefly present research conducted by CBA people, loosely grouped in
52 projects. Loosely, because these projects are of very different sizes and longevity, and many
partly merge with each other. The majority of the projects has total or partial external funding
and are researched together with external partners. Almost all applications regards some aspect
of biomedicine – this has become our speciality. But we also develop the subjects of Image
Analysis and Visualization themselves, and have some activities in digital humanities.

In Section 5.1, we list ten ongoing projects in medical applications that concern the whole
body or whole organs, together with surgical planning. Our tools are 3D image analysis, visu-
alization and haptics, used on many different image modalities. Four are new from 2021, all
focused on cancer detection.

In Section 5.2, we list eight projects that analyse cells, viruses, or proteins using various
types of microscopes, often in a time-series. Two new started in 2020, one focused on ultra-fast
bacteria identification and on one analysing glioma cells.

Also in Section 5.3, we list 15 projects using microscopic images, but here the emphasis is
on whole tissues or whole organisms, where one example model species is the zebrafish. Three
new projects were started during 2020–2021, one focused on analysis of prostate cancer cells,
one on bladder cancer, and one on analysis of zebrafish larvae.

In Section 5.4, we list 16 theoretical projects not aimed at any particular application, but to
improve image analysis and visualization methods in general, that is developing our subjects
themselves. Several of these developments are driven by advanced applications, but have in
common that they are useful for many other applications, that may have nothing in common
at all, except using digital data in more than one dimension. Thus, advanced texture measures
can be equally useful for cancer cell analysis as for field analysis in satellite images. Three new
projects started in 2020: finding good measures of success for different optimisation methods,
detecting outliers in statistical distributions, and trying to understand why deep learning may
work well for ”laboratory experiments” but fail in the real world. In 2021, we started a project
on multi-modal image registration.

Finally, in Section 5.5, we list three projects within digital humanities, all to do with analysis
of images of hand-written (old) texts.

In Section 5.6, we have collected our partner academic institutions and companies — inter-
nationally, nationally, and locally in Uppsala — with whom we had active cooperation resulting
in a reviewed publication during 2020 or 2021.

5.1 Medical Image Analysis, Diagnosis, and Surgery Planning
1. Imiomics — Large-Scale Analysis of Medical Volume Images

Robin Strand, Filip Malmberg, Eva Breznik
Partner: Joel Kullberg, Håkan Ahlström, Dept. of Surgical Sciences: Radiology
Funding: Faculty of Medicine; Swedish Research Council; Swedish Heart-Lung Foundation
Period: 2012 –
Abstract: Magnetic resonance tomography (MR) images are very useful in clinical use and in medical
research, e.g., for analyzing the composition of the human body. At the division of Radiology, UU, a huge
amount of MR data, including whole body MR images, is acquired for research on the connection between
the composition of the human body and disease. To compare volume images voxel by voxel, we develop
a large scale analysis method, enabled by image registration methods. These methods utilize, for example,
segmented tissue and anatomical landmarks. Based on this idea, we have developed Imiomics (imaging
omics) – an image analysis concept that allows statistical and holistic analysis of whole-body image data.
The Imiomics concept is holistic in three respects: (i) The whole body is analyzed, (ii) All collected image
data is used in the analysis and (iii) It allows integration of other collected non-imaging patient information
in the analysis. During 2020–2021, we continued the work on improving the registration method, and started
to develop methods for analysis of genetic data in the UK biobank imaging.
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2. HASP: Haptics-Assisted Surgery Planning
Ingrid Carlbom, Filip Malmberg, Fredrik Nysjö, Ingela Nyström
Partner: Andreas Thor, Johanna Nilsson, Dept. of Surgical Sciences: Oral & Maxillofacial Surgery, UU
Hospital; Andres Rodriguez Lorenzo, Dept. of Surgical Sciences: Plastic Surgery, UU Hospital
Funding: TN faculty, MF faculty
Period: 2015 –
Abstract: The long-term goal of HASP, i.e., our haptics assisted surgery planning system, is to put the
planning process for complex head and neck surgery into the hands of the surgeon. During the years, we
have extended HASP with a number of tools, such as, the BoneSplit segmentation software both at the
Uppsala University Hospital and at Mount Sinai Beth Israel in NYC. At Mount Sinai Beth Israel during the
early years, the focus was validation of the accuracy of HASP with retrospective cases and prospective cases
of surgery after cancer treatments. At the UU Hospital, trauma studies using HASP has been performed in
various settings involving CT data and a scanned plastic skull. Accuracy and precision between users
and also repeated for the same user has shown to be high for the HASP system. On March 13, 2020,
Fredrik Nysjö successfully defended his PhD thesis. The next generation of CBA staff will continue the
collaboration with our medical partners. See Section 4.3 and the illustration on the front-page.

3. Interactive Deep Learning Segmentation for Decision Support in Neuroradiology
Ashis Kumar Dhara, Robin Strand, Filip Malmberg
Partner: Johan Wikström, Dept. of Surgical Sciences: Radiology, UU Hospital
Funding: Swedish Research Council, AIDA
Period: 2015 –
Abstract: Many brain diseases can damage brain cells (nerve cells), which can lead to loss of nerve cells
and, secondarily, loss of brain volume. Technical imaging advancements allow detection and quantification
of very small tissue volumes in magnetic resonance (MR) neuroimaging. Due to the enormous amount of
information in a typical MR brain volume scan interactive tools for computer aided analysis are absolutely
essential for this task. Available interactive methods are often not suited for this problem. Deep learning
by convolution neural networks has the ability to learn complex structures from training data. We develop,
analyze and evaluate interactive deep learning segmentation methods for quantification and treatment re-
sponse analysis in neuroimaging. Interaction speed is obtained by dividing the segmentation procedure into
an offline pre-segmentation step and an on-line interactive loop in which the user adds constraints until sat-
isfactory result is obtained. The overarching aim is to allow detailed correct diagnosis, as well as accurate
and precise analysis of treatment response in neuroimaging, in particular in quantification of intracranial
aneurysm remnants and brain tumor growth.

4. Methods for Combined MR and Radiation Therapy Equipment
Robin Strand
Partner: Anders Ahnesjö, David Tilly, Dept. of Immunology, Genetics and Pathology; Samuel Fransson,
Håkan Ahlström, Dept. of Surgical Sciences, Radiology, UU Hospital
Funding: Vinnova; Barncancerfonden; TN faculty
Period: 2016 –
Abstract: Uppsala University Hospital are investing in image-guided radiotherapy. An important compo-
nent in the strategy is the combined MR scanner and treatment unit, enabling MR imaging right before and
during treatment making it possible to adjust for internal motion. In this project, we develop methods for
fast detection and quantification of motion for real-time adjustment of the radiation therapy in the combined
MR scanner and treatment unit.

5. Abdominal Organ Segmentation
Eva Breznik, Robin Strand, Filip Malmberg
Partner: Joel Kullberg, Håkan Ahlström, Dept. of Surgical Sciences: Radiology, UU
Funding: Centre for Interdisciplinary Mathematics (CIM); TN faculty
Period: 2017 –
Abstract: We focus on improving the existing registration method for whole-body scans by including
segmentation results as prior knowledge. Segmentation of the organs in the abdomen is a daunting task, as
the organs vary a lot in their properties and size. And having a robust method to segment a number of them
would not only be useful in clinical setting, but it could also help guide the registration method in those
areas, which are most challenging to register. To develop an appropriate method we apply convolutional
neural networks and explore ways of including prior knowledge in the process (via better sampling strategies
and direct injection of anatomical information with landmarks and patch locality). Results on improvements
we achieved by integrating anatomical (spatial) knowledge within a fully convolutional network as well as
comparing injections of spatial knowledge into the network at various stages have been presented.
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6. Deep learning and explainable artificial intelligence for oral cancer detection
Nadezhda Koriakina, Joakim Lindblad, Nataša Sladoje, Ewert Bengtsson
Partner: Jan-Michael Hirsch, Dept. of Surgical Sciences: Oral & Maxillofacial Surgery; Christina Runow
Stark, Karlskrona Hospital; Eva Darai Ramqvist, Dept. of Pathology and Cytology, Karolinska Institute,
Stockholm; Vladimir Basic, Dept. of Pathology and Cytology, Dalarna County Hospital, Falun
Funding: Swedish Research Council, VINNOVA through MedTech4Health, AIDA; TN faculty
Period: 2018 –
Abstract: Oral cancer (OC) is one of the most common malignancies in the world. It is noteworthy that
the oral cavity can be relatively easily accessed for routine noninvasive screening tests that could potentially
decrease the incidence of this type of cancer. Deep Convolutional Neural Networks (DCNNs) show promis-
ing ability for detection of subtle precancerous changes at a very early stage, however, their opacity does
not allow to infer how they arrive at a decision. Aiming towards efficient and trustworthy cytology-based
OC detection, we are interested in DCNNs based methods that are able to learn from only patient-level
labels, while still demonstrating both good patient-level performance and also provide information about
the individual cells important for a diagnosis, thereby facilitating human interpretation of the decision made
by the deep learning (DL) method. Experiments on the data from 24 patients (with, on average, 12827 cells
per patient) indicate the promising ability of DCNNs based methods to detect abnormal cells without a need
for per-cell annotations. We are also examining methods from the emerging field of eXplainable Artificial
Intelligence (XAI) that could elevate understanding of the DCNNs’ classification properties. In addition,
during this project we are aiming to increase understanding of precancerous malignancy associated changes
(MACs). Although the biological nature of MACs is not fully understood, the consistency of morphology
and textural changes within a cell dataset could shed light on the pre-malignant state. We envision the
screening system to provide diagnostic support to cytopathologists, therefore, their opinion and expertise
will be reflected throughout the project. Other research tracks, potentially useful for the intended medical
application, are towards accurate estimation and presentation of classification certainty of the DCNN and
towards incorporating knowledge from cytopathologists into the DL pipeline. See Figure 4.

Figure 4: Deep learning and explainable artificial intelligence for oral cancer detection
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7. AI-Driven Large-scale Screening for Oral and Oropharyngeal Cancer
Joakim Lindblad, Nataša Sladoje, Nadezhda Koriakina, Swarnadip Chatterjee, Johan Överstedt
Partner: J-M. Hirsch, C. Runow Stark, V. Basic, E. Darai Ramqvist, K Edman, C. Kruger Weiner, B. Has-
seus, Sweden; K. Sujathan, Deepak R.U., and several more, C-DAC, Thiruvananthapuram, India
Funding: VINNOVA
Period: 2021 –
Abstract: High mortality of oral and oropharyngeal cancer can be attributed to late diagnosis. Brush sam-
pling and cytological analysis is efficient for early detection of cancer, but the analysis is costly and requires
highly skilled expertise. Modern AI techniques have made it feasible to radically reduce the analysis cost
while at the same time increase speed and diagnostic accuracy. We have developed a deep learning based
pipeline for efficient oral cancer screening and a low cost sample processing technique which meet the per-
formance needs of large scale screening in resource-limited environments. The AIDOScan project aims to
scale up our solutions towards large-scale implementation and usage in everyday healthcare in Sweden and
India. The project will additionally explore if virus infections, such as, HPV COVID-19 can be detected
using similar AI cytology analysis. See Figure 5.

Figure 5: AI-Driven Large-scale Screening for Oral and Oropharyngeal Cancer
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8. Multimodal imaging and information fusion for confident image-based cancer diagnostics
Nataša Sladoje, Joakim Lindblad, Johan Öfverstedt
Partner: Kristina Edman, Folktandvården Dalarna, Falun; Vladimir Basic, Jönköping University
Funding: VINNOVA
Period: 2021 –
Abstract: Cancer is a complex disease. Its different causes and types strongly affect patient treatment and
prognosis. Through exploring and developing novel techniques for multimodal information fusion, we aim
to improve understanding of the disease, its causes and progression, and enable reliable early detection and
confident differentiated diagnosis, to provide a solid basis for treatment planning. See Figure 6. We will
through powerful AI-based data fusion combine information from a range of imaging techniques to capture
complementary and heterogeneous information about the specimen. We expect that this will enable

• improved and differentiated ground truth data for learning and evaluation, where additional modalities
support the cytopathologist towards more reliable annotation;

• improved performance of our existing AI-based cancer diagnostics decision support system, through
(direct or indirect) use of relevant information from additional modalities;

• increased explainability, through ability of the system to indicate and correlate active virus infections
with the cancer;

• improved understanding of the disease and its causes, enabling improved patient treatment (personal-
ized medicine).

Figure 6: Multimodal imaging and information fusion for confident image-based cancer diagnostics

9. Development of Multimodal AI-supported Image Analysis Methods for Improved Cancer Diagnostics
Joakim Lindblad, Nataša Sladoje, Swarnadip Chatterjee
Partner: Kristina Edman, Folktandvården Dalarna, Falun; Vladimir Basic, Jönköping University
Funding: Centre for Interdisciplinary Mathematics; TN faculty
Period: 2021 –
Abstract: Cancer is a complex disease. Its different causes and types have a strong impact on patient
treatment and prognosis. This has motivated an intensified search for factors with prognostic relevance. To
improve understanding of the disease and its progression, as well as enabling reliable early detection, this
PhD project will explore and develop techniques for multimodal information fusion, utilizing combinations
of several imaging modalities to maximize information gain. The project combines the power of modern
deep learning techniques with novel distance measures between images, to create new methods for efficient
fusion of multimodal image data with the primary aim to improve cancer diagnostics, while contributing to,
and building on, general theoretical development of the field.
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10. Computer-aided Glioblastoma and Intracranial Aneurysm Treatment Response Quantification in
Neuroradiology
Robin Strand
Funding: VINNOVA
Period: 2021 –
Abstract: Fast, accurate, precise, and reproducible segmentation and volumetric quantification in neuro-
radiology are crucial for post-surgical treatment follow-up. Manual segmentation is time-consuming and
subjected to high inter-and intra-observer variation. With the overarching aim to develop a clinical deci-
sion support system for volumetric change quantification in treatment response follow-up in post-treatment
intracranial aneurysms and glioblastoma, we will develop methods for interactive segmentation and quan-
tification. The project aims to

• Improve ground truth creation in neuroradiology

• Improve and simplify pre- and post-treatment brain tumor quantification

• Improve and automate quantification of intracranial aneurysm remnants

The proposed project builds on an established collaboration between technical and clinical partners in Swe-
den and India, in which deep-learning-based interactive methods are developed for neuroradiology MR
image processing. See Figure 7.

Figure 7: Computer-aided Glioblastoma and Intracranial Aneurysm Treatment Response Quantification
in Neuroradiology
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5.2 Microscopy: Cell Biology
11. NEUBIAS (Network of EUropean BioImage AnalystS) — COST Action 15124

Nataša Sladoje, Joakim Lindblad, Carolina Wählby, Petter Ranefall, Anna Klemm, Elisabeth Wetzer, Nadezhda
Koriakina
Partner: NEUBIAS network with more than 240 members from more than 40 countries
Funding: EU Framework Programme Horizon 2020
Period: 2016 – 2020
Abstract: This COST Action aims to provide a stronger identity to BioImage Analysts by organising differ-
ent types of interactions between Life scientists, BioImage analysts, microscopists, developers and private
sector. It collaborates with European Imaging research infrastructures to set up best practice guidelines
for Image Analysis (IA). The Action successfully works on creating an interactive database for BioImage
analysis tools and workflows with annotated image sample datasets, to help matching practical needs in
biological problems with software solutions. It implements a benchmarking platform for these tools. To
increase the overall level of IA expertise in the Life Sciences, the Action proposes a novel training pro-
gramme with three levels of courses, releasing of open textbooks, and offering of a short term scientific
missions programme to foster collaborations, IA technology access, and knowledge transfer for scientists
and specialists lacking these means. We have been actively participating in different activities organized
within NEUBIAS network. We were engaged as work group leaders, teachers, taggers, invited speakers at
NEUBIAS workshops and symposia, and as Management Committee members. Thereby, we strengthen
our collaboration with bioimage analysts from more than 40 NEUBIAS member countries.

12. HASTE: Hierarchical Analysis of Spatial and Temporal Data
Carolina Wählby, Håkan Wieslander, Ankit Gupta, Ida-Maria Sintorn
Partner: Andreas Hellander, Salman Toor, Ben Blamey, Dept. of Information Technology; Ola Spjuth, Phil
Harrison, Dept. of Pharmaceutical Biosciences; Markus M. Hilscher, Mats Nilsson, SciLifeLab and Stock-
holm University; Lars Carlsson, Johan Karlsson, Alan Sabirsh, Ola Engkvist, AstraZeneca AB
Funding: Swedish Foundation for Strategic Research (SSF)
Period: 2017 –
Abstract: Images contain very rich information, and digital cameras combined with image processing and
analysis can detect and quantify a range of patterns and processes. The valuable information is however
often sparse, and the ever increasing speed at which data is collected results in data-volumes that exceed
the computational resources available. The HASTE project takes a hierarchical approach to acquisition,
analysis, and interpretation of image data. We develop computationally efficient measurements for data de-
scription, confidence-driven machine learning for determination of interestingness, and a theory and frame-
work to apply intelligent spatial and temporal information hierarchies, distributing data to computational
resources and storage options based on low-level image features. We focus on developing the efficient
measurements that will identify non-informative data early on in the analysis process; either online at data
collection, or off-line prior to full data analysis. The challenge is to use minimal computational time and
power to extract a broad range of informative measurements from spatial-, temporal-, and multi-parametric
image data, useful as input for conformal predictions and efficient enough to work well in a streaming
setting. Examples include drug localization in lung tissue, time lapse experiment outcome prediction and
learning from few training examples.

13. Multi-Layer Object Representations for Integrated Shape and Texture Analysis with Applications in
Biomedical Image Processing
Elisabeth Wetzer, Nataša Sladoje, Joakim Lindblad
Partner: Ida-Maria Sintorn,Vironova AB; Christina Runow Stark, FTV Stockholm AB
Funding: Centre for Interdisciplinary Mathematics (CIM), TN faculty, VINNOVA through MedTech4Health
Period: 2017 –
Abstract: The aim of the project is to develop the theoretical foundation for a class of methods applicable
to multi-layered heterogeneous object representations and to apply and evaluate these methods in clinical
biomedical applications. Since 2020, the focus laid on learning representations for multimodal imaging
data. This data has the potential to unravel patterns which are not recognized in a single modality, as some
structures may only be visible in a particular imaging modality. In the course of this project, a method
based on contrastive learning was developed to learn dense image representations, called CoMIRs which
embed different modalities in one common abstract representation space. These representations were shown
to be very useful in multimodal image registrations (Pielawski, Wetzer et al: CoMIR: Contrastive Multi-
modal Image Representation for Registration. In Proc. of NeurIPS 2020) as well as cross-modality image
retrieval (Breznik, Wetzer et al: Cross-Modality Sub-Image Retrieval using Contrastive Multimodal Image
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Representations, 2022). While this method is not limited to particular modalities, it has been in particu-
larly studied for brightfield and second harmonic generation microscopy, two modalities crucial for cancer
diagnoses and grading. The downstream tasks of registration and image retrieval highlighted the neces-
sity of particular properties of the learnt representations, such as rotational equivariance. Results related to
this project were presented at the 4th NEUBIAS Conference in Bordeaux, 2020, at NeurIPS 2020, at the
COMULIS Conference 2021, the German Conference for Pattern Recognition (Nectar Track on Machine
Learning 2021), ”The Power of Women in Deep Learning” Workshop at the ”Mathematics of Deep Learn-
ing” Programme at the Isaac Newton Institute 2021, and will be featured at the International Symposium on
Biomedical Imaging (ISBI) 2022. See Figure 8.

Figure 8: Multi-Layer Object Representations for Integrated Shape and Texture Analysis with Applica-
tions in Biomedical Image Processing

14. Sysmic: Development and application of systems microscopy for cancer cell migration
Nicolas Pielawski, Anindya Gupta, Carolina Wählby
Partner: Staffan Strömblad and Carsten Daub, Dept. of Biosciences and Nutrition, KI, and SciLifeLab; Ulf
Landegren, Dept. of Immunology, Genetics and Pathology, UU, and SciLifeLab; Pontus Nordenfelt, Dept.
of Clinical Sciences, LU, Olink Bioscience and Sprint Bioscience
Funding: Swedish Foundation for Strategic Research (SSF)
Period: 2018 –
Abstract: The core biological theme of this project is cell migration; a basic but complex cellular process
that is highly relevant to human cancer. This complexity is, in part, explained by plasticity in the possible cell
migration strategies that cells adopt and by the fine-tuned spatiotemporal coordination of migratory forces.
However, the molecular mechanisms and genetic regulation that give rise to cell migration plasticity and
dynamic force control constitutes knowledge gaps that this project proposes to fill. We develop learning-
based image analysis methods to identify different cell migration modes and traction force microscopy
models; measurements that will later be combined with single-cell proteomics, and multiplex in situ protein
detection. We will thus combine in a novel manner dynamic and quantitative microscopy observations of
migrating cells with single cell RNA-seq and proteomics. All this is tailored to add to the understanding of
cellular dynamics. Finally, we explore developed migration and traction force models and profiling methods
on 25 cancer cell lines.

15. Efficient virus segmentation and classification in TEM images with minimal labeling
Damian Matuszewski, Ida-Maria Sintorn
Funding: SciLifeLab, Swedish Research Council
Period: 2018 –
Abstract: Convolutional neural networks (CNNs) offer human experts-like performance and in the same
time they are faster and more consistent in their judgment. However, their successful training and use in
many biomedical and clinical applications is often restricted by an insufficient amount of annotated images,
the quality of the annotations and the cost of the state-of-the-art hardware required for analyzing the images.
In this project, we develop methods for training efficient CNNs from images with minimal annotation.
We investigate the possibility of making CNNs lighter by parametrizing and modifying the popular U-Net
architecture and decreasing the number of its trainable weights. We use a challenging application of a pixel-
wise virus classification in Transmission Electron Microscopy (TEM) images to demonstrate our methods.
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16. COMULIS (Correlated Multimodal Imaging in Life Sciences) - COST Action 17121
Nataša Sladoje, Joakim Lindblad
Partner: COMULIS network with more than 200 members from 36 countries
Funding: EU Framework Programme Horizon 2020
Period: 2018 –
Abstract: COMULIS is a EU-funded COST Action that aims at fueling urgently needed collaborations in
the field of correlated multimodal imaging (CMI), promoting and disseminating its benefits through show-
case pipelines, and paving the way for its technological advancement and implementation as a versatile tool
in biological and preclinical research. CMI combines two or more imaging modalities to gather information
about the same specimen and to create a composite view of the sample with multidimensional information
about its macro-, meso- and microscopic structure, dynamics, function and chemical composition. No sin-
gle imaging technique can reveal all these details; CMI is the only way to understand biomedical processes
and diseases holistically. CMI relies on the joint multidisciplinary expertise from biologists, physicists,
chemists, clinicians and computer scientists, and depends on coordinated activities and knowledge transfer
between academia and industry, and instrument developers and users. We have been actively participating
in different activities organized within this rapidly growing network. Sladoje is engaged in the COMULIS
Core Group as a Leader of WG4 (Correlation Software). Both Sladoje and Lindblad are MC members.
We have contributed to organization of several COMULIS events (conference, special sessions, workshops)
throughout the project time.

17. Deep Learning for Glioma Cell Classification
Leslie Solorzano, Carolina Wählby, Anna Klemm, Johan Öfverstedt
Partner: Yuyu Wang, Lina Wik, Arne Östman, Dept. of Oncology-Pathology, Karolinska Institutet, Solna;
Thomas Olsson Bontell, Dept. of Clinical Pathology, Sahlgrenska University Hospital, Göteborg; Asgeir S.
Jakola, Dept. of Clinical Neuroscience, University of Gothenburg, Sahlgrenska Academy, Göteborg
Funding: SSF, Cancerfonden, H2020 European Research Council, Swedish Research Council, Sahlgrenska
Akademin; University of Gothenburg
Period: 2020 –
Abstract: Multiplexed and spatially resolved single-cell analyses that intend to study tissue heterogeneity
and cell organization invariably face as a first step the challenge of cell classification. Accuracy and repro-
ducibility are important for the downstream process of counting cells, quantifying cell-cell interactions, and
extracting information on disease-specific localized cell niches. Novel staining techniques make it possible
to visualize and quantify large numbers of cell-specific molecular markers in parallel. However, due to
variations in sample handling and artifacts from staining and scanning, cells of the same type may present
different marker profiles both within and across samples.
We address multiplexed immunofluorescence data from tissue microarrays of low-grade gliomas and present
a methodology using two different machine learning architectures and features insensitive to illumination
to perform cell classification. The fully automated cell classification provides a measure of confidence for
the decision and requires a comparably small annotated data set for training, which can be created using
freely available tools. Using the proposed method, we reached an accuracy of 83.1% on cell classification
without the need for standardization of samples. Using our confidence measure, cells with low-confidence
classifications could be excluded, pushing the classification accuracy to 94.5%. Next, we used the cell
classification results to search for cell niches with an unsupervised learning approach based on graph neural
networks.
We show that the approach can re-detect specialized tissue niches in previously published data, and that
our proposed cell classification leads to niche definitions that may be relevant for sub-groups of glioma, if
applied to larger data sets. See Figure 9.
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Figure 9: Deep Learning for Glioma Cell Classification
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18. Ultrafast bacterial species identification and antibiotic susceptibility testing
Erik Hallström, Carolina Wählby
Partner: Dan Andersson, Dept. of Medical Biochemistry and Microbiology
Funding: Swedish Foundation for Strategic Research
Period: 2020 –
Abstract: This research program consists of several different sub-projects with a shared focus on rapid de-
tection of bacteria in complex clinical samples, identification of bacteria at species-level, and determination
of their antibiotic susceptibility. Specifically, we aim to develop:

• A diagnostic test that allows rapid detection (< 60 minutes) and identification (< 90 minutes) of
different bacterial pathogens, including mixed bacterial infections in whole blood and other normally
sterile body fluids (including cerebrospinal fluid and urine), using advanced imaging/AI and in situ
sequencing of individual bacterial cells.

• An antibiotic susceptibility test (AST) that allows rapid (< 4 hours) identification of bacterial suscep-
tibility to any tested antibiotic for whole blood and other normally sterile body fluids.

• A new rapid diagnostic test for heteroresistance, a phenotype where a generally susceptible bacterial
isolate contains small resistant subpopulations.

• An automated instrument prototype tested in clinical settings to ensure functionality and receive de-
sign inputs for product development.
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5.3 Microscopy: Model Organisms and Tissues
19. TissUUmaps — Integrating spatial and genetic information via automated image analysis and inter-

active visualization of tissue data
Carolina Wählby, Gabriele Partel, Leslie Solorzano, Axel Andersson, Eduard Chelebian, Andrea Behanova,
Christophe Avenel, Nicolas Pielawski, Fredrik Nysjö, Petter Ranefall, Anna Klemm
Partner: Mats Nilsson, Markus Hilscher, Jessica Svedlund and Xiaoyan Qian, Stockholm University and
SciLifeLab
Funding: ERC consolidator grant to Wählby
Period: 2011 –
Abstract: Digital imaging of tissue samples and genetic analysis by next generation sequencing are two
rapidly emerging fields in pathology. Digital pathology will soon be as common as digital images in ra-
diology, and genetic analysis is rapidly evolving thanks to the impressive development of next generation
sequencing technologies. However, most of today’s available technologies result in a genetic analysis that is
decoupled from the morphological and spatial information of the original tissue sample, while many impor-
tant questions in tumor and developmental biology require single cell spatial resolution to understand tissue
heterogeneity. In this project, we develop computational methods that bridge these two emerging fields. We
combine spatially resolved high-throughput genomics analysis of tissue sections with digital image analysis
of tissue morphology. Together with collaborators from the biomedical field, we work with advanced digital
image processing methods for spatially resolved genomics (Ke, et al., Nature Methods, 2013). The project
has been enriched by a visualization tool (available at https://tissuumaps.github.io/), a transcriptome super-
vised model for tissue classification, as well as a novel image analysis pipeline that combines a learning
approach with graphical model to increase recall.

20. SciLifeLab BioImage Informatics Facility
Carolina Wählby, Petter Ranefall, Anna Klemm, Amin Allalou, Fredrik Nysjö, Christophe Avenel
Funding: SciLifeLab BioImage Informatics Facility
Period: 2017 –
Abstract: The BioImage Informatics facility (BIIF) develops new computational technologies and pro-
vides access to expertise and state-of-the art software for processing and quantitative analysis of all kinds of
microscopy image data, primarily for applications in the life sciences. BIIF is a unit of the National Bioin-
formatics Infrastructure Sweden (NBIS) with funding from SciLifeLab, National Microscopy Infrastructure
(NMI, VR-RFI 2019-00217), and the Chan-Zuckerberg Initiative. We are active within the NEUBIAS and
EuroBioImaging networks. More information: biifsweden.github.io and www.scilifelab.se/units/bioimage-
informatics. Services:

• Advice on best-practice and guidance on overall experimental design (staining, sample preparation,
and image acquisition) for research involving microscopy imaging and quantitative data analysis.

• Guidance on image analysis assay development, including image processing algorithm development
and software engineering to address challenging project goals.

• Advice on best-practice and guidance on high throughput/large-scale image processing using com-
puting clusters, including data transfer and storage during the activity of the project.

• Guidance on large-scale data analysis and visualization.

• Dissemination of bioimage analysis knowledge in courses and workshops.

• The AIDA data hub offers Data Sharing, Policy Support, and Services for researchers in Swedish med-
ical imaging AI, and operate the currently largest national AI research system for sensitive personal
data in Sweden.

21. qUTI — A point-of care test for fast diagnosis of urinary tract infections
Petter Ranefall
Funding: Astrego Diagnostics AB
Period: 2017 –
Abstract: The emergence and spread of antibiotic-resistant bacteria are aggravated by incorrect prescription
and use of antibiotics. A core problem is that there is no sufficiently fast diagnostic test to guide correct
antibiotic prescription at the point of care. Here, we investigate if it is possible to develop a point-of-care
susceptibility test for urinary tract infection, a disease that 100 million women suffer from annually and that
exhibits widespread antibiotic resistance. We capture bacterial cells directly from samples with low bacterial
counts (104 cfu/mL) using a custom-designed micro-fluidic chip and monitor their individual growth rates
using microscopy. By averaging the growth rate response to an antibiotic over many individual cells, we can
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push the detection time to the biological response time of the bacteria. We find that it is possible to detect
changes in growth rate in response to each of nine antibiotics that are used to treat urinary tract infections
in minutes.
In a test of 49 clinical uropathogenic Escherichia coli (UPEC) isolates, all were correctly classified as
susceptible or resistant to ciprofloxacin in less than 10 minutes. The total time for antibiotic susceptibility
testing, from loading of sample to diagnostic readout, is less than 30 minutes, which allows the development
of a point-of-care test that can guide correct treatment of urinary tract infection.

22. Analysis of fluorescent intensity in brain slices
Anna Klemm, Petter Ranefall
Funding: SciLifeLab BioImage Informatics Facility (BIIF)
Period: 2018 –
Abstract: We automatically segment brain slices in large tile scans. In the brain area, we measure the
fluorescent intensity of different markers using automatic thresholding.

23. Linking cell cycle with protein expression
Anna Klemm, Carolina Wählby
Funding: SciLifeLab BioImage Informatics Facility (BIIF)
Period: 2018 –
Abstract: Pilot studies to characterize protein expression changes in human embryonic stem cells during
the different cell cycle stages is led by Gallant group. They observed highly differential regulation of
core pluripotency transcription factors in comparison to other stem cells factors, transcription factors or
metabolic proteins, with a total of 92 proteins measured. They measure proteins using multiplex protein
extension assays in lysates prepared from cells sorted by cell cycle phase. Together, we now aim to apply
an orthogonal in situ method to confirm the relation of specific protein expression changes and cell cycle
phase, where the image analysis part of the work is performed at CBA.
We are applying a CellProfiler analysis pipeline that enables the assignment of cell cycle phase via mea-
surement of the integrated intensity of a DNA stain in fixed cells. For every cell analyzed, we measure
protein expression intensity and assign cell cycle phase. Subsequently, we will evaluate whether we can
reproduce the differential cell cycle phase specific expression data obtained by multiplex protein analysis of
cell lysates.

24. Biomaterials for bone defects-image analysis of cell cultures
Petter Ranefall, Carolina Wählby
Funding: SciLifeLab BioImage Informatics Facility (BIIF)
Period: 2018 –
Abstract: Bone defects are a common and sometimes very difficult problem in the patient population.
If the body cannot heal the defect by itself, the gold standard treatment is bone grafting. This type of
transplantation is the second most common worldwide, only surpassed by blood transfusion. There are
several drawbacks with bone grafting: lack of availability, pain from the donor site and some immunological
aspects when it comes to allografting. Biomaterials is a promising field for replacing bone and the current
project is evaluating different types of 3D-printed scaffolds for bone regeneration. Bone cells (osteoblasts)
derived from mouse are seeded onto these scaffolds and the cells are left to grow and produce bone matrix
for four weeks. Cytoplasm and cell nucleus is then stained with Phalloidin/DAPI. Newly made bone is
stained with Tetracycline that is incorporated already in the bone forming process. The image analysis will
provide useful data for the quantification of cell establishment and growth.

25. Effects of repeated intraportal islet transplantation on islet engraftment in a GFP mouse model
Anna Klemm
Funding: SciLifeLab BioImage Informatics Facility (BIIF)
Period: 2018 –
Abstract: The outcome of islet transplantation has improved progressively. However, the lack of organ
donors makes islet transplantation available only to patients with type I diabetes with the most severe
glycemic lability. In the clinic, a second transplantation is often required to boost graft function and ex-
tend the time until recurrence of insulin dependence. In this study, we aimed to, in a mouse model with
GFP positive islets, investigate if the repeated islet infusion procedure itself has a positive effect on islet
engraftment in the liver.
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26. Quantitative gene expression screening of in situ stained zebrafish
Amin Allalou, Carolina Wählby
Partner: Johan Ledin, Genome Engineering Zebrafish, SciLifeLab; Maria Tenje, Customized Microfluidics,
SciLifeLab
Funding: SciLifeLab Technology Development Projects
Period: 2018 –
Abstract: Researchers using the Genome Engineering Zebrafish (GEZ) to generate mutant lines are often
in need of subsequent phenotyping of the mutant line. This requires careful characterization of mutant lines
using panels of well-established cell- and tissue-specific markers and whole mount in situ hybridization
(WISH). However, many researchers are only left with in situ stained fish and no good tools or knowl-
edge of how to extract unbiased statistical information regarding the gene expression. Results are often
based on manual counting and region estimation from 2D projection images of a small number of samples.
Each mutant line generated at the GEZ carries an abundance of information in their expression, using low
throughput and visual quantification will miss the more subtle, yet important, phenotypes. In this collabo-
rative project, we develop a pipeline consisting of a 3D imaging technique (Optical projection tomography)
for chromogenic WISH stain and subsequent image analysis methods. The analysis will provide unbiased
quantification and localization of expression patterns and detect statistical significant differences in any
mutant line.

27. TMA core analysis for protein co-expression studies
Leslie Solorzano, Carolina Wählby
Partner: Carla Pereira and Carla Oliveira, University of Porto, Portugal
Funding: ERC grant to Wählby
Period: 2018 –
Abstract: Immunohistochemical (IHC) analysis of tissue biopsies is currently used for clinical screening
of solid cancers to assess biomarker staining. The large amount of image data produced from these tis-
sue samples calls for specialized computational pathology methods to perform integrative analysis. Even
though biomarkers are traditionally studied independently, it is recognized that the study of biomarker co-
expression may offer new insights towards patients’ clinical and therapeutic decisions. To explore protein
co-expression, we constructed a modular image analysis pipeline to spatially align tissue microarray (TMA)
image slides, evaluate alignment quality, define tumor regions, and ultimately quantify protein expression,
with and without tumor segmentation. The pipeline was built with open-source tools that can manage giga-
pixel slides.

28. High-throughput screening in live zebrafish
Amin Allalou, Hangqin Zhang
Partner: Johan Ledin, Genome Engineering Zebrafish, SciLifeLab; Tatjana Haitina, Dept. of Organismal
Biology, Evolution and Development
Funding: Science for Life Laboratory TDP
Period: 2018 –
Abstract: In this project, we aim to develop and implement a high-throughput phenotypic screening plat-
form capable of functionally screening thousands of human disease-associated gene variants in vivo. By de-
veloping novel computation tools for automated image analysis and combining them with high-throughput
3D fluorescence imaging of live zebrafish using the VAST (Vertebrate Automated Screening Technology)
system, we will quantify gene expression and extract morphological features with high precision. We will
be able to detect subtle features that can often not be detected and statistically validated by visual inspection
of a small number of samples. In addition, by extracting as much information as possible per fish and exper-
iment we can learn and understand multiple effects and hopefully improve the starting point for experiments
done on more advanced animals and clinical trials. By implementing this new technology and providing
state-of-the art 3D imaging and quantitative analysis as a joint GEZ (Genome Engineering Zebrafish) - BIIF
(BioImage Informatics facility) SciLifeLab service we will be able to offer users an analysis currently not
available anywhere else.

29. DanioReadout
Amin Allalou
Funding: SciLifeLab
Period: 2018 –
Abstract: The BioImage Informatics Facility (BIIF) and the Zebrafish facility at the Department of Organis-
mal Biology have launched a joint resource for zebrafish experiments called DanioReadout. DanioReadout
provides a complete analysis pipeline consisting of fish handling, genome engineering, substance exposure
integrated with high-throughput imaging and quantitative analysis of the intact zebrafish embryo.
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30. Feature extraction from tissue section output images
Petter Ranefall
Funding: SciLifeLab BioImage Informatics Facility (BIIF)
Period: 2019 –
Abstract: Sectioning of formalin fixed tissues is a convenient way of obtaining image information on cell
morphology and how cells make up tissues. The sections are usually stained with hematoxylin and eosin
to facilitate the identification of cells etc. Additional information on the expression of specific proteins can
be obtained by immunohistochemical staining procedures. Traditionally, these stained sections have been
analyzed manually looking through a microscope. That is a laborious process that is hard to standardize.
With the development of new imaging technology high resolution image scans can now be recorded for
such sections. That also allows the automated analysis of such digital images. Many such analyses results
in an output image where the locations of particular cells or groups of cells are marked. This project
deals with how to extract relevant spatial information from those patterns of areas with particular cellular
characteristics. Thus, we have decided on collecting basic statistical information from these patterns, such
as homogeneity and granularity on different scales using CellProfiler. The extraction of such features can
subsequently be used for unsupervised image analysis leading to identification of subgroups of samples with
distinct patterns in the output images.

31. Morphological Features Extracted by AI Associated with Spatial Transcriptomics in Prostate Cancer
Eduard Chelebian, Carolina Wählby, Christophe Avenel
Partner: Kimmo Kartasalo, Dept. of Medical Epidemiology and Biostatistics, Karolinska Institute, Stock-
holm; Joakim Lundeberg, Maja Marklund, SciLifeLab, Dept. of Gene Technology, KTH, Stockholm; Anna
Tanoglidi, Dept. of Clinical Pathology, UU Hospital; Tuomas Mirtti, Dept. of Pathology, Helsinki Uni-
versity Hospital, Finland; Richard Colling, Dept. of Cellular Pathology, Oxford University Hospital, UK;
Andrew Erickson, Dept. of Surgical Sciences, University of Oxford, UK; Alastair D. Lamb, Dept. of Urol-
ogy, Oxford University Hospital, UK
Funding: ERC Consolidator Grant, Swedish Foundation for Strategic Research, Swedish Cancer Society
Period: 2020 –
Abstract: Prostate cancer is a common cancer type in men, yet some of its traits are still under-explored.
One reason for this is high molecular and morphological heterogeneity. The purpose of this study was to
develop a method to gain new insights into the connection between morphological changes and underlying
molecular patterns. We used artificial intelligence (AI) to analyze the morphology of seven hematoxylin and
eosin (H&E)-stained prostatectomy slides from a patient with multi-focal prostate cancer. We also paired the
slides with spatially resolved expression for thousands of genes obtained by a novel spatial transcriptomics
(ST) technique. As both spaces are highly dimensional, we focused on dimensionality reduction before
seeking associations between them. Consequently, we extracted morphological features from H&E images
using an ensemble of pre-trained convolutional neural networks and proposed a workflow for dimensionality
reduction. To summarize the ST data into genetic profiles, we used a factor analysis. The regions were au-
tomatically defined, outlined by unsupervised clustering, associated with independent manual annotations,
in some cases, finding further relevant subdivisions. The morphological patterns were also correlated with
molecular profiles and could predict the spatial variation of individual genes. This approach enables flexible
unsupervised studies relating morphological and genetic heterogeneity using AI. See Figure 10.

Figure 10: Morphological Features Extracted by AI Associated with Spatial Transcriptomics in Prostate
Cancer
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32. Image analysis of cardiovascular and metabolic risk factors in 10 day-old zebrafish larvae
Amin Allalou
Period: 2021 –
Abstract: The den Hoed research group at IGP has acquired imaging data for traits related to cardiovascular
and metabolic diseases in > 25,000 larvae since 2014. Image analysis pipelines have previously been
developed for these traits by the BioImage Informatics Facility. In 2020, the group acquired a second
imaging setup, and both imaging setups are now fully automated. The automation implies that images are
acquired differently now, including larger z-stacks, lower magnification for some readouts, larger field of
view, new camera and integrated deblurring of background. This new fully automatic acquisition pipeline
requires new robust methods for the analysis and quantification of larvae. See Figure 11.

Figure 11: Image analysis of cardiovascular and metabolic risk factors in 10 day-old zebrafish larvae

33. Spatial analysis in in situ sequencing data of bladder cancer sample
Carolina Wählby, Andrea Behanova
Partner: Sara Mangsbo, Iliana Kyriaki Kerzeli, Dept. of Pharmacy
Period: 2021 –
Abstract: Interpreting tissue architecture plays an important role in gaining a better understanding of
healthy tissue development and disease. In this project, we have done an analysis of bladder tissue sections
of mice. The dataset contains different stages of cancer as well as healthy tissue. We focus on analyzing the
infiltration of granulocytes (and monocytes) into the tumor areas. We quantify the difference in infiltration
depth between two stages of cancer and healthy tissue. Additionally, we also explore potential differences
between the genders when comparing tumor infiltrations. In the figure, red and yellow regions represent
annotated bladder cancer areas and light blue dots represent individual granulocytes. See Figure 12.

Figure 12: Spatial analysis in in situ sequencing data of bladder cancer sample
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5.4 Mathematical and Geometrical Theory
34. Complex convexity

Christer Kiselman
Period: 1967 –
Abstract: Two complex variables correspond to four real variables, so in complex geometry, we need to
see in four dimensions or more. It is indeed possible to train one’s inner eyes to see in four dimensions.
In this project, all aspects of complex convexity is studied, with a special emphasis on lineal convexity,
a convexity property weaker than usual convexity and stronger than pseudoconvexity. A bounded open
set with boundary of class C1 which is locally weakly lineally convex is weakly lineally convex, but, as
shown by Yurii Zelinskii, this is not true for unbounded domains. We construct explicit examples, Hartogs
domains, showing this. Their boundary can have regularity C1,1 or C∞. Obstructions to constructing
smoothly bounded domains with certain homogeneity properties are presented. One activity is a study of
one-sided regularity of subsets of Rn or Cn. See Figure 13: The base in the complex plane of a locally
lineally convex set in C2 which is not lineally convex (courtesy Hania Uscka-Wehlou). A chapter intended
for a book entitled Handbook of Complex Variables, edited by Steven Krantz and to be published by Francis
& Taylor, was accepted for publication during 2021.

Figure 13: Complex convexity

35. Elements of digital geometry, mathematical morphology, and discrete optimization
Christer Kiselman
Period: 2002 –
Abstract: A study on fundamentals of three related fields of knowledge: digital geometry, mathematical
morphology, and discrete optimization.

36. Existence of continuous right inverses to linear mappings in elementary geometry
Christer Kiselman
Partner: Erik Melin, UU
Period: 2005 – 2021
Abstract: A linear mapping of a compact convex subset of a finite-dimensional vector space always pos-
sesses a right inverse, but may lack a continuous right inverse even if the set is smoothly bounded. Examples
showing this are given, as well as conditions guaranteeing the existence of a continuous right inverse, also
for other sets.
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37. Digital hyperplanes
Christer Kiselman
Partner: Adama Arouna Koné, École Normale d’Enseignement Technique et Professionnel, Bamako, Mali
Period: 2010 –
Abstract: Digital planes in all dimensions are studied. The general goal is to generalize to any dimension
the results of Kiselman’s paper in Mathematika (11-1). See Figure 14: Covering the Euclidean straight line
of equation y = 1
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Figure 14: Digital hyperplanes

38. Convexity of marginal functions in the discrete case
Christer Kiselman
Partner: Shiva Samieinia, KTH, Stockholm
Period: 2010 –
Abstract: We define, using difference operators, classes of functions defined on the set of points with integer
coordinates which are preserved under the formation of marginal functions. The duality between classes
of functions with certain convexity properties and families of second-order difference operators plays an
important role and is explained using notions from mathematical morphology. Several generalizations are
now being studied.

39. Discrete convolution equations
Christer Kiselman
Period: 2012 –
Abstract: We study solvability of convolution equations for functions with discrete support in a finite-
dimensional vector space, a special case being functions with support in the integers.

40. Regional orthogonal moments for texture analysis
Ida-Maria Sintorn
Funding: Swedish Research Council
Period: 2015 –
Abstract: The purpose of this project is to investigate and systematically characterize a novel approach
for texture analysis, which we have termed Regional Orthogonal Moments (ROMs). The idea is to com-
bine the descriptive strength and compact information representation of orthogonal moments with the well-
established local filtering approach for texture analysis. We will explore ROMs and quantitative texture
descriptors derived from the ROM filter responses, and characterize them with special consideration to
noise, rotation, contrast, scale robustness, and generalization performance, important factors in applications
with natural images. We will expand available image texture datasets and adapt machine learning methods
for microscopy image prerequisites. The two main applications for which we will validate the ROM texture
analysis framework are viral pathogen detection and identification in MiniTEM images, and glioblastoma
phenotyping of patient specific cancer stem cell cultures for disease modeling and personalized treatment.

41. Mathematical concepts and their linguistic expression in a multicultural setting
Christer Kiselman
Partner: Hania Uscka-Wehlou, UU; Adama Arouna Koné, École Normale d’Enseignement Technique et
Professionnal, Bamako, Mali
Period: 2016 – 2020
Abstract: A study of the relation between mathematical concepts and their expression in several languages.
Special attention is devoted to the use of non-native languages.
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42. Distance measures between images based on spatial and intensity information, with applications in
biomedical image processing
Johan Öfverstedt, Nataša Sladoje, Joakim Lindblad
Partner: Ida-Maria Sintorn, Vironova, Stockholm
Funding: Swedish Governmental Agency for Innovation Systems (VINNOVA), TN faculty
Period: 2017 –
Abstract: Many fundamental image analysis tasks such as image registration, template matching, and im-
age retrieval, can be solved successfully by methods utilizing notions of distance (or similarity) between
images. Within this project, we study distances combining intensity and efficiently encoded spatial infor-
mation, methods for computing them efficiently, and suitable applications where they can lead to robust and
accurate solutions. Currently the focus of the project is to develop deformable image registration methods
based on these distances, and to develop robust general purpose multi-modal image registration methods.
Recent outcomes include the article Fast and Robust Symmetric Image Registration Based on Distances
Combining Intensity and Spatial Information in IEEE TIP, 2019, the conference publication Stochastic
Distance Transform accepted to the proceedings of DGCI, 2019, and which was presented as an oral pre-
sentation. An extended journal article related to the Stochastic Distance Transform conference publication,
titled ”Stochastic Distance Transform: Theory, Algorithms, and Applications” was published in 2020. The
registration method developed within this project was used successfully together for multimodal image
registration tasks with the CoMIR method, a contrastive learning-based method for multimodal image reg-
istration, which was published in the NeurIPS conference 2020. Futhermore, the registration method was
subsequently extended to deformable image registration with the development of the INSPIRE method,
published as a pre-print. See Figure 15.

Figure 15: Distance measures between images based on spatial and intensity information, with applica-
tions in biomedical image processing

43. Efficient isosurface rendering for visualization
Fredrik Nysjö, Filip Malmberg, Ingela Nyström
Funding: TN faculty
Period: 2018 –
Abstract: Real-time rendering of isosurfaces in large volume datasets can be a challenge, especially for
virtual reality applications that require low latency and high update rates. In this project, we developed an
efficient hybrid rendering method, RayCaching, that combines rasterisation and raycasting to amortise the
cost of rendering a volume over several frames. We have further developed a memory efficient data structure
that allows both rasterisation and ray tracing of isosurfaces extracted from large volume data.

55



44. Robust learning of geometric equivariances
Karl Bengtsson Bernander, Nataša Sladoje, Joakim Lindblad, Robin Strand, Ingela Nyström
Funding: WASP (Wallenberg AI, Autonomous Systems and Software Program)
Period: 2018 –
Abstract: This project builds on and extends work on geometric deep learning and aims at combining it with
manifold learning, to produce truly learned equivariances without the need for engineered solutions and
maximize benefits of shared weights. A decrease of the number of parameters to learn leads to increased
performance, generalizability and robustness of the network. An additional gain is in reducing a risk that the
augmented data incorporates artefacts not present it the original data. A typical example is textured data,
where interpolation performed in augmentation by rotation and scaling unavoidably affects the original
texture and may lead to non-reliable results. Reliable texture-based classification is, in many cases, of
high importance in biomedical applications. During 2020 and 2021, the focus was to conduct experiments
to investigate if baseline architectures, using data augmentation, can be replaced with rotation-equivariant
networks. The results were presented in a Licentitate thesis in December 2021. See Section 4.2.
This project is conducted within the AI-Math track of WASP (the Wallenberg Artificial Intelligence, Au-
tonomous Systems and Software Program), a Swedish national initiative for strategically motivated basic
research, education and faculty recruitment.

45. Graph neural networks and their application in imaging
Teo Asplund, Eva Breznik
Funding: TN faculty
Period: 2019 –
Abstract: We investigate graph neural networks for image segmentation, where the aim is to evaluate the
role and effectiveness of nonlinearities at various stages. We intend to start with a simplified formulation of
a graph convolutional neural network from Wu et al.: Simplifying Graph Convolutional Networks, which
only contains one nonlinearity layer. The simplified network can then be gradually extended with additional
nonlinearities of various types. Among them, potentially interesting ones would be operations inspired by
mathematical morphology, since they are related to the commonly used max/min filters and could prove
beneficial for image data.

46. Max-norm optimization in image analysis and computer vision
Filip Malmberg, Robin Strand
Partner: Krzysztof C. Ciesielski, West Virginia University, Morgantown, USA; Alexandre Xavier Falcao,
University of Campinas, Campinas, Brazil
Funding: TN faculty
Period: 2020 –
Abstract: Many fundamental problems in image processing and computer vision, such as image filtering,
segmentation, registration, and stereo vision, can naturally be formulated as optimization problems. Solving
these are often difficult and generally involves minimizing a non-convex function depending on thousands
of variables. Combinatorial, discrete optimization techniques have proven to be very successful in solving
optimization problems in many image processing applications. Here, we study a specific class of optimiza-
tion problems, where the objective function is defined as the max-norm, or L∞-norm, over a set of variables.
Such optimization problems have occurred frequently in the image processing literature.
For many specific max-norm optimization problems, globally optimal solutions can be found using very ef-
ficient quasi-linear time algorithms. Notably, the ubiquitous watershed segmentation method can be shown
to produce a globally optimal solution to a max-norm optimization problem. Despite the success of these
methods in solving certain special cases, their limits in terms of general max-norm optimization remains
unclear. The overall aim of this project is to provide a detailed characterization of the class of max-norm
problems that can be solved using efficient, low-order polynomial time algorithms.
During 2020, a paper entitled ”Two polynomial time graph labeling algorithms optimizing max-norm-based
objective functions” was published in the Journal of Mathematical Imaging and Vision. Results from the
project were also presented at the Conference on Digital Geometry and Discrete Variational Calculus.
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47. Interpreting deep learning output for out-of-distribution detection
Ida-Maria Sintorn, Damian Matuszewski
Period: 2020 –
Abstract: Commonly used AI networks are very self-confident in their predictions, even when the evidence
for a certain decision is dubious. The investigation of a deep learning model output is pivotal for understand-
ing its decision processes and assessing its capabilities and limitations. By analyzing the distributions of
raw network output vectors, it can be observed that each class has its own decision boundary and, thus, the
same raw output value has different support for different classes. Inspired by this fact, we have developed
a new method for out-of-distribution (OOD) detection. We demonstrated our OOD detection method on a
challenging transmission electron microscopy virus image dataset that simulates a real-world application in
which images of virus types unknown to a trained virus classifier, yet acquired with the same procedures and
instruments, constitute the OOD samples. Results from this project were published in Computer Methods
and Programs in Biomedicine (classification and dataset) and submitted to PLOS ONE (out-of-distribution
detection).

48. Why doesn’t it work in reality? Bridging the gap between curated proof of concept tests and real
world deployment of biomedical image based deep learning
Ida-Maria Sintorn, Damian Matuszewski, Ankit Gupta
Funding: UU AI4Research initiative
Period: 2020 –
Abstract: The focus of this AI4Research sabbatical project has been on mitigating some of shortcomings
hindering the application/deployment of deep learning solutions in real-world biomedical and clinical sce-
narios. Specifically, it has focused on reducing the ”deep-splaining” behavior of networks to let them admit
that they don’t know; and incorporating expert guidance in deep learning deployment. One outcome of
the project is the SimSearch framework, where minimal user input is used to train and adapt a deep neural
network to new image sets and detection tasks at hand. See Figure 16.

Figure 16: Why doesn’t it work in reality? Bridging the gap between curated proof of concept tests and
real world deployment of biomedical image based deep learning
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49. Global Multimodal Image Registration
Johan Öfverstedt, Joakim Lindblad, Nataša Sladoje
Period: 2021 –
Abstract: Registration of images from distinct modalities is a challenging task due to differences in ap-
pearance, information content, and distortions of the imaged objects of interest. It is also a highly important
task for many applications where we require fusion of the information from multiple sources to maximize
the quality and accuracy of the image analysis. A common approach to perform multimodal registration is
to choose an appropriate similarity measure, and optimize it using local derivative-based techniques until
a local maximum is located. These similarity measures are in general highly non-convex, with many local
optima, and therefore local optimization techniques can fail to find the globally optimal transformation.
This project involves the development and evaluation of novel methods that perform global optimization
over a set of transformations, based on fast algorithms which enable the analysis to be efficient enough
for practical usability. Two recent publications: ”Fast computation of mutual information in the frequency
domain with applications to global multimodal image alignment”, published in the journal Pattern Recog-
nition Letters, and ”Cross-Sim-NGF: FFT-Based Global Rigid Multimodal Alignment of Image Volumes
using Normalized Gradient Fields”, published at the 10th Workshop of Biomedical Image Registration. See
Figure 17.

Figure 17: Global Multimodal Image Registration
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5.5 Digital Humanities
50. Writer Identification and Dating

Anders Brun, Anders Hast
Funding: Swedish Research Council; Riksbankens Jubileumsfond; eSSENCE
Period: 2014 –
Abstract: The problem of identifying the writer of some handwritten text is of great interestin both forensic
and historical research. Sadly the magical CSI machine for identifying a scribal hand does not exist. Using
image analysis, statistical models of how ascribe used the quill pen on a parchment can be collected. These
measurements are treated as a statistical distribution over writing practices. We are using this information
to identify single writers and perform style based dating of historical manuscripts. We have analyzed over
10,000 manuscript pages from the collection Svenskt Diplomatarium from Riksarkivet. Using our methods,
based on recent trends in deep learning, we are able to estimate the production date of a manuscript in this
collection with a median error of less than 12 years.

51. Speaking to one’s superiors: Petitions as cultural heritage and sources of knowledge
Anders Brun, Anders Hast
Partner: History Department; Dept. of Linguistics and Philology; Landsarkivet, Uppsala
Funding: Swedish Research Council
Period: 2018 –
Abstract: The purpose of this project is to enhance accessibility to and knowledge of a historical source
petitions used relatively little in Sweden, and to use this source to answer questions about people’s ways
of supporting themselves and claiming rights in the past. The right to petition is vital to our understanding
of pre-modern political life. This project (a) Photographs and makes publicly accessible a large volume of
handwritten eighteenth-century petitions (Swedish supplik), (b) Makes high-quality indexes to the petitions,
(c) Strategically selects a number of petitions for refined analysis of form, language, content and context,(d)
Contributes to the history of everyday politics and micro-level economy, (e) Contributes to digital philology
and the development of automatized historical text analysis. The project creates a research infrastructure,
combines insights and skills from several scholarly and scientific fields, and is an example of collaboration
between university and archives as well as an example of digital humanities.

52. Computerised Image Processing in Handwritten Text Recognition
Raphaela Heil, Anders Hast, Anders Brun
Partner: Lasse Mårtensson, Dept. of Scandinavian Languages; Ekta Vats, Dept. of ABM
Funding: TN faculty
Period: 2018 –
Abstract: This project is concerned with handwritten text recognition with a special focus on the handling
of historical documents. It entails the development and implementation of new computational methods for
the recognition, transcription and analysis of manuscripts, employing both learning-free and learning-based
approaches. In addition to this, a set user-friendly tools for the transcription and analysis of historical docu-
ments will be implemented, encompassing the previously developed methods, thus making them accessible
to researchers from the digital humanities. The prototype IASC, the Interactive Atlas of Script Characteris-
tics, visualizes the variation in the features of words or single characters in an interactive 2D environment,
enabling palaeographers to explore the different writing styles contained in a manuscript. See Figure 18.

Figure 18: Computerised Image Processing in Handwritten Text Recognition
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5.6 Cooperation partners

In the following almost three pages, we list our partner academic institutions and companies
with whom we had active cooperation resulting in a reviewed publication during 2020 or 2021.
They are sorted alphabetically by name of department and university or company, city, and
country.

International

Aquesta Uropathology and University of Queensland, Brisbane, Australia

Royal Prince Alfred Hospital and Central Clinical School, University of Sydney, Australia

Dept. of Geography, Ghent University, Belgium

Cytomine SCRL FS, Liege, Belgium

University of Liege, Belgium

VIB BioImaging Core, Leuven, Belgium

Universidade Federal do Parana, Curitiba, Brazil

Dept. of Urology, Laboratory of Medical Research, University of Sao Paulo Medical School, Brazil

Institute of Mathematics and Informatics, Bulgarian Academy of Sciences, Sofia, Bulgaria

Dept. of Laboratory Medicine and Pathobiology, University of Toronto, Canada

Masaryk University, Brno, Czechia

University of Computer Sciences, Havana, Cuba

Aalborg University, Denmark

University of Southern Denmark, Odense, Denmark

Dept. of Oral and Maxillofacial Surgery, Zealand University Hospital, Roskilde, Denmark

Thomas Johann Seebeck Dept. of Electronics, Tallinn University of Technology, Estonia

Eliko Tehnoloogia Arenduskeskus OÜ , Tallinn, Estonia

Dept. of Pathology and Research Program in Systems Oncology, University of Helsinki, Finland

FIMM, HiLIFE, University of Helsinki, Finland

Faculty of Medicine and Health Technology, University of Tampere, Finland

BioCampus Montpellier, France

CNRS, University of Nantes, France

Cochin Hospital, Paris, France

University of Paris, France

Institute of Pathology, University Hospital Bonn, Germany
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Dept. of Computer Science, Electrical and Space Engineering, Luleå University of Technology
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6 Publications

In 2020 and 2021, we published 66 fully reviewed scientific articles, in Journals or Conference
proceedings, see Figure 19. It should be noted that in image analysis, visualization and related
subjects, the top conference proceedings often have higher impact and higher rejection rates
compared to many of the journals. CBA people are marked in bold; they may also have other
affiliations.

About 70% of the articles are related to Biomedicine in a broad sense, while about 20%
are almost purely theoretical. This agrees well with the proportions of research projects in
Section 5.

One way of measuring the impact of a research group is by the number of citations its arti-
cles obtain. The somewhat complex diagram in Figure 20 has publication year on the x axis
and number of citations on the y axis. Plots are made for papers having at least 50 citations
according to Google Scholar in May 2022. Naturally, the number of citations for recent papers
can soon increase rapidly.
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Figure 19: The number of fully reviewed articles from CBA 2001–2021.
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Figure 20: Each dot represents one paper. The horisontal axis represents the year the paper was pub-
lished, whereas the vertical axis represents the number of citations. Black indicates theory, red biomedi-
cal applications, and blue other applications. Dark colour means the first and/or at least half the authors
were CBA people, light colour otherwise.
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6.1 Edited books and book chapters
1. La rektoj de Eŭklido (Euclid’s straight lines)

Author: Christer Oscar Kiselman
Book: Aktoj de Internacia Scienca Akademio Comenius, Volume 2. 2021
Publisher: KAVA-PECH
Abstract: Mi starigas du demandojn pri la Elementoj de Euklido:
1. Kiel klarigi ke la propozicioj 16 kaj 27 en lia Unua Libro ne sekvas, strikte dirite, el liaj postulatoj (au
eble estas sensencaj)?
2. Kiuj estas la matematikaj sekvoj de la signifoj de la termino eutheja, kiujn ni hodiau ofte preferas
percepti kiel malsamaj? (I ask two questions about the Elements of Euclid:
1. How can we explain that propositions 16 and 27 in his First Book do not follow, strictly speaking, from
his postulates (or perhaps are meaningless)?
2. What are the mathematical consequences of the meanings of the term eutheja, which we often prefer to
perceive as different today? )

2. Introduction—computer-assisted analysis of multimodal image data
Author: Nataša Sladoje, Joakim Lindblad
Book: Imaging Modalities for Biological and Preclinical Research: A Compendium, Volume 2. 2021
DOI: 10.1088/978-0-7503-3747-2
Publisher: Institute of Physics Publishing (IOPP)
Abstract: This chapter introduces the subject of computer-assisted analysis of multimodality image data and
goes on to outline the areas covered in the remaining chapters of this section of the book.

3. Computer-assisted analysis of multimodal image data—perspectives and conclusion
Author: Nataša Sladoje, Joakim Lindblad, Perrine Paul-Gilloteaux (1)
(1) Université de Nantes, France
Book: Imaging Modalities for Biological and Preclinical Research: A Compendium, Volume 2. 2021
DOI: 10.1088/978-0-7503-3747-2
Publisher: Institute of Physics Publishing (IOPP)
Abstract: In this chapter, we give a general view on computer assisted image processing in a multimodal con-
text. We discuss the main challenges of the field, some popular approaches in addressing these challenges,
and ongoing community efforts to facilitate communication, collaboration, and knowledge exchange in this
highly multidisciplinary, and rapidly developing field.
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6.2 Edited conference proceedings and special issues of journals
1. Combinatorial Image Analysis: 20th Int. Workshop, IWCIA 2020, Novi Sad, Serbia, July 16-18,

2020, Proceedings
Book: Lecture Notes in Computer Science LNCS 12148
Editors: Tibor Lukic(1), Reneta Barneva(2), Valentin Brimkov(3,4), Lidija Comic(1), Nataša Sladoje
(1) Faculty of Technical Sciences, University of Novi Sad, Serbia
(2) School of Business, SUNY Fredonia NY, USA
(3) SUNY Buffalo NY, USA
(4) Institute of Mathematics and Informatics, Bulgarian Academy of Sciences, Sofia, Bulgaria
DOI: 10.1007/978-3-030-51002-2
Publisher: Springer
Abstract: This volume contains the Proceedings of the 20th International Workshop on Combinatorial Im-
age Analysis (IWCIA 2020) organized in Novi Sad, Serbia, July 16—18, 2020. Image analysis provides
theoretical foundations and methods for solving real-life problems arising in various areas of human prac-
tice, such as medicine, robotics, defense, and security. Since typically the input data to be processed are
discrete, the “combinatorial” approach to image analysis is a natural one and therefore its applicability is
expanding. Combinatorial image analysis often provides advantages in terms of efficiency and accuracy
over the more traditional approaches based on continuous models that require numerical computation. The
IWCIA workshop series provides a forum for researchers throughout the world to present cutting-edge re-
sults in combinatorial image analysis, to discuss recent advances and new challenges in this research area,
and to promote interaction with researchers from other countries.
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2. Discrete Geometry and Mathematical Morphology: First Int. Joint Conference, DGMM 2021, Upp-
sala, Sweden, May 24–27, 2021, Proceedings
Book: Lecture Notes in Computer Science LNCS 12198
Editors: Joakim Lindblad, Filip Malmberg, Nataša Sladoje
DOI: 10.1007/978-3-030-76657-3
Publisher: Springer
Abstract: This book constitutes the proceedings of the First IAPR International Conference on Discrete Ge-
ometry and Mathematical Morphology, DGMM 2021, which was held during May 24-27, 2021, in Uppsala,
Sweden.The conference was created by joining the Int. Conference on Discrete Geometry for computer Im-
agery, DGCI, with the Int. Symposium on Mathematical Morphology, ISMM. The 36 papers included in this
volume were carefully reviewed and selected from 59 submissions. They were organized in topical sections
as follows: applications in image processing, computer vision, and pattern recognition; discrete and com-
binatorial topology; discrete geometry - models, transforms, visualization; discrete tomography and inverse
problems; hierarchical and graph-based models, analysis and segmentation; learning-based approaches to
mathematical morphology; multivariate and PDE-based mathematical morphology, morphological filtering.
The book also contains 3 invited keynote papers.

3. Pattern Recognition Letters special section on CIARP 2019
Editors: Ingela Nyström and José Ruiz-Shulcloper(1)
(1) University of Computer Sciences, Havana, Cuba
Journal: Pattern Recognition Letters 2021
DOI: 10.1016/j.patrec.2021.04.014
Abstract: Special Sections constitute an initiative of Pattern Recognition Letters, where extended versions of
those papers that received an award during a conference are published after reviewing. This special section,
as previous since 2013, contains the extended versions of the two papers that were granted an award at
the XXIV Iberoamerican Congress on Pattern Recognition (CIARP 2019) held on October 28–31, 2019, in
Havana, Cuba: the IAPR-CIARP 2019 Best Paper Prize and the CIARP 2019 Aurora Pons-Porrata Medal.
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6.3 Journal articles
1. A fast instance selection method for support vector machines in building extraction

Authors: Mohammad Aslani(1), Stefan Seipel
(1) Dept. of Industrial Development, IT and Land Management, University of Gävle
Journal: Applied Soft Computing 2020
DOI: 10.1016/j.asoc.2020.106716
Abstract: Training support vector machines (SVMs) for pixel-based feature extraction purposes from aerial
images requires selecting representative pixels (instances) as a training dataset. In this research, locality-
sensitive hashing (LSH) is adopted for developing a new instance selection method which is referred to
as DR.LSH. The intuition of DR.LSH rests on rapidly finding similar and redundant training samples and
excluding them from the original dataset. The simple idea of this method alongside its linear computational
complexity make it expeditious in coping with massive training data (millions of pixels). DR.LSH is bench-
marked against two recently proposed methods on a dataset for building extraction with 23,750,000 samples
obtained from the fusion of aerial images and point clouds. The results reveal that DR.LSH outperforms
them in terms of both preservation rate and maintaining the generalization ability (classification loss). The
source code of DR.LSH can be found in https://github.com/mohaslani/DR.LSH.

2. Adaptive Mathematical Morphology on Irregularly Sampled Signals in Two Dimensions
Authors: Teo Asplund, Cris L. Luengo Hendriks(1), Matthew J.Thurley(2), Robin Strand
(1) Flagship Biosciences Inc. CO, USA
(2) Luleå University of Technology
Journal: Mathematical Morphology — Theory and Applications 2020
DOI: 10.1515/mathm-2020-0104
Abstract: This paper proposes a way of better approximating continuous, two-dimensional morphology in
the discrete domain, by allowing for irregularly sampled input and output signals. We generalize previ-
ous work to allow for a greater variety of structuring elements, both flat and non-flat. Experimentally we
show improved results over regular, discrete morphology with respect to the approximation of continuous
morphology. It is also worth noting that the number of output samples can often be reduced without sacri-
ficing the quality of the approximation, since the morphological operators usually generate output signals
with many plateaus, which, intuitively do not need a large number of samples to be correctly represented.
Finally, the paper presents some results showing adaptive morphology on irregularly sampled signals.

3. Generalised deep learning framework for HEp-2 cell recognition using local binary pattern maps
Authors: Buda Bajic(1), Tomas Majtner(2), Joakim Lindblad, Nataša Sladoje
(1) University of Novi Sad, Serbia
(2) The Maersk Mc-Kinney Moller Institute, University of Southern Denmark, Odense
Journal: IET Image Processing 2020
DOI: 10.1049/iet-ipr.2019.0705
Abstract: The authors propose a novel HEp-2 cell image classifier to improve the automation process of
patients’ serum evaluation. The authors’ solution builds on the recent progress in deep learning based im-
age classification. They propose an ensemble approach using multiple state-of-the-art architectures. They
incorporate additional texture information extracted by an improved version of local binary patterns maps,
α LBP-maps, which enables to create a very effective cell image classifier. This innovative combination is
trained on three publicly available datasets and its general applicability is demonstrated through the eval-
uation on three independent test sets. The presented results show that their approach leads to a general
improvement of performance on average on the three public datasets.

4. Multiple comparison correction methods for whole-body magnetic resonance imaging
Authors: Eva Breznik, Filip Malmberg, Joel Kullberg(1,2), Håkan Ahlström(1,2), Robin Strand
(1) Dept. of Surgical Sciences, UU (2) Antaros Medical AB, Mölndal
Journal: Journal of Medical Imaging 2020
DOI: 10.1117/1.JMI.7.1.014005
Abstract: Purpose: Voxel-level hypothesis testing on images suffers from test multiplicity. Numerous cor-
rection methods exist, mainly applied and evaluated on neuroimaging and synthetic datasets. However,
newly developed approaches like Imiomics, using different data and less common analysis types, also re-
quire multiplicity correction for more reliable inference. To handle the multiple comparisons in Imiomics,
we aim to evaluate correction methods on whole-body MRI and correlation analyses, and to develop tech-
niques specifically suited for the given analyses. Approach: We evaluate the most common familywise error
rate (FWER) limiting procedures on whole-body correlation analyses via standard (synthetic no-activation)
nominal error rate estimation as well as smaller prior-knowledge based stringency analysis. Their perfor-
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mance is compared to our anatomy-based method extensions. Results: Results show that nonparametric
methods behave better for the given analyses. The proposed prior-knowledge based evaluation shows that
the devised extensions including anatomical priors can achieve the same power while keeping the FWER
closer to the desired rate. Conclusions: Permutation-based approaches perform adequately and can be used
within Imiomics. They can be improved by including information on image structure. We expect such
method extensions to become even more relevant with new applications and larger datasets.

5. HISTOBREAST: a collection of brightfield microscopy images of Haematoxylin and Eosin stained
breast tissue
Authors: Roxana M. Buga(1,2), Tiberiu Totu(1,2), Adrian Dumitru(3,4), Mariana Costache(3,4), Iustin
Floroiu(1,5), Nataša Sladoje, Stefan G. Stanciu(1)
(1) Center for Microscopy-Microanalysis and Information Processing, Politehnica University of Bucharest,
Romania
(2) School of Life Sciences, Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland
(3) Department of Pathology, Carol Davila University of Medicine and Pharmacy, Bucharest, Romania
(4) Department of Pathology, Emergency University Hospital, Bucharest, Romania
(5) Faculty of Medical Engineering, Politehnica University of Bucharest, Romania
Journal: Scientific Data 2020
DOI: 10.1038/s41597-020-0500-0
Abstract: Modern histopathology workflows rely on the digitization of histology slides. The quality of the
resulting digital representations, in the form of histology slide image mosaics, depends on various specific
acquisition conditions and on the image processing steps that underlie the generation of the final mosaic,
e.g. registration and blending of the contained image tiles. We introduce HISTOBREAST, an extensive
collection of brightfield microscopy images that we collected in a principled manner under different ac-
quisition conditions on Haematoxylin - Eosin (H&E) stained breast tissue. HISTOBREAST is comprised
of neighbour image tiles and ensemble of mosaics composed from different combinations of the available
image tiles, exhibiting progressively degraded quality levels. HISTOBREAST can be used to benchmark
image processing and computer vision techniques with respect to their robustness to image modifications
specific to brightfield microscopy of H&E stained tissues. Furthermore, HISTOBREAST can serve in the
development of new image processing methods, with the purpose of ensuring robustness to typical image
artefacts that raise interpretation problems for expert histopathologists and affect the results of computerized
image analysis.

6. Fast graph-cut based optimization for practical dense deformable registration of volume images
Authors: Simon Ekström(1), Filip Malmberg, Håkan Ahlström(1,2), Joel Kullberg(1,2), Robin Strand
(1) Dept. of Surgical Sciences, UU
(2) Antaros Medical AB, Mölndal
Journal: Computerized Medical Imaging and Graphics 2020
DOI: 10.1016/j.compmedimag.2020.101745
Abstract: Deformable image registration is a fundamental problem in medical image analysis, with applica-
tions such as longitudinal studies, population modeling, and atlas-based image segmentation. Registration
is often phrased as an optimization problem, i.e., finding a deformation field that is optimal according to a
given objective function. Discrete, combinatorial, optimization techniques have successfully been employed
to solve the resulting optimization problem. Specifically, optimization based on α-expansion with minimal
graph cuts has been proposed as a powerful tool for image registration. The high computational cost of the
graph-cut based optimization approach, however, limits the utility of this approach for registration of large
volume images. Here, we propose to accelerate graph-cut based deformable registration by dividing the
image into overlapping sub-regions and restricting the α-expansion moves to a single sub-region at a time.
We demonstrate empirically that this approach can achieve a large reduction in computation time - from
days to minutes - with only a small penalty in terms of solution quality. The reduction in computation time
provided by the proposed method makes graph-cut based deformable registration viable for large volume
images. Graph-cut based image registration has previously been shown to produce excellent results, but the
high computational cost has hindered the adoption of the method for registration of large medical volume
images. Our proposed method lifts this restriction, requiring only a small fraction of the computational cost
to produce results of comparable quality.
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7. Detection of pulmonary micronodules in computed tomography images and false positive reduction
using 3D convolutional neural networks
Authors: Anindya Gupta, Tonis Saar(1), Olev Martens(2), Yannick Le Moullec(2), Ida-Maria Sintorn
(1) Eliko Tehnoloogia Arenduskeskus, Tallinn, Estonia
(2) Thomas Johann Seebeck Dept. of Electronics, Tallinn University of Technology, Estonia
Journal: Int. journal of imaging systems and technology 2020
DOI: 10.1002/ima.22373
Abstract: Manual detection of small uncalcified pulmonary nodules (diameter <4 mm) in thoracic computed
tomography (CT) scans is a tedious and error-prone task. Automatic detection of disperse micronodules
is, thus, highly desirable for improved characterization of the fatal and incurable occupational pulmonary
diseases. Here, we present a novel computer-assisted detection (CAD) scheme specifically dedicated to
detect micronodules. The proposed scheme consists of a candidate-screening module and a false positive
(FP) reduction module. The candidate-screening module is initiated by a lung segmentation algorithm
and is followed by a combination of 2D/3D features-based thresholding parameters to identify plausible
micronodules. The FP reduction module employs a 3D convolutional neural network (CNN) to classify
each identified candidate. It automatically encodes the discriminative representations by exploiting the
volumetric information of each candidate. A set of 872 micro-nodules in 598 CT scans marked by at least
two radiologists are extracted from the Lung Image Database Consortium and Image Database Resource
Initiative to test our CAD scheme. The CAD scheme achieves a detection sensitivity of 86.7% (756/872)
with only 8 FPs/scan and an AUC of 0.98. Our proposed CAD scheme efficiently identifies micronodules
in thoracic scans with only a small number of FPs. Our experimental results provide evidence that the
automatically generated features by the 3D CNN are highly discriminant, thus making it a well-suited FP
reduction module of a CAD scheme.

8. Patient-specific fine-tuning of CNNs for follow-up lesion quantification
Authors: Marielle J. A. Jansen(1), Hugo J. Kuijf(1), Ashis Kumar Dhara, Nick A. Weaver(2), Geert Jan
Biessels(2), Robin Strand, Josein Pluim(1)
(1) Image Sciences Institute, Utrecht University, The Netherlands
(2) Dept. of Neurology, Brain Center Rudolf Magnus, Utrecht, The Netherlands
Journal: Journal of Medical Imaging 2020
DOI: 10.1117/1.JMI.7.6.064003
Abstract: Convolutional neural network (CNN) methods have been proposed to quantify lesions in medical
imaging. Commonly more than one imaging examination is available for a patient, but the serial information
in these images often remains unused. CNNbased methods have the potential to extract valuable information
from previously acquired imaging to better quantify current imaging of the same patient. A pre-trained CNN
can be updated with a patient’s previously acquired imaging: patient-specific fine-tuning. In this work,
we studied the improvement in performance of lesion quantification methods on MR images after fine-
tuning compared to a base CNN. We applied the method to two different approaches: the detection of liver
metastases and the segmentation of brain white matter hyperintensities (WMH). The patient-specific fine-
tuned CNN has a better performance than the base CNN. For the liver metastases, the median true positive
rate increases from 0.67 to 0.85. For the WMH segmentation, the mean Dice similarity coefficient increases
from 0.82 to 0.87. In this study we showed that patient-specific fine-tuning has potential to improve the
lesion quantification performance of general CNNs by exploiting the patient’s previously acquired imaging.

9. Large-scale biometry with interpretable neural network regression on UK Biobank body MRI
Authors: Taro Langner(1), Robin Strand, Håkan Ahlström(1,2), Joel Kullberg(1,2)
(1) Dept. of Surgical Sciences, UU
(2) Antaros Medical AB, Mölndal
Journal: Scientific Reports 2020
DOI: 10.1038/s41598-020-74633-5
Abstract: In a large-scale medical examination, the UK Biobank study has successfully imaged more than
32,000 volunteer participants with magnetic resonance imaging (MRI). Each scan is linked to extensive
metadata, providing a comprehensive medical survey of imaged anatomy and related health states. Despite
its potential for research, this vast amount of data presents a challenge to established methods of evaluation,
which often rely on manual input. To date, the range of reference values for cardiovascular and metabolic
risk factors is therefore incomplete. In this work, neural networks were trained for image-based regression
to infer various biological metrics from the neck-to-knee body MRI automatically. The approach requires
no manual intervention or direct access to reference segmentations for training. The examined fields span
64 variables derived from anthropometric measurements, dual-energy X-ray absorptiometry (DXA), atlas-
based segmentations, and dedicated liver scans. With the ResNet50, the standardized framework achieves a
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close fit to the target values (median R2 > 0.97) in cross-validation. Interpretation of aggregated saliency
maps suggests that the network correctly targets specific body regions and limbs, and learned to emulate
different modalities. On several body composition metrics, the quality of the predictions is within the range
of variability observed between established gold standard techniques.

10. Kidney segmentation in neck-to-knee body MRI of 40,000 UK Biobank participants
Authors: Taro Langner(1), Andreas Östling(1), Lukas Maldonis(2), Albin Karlsson(1), Daniel Olmo(1), Dag
Lindgren(2), Andreas Wallin(2), Lowe Lundin(2), Robin Strand, Håkan Ahlström(1,2), Joel Kullberg(1,2)
(1) Dept. of Surgical Sciences, UU
(2) Antaros Medical AB, Mölndal
Journal: Scientific Reports 2020
DOI: 10.1038/s41598-020-77981-4
Abstract: The UK Biobank is collecting extensive data on health-related characteristics of over half a million
volunteers. The biological samples of blood and urine can provide valuable insight on kidney function, with
important links to cardiovascular and metabolic health. Further information on kidney anatomy could be
obtained by medical imaging. In contrast to the brain, heart, liver, and pancreas, no dedicated Magnetic
Resonance Imaging (MRI) is planned for the kidneys. An image-based assessment is nonetheless feasible
in the neck-to-knee body MRI intended for abdominal body composition analysis, which also covers the
kidneys. In this work, a pipeline for automated segmentation of parenchymal kidney volume in UK Biobank
neck-to-knee body MRI is proposed. The underlying neural network reaches a relative error of 3.8%,
with Dice score 0.956 in validation on 64 subjects, close to the 2.6% and Dice score 0.962 for repeated
segmentation by one human operator. The released MRI of about 40,000 subjects can be processed within
one day, yielding volume measurements of left and right kidney. Algorithmic quality ratings enabled the
exclusion of outliers and potential failure cases. The resulting measurements can be studied and shared for
large-scale investigation of associations and longitudinal changes in parenchymal kidney volume.

11. Voxel-wise Study of Cohort Associations in Whole-Body MRI: Application in Metabolic Syndrome
and Its Components
Authors: Lars Lind(1), Robin Strand, Karl Michaëlsson(2), Håkan Ahlström(2,3), Joel Kullberg(2,3)
(1) Dept. of Medical Sciences, UU
(2) Dept. of Surgical Sciences, UU
(3) Antaros Medical AB, Mölndal
Journal: Radiology 2020
DOI: 10.1148/radiol.2019191035
Abstract: BACKGROUND: The metabolic syndrome is related to obesity and ectopic fat distribution. Pur-
pose To investigate whether an image analysis approach that uses image registration for whole-body voxel-
wise analysis could provide additional information about the relationship between metabolic syndrome and
body composition compared with traditional image analysis.
MATERIALS and METHODS: Whole-body quantitative water-fat MRI was performed in a population-
based prospective study on obesity, energy, and metabolism between October 2010 and November 2016.
Fat mass was measured with dual-energy x-ray absorptiometry (DXA). Whole-body voxel-wise analysis of
tissue volume and fat content was applied in more than 2 million voxels from the whole-body examinations
by automated inter-individual deformable image registration of the water and fat MRI data. Metabolic
syndrome was diagnosed by the harmonized National Cholesterol Education Program criteria. Two-tailed t
tests were used and P values less than .05 were considered to indicate statistical significance.
RESULTS: This study evaluated 167 women and 159 men (mean age, 50 years) by using voxel-wise anal-
ysis. Metabolic syndrome (13.5%; 44 of 326) was related to traditional measurements of fat distribution,
such as total fat mass at DXA, visceral and subcutaneous adipose tissue, and liver and pancreatic fat at MRI.
Voxel-wise analysis found metabolic syndrome related to liver, heart, and perirenal fat volume; fat content
in subcutaneous fat in the hip region in both sexes; fatty infiltration of leg muscles in men, especially in glu-
teus maximus; and pericardial and aortic perivascular fat mainly in women. Sex differences in associations
with subcutaneous adipose tissue were identified. In women, metabolic syndrome diagnosis was linked to
regional differences in associations to adipose tissue volumes in upper versus lower body, and dorsal versus
ventral abdominal depots. In men similar gradients were only seen in individual components.
CONCLUSION: In addition to showing the relationships between metabolic syndrome and body compo-
sition in a detailed and intuitive fashion in the whole body, the voxel-wise analysis provided additional
information compared with traditional image analysis.
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12. Evaluation of Augmented Reality-Based Building Diagnostics Using Third Person Perspective
Authors: Fei Liu(1), Torsten Jonsson(1), Stefan Seipel
(1) Dept. of Computer and Geospatial Sciences, University of Gävle
Journal: ISPRS Int. Journal of Geo-Information 2020
DOI: 10.3390/ijgi9010053
Abstract: Comprehensive user evaluations of outdoor augmented reality (AR) applications in the architec-
ture, engineering, construction and facilities management (AEC/FM) industry are rarely reported in the
literature. This paper presents an AR prototype system for infrared thermographic façade inspection and
its evaluation. The system employs markerless tracking based on image registration using natural features
and a third person perspective (TPP) augmented view displayed on a hand-held smart device. We focus on
evaluating the system in user experiments with the task of designating positions of heat spots on an actual
façade as if acquired through thermographic inspection. User and system performance were both assessed
with respect to target designation errors. The main findings of this study show that positioning accuracy
using this system is adequate for objects of the size of one decimeter. After ruling out the system inherent
errors, which mainly stem from our application-specific image registration procedure, we find that errors
due to a human’s limited visual-motoric and cognitive performance, which have a more general implication
for using TPP AR for target designation, are only a few centimeters.

13. Two Polynomial Time Graph Labeling Algorithms Optimizing Max-Norm-Based Objective Func-
tions
Authors: Filip Malmberg, Krzysztof Chris Ciesielski(1)
(1) Dept. of Mathematics, West Virginia University, Morgantown WV, USA
Journal: Journal of Mathematical Imaging and Vision 2020
DOI: 10.1007/s10851-020-00963-8
Abstract: Many problems in applied computer science can be expressed in a graph setting and solved by
finding an appropriate vertex labeling of the associated graph. It is also common to identify the term “ap-
propriate labeling” with a labeling that optimizes some application-motivated objective function. The goal
of this work is to present two algorithms that, for the objective functions in a general format motivated by
image processing tasks, find such optimal labelings. Specifically, we consider a problem of finding an op-
timal binary labeling for the objective function defined as the max-norm over a set of local costs of a form
that naturally appears in image processing. It is well known that for a limited subclass of such problems,
globally optimal solutions can be found via watershed cuts, that is, by the cuts associated with the optimal
spanning forests of a graph.
Here, we propose two new algorithms for optimizing a broader class of such problems. The first algorithm,
that works for all considered objective functions, returns a globally optimal labeling in quadratic time with
respect to the size of the graph (i.e., the number of its vertices and edges) or, for an image associated graph,
the size of the image. The second algorithm is more efficient, with quasi-linear time complexity, and returns
a globally optimal labeling provided that the objective function satisfies certain given conditions. These
conditions are analogous to the submodularity conditions encountered in max-flow/min-cut optimization,
where the objective function is defined as sum of all local costs. We will also consider a refinement of the
max-norm measure, defined in terms of the lexicographical order, and examine the algorithms that could
find minimal labelings with respect to this refined measure.

14. Clustered Grid Cell Data Structure for Isosurface Rendering
Authors: Fredrik Nysjö
Journal: Journal of WSCG 2020
DOI: 10.24132/JWSCG.2020.28.2
Abstract: Active grid cells in scalar volume data are typically identified by many isosurface rendering meth-
ods when extracting another representation of the data for rendering. However, the use of grid cells them-
selves as rendering primitives is not extensively explored in the literature. In this paper, we propose a
cluster-based data structure for storing the data of active grid cells for fast cell rasterisation via billboard
splatting. Compared to previous cell rasterisation approaches, eight corner scalar values are stored with each
active grid cell, so that the full volume data is not required during rendering. The grid cells can be quickly
extracted and use about 37 percent memory compared to a typical efficient mesh-based representation, while
supporting large grid sizes. We present further improvements such as a visibility buffer for cluster culling
and EWA-based interpolation of attributes such as normals. We also show that our data structure can be
used for hybrid ray tracing or path tracing to compute global illumination.
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15. RayCaching: Amortized Isosurface Rendering for Virtual Reality
Authors: Fredrik Nysjö, Filip Malmberg, Ingela Nyström
Journal: Computer Graphics Forum 2020
DOI: 10.1111/cgf.13762
Abstract: Real-time virtual reality requires efficient rendering methods to deal with high- resolution stereo-
scopic displays and low latency head-tracking. Our proposed RayCaching method renders isosurfaces of
large volume datasets by amortizing raycasting over several frames and caching primary rays as small bricks
that can be efficiently rasterized. An occupancy map in form of a clipmap provides level of detail and en-
sures that only bricks corresponding to visible points on the isosurface are being cached and rendered. Hard
shadows and ambient occlusion from secondary rays are also accumulated and stored in the cache. Our
method supports real-time isosurface rendering with dynamic isovalue and allows stereoscopic visualiza-
tion and exploration of large volume datasets at framerates suitable for virtual reality applications.

16. A rapid and accurate method to quantify neurite outgrowth from cell and tissue cultures:
Two image analytic approaches using adaptive thresholds or machine learning
Authors: Alexander Ossinger(1), Andrej Bajic(1), S Pan(1), Brittmarie Andersson(1), Petter Ranefall, Nils
P. Hailer(1), Nikos Schizas(1)
(1) Dept. of Surgical Sciences, UU
Journal: Journal of Neuroscience Methods 2020
DOI: 10.1016/j.jneumeth.2019.108522
Abstract: BACKGROUND: Assessments of axonal outgrowth and dendritic development are essential read-
outs in many in vitro models in the field of neuroscience. Available analysis software is based on the as-
sessment of fixed immunolabelled tissue samples, making it impossible to follow the dynamic development
of neurite outgrowth. Thus, automated algorithms that efficiently analyse brightfield images, such as those
obtained during time-lapse microscopy, are needed.
NEW METHOD: We developed and validated algorithms to quantitatively assess neurite outgrowth from
living and unstained spinal cord slice cultures (SCSCs) and dorsal root ganglion cultures (DRGCs) based
on an adaptive thresholding approach called NeuriteSegmantation. We used a machine learning approach
to evaluate dendritic development from dissociate neuron cultures.
RESULTS: NeuriteSegmentation successfully recognized axons in brightfield images of SCSCs and DRGCs.
The temporal pattern of axonal growth was successfully assessed. In dissociate neuron cultures the total
number of cells and their outgrowth of dendrites were successfully assessed using machine learning.
COMPARISON WITH EXISTING METHODS: The methods were positively correlated and were more
time-saving than manual counts, having performing times varying from 0.5-2 minutes. In addition, Neurite-
Segmentation was compared to NeuriteJ®, that uses global thresholding, being more reliable in recognizing
axons in areas of intense background.
CONCLUSION: The developed image analysis methods were more time-saving and user-independent than
established approaches. Moreover, by using adaptive thresholding, we could assess images with large vari-
ations in background intensity. These tools may prove valuable in the quantitative analysis of axonal and
dendritic outgrowth from numerous in vitro models used in neuroscience.

17. Automated identification of the mouse brain’s spatial compartments from in situ sequencing data
Authors: Gabriele Partel, Markus M. Hilscher(1), Giorgia Milli, Leslie Solorzano, Anna H. Klemm,
Mats Nilsson(1), Carolina Wählby
(1) Science for Life Laboratory, Dept. of Biochemistry and Biophysics, Stockholm University, Solna
Journal: BMC Biology 2020
DOI: 10.1186/s12915-020-00874-5
Abstract: BACKGROUND: Neuroanatomical compartments of the mouse brain are identified and outlined
mainly based on manual annotations of samples using features related to tissue and cellular morphology,
taking advantage of publicly available reference atlases. However, this task is challenging since sliced tissue
sections are rarely perfectly parallel or angled with respect to sections in the reference atlas and organs from
different individuals may vary in size and shape. With the advent of in situ sequencing technologies, it
is now possible to profile the gene expression of targeted genes inside preserved tissue samples and thus
spatially map biological processes across anatomical compartments. This also opens up for new approaches
to identifying tissue compartments.
RESULTS: Here, we show how in situ sequencing data combined with dimensionality reduction and clus-
tering can be used to identify spatial compartments that correspond to known anatomical compartments of
the brain. We also visualize gradients in gene expression and sharp as well as smooth transitions between
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different compartments. We apply our method on mouse brain sections and show that computationally de-
fined anatomical compartments are highly reproducible across individuals and have the potential to replace
manual annotation based on cell and tissue morphology.
CONCLUSION Mapping the brain based on molecular information means that we can create detailed at-
lases independent of angle at sectioning or variations between individuals.

18. BIAFLOWS: A Collaborative Framework to Reproducibly Deploy and Benchmark Bioimage Analy-
sis Workflows
Authors: Ulysse Rubens(1), Romain Mormont(1), Lassi Paavolainen(2), Volker Bäcker(3), Benjamin Pavie
(4), Leandro A. Scholz(5), Gino Michiels(6), Martin Maška(7), Devrim Ünay(8), Graeme Ball(9), Renaud
Hoyoux(10), Rémy Vandaele(1), Ofra Golani(11), Stefan G. Stanciu(12), Nataša Sladoje, Perrine Paul-
Gilloteaux(13), Raphael Marée(1), Sébastien Tosi(14)
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Journal: Patterns 2020
DOI: 10.1016/j.patter.2020.100040
Abstract: Image analysis is key to extracting quantitative information from scientific microscopy images,
but the methods involved are now often so refined that they can no longer be unambiguously described by
written protocols. We introduce BIAFLOWS, an open-source web tool enabling to reproducibly deploy
and benchmark bioimage analysis workflows coming from any software ecosystem. A curated instance of
BIAFLOWS populated with 34 image analysis workflows and 15 microscopy image datasets recapitulat-
ing common bioimage analysis problems is available online. The workflows can be launched and assessed
remotely by comparing their performance visually and according to standard benchmark metrics. We illus-
trated these features by comparing seven nuclei segmentation workflows, including deep-learning methods.
BIAFLOWS enables to benchmark and share bioimage analysis workflows, hence safeguarding research re-
sults and promoting high-quality standards in image analysis. The platform is thoroughly documented and
ready to gather annotated microscopy datasets and workflows contributed by the bioimaging community.

19. Visualisation of 3D Property Data and Assessment of the Impact of Rendering Attributes
Authors: Stefan Seipel, Martin Andrée(2,3), Karolina Larsson(4), Jesper M. Paasch(1,3,5), Jenny Pauls-
son(6)
(1) University of Gävle
(2) Sandviken AB, Sweden
(3) Lantmäteriet, Gävle
(4) Cadastral Authority (Lantmäterimyndigheten), Stockholm
(5) Aalborg University, Denmark
(6) KTH Royal Institute of Technology, Stockholm
Journal: Journal of Geovisualization and Spatial Analysis 2020
DOI: 10.1007/s41651-020-00063-6
Abstract: Visualizations of 3D cadastral information incorporating both intrinsically spatial and non-spatial
information are examined here. The design of a visualization prototype is linked to real-case 3D prop-
erty information. In an interview with domain experts, the functional and visual features of the prototype
are assessed. The choice of rendering attributes was identified as an important aspect for further analy-
sis. A computational approach to systematic assessment of the consequences of different graphical design
choices is proposed. This approach incorporates a colour similarity metric, visual saliency maps, and k-
nearest-neighbour (kNN) classification to estimate risks of confusing or overlooking relevant elements in a
visualization. The results indicate that transparency is not an independent visual variable, as it affects the
apparent colour of 3D objects and makes them inherently more difficult to distinguish. Transparency also
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influences visual saliency of objects in a scene. The proposed analytic approach was useful for visualization
design and revealed that the conscious use of graphical attributes, like combinations of colour, transparency,
and line styles, can improve saliency of objects in a 3D scene.

20. Towards automatic protein co-expression quantification in immunohistochemical TMA slides
Authors: Leslie Solorzano, Carla Pereira(1,2), Diana Martins(1,3), Raquel Almeida(1,2), Fatima Carneiro
(1,2), Gabriela Almeida(1,2), Carla Oliveira(1,2), Carolina Wählby
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(2) Institute of Molecular Pathology and Immunology (IPATIMUP), University of Porto, Portugal
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Journal: IEEE journal of biomedical and health informatics 2020
DOI: 10.1109/JBHI.2020.3008821
Abstract: Immunohistochemical (IHC) analysis of tissue biopsies is currently used for clinical screening of
solid cancers to assess protein expression. The large amount of image data produced from these tissue sam-
ples requires specialized computational pathology methods to perform integrative analysis. Even though
proteins are traditionally studied independently, the study of protein co-expression may offer new insights
towards patients’ clinical and therapeutic decisions. To explore protein co-expression, we constructed a
modular image analysis pipeline to spatially align tissue microarray (TMA) image slides, evaluate align-
ment quality, define tumor regions, and ultimately quantify protein expression, before and after tumor seg-
mentation. The pipeline was built with open-source tools that can manage gigapixel slides. To evaluate
the consensus between pathologist and computer, we characterized a cohort of 142 gastric cancer cases re-
garding the extent of E-cadherin and CD44v6 expression. We performed IHC analysis in consecutive TMA
slides and compared the automated quantification with the pathologists’ manual assessment. Our results
show that automated quantification within tumor regions improves agreement with the pathologists’ classi-
fication. A co-expression map was created to identify the cores co-expressing both proteins. Our pipeline
provides not only computational tools forwarding current pathology practices to explore co-expression, but
also a framework for merging data and transferring information in learning-based approaches to pathology.
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a population-based, diagnostic study
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Journal: The Lancet Oncology 2020
DOI: 10.1016/S1470-2045(19)30738-7
Abstract: BACKGROUND: An increasing volume of prostate biopsies and a worldwide shortage of uro-
logical pathologists puts a strain on pathology departments. Additionally, the high intra-observer and inter-
observer variability in grading can result in overtreatment and undertreatment of prostate cancer. To alle-
viate these problems, we aimed to develop an artificial intelligence (AI) system with clinically acceptable
accuracy for prostate cancer detection, localisation, and Gleason grading.
METHODS: We digitised 6682 slides from needle core biopsies from 976 randomly selected participants
aged 50–69 in the Swedish prospective and population-based STHLM3 diagnostic study done between May
28, 2012, and Dec 30, 2014 (ISRCTN84445406), and another 271 from 93 men from outside the study. The
resulting images were used to train deep neural networks for assessment of prostate biopsies. The networks
were evaluated by predicting the presence, extent, and Gleason grade of malignant tissue for an independent
test dataset comprising 1631 biopsies from 246 men from STHLM3 and an external validation dataset of
330 biopsies from 73 men. We also evaluated grading performance on 87 biopsies individually graded
by 23 experienced urological pathologists from the Int. Society of Urological Pathology. We assessed
discriminatory performance by ROC and tumour extent predictions by correlating predicted cancer length
against measurements by the reporting pathologist. We quantified the concordance between grades assigned
by the AI system and the expert urological pathologists using Cohen’s kappa.
FINDINGS: The AI achieved an area under the receiver operating characteristics curve of 0·997 (95% CI
0·994—0·999) for distinguishing between benign (n=910) and malignant (n=721) biopsy cores on the inde-
pendent test dataset and 0·986 (0·972–0·996) on the external validation dataset (benign n=108, malignant
n=222). The correlation between cancer length predicted by the AI and assigned by the reporting pathol-
ogist was 0·96 (95% CI 0·95–0·97) for the independent test dataset and 0·87 (0·84—0·90) for the external
validation dataset. For assigning Gleason grades, the AI achieved a mean pairwise kappa of 0·62, which
was within the range of the corresponding values for the expert pathologists (0·60—0·73).
INTERPRETATION: An AI system can be trained to detect and grade cancer in prostate needle biopsy
samples at a ranking comparable to that of international experts in prostate pathology. Clinical application
could reduce pathology workload by reducing the assessment of benign biopsies and by automating the task
of measuring cancer length in positive biopsy cores. An AI system with expert-level grading performance
might contribute a second opinion, aid in standardising grading, and provide pathology expertise in parts of
the world where it does not exist.

22. Deep learning and conformal prediction for hierarchical analysis of large-scale whole-slide tissue im-
ages
Authors: Håkan Wieslander, Philip J. Harrison(1), Gabriel Skogberg(2), Sonya Jackson(3), Markus Fridén
(1,4), Johan Karlsson(5), Ola Spjuth(2), Carolina Wählby
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Journal: IEEE Journal of Biomedical and Health Informatics 2020
DOI: 10.1109/JBHI.2020.2996300
Abstract: With the increasing amount of image data collected from biomedical experiments there is an ur-
gent need for smarter and more effective analysis methods. Many scientific questions require analysis of
image subregions related to some specific biology. Finding such regions of interest (ROIs) at low reso-
lution and limiting the data subjected to final quantification at high resolution can reduce computational
requirements and save time. In this paper we propose a three-step pipeline: First, bounding boxes for
ROIs are located at low resolution. Next, ROIs are subjected to semantic segmentation into sub-regions at
mid-resolution. We also estimate the confidence of the segmented sub-regions. Finally, quantitative mea-
surements are extracted at high resolution. We use deep learning for the first two steps in the pipeline and
conformal prediction for confidence assessment. We show that limiting final quantitative analysis to sub
regions with high confidence reduces noise and increases separability of observed biological effects.
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Abstract: Optical projection tomography (OPT) is a 3D imaging alternative to conventional microscopy
which allows imaging of millimeter-sized object with isotropic micrometer resolution. The zebrafish is an
established model organism and an important tool used in genetic and chemical screening. The size and
optical transparency of the embryo and larva makes them well suited for imaging using OPT. Here, we
present an open-source implementation of an OPT platform, built around a customized sample stage, 3D-
printed parts and open source algorithms optimized for the system. We developed a versatile automated
workflow including a two-step image processing approach for correcting the center of rotation and gener-
ating accurate 3D reconstructions. Our results demonstrate high-quality 3D reconstruction using synthetic
data as well as real data of live and fixed zebrafish. The presented 3D-printable OPT platform represents a
fully open design, low-cost and rapid loading and unloading of samples. Our system offers the opportunity
for researchers with different backgrounds to setup and run OPT for large scale experiments, particularly in
studies using zebrafish larvae as their key model organism.

24. Stochastic Distance Transform: Theory, Algorithms and Applications
Authors: Johan Öfverstedt, Joakim Lindblad, Nataša Sladoje
Journal: Journal of Mathematical Imaging and Vision 2020
DOI: 10.1007/s10851-020-00964-7
Abstract: Distance transforms (DTs) are standard tools in image analysis, with applications in image reg-
istration and segmentation. The DT is based on extremal (minimal) distance values and is therefore highly
sensitive to noise. We present a stochastic distance transform (SDT) based on discrete random sets, in which
a model of element-wise probability is utilized and the SDT is computed as the first moment of the distance
distribution to the random set. We present two methods for computing the SDT and analyze them w.r.t.
accuracy and complexity. Further, we propose a method, utilizing kernel density estimation, for estimat-
ing probability functions and associated random sets to use with the SDT. We evaluate the accuracy of the
SDT and the proposed framework on images of thin line structures and disks corrupted by salt and pepper
noise and observe excellent performance. We also insert the SDT into a segmentation framework and ap-
ply it to overlapping objects, where it provides substantially improved performance over previous methods.
Finally, we evaluate the SDT and observe very good performance, on simulated images from localization
microscopy, a state-of-the-art super-resolution microscopy technique which yields highly spatially localized
but noisy point-clouds.
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25. Rapid development of cloud-native intelligent data pipelines for scientific data streams using the
HASTE Toolkit
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Journal: GigaScience 2021
DOI: 10.1093/gigascience/giab018
Abstract: BACKGROUND: Large streamed datasets, characteristic of life science applications, are often
resource-intensive to process, transport and store. We propose a pipeline model, a design pattern for sci-
entific pipelines, where an incoming stream of scientific data is organized into a tiered or ordered ”data
hierarchy”. We introduce the HASTE Toolkit, a proof-of-concept cloud-native software toolkit based on
this pipeline model, to partition and prioritize data streams to optimize use of limited computing resources.
FINDINGS: In our pipeline model, an ”interestingness function” assigns an interestingness score to data
objects in the stream, inducing a data hierarchy. From this score, a ”policy” guides decisions on how to
prioritize computational resource use for a given object. The HASTE Toolkit is a collection of tools to
adopt this approach. We evaluate with 2 microscopy imaging case studies. The first is a high content
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screening experiment, where images are analyzed in an on-premise container cloud to prioritize storage and
subsequent computation. The second considers edge processing of images for upload into the public cloud
for real-time control of a transmission electron microscope.
CONCLUSIONS: Through our evaluation, we created smart data pipelines capable of effective use of stor-
age, compute, and network resources, enabling more efficient data-intensive experiments. We note a ben-
eficial separation between scientific concerns of data priority, and the implementation of this behaviour
for different resources in different deployment contexts. The toolkit allows intelligent prioritization to be
‘bolted on’ to new and existing systems - and is intended for use with a range of technologies in different
deployment scenarios.

26. Using augmented reality technology for balance training in the older adults: a feasibility pilot study
Authors: Sven Blomqvist(1), Stefan Seipel, Maria Engstrom(1)
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Journal: BMC Geriatrics 2021
DOI: 10.1186/s12877-021-02061-9
Abstract: BACKGROUND: Impaired balance leading to falls is common in the older adults, and there is
strong evidence that balance training reduces falls and increases independence. Reduced resources in health
care will result in fewer people getting help with rehabilitation training. In this regard, the new technology
augmented reality (AR) could be helpful. With AR, the older adults can receive help with instructions and
get feedback on their progression in balance training. The purpose of this pilot study was to examine the
feasibility of using AR-based visual-interactive tools in balance training of the older adults.
METHODS: Seven older adults (66-88 years old) with impaired balance trained under supervision of a
physiotherapist twice a week for six weeks using AR-based visual-interactive guidance, which was facil-
itated through a Microsoft HoloLens holographic display. Afterwards, participants and physiotherapists
were interviewed about the new technology and their experience of the training. Also, fear of falling and
balance ability were measured before and after training.
RESULTS: Five participants experienced the new technology as positive in terms of increased motivation
and feedback. Experiences were mixed regarding the physical and technical aspects of the HoloLens and the
design of the HoloLens application. Participants also described issues that needed to be further improved,
for example, the training program was difficult and monotonous. Further, the HoloLens hardware was
felt to be heavy, the application’s menu was difficult to control with different hand manoeuvres, and the
calibration took a long time. Suggestions for improvements were described. Results of the balance tests and
self-assessment instruments indicated no improvements in balance performance after AR training.
CONCLUSIONS: The study showed that training with the new technology is, to some extent, feasible
for the older adults, but needs further development. Also, the technology seemed to stimulate increased
motivation, which is a prerequisite for adherence to training. However, the new technology and training
requires further development and testing in a larger context.

27. Morphological Features Extracted by AI Associated with Spatial Transcriptomics in Prostate Cancer
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Journal: Cancers 2021
DOI: 10.3390/cancers13194837
Abstract: Prostate cancer is a common cancer type in men, yet some of its traits are still under-explored.
One reason for this is high molecular and morphological heterogeneity. The purpose of this study was to
develop a method to gain new insights into the connection between morphological changes and underlying
molecular patterns. We used artificial intelligence (AI) to analyze the morphology of seven hematoxylin and
eosin (H&E)-stained prostatectomy slides from a patient with multi-focal prostate cancer. We also paired
the slides with spatially resolved expression for thousands of genes obtained by a novel spatial transcrip-
tomics (ST) technique. As both spaces are highly dimensional, we focused on dimensionality reduction
before seeking associations between them. Consequently, we extracted morphological features from H&E
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images using an ensemble of pre-trained convolutional neural networks and proposed a workflow for di-
mensionality reduction. To summarize the ST data into genetic profiles, we used a previously proposed
factor analysis. We found that the regions were automatically defined, outlined by unsupervised clustering,
associated with independent manual annotations, in some cases, finding further relevant subdivisions. The
morphological patterns were also correlated with molecular profiles and could predict the spatial variation
of individual genes. This novel approach enables flexible unsupervised studies relating morphological and
genetic heterogeneity using AI to be carried out.

28. ImageJ and CellProfiler: Complements in Open-Source Bioimage Analysis
Authors: Ellen T.A. Dobson(1), Beth Cimini(2), Anna H. Klemm, Carolina Wählby, Anne E. Carpen-
ter(2), Kevin W. Eliceiri(1)
(1) University of Wisconsin-Madison, USA
(2) Broad Institute of Harvard and MIT, Cambridge, MA, USA.
Journal: Current Protocols in Microbiology 2021
DOI: 10.1002/cpz1.89
Abstract: ImageJ and CellProfiler have long been leading open-source platforms in the field of bioimage
analysis. ImageJ’s traditional strength is in single-image processing and investigation, while CellProfiler is
designed for building large-scale, modular analysis pipelines. Although many image analysis problems can
be well solved with one or the other, using these two platforms together in a single workflow can be power-
ful. Here, we share two pipelines demonstrating mechanisms for productively and conveniently integrating
ImageJ and CellProfiler for (1) studying cell morphology and migration via tracking, and (2) advanced
stitching techniques for handling large, tiled image sets to improve segmentation. No single platform can
provide all the key and most efficient functionality needed for all studies. While both programs can be and
are often used separately, these pipelines demonstrate the benefits of using them together for image anal-
ysis workflows. ImageJ and CellProfiler are both committed to interoperability between their platforms,
with ongoing development to improve how both are leveraged from the other. © 2021 Wiley Periodicals
LLC. Basic Protocol 1: Studying cell morphology and cell migration in time-lapse datasets using Track-
Mate (Fiji) and CellProfiler Basic Protocol 2: Creating whole plate montages to easily assess adaptability
of segmentation parameters.

29. Intrafractional motion models based on principal components in Magnetic Resonance guided prostate
radiotherapy
Authors: Samuel Fransson(1,2), David Tilly(2,3,4), Anders Ahnesjö(1,3), Tufve Nyholm(5), Robin Strand
(1) Dept. of Surgical Sciences, UU
(2) Dept. of Medical Physics, UU Akademiska Hospital, Uppsala
(3) Dept. of Immunology, UU
(4) Elekta Instruments AB, Stockholm
(5) Dept. of Radiation Sciences, Umeå University
Journal: Physics and Imaging in Radiation Oncology 2021
DOI: 10.1016/j.phro.2021.09.004
Abstract: BACKGROUND and PURPOSE: Devices that combine an MR-scanner with a Linac for radio-
therapy, referred to as MR-Linac systems, introduce the possibility to acquire high resolution images prior
and during treatment. Hence, there is a possibility to acquire individualised learning sets for motion models
for each fraction and the construction of intrafractional motion models. We investigated the feasibility for a
principal component analysis (PCA) based, intrafractional motion model of the male pelvic region.
MATERIALS and MEDTHODS: 4D-scans of nine healthy male volunteers were utilized, FOV covering the
entire pelvic region including prostate, bladder and rectum with manual segmentation of each organ at each
time frame. Deformable image registration with an optical flow algorithm was performed for each subject
with the first time frame as reference. PCA was performed on a subset of the resulting displacement vector
fields to construct individualised motion models evaluated on the remaining fields.
RESULTS: The registration algorithm produced accurate registration result, in general DICE overlap ¿ 0.95
across all time frames. Cumulative variance of the eigenvalues from the PCA showed that 50% or more
of the motion is explained in the first component for all subjects. However, the size and direction for the
components differed between subjects. Adding more than two components did not improve the accuracy
significantly and the model was able to explain motion down to about 1 mm.
CONCLUSIONS: An individualised intrafractional male pelvic motion model is feasible. Geometric accu-
racy was about 1 mm based on 1—2 principal components.
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30. Modality attention and sampling enables deep learning with heterogeneous marker combinations in
fluorescence microscopy
Authors: Alvaro Gomariz(1,2), Tiziano Portenier(1), Patrick M. Helbling(2), Stephan Isringhausen(2), Ute
Suessbier(2), César Nombela-Arrieta(2), Orcun Göksel
(1) Computer Vision Lab, ETH Zurich, Switzerland
(2) Dept. of Medical Oncology and Hematology, University Hospital and University of Zurich, Switzerland
Journal: Nature Machine Intelligence 2021
DOI: 10.1038/s42256-021-00379-y
Abstract: Fluorescence microscopy allows for a detailed inspection of cells, cellular networks and anatomi-
cal landmarks by staining with a variety of carefully selected markers visualized as colour channels. Quan-
titative characterization of structures in acquired images often relies on automatic image analysis methods.
Despite the success of deep learning methods in other vision applications, their potential for fluorescence
image analysis remains underexploited. One reason lies in the considerable workload required to train ac-
curate models, which are normally specific for a given combination of markers and therefore applicable to
a very restricted number of experimental settings.
We herein propose ‘marker sampling and excite’—a neural network approach with a modality sampling
strategy and a novel attention module that together enable (1) flexible training with heterogeneous datasets
with combinations of markers and (2) successful utility of learned models on arbitrary subsets of markers
prospectively. We show that our single neural network solution performs comparably to an upper bound
scenario in which an ensemble of many networks is naively trained for each possible marker combination
separately. We also demonstrate the feasibility of this framework in high-throughput biological analysis by
revising a recent quantitative characterization of bone-marrow vasculature in three-dimensional confocal
microscopy datasets and further confirm the validity of our approach on another substantially different
dataset of microvessels in foetal liver tissues. Not only can our work substantially ameliorate the use of
deep learning in fluorescence microscopy analysis, but it can also be utilized in other fields with incomplete
data acquisitions and missing modalities.

31. Word Recognition using Embedded Prototype Subspace Classifiers on a new Imbalanced Dataset
Authors: Anders Hast, Ekta Vats
Journal: Journal of WSCG 2021
DOI: 10.24132/jwscg.2020.28.11
Abstract: This paper presents an approach towards word recognition based on embedded prototype sub-
space classification. The purpose of this paper is three-fold. Firstly, a new dataset for word recognition is
presented, which is extracted from the Esposalles database consisting of the Barcelona cathedral marriage
records. Secondly, different clustering techniques are evaluated for Embedded Prototype Subspace Classi-
fiers. The dataset, containing 30 different classes of words is heavily imbalanced, and some word classes are
very similar, which renders the classification task rather challenging. For ease of use, no stratified sampling
is done in advance, and the impact of different data splits is evaluated for different clustering techniques.
It will be demonstrated that the original clustering technique based on scaling the bandwidth has to be
adjusted for this new dataset. Thirdly, an algorithm is therefore proposed that finds k clusters, striving to
obtain a certain amount of feature points in each cluster, rather than finding some clusters based on scaling
the Silverman’s rule of thumb. Furthermore, Self Organising Maps are also evaluated as both a clustering
and embedding technique.

32. Icke-invasiv kontroll av cellförändringar i munslemhinnan
(Non-invasive control of cell changes in the oral mucosa)
Authors: Jan-Michael Hirsch(1), Neda Haj-Hosseini(2), Carina Krüger Weiner(3), Bengt Hasseus(4),Joakim
Lindblad
(1) Dept. of Surgical Sciences, Odontology and Maxillofacial Surgery, Medical Faculty, UU; Dept. of Re-
search & Development, Public Dental Services Region Stockholm
(2) Dept. of Biomedical Engineering, Linköping University
(3) Dept. of Oral and Maxillofacial Surgery, Public Dental Services, Folktandvården Stockholm
(4) Dept. of Oral Medicine and Pathology, Institute of Odontology, University of Gothenburg, The Sahlgren-
ska Academy
Journal: Tandläkartidningen 2021
Comment: Reviewed.
In Swedish.
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33. Genes in human obesity loci are causal obesity genes in C. elegans
Authors: Wenfan Ke(1), Jordan N. Reed(2), Chenyu Yang(1), Noel Higgason(1), Leila Rayyan(1), Carolina
Wählby, Anne E. Carpenter(3), Mete Civelek(2,4), Eyleen J. O’Rourke(1,5)
(1) Dept. of Biology, College of Arts and Sciences, University of Virginia, Charlottesville VI, USA
(2) Dept. of Biomedical Engineering, School of Engineering and Applied Science, University of Virginia,
Charlottesville VA, USA
(3) Imaging Platform, Broad Institute of MIT and Harvard, Cambridge MA, USA
(4) Center for Public Health Genomics, School of Medicine, University of Virginia, Charlottesville VA,
USA
(5) Dept. of Cell Biology, School of Medicine, University of Virginia, Charlottesville VI, USA
Journal: PLoS Genetics 2021
DOI: 10.1371/journal.pgen.1009736
Abstract: Obesity and its associated metabolic syndrome are a leading cause of morbidity and mortality
in the United States. Given the disease’s heavy burden on patients and the healthcare system, there has
been increased interest in identifying pharmacological targets for the treatment and prevention of obesity.
Towards this end, genome-wide association studies (GWAS) have identified hundreds of human genetic
variants associated with obesity. The next challenge is to experimentally define which of these variants are
causally linked to obesity, and could therefore become targets for the treatment or prevention of obesity.
Here we employ high-throughput in vivo RNAi screening to test for causality 293 C. elegans orthologs of
human obesity-candidate genes reported in GWAS. We RNAi screened these 293 genes in C. elegans subject
to two different feeding regimens: (1) regular diet, and (2) high-fructose diet, which we developed and
present here as an invertebrate model of diet-induced obesity (DIO). We report 14 genes that promote obesity
and 3 genes that prevent DIO when silenced in C. elegans. Further, we show that knock-down of the 3 DIO
genes not only prevents excessive fat accumulation in primary and ectopic fat depots but also improves
the health and extends the lifespan of C. elegans overconsuming fructose. Importantly, the direction of
the association between expression variants in these loci and obesity in mice and humans matches the
phenotypic outcome of the loss-of-function of the C. elegans ortholog genes, supporting the notion that
some of these genes would be causally linked to obesity across phylogeny. Therefore, in addition to defining
causality for several genes so far merely correlated with obesity, this study demonstrates the value of model
systems compatible with in vivo high-throughput genetic screening to causally link GWAS gene candidates
to human diseases. Author summary Human GWAS have identified hundreds of genetic variants associated
with human obesity. The genes being regulated by these variants at the protein or expression level represent
potential anti-obesity targets. However, for the vast majority of these genes, it is unclear whether they cause
obesity or are coincidentally associated with the disease. Here we use a high-throughput genetic screening
strategy to test in vivo in Caenorhabditis elegans the potential causal role of human-obesity GWAS hits.
Further, we combined the results of the genetic screen with analyses of mouse and human GWAS databases.
As a result, we present 17 genes that promote or prevent C. elegans obesity, and the early onset of organismal
deterioration and death associated with obesity. Further, the sign of the correlation between the expression
levels of the human genes and their associated clinical traits matches, for the most part, the phenotypic
effects of knocking down these genes in C. elegans, suggesting conserved causality and pharmacological
potential for these genes.

34. Cauchy problems for discrete holomorphic functions
Authors: Christer Oscar Kiselman
Journal: Complex Analysis and Operator Theory 2021
DOI: 10.1007/s11785-020-01025-y
Abstract: We solve Cauchy problems for discrete holomorphic functions defined on the Gaussian integers,
which leads to the existence of discrete holomorphic functions with arbitrarily fast growth. This proves that
certain classes of functions are closed in the sense of mathematical morphology.

35. Existence of continuous right inverses to linear mappings in finite-dimensional geometry
Authors: Christer Oscar Kiselman, Erik Melin(1)
(1) Dept. of Information Technology, UU
Journal: Mathematische Semesterberichte 2021
DOI: 10.1007/s00591-020-00286-0
Abstract: A linear mapping of a compact convex subset of a finite-dimensional vector space always pos-
sesses a right inverse, but may lack a continuous right inverse, even if the set is smoothly bounded. Examples
showing this are given, as well as conditions guaranteeing the existence of a continuous right inverse.
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36. Evaluation of in-house, haptic assisted surgical planning for virtual reduction of complex mandibular
fractures
Authors: Johanna Nilsson(1,2), Fredrik Nysjö, Ingela Nyström, Johan Kämpe(2), Andreas Thor(2)
(1) Dept. of Oral and Maxillofacial Surgery, Zealand University Hospital, Roskilde, Denmark
(2) Dept. of Surgical Sciences, UU
Journal: Int. Journal of Computer Assisted Radiology and Surgery 2021
DOI: 10.1007/s11548-021-02353-w
Abstract: The management of complex mandible fractures, i.e severely comminuted or fractures of edentu-
lous/atrophic mandibles, can be challenging. This is due to the three-dimensional loss of bone, which limits
the possibility for accurate anatomic reduction. Virtual surgery planning (VSP) can provide improved ac-
curacy and shorter operating times, but is often not employed for trauma cases because of time constraints
and complex user interfaces limited to two-dimensional interaction with three-dimensional data. In this
study, we evaluate the accuracy, precision, and time efficiency of the Haptic Assisted Surgery Planning
system (HASP), an in-house VSP system that supports stereo graphics, six degrees-of-freedom input and
haptics, to improve the surgical planning. Three operators performed planning in HASP on Computed To-
mography (CT) and Come Beam Computed Tomography (CBCT) images of a plastic skull model and on
twelve retrospective cases with complex mandible fractures. The result shows an accuracy and reproducibil-
ity of less than 2mm when using HASP, with an average planning time of 15 minutes, including time for
segmentation in the software BoneSplit. This study presents an in-house haptic assisted planning tool for
cranio-maxillofacial surgery with high usability that can be used for preoperative planning and evaluation
of complex mandible fractures.

37. Spage2vec: Unsupervised representation of localized spatial gene expression signatures
Authors: Gabriele Partel, Carolina Wählby
Journal: The FEBS Journal 2021
DOI: 10.1111/febs.15572
Abstract: Investigations of spatial cellular composition of tissue architectures revealed by multiplexed in
situ RNA detection often rely on inaccurate cell segmentation or prior biological knowledge from comple-
mentary single cell sequencing experiments. Here we present spage2vec, an unsupervised segmentation
free approach for decrypting the spatial transcriptomic heterogeneity of complex tissues at subcellular reso-
lution. Spage2vec represents the spatial transcriptomic landscape of tissue samples as a graph and leverages
a powerful machine learning graph representation technique to create a lower dimensional representation of
local spatial gene expression. We apply spage2vec to mouse brain data from three different in situ transcrip-
tomic assays and to a spatial gene expression dataset consisting of hundreds of individual cells. We show
that learned representations encode meaningful biological spatial information of re-occuring localized gene
expression signatures involved in cellular and subcellular processes.

38. CytoBrowser: a browser-based collaborative annotation platform for whole slide images
Authors: Christopher Rydell(1), Joakim Lindblad
(1) Dept. of Information Technology, UU
Journal: F1000 Research 2021
DOI: 10.12688/f1000research.51916.1
Abstract: We present CytoBrowser, an open-source (GPLv3) JavaScript and Node.js driven environment for
fast and accessible collaborative online visualization, assessment, and annotation of very large microscopy
images, including, but not limited to, z-stacks (focus stacks) of cytology or histology whole slide images.
CytoBrowser provides a web-based viewer for high-resolution zoomable images and facilitates easy remote
collaboration, with options for joint-view visualization and simultaneous collaborative annotation of very
large datasets. It delivers a unique combination of functionalities not found in other software solutions,
making it a preferred tool for large scale annotation of whole slide image data. The web browser interface
is directly accessible on any modern computer or even on a mobile phone, without need for additional soft-
ware. By sharing a ”session”, several remote users can interactively explore and jointly annotate whole slide
image data, thereby reaching improved data understanding and annotation quality, effortless project scal-
ing and distribution of resources to/from remote locations, efficient creation of ”ground truth” annotations
for methods’ evaluation and training of machine learning-based approaches, a user-friendly learning envi-
ronment for medical students, to just name a few. Rectangle and polygon region annotations complement
point-based annotations, each with a selectable annotation-class as well as free-form text fields. The default
setting of CytoBrowser presents an interface for the Bethesda cancer grading system, while other annota-
tion schemes can easily be incorporated. Automatic server side storage of annotations is complemented
by JSON-based import/export options facilitating easy interoperability with other tools. CytoBrowser is
available here: https://mida-group.github.io/CytoBrowser/.
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39. Assessing Damage – Can the Crowd Interpret Colour and 3D Information?
Authors: Gaelle Seffers(1), Julia Åhlén(2), Stefan Seipel, Kristien Ooms(1)
(1) Dept. of Geography, Ghent University, Belgium
(2) Dept. of Industrial Development, IT and Land Management, Gävle University College
Journal: Cartographic Journal 2021
DOI: 10.1080/00087041.2020.1714277
Abstract: The goal of this study is to investigate how efficiently and effectively collapsed buildings – due to
the occurrence of a disaster – can be localized by a general crowd. Two types of visualization parameters are
evaluated in an online user study: (1) greyscale images (indicating height information) versus true colours;
(2) variation in the vertical viewing angle (0°, 30° and 60°). Additionally, the influence of map use expertise
on how the visualizations are interpreted, is investigated. The results indicate that the use of the greyscale
image helps to locate collapsed buildings in an efficient and effective manner. The use of the viewing angle
of 60° is the least appropriate. A person with a map use expertise will prefer the greyscale image over
the colour image. To confirm the benefits of the use of three-dimensional visualizations and the use of the
colour image, more research is needed.

40. Increased apoptosis, reduced Wnt/β-catenin signaling, and altered tail development in zebrafish em-
bryos exposed to a human-relevant chemical mixture
Authors: Anna Smirnova(1,2), Anna Mentor(1,2), Petter Ranefall, Carl-Gustaf Bornehag(3,4), Björn Brun-
ström(1,2), Anna Mattsson(1,2), Maria Jönsson(1,2)
(1) Dept. of Environmental Toxicology, UU
(2) The Centre for Reproductive Biology in Uppsala (CRU)
(3) Public Health Sciences, Karlstad University
(4) Icahn School of Medicine at Mount Sinai, New York NY, USA
Journal: Chemosphere 2021
DOI: 10.1016/j.chemosphere.2020.128467
Abstract: A wide variety of anthropogenic chemicals is detected in humans and wildlife and the health
effects of various chemical exposures are not well understood. Early life stages are generally the most
susceptible to chemical disruption and developmental exposure can cause disease in adulthood, but the
mechanistic understanding of such effects is poor. Within the EU project EDC-MixRisk, a chemical mix-
ture (Mixture G) was identified in the Swedish pregnancy cohort SELMA by the inverse association between
levels in women at around gestational week ten with birth weight of their children. This mixture was com-
posed of mono-ethyl phthalate, mono-butyl phthalate, mono-benzyl phthalate, mono-ethylhexyl phthalate,
mono-isononyl phthalate, triclosan, perfluorohexane sulfonate, perfluorooctanoic acid, and perfluorooctane
sulfonate. In a series of experimental studies, we characterized effects of Mixture G on early development
in zebrafish models. Here, we studied apoptosis and Wnt/β-catenin signaling which are two evolutionarily
conserved signaling pathways of crucial importance during development. We determined effects on apop-
tosis by measuring TUNEL staining, caspase-3 activity, and acridine orange staining in wildtype zebrafish
embryos, while Wnt/β-catenin signaling was assayed using a transgenic line expressing an EGFP reporter
at β-catenin-regulated promoters. We found that Mixture G increased apoptosis, suppressed Wnt/β-catenin
signaling in the caudal fin, and altered the shape of the caudal fin at water concentrations only 20–100 times
higher than the geometric mean serum concentration in the human cohort. These findings call for awareness
that pollutant mixtures like mixture G may interfere with a variety of developmental processes, possibly
resulting in adverse health effects.

41. Machine learning for cell classification and neighborhood analysis in glioma tissue
Authors: Leslie Solorzano, Lina Wik(1), Thomas Olsson Bontell(2,3), Yuyu Wang(1), Anna H. Klemm,
Johan Öfverstedt, Asgeir S. Jakola(4,5), Arne Östman(1), Carolina Wählby
(1) Dept. of Oncology-Pathology, Karolinska Institutet, Solna
(2) Dept. of Clinical Pathology, Sahlgrenska University Hospital, Göteborg
(3) Dept. of Physiology, Institute of Neuroscience and Physiology, Sahlgrenska University Hospital, Göte-
borg
(4) Dept. of Neurosurgery, Sahlgrenska University Hospital, Göteborg
(5) Dept. of Clinical Neuroscience, Sahlgrenska University Hospital, Göteborg
Journal: Cytometry Part A 2021
DOI: 10.1002/cyto.a.24467
Abstract: Multiplexed and spatially resolved single-cell analyses that intend to study tissue heterogeneity
and cell organization invariably face as a first step the challenge of cell classification. Accuracy and repro-
ducibility are important for the downstream process of counting cells, quantifying cell–cell interactions, and
extracting information on disease-specific localized cell niches. Novel staining techniques make it possible
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to visualize and quantify large numbers of cell-specific molecular markers in parallel. However, due to
variations in sample handling and artifacts from staining and scanning, cells of the same type may present
different marker profiles both within and across samples. We address multiplexed immunofluorescence data
from tissue microarrays of low-grade gliomas and present a methodology using two different machine learn-
ing architectures and features insensitive to illumination to perform cell classification. The fully automated
cell classification provides a measure of confidence for the decision and requires a comparably small anno-
tated data set for training, which can be created using freely available tools. Using the proposed method, we
reached an accuracy of 83.1% on cell classification without the need for standardization of samples. Using
our confidence measure, cells with low-confidence classifications could be excluded, pushing the classi-
fication accuracy to 94.5%. Next, we used the cell classification results to search for cell niches with an
unsupervised learning approach based on graph neural networks. We show that the approach can re-detect
specialized tissue niches in previously published data, and that our proposed cell classification leads to niche
definitions that may be relevant for sub-groups of glioma, if applied to larger data sets.

42. Relationships Between Plasma Levels And Six Proinflammatory Interleukins And Body Composition
Using A New Magnetic Resonance Imaging Voxel-based Technique
Authors: Robin Strand, Joel Kullberg(1,2), Håkan Ahlström(1,2), Lars Lind(3)
(1) Dept. of Surgical Sciences, UU
(2) Antaros Medical AB, Mölndal
(3) Dept. of Medical Sciences, UU
Journal: Cytokine: X 2021
DOI: 10.1016/j.cytox.2020.100050
Abstract: BACKGROUND: Obesity has previously been linked to inflammation. Here, we investigated how
plasma levels of six interleukins were related to body fat distribution.
METHODS: In 321 subjects, all aged 50 years, in the population-based POEM study (mean BMI 26-
27 kg/m2), six interleukins were measured together with a DXA scan for determination of fat and lean
mass. Also a whole-body magnetic resonance imaging (MRI) scan, in which fat content measurements
were acquired in >1 million voxels was performed. Interleukin levels were related to each of these voxels
by the voxel-based technique “imiomics” to create a 3D-view of how these measurements were related to
size of each part of the body.
RESULTS: Levels of IL-1RA and IL-6 were related to traditional DXA and MRI measurements of adipose
tissue at all locations. Neither IL-6R, nor IL-8 or IL-18, showed any consistent significant relationships vs
the traditional measurements of body composition, while IL-16 showed relationships being of borderline
significance. The imiomics evaluation further strengthen the view that IL-1RA and IL-6 were related to
subcutaneous adipose tissue (SAT), as well to ectopic fat distribution. In women, IL-16 levels were weakly
related to expansion of SAT in the upper part of the body, while on the contrary, IL-8 levels were related to
a reduction of SAT volume. Conclusion: Of the six evaluated interleukins, plasma IL-1RA and IL-6 levels
were related to the amount of adipose tissue in all parts of the body, while a diverse picture was seen for
other interleukins, suggesting that different interleukins are related to fat distribution in different ways.

43. An unfitted RBF-FD method in a least-squares setting for elliptic PDEs on complex geometrie
Authors: Igor Tominec(1), Eva Breznik
(1) Dept. of Information Technology, UU
Journal: Journal of Computational Physics 2021
DOI: 10.1016/j.jcp.2021.110283
Abstract: Radial basis function generated finite difference (RBF-FD) methods for PDEs require a set of
interpolation points which conform to the computational domain Ω. One of the requirements leading to
approximation robustness is to place the interpolation points with a locally uniform distance around the
boundary of Ω. However generating interpolation points with such properties is a cumbersome problem.
Instead, the interpolation points can be extended over the boundary and as such completely decoupled from
the shape of Ω. In this paper, we present a modification to the least-squares RBF-FD method which allows
the interpolation points to be placed in a box that encapsulates Ω. This way, the node placement over a
complex domain in 2D and 3D is greatly simplified. Numerical experiments on solving an elliptic model
PDE over complex 2D geometries show that our approach is robust. Furthermore, it performs better in terms
of the approximation error and the runtime vs error compared with the classic RBF-FD methods. It is also
possible to use our approach in 3D, which we indicate by providing convergence results of a solution over
a thoracic diaphragm.
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44. The role of Gdf5 in the development of the zebrafish fin endoskeleton
Authors: Laura Waldmann(1), Jake Leyhr(1), Hanqing Zhang, Amin Allalou, Caroline Öhman-Mägi (2),
Tatjana Haitina(1)
(1) Dept. of Organismal Biology, UU
(2) Dept. of Materials Science and Engineering, UU
Journal: Developmental Dynamics 2021
DOI: 10.1002/dvdy.399
Abstract: BACKGROUND: The development of the vertebrate limb skeleton requires a complex interaction
of multiple factors to facilitate correct shaping and positioning of bones and joints. Growth and differenti-
ation factor 5 (Gdf5) is involved in patterning appendicular skeletal elements including joints. Expression
of gdf5 in zebrafish has been detected in fin mesenchyme condensations and segmentation zones as well as
the jaw joint. However, little is known about the functional role of Gdf5 outside of Amniota.
RESULTS: We generated CRISPR/Cas9 knockout of Gdf5 in zebrafish and analyzed the resulting phenotype
at different developmental stages. Homozygous Gdf5 mutant zebrafish displayed changes in segmentation
of the endoskeletal disc and, as a consequence, loss of posterior radials in the pectoral fins. Mutant fish also
displayed disorganization and reduced length of endoskeletal elements in the median fins, while joints and
mineralization seemed unaffected.
CONCLUSIONS: Our study demonstrates the importance of Gdf5 in the development of the zebrafish pec-
toral and median fin endoskeleton and reveals that the severity of the effect increases from anterior to poste-
rior elements. Our findings are consistent with phenotypes observed in the human and mouse appendicular
skeleton in response to Gdf5 knockout, suggesting a broadly conserved role for Gdf5 in Osteichthyes.

45. Learning to see colours: Biologically relevant virtual staining for adipocyte cell images
Authors: Håkan Wieslander, Ankit Gupta, Ebba Bergman(1), Erik Hallström, Philip John Harrison(1)
(1) Dept. of Pharmaceutical Biosciences, UU
Journal: PLoS one 2021
DOI: 10.1371/journal.pone.0258546
Abstract: Fluorescence microscopy, which visualizes cellular components with fluorescent stains, is an in-
valuable method in image cytometry. From these images various cellular features can be extracted. Together
these features form phenotypes that can be used to determine effective drug therapies, such as those based
on nanomedicines. Unfortunately, fluorescence microscopy is time-consuming, expensive, labour intensive,
and toxic to the cells. Bright-field images lack these downsides but also lack the clear contrast of the cellu-
lar components and hence are difficult to use for downstream analysis. Generating the fluorescence images
directly from bright-field images using virtual staining (also known as “label-free prediction” and “in-silico
labeling”) can get the best of both worlds, but can be very challenging to do for poorly visible cellular
structures in the bright-field images.
To tackle this problem deep learning models were explored to learn the mapping between bright-field and
fluorescence images for adipocyte cell images. The models were tailored for each imaging channel, paying
particular attention to the various challenges in each case, and those with the highest fidelity in extracted
cell-level features were selected. The solutions included utilizing privileged information for the nuclear
channel, and using image gradient information and adversarial training for the lipids channel. The former
resulted in better morphological and count features and the latter resulted in more faithfully captured defects
in the lipids, which are key features required for downstream analysis of these channels.

46. TEM image restoration from fast image streams
Authors: Håkan Wieslander, Carolina Wählby, Ida-Maria Sintorn
Journal: PLoS one 2021
DOI: 10.1371/journal.pone.0246336
Abstract: Microscopy imaging experiments generate vast amounts of data, and there is a high demand for
smart acquisition and analysis methods. This is especially true for transmission electron microscopy (TEM)
where terabytes of data are produced if imaging a full sample at high resolution, and analysis can take
several hours. One way to tackle this issue is to collect a continuous stream of low resolution images whilst
moving the sample under the microscope, and thereafter use this data to find the parts of the sample deemed
most valuable for high-resolution imaging. However, such image streams are degraded by both motion blur
and noise. Building on deep learning based approaches developed for deblurring videos of natural scenes
we explore the opportunities and limitations of deblurring and denoising images captured from a fast image
stream collected by a TEM microscope.
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We start from existing neural network architectures and make adjustments of convolution blocks and loss
functions to better fit TEM data. We present deblurring results on two real datasets of images of kidney
tissue and a calibration grid. Both datasets consist of low quality images from a fast image stream cap-
tured by moving the sample under the microscope, and the corresponding high quality images of the same
region, captured after stopping the movement at each position to let all motion settle. We also explore the
generalizability and overfitting on real and synthetically generated data. The quality of the restored images,
evaluated both quantitatively and visually, show that using deep learning for image restoration of TEM live
image streams has great potential but also comes with some limitations.

85



6.4 Refereed conference proceedings
1. Transcriptome-Supervised Classification of Tissue Morphology Using Deep Learning

Authors: Axel Andersson, Gabriele Partel, Leslie Solorzano, Carolina Wählby
In Proceedings: IEEE 17th Int. Symposium on Biomedical Imaging (ISBI 2020)
DOI: 10.1109/ISBI45749.2020.9098361
Abstract: Deep learning has proven to successfully learn variations in tissue and cell morphology. Training
of such models typically relies on expensive manual annotations. Here we conjecture that spatially resolved
gene expression, e.i., the transcriptome, can be used as an alternative to manual annotations. In particular,
we trained five convolutional neural networks with patches of different size extracted from locations defined
by spatially resolved gene expression. The network is trained to classify tissue morphology related to two
different genes, general tissue, as well as background, on an image of fluorescence stained nuclei in a mouse
brain coronal section. Performance is evaluated on an independent tissue section from a different mouse
brain, reaching an average Dice score of 0.51. Results may indicate that novel techniques for spatially re-
solved transcriptomics together with deep learning may provide a unique and unbiased way to find genotype
phenotype relationships.

2. Weakly-supervised prediction of cell migration modes in confocal microscopy images using bayesian
deep learning
Authors: Anindya Gupta, Veronica Larsson(1), Damian J. Matuszewski, Staffan Strömblad(1), Carolina
Wählby
(1) Dept. of Biosciences and Nutrition, Karolinska Institutet, Huddinge
In Proceedings: IEEE 17th Int. Symposium on Biomedical Imaging (ISBI 2020)
DOI: 10.1109/ISBI45749.2020.9098548
Abstract: Cell migration is pivotal for their development, physiology and disease treatment. A single cell on
a 2D surface can utilize continuous or discontinuous migration modes. To comprehend the cell migration,
an adequate quantification for single cell-based analysis is crucial. An automatized approach could alle-
viate tedious manual analysis, facilitating large-scale drug screening. Supervised deep learning has shown
promising outcomes in computerized microscopy image analysis. However, their implication is limited
due to the scarcity of carefully annotated data and uncertain deterministic outputs. We compare three deep
learning models to study the problem of learning discriminative morphological representations using weakly
annotated data for predicting the cell migration modes. We also estimate Bayesian uncertainty to describe
the confidence of the probabilistic predictions. Amongst three compared models, DenseNet yielded the best
results with a sensitivity of 87.91%±13.22 at a false negative rate of 1.26%±4.18.

3. Large-scale inference of liver fat with neural networks on UK Biobank body MRI
Authors: Taro Langner(1), Robin Strand, Håkan Ahlström(1,2), Joel Kullberg(1,2)
(1) Dept. of Surgical Sciences, UU
(2) Antaros Medical AB, Mölndal
In Proceedings: Int. Conference on Medical Image Computing and Computer-Assisted Intervention,
(MICCAI 2020)
DOI: 10.1007/978-3-030-59713-9 58
Abstract: The UK Biobank Imaging Study has acquired medical scans of more than 40,000 volunteer partic-
ipants. The resulting wealth of anatomical information has been made available for research, together with
extensive metadata including measurements of liver fat. These values play an important role in metabolic
disease, but are only available for a minority of imaged subjects as their collection requires the careful work
of image analysts on dedicated liver MRI. Another UK Biobank protocol is neck-to-knee body MRI for
analysis of body composition. The resulting volumes can also quantify fat fractions, even though they were
reconstructed with a two- instead of a three-point Dixon technique. In this work, a novel framework for
automated inference of liver fat from UK Biobank neck-to-knee body MRI is proposed. A ResNet50 was
trained for regression on two-dimensional slices from these scans and the reference values as target, without
any need for ground truth segmentations. Once trained, it performs fast, objective, and fully automated pre-
dictions that require no manual intervention. On the given data, it closely emulates the reference method,
reaching a level of agreement comparable to different gold standard techniques. The network learned to rec-
tify non-linearities in the fat fraction values and identified several outliers in the reference. It outperformed
a multi-atlas segmentation baseline and inferred new estimates for all imaged subjects lacking reference
values, expanding the total number of liver fat measurements by factor six.
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4. A Deep Learning Based Pipeline for Efficient Oral Cancer Screening on Whole Slide Images
Authors: Jiahao Lu, Nataša Sladoje, Christina Runow Stark(1), Eva Darai Ramqvist(2), Jan-Michaél
Hirsch (3), Joakim Lindblad
(1) Dept. of Orofacial Medicine at Sodersjukhuset, Folktandvarden Stockholms
(2) Dept. of Clinical Pathology and Cytology, Karolinska University Hospital, Stockholm
(3) Dept. of Surgical sciences, UU
In Proceedings: Int. Conference on Image Analysis and Recognition, (ICIAR 2020)
DOI: 10.1007/978-3-030-50516-5 22
Abstract: Oral cancer incidence is rapidly increasing worldwide. The most important determinant factor in
cancer survival is early diagnosis. To facilitate large scale screening, we propose a fully automated pipeline
for oral cancer detection on whole slide cytology images. The pipeline consists of fully convolutional
regression-based nucleus detection, followed by per-cell focus selection, and CNN based classification.
Our novel focus selection step provides fast per-cell focus decisions at human-level accuracy. We demon-
strate that the pipeline provides efficient cancer classification of whole slide cytology images, improving
over previous results both in terms of accuracy and feasibility. The complete source code is made available
as open source (https://github.com/MIDA-group/OralScreen).

5. CoMIR: Contrastive Multimodal Image Representation for Registration
Authors: Nicolas Pielawski, Elisabeth Wetzer, Johan Öfverstedt, Jiahao Lu, Carolina Wählby, Joakim
Lindblad, Nataša Sladoje
In Proceedings: 34th Conference on Neural Information Processing Systems, (NeurIPS 2020)
Abstract: We propose contrastive coding to learn shared, dense image representations, referred to as CoMIRs
(Contrastive Multimodal Image Representations). CoMIRs enable the registration of multimodal images
where existing registration methods often fail due to a lack of sufficiently similar image structures. CoMIRs
reduce the multimodal registration problem to a monomodal one, in which general intensity-based, as well
as feature-based, registration algorithms can be applied. The method involves training one neural net-
work per modality on aligned images, using a contrastive loss based on noise-contrastive estimation (In-
foNCE). Unlike other contrastive coding methods, used for, e.g., classification, our approach generates
image-like representations that contain the information shared between modalities. We introduce a novel,
hyperparameter-free modification to InfoNCE, to enforce rotational equivariance of the learnt representa-
tions, a property essential to the registration task. We assess the extent of achieved rotational equivariance
and the stability of the representations with respect to weight initialization, training set, and hyperparam-
eter settings, on a remote sensing dataset of RGB and near-infrared images. We evaluate the learnt rep-
resentations through registration of a biomedical dataset of bright-field and second-harmonic generation
microscopy images; two modalities with very little apparent correlation. The proposed approach based on
CoMIRs significantly outperforms registration of representations created by GAN-based image-to-image
translation, as well as a state-of-the-art, application-specific method which takes additional knowledge about
the data into account. Code is available at: https://github.com/MIDA-group/CoMIR.

6. Recent Advances in Large Scale Whole Body MRI Image Analysis – Imiomics
Authors: Robin Strand, Simon Ekström(1), Eva Breznik, Therese Sjöholm(1), Martino Pilia(1), Lars
Lind(2), Filip Malmberg, Håkan Ahlström(1,3), Joel Kullberg(1,3)
(1) Dept. of Surgical Sciences, UU
(2) Dept. of Medical Sciences, UU
(3) Antaros Medical AB, Mölndal
In Proceedings: 5th Int. Conference on Sustainable Information Engineering and Technology, (SIET 2020)
DOI: 10.1145/3427423.3427465
Abstract: Due to the massive amount of medical image data being made available, in research and clini-
cal work, computer-aided tools are valuable and have a great potential for a sustainable work situation for
physicians and for generating disease understanding. High-end methods in the present era of big data and
artificial intelligence are designed to efficiently find patterns in large scale image data. The amount of data
is today often too big to be parsed by human experts, and computer-assisted methods often perform at least
as well as human experts on well-defined problems where it is possible to quantify performance by a loss
function. This paper gives an overview of a computer-assisted method, Imiomics. Imiomics enables statis-
tical analyses of relations between whole body image image data in large cohorts and other non-imaging
data, at an unprecedented spatial resolution. Its usefulness in medicine is illustrated by a number of medical
applications, and some aspects of technical development that enable the analysis is also presented. We con-
clude that computer-assisted methods, such as Imiomics, are essential for efficient processing of the huge
amount of data in today’s medical research and, to some extent, clinical practice.
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7. When texture matters: Texture-focused CNNs outperform general data augmentation and pretrain-
ing in oral cancer detection
Authors: Elisabeth Wetzer, Jo Gay, Hugo Harlin(1), Joakim Lindblad, Nataša Sladoje
(1) Department of Ecology and Environmental Sciences, Umeå University
In Proceedings: IEEE 17th Int. Symposium on Biomedical Imaging (ISBI 2020)
DOI: 10.1109/ISBI45749.2020.9098424
Abstract: Early detection is essential to reduce cancer mortality. Oral cancer could be subject to screening
programs (similar as for cervical cancer) by collecting Pap smear samples at any dentist visit. However,
manual analysis of the resulting massive amount of data is prohibitively costly. Convolutional neural net-
works (CNNs) have shown promising results in discriminating between cancerous and non-cancerous cells,
which enables efficient automated processing of cancer screening data. We investigate different CNN archi-
tectures which explicitly aim to utilize texture information, for cytological cancer classification, motivated
by studies showing that chromatin texture is among the most important discriminative features for that
purpose. Results show that CNN classifiers inspired by Local Binary Patterns (LBPs) achieve better perfor-
mance than general purpose CNNs. This holds also when different levels of general data augmentation, as
well as pre-training, are considered.
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8. Learning Whole-Slide Segmentation from Inexact and Incomplete Labels Using Tissue Graphs
Authors: Valentin Anklin(1,2), Pushpak Pati(1,2), Guillaume Jaume(1,3), Behzad Bozorgtabar(3), Anto-
nio Foncubierta-Rodriguez(1), Jean-Philippe Thiran(3), Mathilde Sibony(4,5), Maria Gabrani(1), Orcun
Göksel
(1) IBM Research-Europe, Zurich, Switzerland
(2) ETH Zurich, Switzerland
(3) EPFL, Lausanne, Switzerland
(4) Cochin Hospital, Paris, France
(5) University of Paris, France
In Proceedings: Medical Image Computing and Computer Assisted Intervention, (MICCAI 2021),
LNCS 12902
DOI: 10.1007/978-3-030-87196-3 59
Abstract: Interactive simulation of ultrasound imaging greatly facilitates sonography training. Although
ray-tracing based methods have shown promising results, obtaining realistic images requires substantial
modeling effort and manual parameter tuning. In addition, current techniques still result in a significant
appearance gap between simulated images and real clinical scans. Herein we introduce a novel content-
preserving image translation framework (ConPres) to bridge this appearance gap, while maintaining the
simulated anatomical layout. We achieve this goal by leveraging both simulated images with semantic seg-
mentations and unpaired in-vivo ultrasound scans. Our framework is based on recent contrastive unpaired
translation techniques and we propose a regularization approach by learning an auxiliary segmentation-
to-real image translation task, which encourages the disentanglement of content and style. In addition,
we extend the generator to be class-conditional, which enables the incorporation of additional losses, in
particular a cyclic consistency loss, to further improve the translation quality. Qualitative and quantita-
tive comparisons against state-of-the-art unpaired translation methods demonstrate the superiority of our
proposed framework.

9. Estimating Mean Speed-of-Sound from Sequence-Dependent Geometric Disparities
Authors: Xenia Augustin(1), Lin Zhang(1), Orcun Göksel
(1) Computer-assisted Applications in Medicine, ETH Zurich, Switzerland
In Proceedings: IEEE Int. Ultrasonics Symposium, (IUS 2021)
Abstract: In ultrasound beamforming, focusing time delays are typically computed with a spatially con-
stant speed-of-sound (SoS) assumption. A mismatch between beamforming and true medium SoS then
leads to aberration artifacts. Other imaging techniques such as spatially-resolved SoS reconstruction us-
ing tomographic techniques also rely on a good SoS estimate for initial beamforming. In this work, we
exploit spatially-varying geometric disparities in the transmit and receive paths of multiple sequences for
estimating a mean medium SoS. We use images from diverging waves beamformed with an assumed SoS,
and propose a model fitting method for estimating the SoS offset. We demonstrate the effectiveness of our
proposed method for tomographic SoS reconstruction. With corrected beamforming SoS, the reconstruc-
tion accuracy on simulated data was improved by 63% and 29%, respectively, for an initial SoS over- and
under-estimation of 1.5%. We further demonstrate our proposed method on a breast phantom, indicating
substantial improvement in contrast-to-noise ratio for local SoS mapping.
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10. Segmentation of Intracranial Aneurysm Remnant in MRA using Dual-Attention Atrous Net
Authors: Subhashis Banerjee(1), Ashis Kumar Dhara(2), Johan Wikström(3), Robin Strand
(1) Machine Intelligence Unit, Indian Statistical Institute, Kolkata, India
(2) Dept. of Electrical Engineering, National Institute of Technology Durgapur, West Bengal, India
(3) Dept. of Surgical Sciences, UU
In Proceedings: 25th International Conference on Pattern Recognition, (ICPR 2020/2021)
DOI: 10.1109/ICPR48806.2021.9413175
Abstract: Due to the advancement of non-invasive medical imaging modalities like Magnetic Resonance
Angiography (MRA), an increasing number of Intracranial Aneurysm (IA) cases are being reported. The
IAs are typically treated by so-called endovascular coiling, where blood flow in the IA is prevented by em-
bolization with a platinum coil. Accurate quantification of the IA Remnant (IAR), i.e., the volume with
blood flow present post treatment is the utmost important factor in choosing the right treatment planning.
This is typically done by manually segmenting the aneurysm remnant from the MRA volume. Since man-
ual segmentation of volumetric images is a labour-intensive and error-prone process, development of an
automatic volumetric segmentation method is required. Segmentation of small structures such as IA, that
may largely vary in size, shape, and location is considered extremely difficult. Similar intensity distribution
of IAs and surrounding blood vessels makes it more challenging and susceptible to false positive. In this
paper, we propose a novel 3D CNN architecture called Dual-Attention Atrous Net (DAtt-ANet), which can
efficiently segment IAR volumes from MRA images by reconciling features at different scales using the pro-
posed Parallel Atrous Unit (PAU) along with the use of self-attention mechanism for extracting fine-grained
features and intra-class correlation. The proposed DAtt-ANet model is trained and evaluated on a clinical
MRA image dataset of IAR consisting of 46 subjects. We compared the proposed DAtt-ANet with five state-
of-the-art CNN models based on their segmentation performance. The proposed DAtt-ANet outperformed
all other methods and was able to achieve a five-fold cross-validation DICE score of 0.73+/-0.06.

11. Replacing data augmentation with rotation-equivariant CNNs in image-based classification of oral
cancer
Authors: Karl Bengtsson Bernander, Joakim Lindblad, Robin Strand, Ingela Nyström
In Proceedings: Iberoamerican Congress on Pattern Recognition, (CIARP 2021)
DOI: https://doi.org/10.1007/978-3-030-93420-0 3
Abstract: We present how replacing convolutional neural networks with a rotation-equivariant counterpart
can be used to reduce the amount of training images needed for classification of whether a cell is cancerous
or not. Our hypothesis is that data augmentation schemes by rotation can be replaced, thereby increasing
weight sharing and reducing overfitting. The dataset at hand consists of single cell images. We have bal-
anced a subset of almost 9.000 images from healthy patients and patients diagnosed with cancer. Results
show that classification accuracy is improved and overfitting reduced if compared to an ordinary convolu-
tional neural network. The results are encouraging and thereby an advancing step towards making screening
of patients widely used for the application of oral cancer.

12. Time Of Arrival Delineation In Echo Traces For Reflection Ultrasound Tomography
Authors: Bhaskara R. Chintada(1), Richard Rau(1), Orcun Göksel
(1) Computer-assisted Applications in Medicine, ETH Zurich, Switzerland
In Proceedings: IEEE 18th Int. Symposium on Biomedical Imaging, (ISBI 2021)
DOI: 10.1109/isbi48211.2021.9433846
Abstract: Ultrasound Computed Tomography (USCT) is an imaging method to map acoustic properties in
soft tissues, e.g., for the diagnosis of breast cancer. A group of USCT methods rely on a passive reflector
behind the imaged tissue, and they function by delineating such reflector in echo traces, e.g., to infer time-
of-flight measurements for reconstructing local speed-of-sound maps. In this work, we study various echo
features and delineation methods to robustly identify reflector profiles in echos. We compared and evaluated
the methods on a multi-static data set of a realistic breast phantom. Based on our results, a RANSAC based
outlier removal followed by an active contours based delineation using a new “edge” feature we propose
that detects the first arrival times of echo performs robustly even in complex media; in particular 2.1 times
superior to alternative approaches at locations where diffraction effects are prominent.

13. Automatic Analysis of Infant Engagement during Play: An End-to-end Learning and Explainable AI
Pilot Experiment
Authors: Marc Fraile, Joakim Lindblad, Christine Fawcett(1), Nataša Sladoje, Ginevra Castellano(2)
(1) Dept. of Psychology, UU
(2) Dept. of Information Technology, UU
In Proceedings: Int. Conference on Multimodal Interaction, (ICMI 2021), Companion Publication
DOI: 10.1145/3461615.3485443
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Abstract: Infant engagement during play is an active area of research, relatedto the development of cog-
nition. Automatic detection of engagementcould benefit the research process, but existing techniquesused
for automatic affect detection are unsuitable for this scenario,since they rely on the automatic extraction of
facial and posturalfeatures trained on clear video capture of adults. This study showsthat end-to-end Deep
Learning methods can successfully detectengagement of infants, without the need of clear facial video,
whentrained for a specific interaction task. It further shows that attentionmapping techniques can provide
explainability, thereby enablingtrust and insight into a model’s reasoning process.

14. Utilizing Uncertainty Estimation in Deep Learning Segmentation of Fluorescence Microscopy Images
with Missing Markers
Authors: Alvaro Gomariz(1,2), Raphael Egli(1), Tiziano Portenier(1), Cesar Nombela-Arrieta(2), Orcun
Göksel
(1) Computer-assisted Applications in Medicine, ETH Zurich, Switzerland
(2) Dept. of Medical Oncology & Hematology, University Hospital & University of Zurich, Switzerland
In Proceedings: IEEE 18th Int. Symposium on Biomedical Imaging, (ISBI 2021)
DOI: 10.1109/isbi48211.2021.9434158
Abstract: Fluorescence microscopy images contain several channels, each indicating a marker staining the
sample. Since many different marker combinations are utilized in practice, it has been challenging to apply
deep learning based segmentation models, which expect a predefined channel combination for all training
samples as well as at inference for future application. Recent work circumvents this problem using a modal-
ity attention approach to be effective across any possible marker combination. However, for combinations
that do not exist in a labeled training dataset, one cannot estimate potential segmentation quality if that
combination is encountered during inference. Not only one lacks quality assurance but one also does not
know where to put any additional imaging and labeling effort. We propose a method to estimate segmenta-
tion quality on unlabeled images by (i) estimating aleatoric and epistemic uncertainties of CNNs for image
segmentation, and (ii) training a random forest model for the interpretation of uncertainty features via re-
gression to their corresponding segmentation metrics. Additionally, we demonstrate that including these
uncertainty measures during training can provide an improvement on segmentation performance.

15. Shorthand Secrets: Deciphering Astrid Lindgren’s Stenographed Drafts with HTR Methods
Authors: Raphaela Heil, Malin Nauwerck(1,2), Anders Hast
(1) Dept. of Literature, UU
(2) The Swedish Institute for Children’s Books
In Proceedings: Italian Research Conference on Digital Libraries, (IRCDL 2021)
Abstract: Astrid Lindgren, Swedish author of children’s books, is known for having both composed and
edited her literary work in the Melin system of shorthand (a Swedish shorthand system based on Gabels-
berger).Her original drafts and manuscripts are preserved in 670 stenographed notepads kept at the National
Library of Sweden and The Swedish Institute of Children’s Books. For long these notepads have been con-
sidered undecipherable and are until recently untouched by research.This paper introduces handwritten text
recognition (HTR) and document image analysis (DIA) approaches to address the challenges inherent in
Lindgren’s original drafts and manuscripts. It broadly covers aspects such as preprocessing and extraction
of words, alignment of transcriptions and the fast transcription of large amounts of words.This is the first
work to apply HTR and DIA to Gabelsberger-based shorthand material. In particular, it presents early-stage
results which demonstrate that these stenographed manuscripts can indeed be transcribed, both manually by
experts and by employing computerised approaches.

16. Strikethrough Removal from Handwritten Words Using CycleGANs
Authors: Raphaela Heil, Ekta Vats, Anders Hast
In Proceedings: Int. Conference on Document Analysis and Recognition, (ICDAR 2021)
DOI: 10.1007/978-3-030-86337-1 38
Abstract: Obtaining the original, clean forms of struck-through handwritten words can be of interest to
literary scholars, focusing on tasks such as genetic criticism. In addition to this, replacing struck-through
words can also have a positive impact on text recognition tasks. This work presents a novel unsupervised
approach for strikethrough removal from handwritten words, employing cycle-consistent generative adver-
sarial networks (CycleGANs). The removal performance is improved upon by extending the network with
an attribute-guided approach. Furthermore, two new datasets, a synthetic multi-writer set, based on the IAM
database, and a genuine single-writer dataset, are introduced for the training and evaluation of the models.
The experimental results demonstrate the efficacy of the proposed method, where the examined attribute-
guided models achieve F1 scores above 0.8 on the synthetic test set, improving upon the performance of the
regular CycleGAN. Despite being trained exclusively on the synthetic dataset, the examined models even
produce convincing cleaned images for genuine struck-through words.
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17. Quantifying Explainers of Graph Neural Networks in Computational Pathology
Authors: Guillaume Jaume(1,2), Pushpak Pati(1,3), Behzad Bozorgtabar(2), Antonio Foncubierta(1), Anna
Maria Anniciello(4), Florinda Feroce(4), Tilman Rau(5), Jean-Philippe Thiran(2), Maria Gabrani(1), Or-
cun Göksel
(1) IBM Research Zurich, Switzerland
(2) EPFL, Lausanne, Switzerland
(3) ETH, Zurich, Switzerland
(4) Fondazione Pascale, Naples, Italy
(5) University of Bern, Switzerland
In Proceedings: IEEE/CVF Conference on Computer Vision and Pattern Recognition, (CVPR 2021)
DOI: 10.1109/CVPR46437.2021.00801
Abstract: Explainability of deep learning methods is imperative to facilitate their clinical adoption in digital
pathology. However, popular deep learning methods and explainability techniques (explainers) based on
pixel-wise processing disregard biological entities’ notion, thus complicating comprehension by patholo-
gists. In this work, we address this by adopting biological entity-based graph processing and graph explain-
ers enabling explanations accessible to pathologists. In this context, a major challenge becomes to discern
meaningful explainers, particularly in a standardized and quantifiable fashion. To this end, we propose
herein a set of novel quantitative metrics based on statistics of class separability using pathologically mea-
surable concepts to characterize graph explainers. We employ the proposed metrics to evaluate three types
of graph explainers, namely the layer-wise relevance propagation, gradient-based saliency, and graph prun-
ing approaches, to explain Cell-Graph representations for Breast Cancer Subtyping. The proposed metrics
are also applicable in other domains by using domain-specific intuitive concepts. We validate the qualitative
and quantitative findings on the BRACS dataset, a large cohort of breast cancer RoIs, by expert pathologists.

18. The Effect of Within-Bag Sampling on End-to-End Multiple Instance Learning
Authors: Nadezhda Koriakina, Nataša Sladoje, Joakim Lindblad
In Proceedings: 12th Int. Symposium on Image and Signal Processing and Analysis, (ISPA 2021)
DOI: 10.1109/ISPA52656.2021.9552170
Abstract: End-to-end multiple instance learning (MIL) is an important concept with a wide range of appli-
cations. It is gaining increased popularity in the (bio)medical imaging community since it may provide a
possibility to, while relying only on weak labels assigned to large regions, obtain more fine-grained infor-
mation. However, processing very large bags in end-to-end MIL is problematic due to computer memory
constraints. We propose within-bag sampling as one way of applying end-to-end MIL methods on very large
data. We explore how different levels of sampling affect the performance of a well-known high-performing
end-to-end attention-based MIL method, to understand the conditions when sampling can be utilized. We
compose two new datasets tailored for the purpose of the study, and propose a strategy for sampling dur-
ing MIL inference to arrive at reliable bag labels as well as instance level attention weights. We perform
experiments without and with different levels of sampling, on the two publicly available datasets, and for
a range of learning settings. We observe that in most situations the proposed bag-level sampling can be
applied to end-to-end MIL without performance loss, supporting its confident usage to enable end-to-end
MIL also in scenarios with very large bags. We share the code as open source at https://github.com/MIDA-
group/SampledABMIL

19. Graph-based image decoding for multiplexed in situ RNA detection
Authors: Gabriele Partel, Carolina Wählby
In Proceedings: 25th Int. Conference on Pattern Recognition, (ICPR 2020/2021)
DOI: 10.1109/ICPR48806.2021.9412262
Abstract: Image-based multiplexed in situ RNA detectionmakes it possible to map the spatial gene expres-
sion of hundreds to thousands of genes in parallel, and thus discern at the sametime a large numbers of
different cell types to better understand tissue development, heterogeneity, and disease. Fluorescent signals
are detected over multiple fluorescent channels and imaging rounds and decoded in order to identify RNA
molecules in their morphological context. Here we present a graph-based decoding approach that models
the decoding process as a network flow problem jointly optimizing observation likelihoods and distances of
signal detections, thus achieving robustness with respect to noise and spatial jitter of the fluorescent signals.
We evaluated our method on synthetic data generated at different experimental conditions, and on real data
of in situ RNA sequencing, comparng results with respect to alternative and gold standard imaged coding
pipelines.
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20. Content-Preserving Unpaired Translation from Simulated to Realistic Ultrasound Images
Authors: Devavrat Tomar(1), Lin Zhang(1), Tiziano Portenier(1), Orcun Göksel
(1) Computer-Assisted Applications in Medicine, ETH Zurich, Switzerland
In Proceedings: Medical Image Computing and Computer Assisted Intervention, (MICCAI 2021)
DOI: 10.1007/978-3-030-87237-3 63
Abstract: Interactive simulation of ultrasound imaging greatly facilitates sonography training. Although
ray-tracing based methods have shown promising results, obtaining realistic images requires substantial
modeling effort and manual parameter tuning. In addition, current techniques still result in a significant
appearance gap between simulated images and real clinical scans. Herein we introduce a novel content-
preserving image translation framework (ConPres) to bridge this appearance gap, while maintaining the
simulated anatomical layout. We achieve this goal by leveraging both simulated images with semantic seg-
mentations and unpaired in-vivo ultrasound scans. Our framework is based on recent contrastive unpaired
translation techniques and we propose a regularization approach by learning an auxiliary segmentation-
to-real image translation task, which encourages the disentanglement of content and style. In addition,
we extend the generator to be class-conditional, which enables the incorporation of additional losses, in
particular a cyclic consistency loss, to further improve the translation quality. Qualitative and quantita-
tive comparisons against state-of-the-art unpaired translation methods demonstrate the superiority of our
proposed framework.
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2. The NEUBIAS Gateway: A hub for bioimage analysis methods and materials
Authors: Beth A. Cimini(1), Simon F. Nørrelykke(2), Marion Louveaux(3), Nataša Sladoje, Perrine Paul-
Gilloteaux(4), Julien Colombelli(5), Kota Miura(6)
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(4) MicroPICell facility, SFR-Santé, INSERM, CNRS, Université de Nantes, France
(5) Advanced Digital Microscopy, Institute for Research in Biomedicine, Barcelona Institute of Science and
Technology, Spain
(6) Nikon Imaging Center, University of Heidelberg, Germany
Journal: F1000 Research 2020
DOI: 10.12688/f1000research.24759.1
Abstract: We introduce the NEUBIAS Gateway, a new platform for publishing materials related to bioimage
analysis, an interdisciplinary field bridging computer science and life sciences. This emerging field has been
lacking a central place to share the efforts of the growing group of scientists addressing biological questions
using image data. The Gateway welcomes a wide range of publication formats including articles, reviews,
reports and training materials. We hope the Gateway further supports this important field to grow and helps
more biologists and computational scientists learn about and contribute to these efforts.
Comment: Editorial. Not peer-reviewed.

3. Bootstrapping Weakly Supervised Segmentation-free Word Spotting through HMM-based Alignment
Authors: Tomas Wilkinson, Carl Nettelblad(1)
(1) Dept. of Information Technology, UU
In Proceedings: 2020 17th Int. Conference on Frontiers in Handwriting Recognition (ICFHR)
DOI: 10.1109/ICFHR2020.2020.00020
Abstract: Recent work in word spotting in handwritten documents has yielded impressive results, largely
using supervised learning systems, which are dependent on manually annotated data, making deployment
to new collections a significant effort. In this paper, we propose an approach that utilises transcripts without
bounding box annotations to train segmentation-free query-by-string word spotting models, given a par-
tially trained model. This is done through a training-free alignment procedure based on hidden Markov
models. This procedure creates a tentative mapping between word region proposals and the transcriptions
to automatically create additional weakly annotated training data, without choosing any single alignment
possibility as the correct one. When only using between 1% and 10% of the fully annotated training sets for
partial convergence, we automatically annotate the remaining training data and achieve successful training
using it. In terms of mean average precision, our final trained model then comes within a few percent of
the performance of a model trained with the full training set on all our datasets. We believe that this will
be a significant advance towards a more general use of word spotting, since digital transcription data will
already exist for parts of many collections of interest.
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4. Uncovering hidden reasoning of convolutional neural networks in biomedical image classification by
using attribution methods
Authors: Nadezhda Koriakina, Nataša Sladoje, Elisabeth Wetzer, Joakim Lindblad
In Proceedings: 4th Network of BioImage Analysts Conference, (NEUBIAS 2020)
Abstract: Convolutional neural networks (CNNs) are very popular in biomedical image processing and anal-
ysis, due to their impressive performance on numerous tasks. However, the performance comes at a cost of
limited interpretability, which may harm users’ trust in methods and their results. Robust and trustworthy
methods are particularly in demand in the medical domain due to the sensitivity of the matter. There is
a limited understanding of what CNNs base their decisions on, and, in particular, how their performance
is related to what they are paying attention to. In this study, we utilize popular attribution methods, with
the aim to explore relations between properties of a network’s attention and its accuracy and certainty in
classification. An intuitive reasoning is that in order for a network to make good decisions, it has to be con-
sistent in what to draw attention to. We take a step towards understanding CNNs’ behavior by identifying a
relation between the model performance and the variability of its attention map. We observe two biomedical
datasets and two commonly used architectures. We train several identical models of the same architecture
on the given data; these identical models differ due to stochasticity of initialization and training. We anal-
yse the variability of the predictions from such collections of networks where we observe all the network
instances and their classifications independently. We utilize Gradient-weighted Class Activation Mapping
(Grad-CAM) and Layer-wise Relevance Propagation (LRP), frequently employed attribution methods, for
the activation analysis. Given a collection of trained CNNs, we compute, for each image of the test set: (i)
the mean and standard deviation (SD) of the accuracy, over the networks in the collection; (ii) the mean and
SD of the respective attention maps. We plot these measures against each other for the different combina-
tions of network architectures and datasets, in order to expose possible relations between them. Our results
reveal that there exists a relation between the variability of accuracy for collections of identical models and
the variability of corresponding attention maps and that this relation is consistent among the considered
combinations of datasets and architectures. We observe that the aggregated standard deviation of attention
maps has a quadratic relation to the average accuracy of the sets of models and a linear relation to the
standard deviation of accuracy. Motivated by the results, we are also performing subsequent experiments to
reveal the relation between the score and attention, as well as to understand the impact of different images
to the prediction by using mentioned statistics for each image and clustering techniques. These constitute
important steps towards improved explainability and a generally clearer picture of the decision-making pro-
cess of CNNs for biomedical data.
Comment: Abstract Publication

5. Cross-modal Representation Learning for Efficient Registration of Multiphoton and Brightfield Mi-
croscopy Images of Skin Tissue
Authors: Elisabeth Wetzer, Nicolas Pielawski, Johan Öfverstedt, Jiahao Lu, Joakim Lindblad, Adrian
Dumitru (1), Mariana Costache (1), Radu Hristu(2), StefanG. Stanciu(2), Nataša Sladoje
(1) Carol Davila University of Medicine and Pharmacy, Bucharest, Romania
(2) Politehnica University Bucharest, Romania
In Proceedings: 4th Network of BioImage Analysts Conference, (NEUBIAS 2020)
Abstract: Performing correlative assays with distinct systems requires registering the data by computational
methods. When significant dissimilarities exist in terms of content and/or aspect automated registration
methods often fail. This can be alleviated by human-defined landmarks, but such procedures are gener-
ally difficult and time-consuming. One way to simplify registration is to find a joint space to which both
modalities can be mapped, thereby enabling addressing the registration problem by a (usually much less
demanding) monomodal, instead of a multimodal approach. In this study we propose to learn a joint rep-
resentation from multimodal image data. We explore a set of deep learning-based approaches to find a
common representation space for two imaging modalities. We analyse the idea of using two auto-encoders
to encode each modality into a latent space and reconstruct the original modality while enforcing similari-
ties between the two latent spaces. We investigate multiple variants of this approach, such as coupling the
decoders in a cross-modality fashion. We compare the results of registration and retrieval performed on
the latent space with those performed on the cross-modal reconstructions of the auto-encoder. We further
explore networks with a triplet loss to learn a shared latent representation and evaluate their performance
on the registration and retrieval task. Although the proposed concept is not limited to specific modalities,
we are primarily interested in applying it to optical microscopy data. Multiphoton microscopy (MPM)
(Mazumder, Front. Phys., 2019), has emerged over the past decades as a powerful tool for label-free char-
acterization of tissue morphology, functionality and biochemical composition. MPM can be applied in-vivo
(Dilipkumar, Adv. Sci., 2019), ex-vivo or on fixed tissues (Huttunen, Biomed. Opt. Express. 2020), and is
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capable of optical sectioning (3D imaging). Most often MPM images are discussed side by side with (cor-
responding) images acquired with brightfield microscopy (BM) of hematoxylin and eosin (H&E) stained
tissue, to facilitate content understanding and as ground-truth for interpretation and validation. Methods for
automated registration of MPM and BM images are thus very important for correlative analysis. In this work
we explore cross-modality representation learning to guide rigid multimodal image registration relying on
resulting latent spaces, as well as (template-matching style) multimodal image retrieval, for Two-photon
Excitation Fluorescence Microscopy (TPEF), Second Harmonic Generation Microscopy (SHG), and H&E
stained brightfield microscopy images of healthy, dysplastic and malignant epithelial tissues. The proposed
approach is complementary to recent alternatives that exploit very specific structures present in SHG and
BM images (Keikhosravi, Biomed. Opt. Express., 2020), enabling precise registration of MPM and BM
images also in the absence of a priori knowledge on image content.
Comment: Abstract Publication

6. Registration of Multimodal Microscopy Images using CoMIR – learned structural image representa-
tions
Authors: Elisabeth Wetzer, Nicolas Pielawski, Johan Öfverstedt, Jiahao Lu, Carolina Wählby, Joakim
Lindblad, Nataša Sladoje
In Proceedings: Correlated Multimodal Imaging in Life Sciences Conference, (COMULIS 2021)
Abstract: Combined information from different imaging modalities enables an integral view of a specimen,
offering complementary information about a diverse variety of its properties. To efficiently utilize such
heterogeneous information, spatial correspondence between acquired images has to be established. The
process is referred to as image registration and is highly challenging due to complexity, size, and variety of
multimodal biomedical image data. We have recently proposed a method for multimodal image registra-
tion based on Contrastive Multimodal Image Representation (CoMIR). It reduces the challenging problem
of multimodal registration to a simpler, monomodal one. The idea is to learn image-like representations for
the input modalities using a contrastive loss based on InfoNCE. These representations are abstract, and very
similar for the input modalities, in fact, similar enough to be successfully registered. They are of the same
spatial dimensions as the input images and a transformation aligning the representations can further be ap-
plied to the corresponding input images, aligning them in their original modalities. This transformation can
be found by common monomodal registration methods (e.g. based on SIFT or alpha-AMD). We have shown
that the method succeeds on a particularly challenging dataset consisting of Bright-Field (BF) and Second-
Harmonic Generation (SHG) tissue microarray core images, which have very different appearances and do
not share many structures. For this data, alternative learning-based approaches, such as image-to-image
translation, did not produce representations usable for registration. Both feature- and intensity-based rigid
registration based on CoMIRs outperform even the state-of-the-art registration method specific for BF/SHG
images. An appealing property of our proposed method is that it can handle large initial displacements.
The method is not limited to BF and SHG images; it is applicable to any combination of input modalities.
CoMIR requires very little aligned training data thanks to our data augmentation scheme. From an input
image pair, it generates augmented patches as positive and negative samples, needed for the contrastive loss.
For modalities which share sufficient structural similarities, the required aligned training data can be as little
as one image pair. Further details and the code are available at https://github.com/MIDA-group/CoMIR.
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7 Activities

In this section, we list all the “other” work we do, apart from teaching and research. This is not
a small part of our activities, and is an important way of keeping in touch with other scientists,
nationally and internationally, and also to showcase what we do to the general public.

The Corona years 2020 and 2021 meant that travel to conferences and scientist exchanges
were at a minimum. Conferences, meetings, seminars, etc. were almost exclusively digital. As
such meetings are a poor substitute for the real thing, several of the Subsections here are shorter
than usual. Even so, a lot of activities of various types did take place.

The first joint conference for Digital Geometry for Computer Imagery and for Mathematical
Morphology (DGMM) was organized by us. We long hoped for a physical conference, but in
the end it was a purely digital event. Even so, it was successful enough that the next conference
in the series will also be a joint event in 2022. People from CBA were also deeply involved in
organizing four other international conferences, see Section 7.1.

We managed to continue our own long-standing seminar series, see Section 7.3, that was sent
out virtually most Monday afternoons. We had 19 seminars in 2020 and 18 in 2021.

As noted above, conference travel was minimal, but (virtual) conference participation was
not. We were special invited speakers as much as usual, but presentations were much fewer, see
Section 7.4–7.6.

In Section 7.8, we list four events where the purpose was to spread popular information about
what we do to the public and to people in academia.

A rewarding and necessary part of being an international scientist is serving the scientific
community by working for professional organisations, being Editors of scientific journals, being
in program committees for international and national conferences, reviewing for international
journals (which often goes undocumented), being members of PhD committees, and evaluating
applications for projects and positions. Many of the CBA seniors have many such engagements,
which are listed in Section 7.9. One organisation where we are especially active is the Interna-
tional Association of Pattern Recognition (IAPR), the world-wide community in our field.

7.1 Conference organisation
1. International Workshop on Combinatorial Image Analysis (IWCIA 2020)

Nataša Sladoje
Date: 2020-07-16 – 2020-07-18
Location: Novi Sad, Serbia
Comment: Sladoje was co-chair of this edition, which is the twentieth in the series.

2. Workshop on Biomedical Image Registration (WBIR 2020)
Orcun Göksel
Date: 2020-12-02
Location: Munich, Germany
Comment: Göksel was one of four in the Organising Committee.
Virtual.

⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆

3. IEEE 18th International Symposium on Biomedical Imaging (ISBI 2021)
Special session on holistic approach to correlative microscopy: From sample preparation to data integration
Nataša Sladoje
Date: 2021-04-12 – 2021-04-15
Location: Nice, France
Comment: Sladoje was organiser of this Special Session on correlative multimodal imaging.
Hybrid event.
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4. Discrete Geometry and Mathematical Morphology (DGMM 2021)
Filip Malmberg, Joakim Lindblad, Nataša Sladoje; Gunilla Borgefors, Eva Breznik, Christer Kisel-
man, Ingela Nyström, Robin Strand, Johan Öfverstedt
Date: 2021-05-24 – 2021-05-27
Location: Ångström UU
Comment: The IAPR International Conference on Discrete Geometry and Mathematical Morphology was
the first joint event between the two main conference series of IAPR TC18, the International Conference on
Discrete Geometry for Computer Imagery (DGCI), with 21 previous editions, and the International Sym-
posium on Mathematical Morphology (ISMM), with 14 previous editions. It attracted 59 submissions by
authors from 15 countries, of which 36 were selected for presentation at the conference after review. The
DGMM 2021 papers highlight the current trends and advances in discrete geometry and mathematical mor-
phology, both theoretical, algorithmic, and applications. Three internationally well-known researchers were
invited for keynote lectures: Jesús Angulo Paris Sciences & Lettres University, France; Cecilia Holmgren
Stockholm University; and Maria-Jose Jimenez University of Sevilla, Spain. The DGMM 2021 proceedings
are published Springer’s LNCS series, volume 12708. Extended versions of selected outstanding contribu-
tions, will be published in a special issue of the Journal of Mathematical Imaging and Vision, which is
scheduled for 2022.
Virtual

5. International Conference on Information Processing in Computer-Assisted Interventions (IPCAI 2021)
Orcun Göksel
Date: 2021-06-22 – 2021-06-23
Location: Munich, Germany
Comment: Göksel was Programme Chair. Proceedings published as journal-length articles in a special issue
of International Journal of Computer Assisted Radiology and Surgery (IJCARS).
Virtual
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7.2 Seminars held outside CBA
1. Ankit Gupta

Date: 2021-03-01
Address: Virtual
Title: SimSearch: Interactive AI for fast detection of phenotypes in microscopy experiments
Comment: PhenoTarget Symposium 2021.

2. Ida-Maria Sintorn
Date: 2021-05-23
Address: Virtual
Title: Why doesn’t it work in reality? Bridging the gap between curated proof of concept tests and real-
world deployment of biomedical image-based deep learning
Comment: Swedish eScience Research Centre (SeRC) Annual Meeting.

3. Robin Strand
Date: 2021-09-21
Address: UU
Title: Medical Image Processing and Artificial Intelligence in Neuroimaging
Comment: Invited speaker at WoMHeR (Women’s Mental Health during the Reproductive lifespan) net-
work meeting.

4. Christer Kiselman
Date: 2021-10-14
Address: Université de Fribourg, France
Title: Discrete phenomena, which are of growing interest in science, can be difficult but need to be under-
stood

5. Robin Strand
Date: 2021-11-09
Address: Gävle, Sweden
Title: Artificiell intelligens och medicinsk bildanalys möjligheter och utmaningar
Comment: In Swedish. Invited speaker at Region Gävleborg Research and development day.
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7.3 Seminars at CBA
1. Understanding Cell Migration with Deep Bayesian Neural Networks

Presenter: Nicolas Pielawski
Date: 2020-01-20

2. Distances Between Images Combining Intensity, and Efficiently Encoded Spatial Information, and
Image Registration
Presenter: Johan Öfverstedt
Date: 2020-02-03

3. Pathologist-level prostate cancer diagnostics using deep learning
Presenter: Carolina Wählby
Date: 2020-02-10
Comment : Kimmo Kartasalo

4. Multi-layer object representations for integrated shape and texture analysis, with applications in
biomedical image processing
Presenter: Elisabeth Wetzer
Date: 2020-02-17

5. TissUUmaps: Interactive visualization of large-scale spatial gene expression and tissue morphology
data
Presenter: Leslie Solorzano
Date: 2020-02-24

6. Modeling and Visualization for Virtual Interaction with Medical Image Data
Presenter: Fredrik Nysjö
Date: 2020-03-02

7. The history of image processing as it relates to Uppsala
Presenter: Ewert Bengtsson
Date: 2020-03-30

8. Superresolution reconstruction from stacks of short exposure TEM images
Presenter: Andrea Behanova, Ida-Maria Sintorn
Date: 2020-05-11

9. Training a CNN from Output of a Classical Image Analysis Tool
Presenter: Petter Ranefall
Date: 2020-05-25

10. Computerised Image Processing for Handwritten Text Recognition
Presenter: Raphaela Heil
Date: 2020-06-08

11. Why Digital Geometry is More Difficult than Continuous – and Thus More Fun
Presenter: Gunilla Borgefors
Date: 2020-06-15

12. A low-shot learning framework for early detection of informative data in spatio-temporal experi-
ments
Presenter: Ankit Gupta
Date: 2020-08-31
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13. Uncovering hidden reasoning of convolutional neural networks in oral cancer detection
Presenter: Nadezhda Koriakina
Date: 2020-09-07

14. TEM Image Reconstruction From Fast Image Stream
Presenter: Håkan Wieslander
Date: 2020-09-14

15. Educaora.com, platform for interactive and retrieval based learning
Presenter: Erik Hallström
Date: 2020-09-21

16. Image and Data Analysis for Spatially Resolved Transcriptomics
Presenter: Gabriele Partel
Date: 2020-10-12

17. Genes through imaging: from macro to micro
Presenter: Eduard Chelebian
Date: 2020-10-19

18. Computational Neuroscience Introduction
Presenter: Nicolas Pielawski, Ankit Gupta
Date: 2020-10-26

19. Recent advances in combinatorial optimization of max-norm objective functions
Presenter: Filip Malmberg
Date: 2020-12-07
⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆

20. Theatrum Visuale – Visualization for the Sciences in the Planning at Nya Ångström
Presenter: Ingela Nyström
Date: 2021-01-18

21. Adipocyte Cell Imaging Challenge
Presenter: Ankit Gupta
Date: 2021-02-01

22. INSPIRE - Intensity and Spatial Information-Based Deformable Image Registration
Presenter: Johan Öfverstedt
Date: 2021-02-15

23. Towards trustworthy computer-assisted screening for oral cancer
Presenter: Nadezhda Koriakina
Date: 2021-03-01

24. Giving an exam as escape room adventure - how it turned out
Presenter: Ida-Maria Sintorn
Date: 2021-03-08
Comment: Description from the course Computer Assisted Image Analysis I

25. Strikethrough removal from Handwritten Words
Presenter: Raphaela Heil
Date: 2021-03-22
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26. ISTDECO: In Situ Transcriptomics Decoding by Deconvolution
Presenter: Axel Andersson
Date: 2021-03-29

27. Image Processing, Machine Learning and Visualization for Tissue Analysis
Presenter: Leslie Solorzano
Date: 2021-04-12

28. Including confidence measure in spage2vec and spatial statistics
Presenter: Andrea Behanova
Date: 2021-04-25

29. Writing and publishing: Some experience acquired
Presenter: Christer Kiselman
Date: 2021-06-14

30. Fast computation of mutual information in the frequency domain with applications to global multi-
modal image alignment
Presenter: Johan Öfverstedt
Date: 2021-08-30

31. Ethics by Twitter and other observations
Presenter: Mikael Laaksoharju
Date: 2021-09-06

32. Advancing Human-in-the-loop Learning in Image Analysis
Presenter: Ankit Gupta
Date: 2021-09-13

33. Registration of multimodal microscopy images using CoMIR: learned structural image representa-
tions
Presenter: Elisabeth Wetzer, Nicolas Pielawski
Date: 2021-09-20

34. Automated classification of retinal optical coherence tomography images in age-related macular de-
generation
Presenter: Swarnadip Chatterjee
Date: 2021-10-11

35. Species identification of bacterias using phase-contrast timelapse on microfluidic chip
Presenter: Erik Hallström
Date: 2021-10-25

36. Generative Implicit Feature Replay for Continual Learning
Presenter: Kevin Thandiackal, ETH Zürich, Switzerland)
Date: 2021-11-29

37. Hedgehog Information Management System. And other news
Presenter: Leslie Solorzano
Date: 2021-12-06
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7.4 Conference participation

7.4.1 Special invited speakers

International

1. Medical image analysis - its history and impact
Conference name: Bioinformatica India
Presenter: Ewert Bengtsson
2020-01-16 – 2020-01-18
Location: University of Kerala, Kariavattom, Kerala, India / Virtual

2. Deep Convolutional Neural Networks as a tool in image based Systems Biology
Conference name: 5th International Symposium on Image-based Systems Biology (IbSB 2020),
Presenter: Carolina Wählby
2020-10-01 – 2020-10-02
Location: Jena, Germany / Virtual

3. Recent Advances in Large Scale Whole Body MRI Image Analysis - Imiomics
Conference name: The 5th International Conference on Sustainable Information Engineering and
Technology (SIET 2020)
Presenter: Robin Strand
2020-11-16 – 2020-11-17
Location: Malang, Indonesia

4. Artificial intelligence in biomedical imaging
Conference name: SophI.A Summit: 3rd Edition of an International Symposium on Artificial Intelligence
and its applications
Presenter: Carolina Wählby
2020-11-18 – 2020-11-20
Location: Nice, France / Virtual
⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆

5. Towards Equal Opportunities in Academia - Experiences and Lessons Learned Internationally and
at Uppsala University
Conference name: 25th Int. Conference on Pattern Recognition, (ICPR 2020/2021)
Presenter: Ingela Nyström
2021-01-09 – 2021-01-14
Location: Milan, Italy / Virtual
Comment: Nyström was special invited speaker at the ”W4PR: Women at ICPR Workshop”. Attended the
IAPR Governing Board meeting as Chair of the Constitutions and Bylaws Committee and to present an
”IAPR Hall of Fame” proposal.

6. “Image analysis and AI in Cytometry”
Conference name: 31st Annual Conference of the German Society for Cytometry “Innovative technology:
expanding perspectives on cells“
Presenter: Carolina Wählby
2021-03-02
Location: Berlin, Germany / Virtual

7. Large cohort analysis in medical image processing
Conference name: The 2nd International Conference on Medical Imaging And Computer-Aided Diagnosis
(MICAD2021)
Presenter: Robin Strand
2021-03-25 – 2021-03-26
Location: Birmingham, UK
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8. Image analysis and AI in microscopy-based life science research: from crawling cells to in situ se-
quencing
Conference name: Spring seminars for our Quantitative Systems Biology Center at Vanderbilt University
Presenter: Carolina Wählby
2021-05-05
Location: Vanderbilt University, TN, USA / Virtual

9. Overview and tissue image analysis
Conference name: O’Brien Center Microscopy Workshop
Presenter: Carolina Wählby
2021-06-08
Location: Indiana University NIH, Indiana, USA / Virtual

10. Image analysis and AI in microscopy-based life science research
Conference name: International Max Planck Research School for Molecular Biomedicine (IMPRS) and the
Cells in Motion (CiM) 15th Annual Graduate School Meeting (GSM)
Presenter: Carolina Wählby
2021-10-22
Location: University of Münster, Münster, Germany / Virtual

11. Image analysis and AI for squeezing the most out of spatially resolved in situ sequencing data
Conference name: Crick BioImage Analysis Symposium (CBIAS 2021)
Presenter: Carolina Wählby
2021-11-21
Location: The Francis Crick Institute, London, UK / Virtual

National

1. Machine and Deep Learning in Image Processing
Conference name: Swedish academic initiative for radiation sciences and nuclear technology (SAINT 2021)
Presenter: Joakim Lindblad
2021-01-13 – 2021-01-14
Location: Uppsala / Virtual
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7.4.2 Refereed conference presentations

1. When Texture Matters: Texture-Focused CNNs Outperform General Data Augmentation and Pre-
training in Oral Cancer Detection
Conference name: IEEE 17th Int. Symposium on Biomedical Imaging, (ISBI 2020)
Presenter: Elisabeth Wetzer
2020-04-02 – 2020-04-06
Location: Iowa, USA / Virtual

2. CoMIR: Contrastive Multimodal Image Representation for Registration
Conference name: 34th Conference on Neural Information Processing Systems, (NeurIPS 2020)
People (CBA speakers): Elisabeth Wetzer, Nicolas Pielawski
2020-12-05 – 2020-12-11
Location: Virtual

⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆

3. Learning Cell Nuclei Segmentation Using Labels Generated with Classical Image Analysis Methods
Conference name: International Conference in Central Europe on Computer Graphics, Visualization and
Computer Vision (WSCG)
Presenter: Petter Ranefall
2021-05-19 – 2021-05-20
Location: Pilsen, Czech Republic / Virtual
Comment: Damian Matuszewski first author

4. The Effect of Within-Bag Sampling on End-to-End Multiple Instance Learning
Conference name: 12th Int’l Symposium on Image and Signal Processing and Analysis (ISPA 2021)
Presenter: Nadezhda Koriakina
2021-09-13 – 2021-09-15
Location: Zagreb, Croatia / Virtual
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7.5 Non-refereed conference presentations
1. Cross-modal Representation Learning for Efficient Registration of Multiphoton and Brightfield Mi-

croscopy Images of Skin Tissue
Conference name: 4th Network of BioImage Analysts Conference, (NEUBIAS 2020)
Presenter: Elisabeth Wetzer
2020-02-29 – 2020-03-06
Location: Bordeaux, France

2. Uncovering hidden reasoning of convolutional neural networks in biomedical image classification by
using attribution methods
Conference name : 4th Network of BioImage Analysts Conference, (NEUBIAS 2020)
Presenter: Nadezhda Koriakina
2020-02-29 – 2020-03-06
Location : Bordeaux, France

⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆

3. Learning cell nuclei segmentation using labels generated with classical image analysis methods
Conference name: Swedish Symposia on Image Analysis and Deep Learning (SSBA/SSDL 2020)
Presenter: Damian Matuszewski, Petter Ranefall
2021-03-15
Location: Virtual

4. Optimization of pixel labeling problems with max-norm objective functions – a summary of recent
results
Conference name: Conference on Digital Geometry and Discrete Variational Calculus
Presenter: Filip Malmberg
2021-03-28 – 2021-04-01
Location: Virtual

5. Registration of Multimodal Microscopy Images using CoMIR – learned structural image representa-
tions
Conference name: Correlated Multimodal Imaging in Life Sciences (COMULIS) 2021
Presenter: Elisabeth Wetzer
2021-08-31 – 2021-09-02
Location: Virtual

6. Fast Computation of Mutual Information with Applications to Global Multimodal Image Alignment
of Micrographs
Conference name: Correlated Multimodal Imaging in Life Sciences (COMULIS) 2021
Presenter: Johan Öfverstedt
2021-08-31 – 2021-09-02
Location: Virtual

7. Image-to-Image Translation in Multimodal Image Registration: How Well Does It Work?
Conference name: Correlated Multimodal Imaging in Life Sciences (COMULIS) 2021
Presenter: Jiahao Lu, Johan Öfverstedt, Joakim Lindblad, Nataša Sladoje
2021-08-31 – 2021-09-02
Location: Virtual
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8. CoMIR: Contrastive Multimodal Image Representation for Registration
Conference name: German Conference on Pattern Recognition
Presenter: Elisabeth Wetzer
2021-09-27 – 2021-09-30
Location: Virtual
Comment: Presenting the NeurIPS 2020 publication at Nectar Track on Machine Learning: Nicolas Pielawski,
Elisabeth Wetzer, Johan Öfverstedt, Jiahao Lu, Carolina Wählby, Joakim Lindblad, Nataša Sladoje

9. Evaluation of three proposals
Conference name: ANR Institute Convergence Evaluation
Presenter: Ewert Bengtsson
2021-10-11 – 2021-10-13
Location: ANR (French Research Council), Paris
Comment: I was on a committee evaluating several large proposals, in charge of presenting three of them.

10. Contrastive Learning for Equivariant Multimodal Image Representations
Conference name: “The power of women in deep learning”, workshop during Mathematics of Deep Learn-
ing programme
Presenter: Elisabeth Wetzer
2021-11-21
Location: Isaac Newton Institute, Cambridge, UK (Hybrid)

11. Biopsy Image Based AI Prostate Grading Trained Directly On Patient Outcome
Conference name: Analytic Imaging Diagnostics Arena (AIDA)-day: Hot topics in AI in medicine.
Presenter: Ewert Bengtsson
2021-12-15 – 2021-12-16
Location: CMIV, Linköping
Comment: Presentation jointly with Peter Wahlhagen, Spearpoint Analytics AB
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7.6 Attended conferences
1. Conference name: 2nd International Workshop on Visual Pattern Extraction and Recognition for Cultural

Heritage Understanding (VIPERC)
Attendee: Gunilla Borgefors, Anders Hast
2020-01-29
Location: University Aldo Mori, Bari, Italy
Comment: Borgefors was Co-Chair and presented ”Game-Based Learning in Museum - Cultural Heritage
Applications” by Marijana Cosovic and Ramic Brkic.

2. Conference name: Analytic Imaging Diagnostics Arena (AIDA) Days: AI Business Case
Attendee: Ewert Bengtsson
2020-01-29 – 2020-01-30
Location: CMIV, Linköping University Hospital, Linköping

3. Conference name: Swedish Symposia on Image Analysis and Deep Learning (SSBA/SSDL 2020)
Attendee: Ingela Nyström
2020-03-15 – 2020-03-17
Location: Helsingborg, Lund University / Virtual

4. Conference name: Analytic Imaging Diagnostics Arena (AIDA) Day: Medical imaging from basics to state-
of-the-art
Attendee: Nadezhda Koriakina
2020-09-15
Location: Virtual

5. Conference name: Analytic Imaging Diagnostics Arena (AIDA) Medical AI applications and data handling
Attendee: Ewert Bengtsson
2020-09-22
Location: CMIV, Linköping / Virtual

6. Conference name: Analytic Imaging Diagnostics Arena (AIDA) - Radiology Showcase event
Attendee: Ewert Bengtsson
2020-10-21
Location: CMIV, Linköping / Virtual

7. Conference name: Analytic Imaging Diagnostics Arena (AIDA) - Hur ska de juridiska utmaningarna med
AI i sjukvården mötas?
Attendee: Ewert Bengtsson
2020-11-23
Location: CMIV, Linköping / Virtual

8. Conference name: 10th International Conference on Numerical Geometry, Grid Generation and Scientific
Computing
Attendee: Christer Kiselman
2020-11-25 – 2020-11-27
Location: Virtual
Comment: Celebrating the 130th Anniversary of Boris Delaunay

9. Conference name: 9th International Workshop on Biomedical Image Registration
Attendee: Johan Öfverstedt
2020-12-01 – 2020-12-02
Location: Virtual

⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆ ⋆
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10. Conference name: Analytic Imaging Diagnostics Arena (AIDA) meets Silicon Vallet workshop
Attendee: Ewert Bengtsson
2021-02-02
Location: CMIV, Linköping / Virtual

11. Conference name: Swedish Symposia on Image Analysis and Deep Learning (SSBA/SSDL 2021)
Attendees: Ingela Nyström, Petter Ranefall, Johan Öfverstedt, Andrea Behanova
2021-03-14 – 2021-03-16
Location: Lund University / Virtual

12. Conference name: Analytic Imaging Diagnostics Arena (AIDA) project portfolio
Attendee: Ewert Bengtsson
2021-03-24
Location: CMIV, Linköping / Virtual

13. Conference name: IEEE 18th Int. Symposium on Biomedical Imaging (ISBI 2021)
Presenter: Ewert Bengtsson
2021-04-13 – 2021-04-16
Location: Virtual
Comment: Chair of the Histopathology session

14. Conference name: IEEE Sweden section AGM, Lecture: How security concerns are changing the way we
think about computer architecture.
Attendee: Ewert Bengtsson
2021-04-25
Location: Virtual

15. Conference name: Analytic Imaging Diagnostics Arena (AIDA) project presentation day
Attendee: Ewert Bengtsson
2021-05-05
Location: CMIV, Linköping / Virtual

16. Conference name: IAPR International Conference on Discrete Geometry and Mathematical Morphology
(DGMM)
Attendee: Petter Ranefall
2021-05-23 – 2021-05-27
Location: UU / Virtual

17. Conference name: Analytic Imaging Diagnostics Arena (AIDA)-day: Medical imaging from basics to state-
of-the-art
Attendee: Ewert Bengtsson
2021-09-15
Location: CMIV, Linköping / Virtual

18. Conference name: Analytic Imaging Diagnostics Arena (AIDA): Clinical validation
Attendee: Ewert Bengtsson
2021-10-27
Location: CMIV, Linköping / Virtual

19. Conference name: Analytic Imaging Diagnostics Arena (AIDA) Days: Hot topics in AI in medicine
Attendee: Nadezhda Koriakina
2021-12-15
Location: CMIV, Linköping / Virtual
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7.7 Visiting scientist
1. Andrea Behanova

Address: University of Eastern Finland, Kuopio, Finland
Host: Ida-Maria Sintorn
Period: 2020-01-13 – 2020-05-29
Topic: TEM Image Enhancement From Multiple Short Exposure Images
Comment: Internship

7.8 Miscellaneous
1. Science Festival Organisation

Organisers: Carolina Wählby, Axel Andersson, Andrea Behanova, Christophe Avenel, Fredrik Nysjö
2021-03-03 – 2021-03-09
Location: Virtual
Comment: The purpose of SciFest is to give visitors a chance to see and try out research and its applications
in all fields of science. The festival offers a variety of experiments, lectures, workshops, films and exhi-
bitions. For example, there are opportunities to learn more about archaeological DNA finds, see stars and
planets throughout our galaxy or visit a lab where you can look into the human body.

2. Practical Course Organization
Organisers: Carolina Wählby, Anna Klemm, Andrea Behanova
2021-06-27 – 2021-07-01
Location: Virtual
Comment: Bioimage analysis has become a keystone of biological research: the deluge of data produced by
increasingly advanced microscopes calls for experts able to guide life scientists in the methods and software
to be used to produce quantitative knowledge from this data. Due to the complexity of the data, without
such expert guidance, it is very likely that image analysis algorithms may be applied incorrectly, possibly
even producing erroneous results. Moreover, the diversity of imaging modalities, analysis algorithms and
software solutions is growing so rapidly that even experts are overwhelmed. This advanced course concen-
trates on teaching cutting-edge concepts and tools for quantitative image analysis, and will seek to upgrade
the competencies of future bioimage analysis experts on both theoretical algorithm advancements as well as
on practical implementation skills.

3. PhD & Parenthood during the Pandemic
Teknisk-Naturvetenskapliga DoktorandRådet Event:+
Organiser: Elisabeth Wetzer
2021-08-14
Location: Uppsala
Comment: A financial support for PhD students of the Faculty of Science and Technology to organize
projects or events involving other PhD students from our faculty.

4. Soapbox Science Local Organizing Team 2022
Organiser: Elisabeth Wetzer
2021-10-06
Location: Uppsala
Comment: Planning for a new Soapbox Science Event
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7.9 Committee work
Ewert Bengtsson
International:

• Lifetime Fellow of the Institute of Electrical and Electronics Engineers (IEEE), 2015–
Comment: Member since 1974.

• Member of the International Society for Optical Engineering (SPIE), 2004–

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

• Editorial Advisory Board member of Machine Graphics & Vision, 1994–
Comment: Published by the Polish Academy of Sciences.

• Associate Editor of Journal of Multimedia Information System, 2014–
Comment: Published by Korea Multimedia Society.

• PhD thesis opponent for Oscar Holmström, Institute for Molecular Medicine Finland (FIMM), Helsinki
Institute of Life Science (HiLIFE), Faculty of Medicine, University of Helsinki, Finland, 2020-09-04
Comment: Thesis title: Point-of-care diagnostics with digital microscopy and artificial intelligence

• Member of the committee for the evaluation of the mid-term reports of Institute de Convergences for the
French research council (ANR), Paris, October 11–13, 2021)

National:

• Member of the Royal Swedish Academy of Engineering Sciences (IVA), 2006–
Comment: Division VII: Basic and Interdisciplinary Engineering Sciences.

• Member of the Royal Society of Sciences in Uppsala (Kungliga Vetenskaps-Societeten), 1998–
Comment: Elected member of the oldest scientific society in Sweden (founded 1710).

• Member of scientific board of Swedish Association for Medical Engineering and Physics, “Svensk förening
för medicinsk teknik och fysik” 2013–

• Member of scientific board of Hillevi Fries Research Scholarship Foundation, 2006–
Comment: A Swedish foundation that accepts applications and gives out research grants for urology re-
search.

• PhD thesis committee for Efthymiar Chantzi, Dept. of Medical Sciences, UU, 2020-08-26

• PhD thesis committee for Jenny Romells, Dept. of Applied Physics, KTH, Stockholm, 2021-03-26

Gunilla Borgefors
International:

• Fellow of the International Association for Pattern Recognition (IAPR), 1998–
Comment: 1st Vice President 1994–96, Secretary 1990–94, etc., etc.

• Member of the King Sun Fu Prize committee of the International Association for Pattern Recognition
(IAPR), 2016–2022

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

• Editor Emerita of Pattern Recognition Letters (PRL), 2019–
Comment: Published by Elsevier. PRL is an official journal of the International Association of Pattern
Recognition. Borgefors was Associate/Area Editor 2004–2010 and Editor-in-Chief 2010–2018.

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

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

• Editorial Board of the book series Computational Imaging and Vision, 2003–
Comment: Published by Springer.

• Steering committee for Discrete Geometry for Computer Imagery (DGCI) conferences, 2000–
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• Steering committee for International Symposium on Mathematical Morphology (ISMM), 2011–

• Organising committee member (Honorary Chair), International Conference on Discrete Geometry and
Mathematical Morphology (DGMM 2020). Uppsala, May 24–27, 2021

National:

• Member of the Royal Swedish Academy of Engineering Sciences (IVA), 2011–
Comment: Division VII: Basic and Interdisciplinary Engineering Sciences.

• Emerita Member of the Royal Society of Sciences in Uppsala (Kungliga Vetenskaps-Societeten), 2000–
Comment: Elected member of the oldest scientific society in Sweden (founded 1710).

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

• Member of the Board/Steering Committee for Onsala Space Observatory, 2011-2021
Comment: Two physical and several telephone meetings per year.

• Member of the PhD Thesis Committee for Rayendra Anandika, Luleå University of Technology, 2021-11-
17. Comment: Title: Nondestructive measurement of near-surface cracks in railheads

Orcun Göksel
International:

• Academic and Scientific Board member for the European Engineering Learning Innovation and Science
Alliance (EELISA), 2021–
Comment: EELISA is the first alliance of Higher Education Institutions from different countries in Europe
to define and implement a common model of European engineer rooted in society.

• Steering Board member of Experimental and Clinical Imaging Technologies (EXCITE) Zurich, Sweden,
2015–2021

• Program Chair for the International Conference on Information Processing in Computer-Assisted Interven-
tions (IPCAI), 2021 Comment: Proceedings (journal-length) in a special issue of International Journal of
Computer Assisted Radiology and Surgery (IJCARS)

• Program Committee member for the Medical Image Computing and Computer Assisted Intervention (MIC-
CAI), 2020, 2021

• Member of ETH AI Center, Zurich, Switzerland, 2020–2021

• Co-organizer of Workshop on Biomedical Image Registration (WBIR), 2020

• PhD thesis committee for Pushpak Pati, “Deep Learning of Entity-Guided Representations in Digital Pathol-
ogy”, ETH Zurich, Switzerland, 20220110

• PhD thesis committee for Bhaskara Rao Chintada, “Ultrasound-based Biomechanical Characterization of
Nonlinear Tissue Viscoelasticity using Shear-Wave Elastography and Reflector-based Computed Tomogra-
phy”, ETH Zurich, Switzerland, 2021-06-21

• PhD thesis committee for Alvaro Gomariz, “Quantitative Fluorescence Microscopy with Marker-Efficient
and Uncertainty-Aware Segmentation and Detection Using Deep Learning”, ETH Zurich, Switzerland,
2021-02-25

• PhD thesis opponent for Alina Giger, “Ultrasound-based motion modelling for the lungs in scanned proton
therapy”, University of Basel, Switzerland, 2020-11-23

• PhD thesis opponent for Ivana Ivankovic, “Cardiovascular Optoacoustic Tomography for Real-Time Imag-
ing of Rodent Models and Handheld Investigations”, ETH Zurich, Switzerland, 200429

National:

• PhD thesis committee chair for Jesper Unander-Scharin, “Surgical Outcomes in Sagittal Craniosynostosis”,
Dept. of Surgical Sciences, UU, 2021-12-10
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Christer O. Kiselman
International:

• American Mathematical Society (life member)

• Société Mathématique de France

• International Academy of Sciences, San Marino

• Internacia Scienca Akademio Comenius

• European Mathematical Society

• Polska Akademia Umiejetności (Polish Academy of Arts and Sciences)

• Associate Member, Scandinavian Society for Iranian Studies

• Organising committee member (Honorary Chair), International Conference on Discrete Geometry and
Mathematical Morphology (DGMM 2020). Uppsala, May 24–27, 2021

National:

• Royal Academy of Arts and Sciences, Uppsala, 1983–

• Royal Society of Sciences (Kungliga Vetenskaps-Societeten), Uppsala, 1984–

• Royal Swedish Academy of Sciences, 1990–

• Swedish Astronomical Society (life member)

• Swedish Mathematical Society (life member)

Joakim Lindblad
International:

• Management committe member substitute, NEUBIAS – A new Network of European BioImage Analysts
to advance life science imaging, 2016-05-03 – 2020-05-02
Comment: EU COST Action CA 15124

• Organising committee member (Proramme Chair), International Conference on Discrete Geometry and
Mathematical Morphology (DGMM 2020). Uppsala, May 24–27, 2021

National:

• Steering board member - International Master program in Image Analysis and Machine Learning.

• PhD thesis committee for Walter Ikegami Andersson, Dept. of Physics and Astronomy, Uppsala University,
Sweden, 2020-02-28. Thesis title: ”Exploring the Merits and Challenges of Hyperon Physics: with PANDA
at FAIR”

Filip Malmberg
International:

• Deputy editor of Pattern Recognition Letters (PRL), 2015–2021
Comment: Published by Elsevier. PRL is an official journal of the International Association of Pattern
Recognition.

• Organising committee member (General Chair), International Conference on Discrete Geometry and Math-
ematical Morphology (DGMM 2020). Uppsala, May 24–27, 2021

National

• Steering board member - International Master program in Image Analysis and Machine Learning, UU

• Steering board member - Centre for Image Analysis, UU

• Steering board member - Centre for Digital Humanities, UU

• PhD thesis committee for Anette Karlsson, Linköping University, 2020-06-11
Comment: Thesis title: ”Quantitative Muscle Composition Analysis Using Magnetic Resonance Imaging”
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Ingela Nyström
International:

• International Association for Pattern Recognition (IAPR)

– Governing Board member 2002–2010

– Executive Committee member 2008–2018: 2nd Vice-President 2008–2010, Secretary 2010–2014,
President 2014–2016, Past President 2016–2018

– Nominating Committee: member 2004–2006, chair 2016–2018, member 2018–2020

– Constitutions and Bylaws Committee: chair 2018–2020, member 2020–2022

• Board Member of of UNINETT Sigma2 AS (Infrastructure for Computational Science in Norway) 2019–

• Organising committee member (Advisory Chair), International Conference on Discrete Geometry and Math-
ematical Morphology (DGMM 2020). Uppsala, May 24–27, 2021

National:

• Member of the Royal Society of Arts and Sciences of Uppsala (Kungliga Vetenskapssamhället i Uppsala),
2012–
Comment: Board member 2016–, 4 meetings per year

• Chair of the Board of the Swedish National Infrastructure for Computing (SNIC), 2020–2022, minimum 6
meetings per year

• Member of the Steering Group for the Digital Humanities Uppsala research network, 2018–2020, 6 meetings
per year

• Member of the extended Management Group of WOMHER - Uppsala Center for Women’s Mental Health
during the Reproductive Lifespan, 2020–, minimum 6 meetings per year

• Mentor in the TekNat Mentorship Programmes: 2014–2015, 2016–2017, 2018–2019, 2020–2021

• Auscultation for participants in the course “Supervising PhD students”, 2015–, approximately twice a year

Petter Ranefall
National:

• Half-time committee for Praneeth Karempudi, 2021-10-10

Stefan Seipel
National:

• Board of UpGIS, the network of Geographical Information Systems at UU, 2013–

Ida-Maria Sintorn
International:

• Governing Board member of the International Association for Pattern Recognition (IAPR), 2018–

National:

• Chair of the Swedish Society for Automated Analysis (SSBA), 2018–2022
Comment: Board member 2008–2022

• Collaboration and outreach coordinator at Dept. of IT, UU, 2020–

• Member of Advisory Committee for Collaboration, Disciplinary Domain of Science and Technology, UU,
2020–

• Board alternate, Elector Assembly Disciplinary Domain of Science and Technology, 2020–2022

• Steering committee member, X-hide: Academic - Industrial Centre of Excellence exploring inflammation
in health and disease, 2021–

• PhD thesis opponent for Johan Boström, Karolinska Insititute, 2020-09-25
Comment: Thesis title: ”Studying the Cell Cycle Using Systems Biology and High Content Characterization
of the Ubiquitin Proteasome System”

• PhD thesis committee for Gustav Zickert, School of Electrical Engineering, KTH, 2020-10-23
Comment: Thesis title: ”Analytic and data-driven methods for 3D electron microscopy”
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• PhD thesis committee for Chenjie Ge, Dept. of Electrical Engineering, Chalmers, 2020-09-01
Comment: Thesis title: ”Machine Learning Methods for Image Analysis in Medical Applications”

• PhD thesis committee for Andreas Robinsson, Institute of Technology, Linköping University, 2021-06-14
Comment: Thesis title: ”Discriminative correlation filters in robot vision”

Nataša Sladoje
International:

• Management committe member of the Network of European BioImage Analysts to advance life science
imaging (NEUBIAS), 2016–2020
Comment: COST Action CA 15124

• Management committe member of the Correlated Multimodal Imaging in Life Sciences (COMULIS), 2018–
2022
Comment: EU COST Action CA 17121 - European Cooperation in Science and Technology

• Organising committee member (Programme Chair), International Conference on Discrete Geometry and
Mathematical Morphology (DGMM 2020). Uppsala, May 24–27, 2021

• PhD thesis evaluation committee member for Hans Jacob Teglbjærg Stephensen. Thesis: ”Geometrical
Models and Stochastic Geometry of Subcellular Structures”, Dept. of Computer Science, University of
Copenhagen, Denmark

National:

• Steering board member of the International Master program in Image Analysis and Machine Learning.

• Program responsible and Program board chair of the International Master program in Image Analysis and
Machine Learning, 2019–

• Chair of the Board of the Centre for Interdisciplinary Mathematics, 2020–

• PhD Thesis committee for Gabriella Edfeldt, Dept. of Medicine, Karolinska Institute, Stockholm
Comment: Thesis title: ”Epithelial barrier protection - implications for HIV susceptibility”

• PhD thesis committee for Marcus Valtonen Örnhag, Lund University, 2021
Comment: Thesis title: ”Robust Estimation of Motion Parameters and Scene Geometry – Minimal Solvers
and Convexification of Regularisers for Low-Rank Approximation”

Robin Strand
International:

• Governing Board member of the International Association for Pattern Recognition (IAPR), 2020–

• Organising committee member (Advisory Chair), International Conference on Discrete Geometry and Math-
ematical Morphology (DGMM 2020). Uppsala, May 24–27, 2021

• Program Committee, 3rd Workshop on Reproducible Research in Pattern Recognition (RRPR 2020), Milan,
Italy

• Program Committee, Track chair of Pattern Recognition for Biomedical Quantitative Imaging
(PR4BioImaging2020), satellite event at ICPRAI 2020, Zhongshan, China

• Program Committee, 3rd International Conference on Recent Trends in Image Processing and Pattern
Recognition (RTIP2R2020), Aurangabad, India

• Guest editor, Computer Methods in Biomechanics and Biomedical Engineering: Imaging & Visualization.
Special issue PR4BioImaging: Pattern Recognition for Biomedical Quantitative Imaging, 2021

• PhD thesis committee for Jakub Ceranka, ”Advancements in Whole-Body Multi-Modal MRI - Towards
computer-aided diagnosis of metastatic bone disease”, Vrije Universiteit Brussel, Belgium, 2021-06-29

National:

• Vice Chair, Swedish Society for Automated Image Analysis, 2018–2022

• PhD thesis committee for Irene Brusini, ”Methods for the analysis and characterization of brain morphology
from MRI images”, KTH and Karolinska Institute, Stockholm, 2021-03-25

• PhD thesis committee for Marco Cirillo, ”A path along deep learning for medical image analysis: With
focus on burn wounds and brain tumors”, Linköping University (Grading Committee Chair), 2021-11-19
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• PhD thesis committee for Robert Nedelcu, ”In Vivo Accuracy and Precision in Prosthodontics”, Dept. of
Surgical Sciences, UU (Grading Committee Chair), 2020-02-14

• PhD thesis committee for Jennifer Alvén, ”Combining Shape and Learning for Medical Image Analysis -
Robust, Scalable and Generalizable Registration and Segmentation”, Chalmers University of Technology,
Göteborg, 2022-02-07

• Member of the Programme Board for the Bachelor Programme in Biomedical Engineering at UU, 2018–

• Member of Uppsala Diabetes Centre (UDC) management group, 2021–

• Election committee, Dept. of IT. Deputy member –2022

Elisabeth Wetzer
National:

• Submission Chair, Swedish Symposium on Deep Learning and Swedish Symposium on Image Analysis,
2022

• Editor for SSBAktuellt, the newsletter of the Swedish Society for Automated Image Analysis, 2018–

• PhD Representative on the Board of the Centre for Interdisciplinary Mathematics, 2018–

Carolina Wählby
International:

• Management Committee for NEUBIAS
Comment: A Network of European BioImage Analysts to advance life science imaging (NEUBIAS), fully
funded by COST, a European cooperation in Science and Technology.

• PhD thesis opponent for Adrian Shajkofci, ”Weakly Supervised Deep Learning Methods for Biomicroscopy”,
EPFL Lausanne, Switzerland, 2020-09-23

• PhD thesis opponent for Alvaro Gomariz, ”Quantitative Fluorescence Microscopy with Marker-Efficient
and Uncertainty-Aware Segmentation and Detection Using Deep Learning”, ETH Zürich, Switzerland,
2021-02-25

• PhD thesis opponent for David Tellez, ”Advancing computational pathology with deep learning: from
patches to gigapixel image-level classification”, Radboud University Nijmegen, 2021-06-18

• PhD thesis opponent for Réka Hollandi, ”Applications of deep learning in single-cell analysis”, Institute of
Biochemistry Biological Research Centre, Szeged, Hungary, 2021-07-13

• Review panel member, EMBL-EBI Research Review 2021

National:

• Member of the Royal Swedish Academy of Engineering Sciences (IVA)

• Member of the Royal Society of Sciences in Uppsala (Kungliga Vetenskaps-Societeten)

• Member of the steering group of Wallenberg initiative Data Driven Life Science, 2021–

• Chair of the Electorial Board (”elektorsförsamlingen”) of the Faculty of Science and Technology, UU,
2020–

• Member of the advisory board of Wallenberg Center for Molecular Medicine (WCMM) 2020–

• Board member of the National Microscopy Infrastructure
Comment: NMI is a Swedish research infrastructure for advanced microscopy.

• Scientific Advisory Board of BioVis, 2016–
Comment: BioVis is a part of UU associated with SciLifeLab, a core facility belonging to the Faculty of
Medicine.

• Board of SciLifeLab Uppsala, 2016–
Comment: Science for Life Laboratory (SciLifeLab) is a national centre for molecular biosciences with
focus on health and environmental research.

• Vice chair and member of the review panel NT-19 (Biomedical Engineering), Swedish Research Council

• Member of the review committee of Hälsa, Medicin och Teknik - HMT 2020
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• Member of the board of AI4Research, UU, 2019–
Comment: AI4Research is a UU initiative to enhance interdisciplinary research involving artificial intelli-
gence.

• Member of the board of AIDA, Medtech4Health

• Member of the board of MedTech Science and Innovation (MTSI), UU

• PhD thesis committee for Ludvig Brandt, ”NK cell cytotoxicity at the single cell level”, KTH, 2020-09-18

• PhD thesis committee for Andreas Bodén, ”3D super-resolution microscopy of living cells using reversibly
switchable fluorophores”, KTH, 2021-09-01

• PhD thesis opponent for Ida Arvidsson, ”Applications of Deep Learning in Medical Image Analysis - Grad-
ing of Prostate Cancer and Detection of Coronary Artery Disease’, LTH, 2021-05-28

• PhD thesis opponent for Saga Helgadottir, ”Deep Learning Applications-From image analysis to medical
diagnosis”, GU, 2020-06-16

• Chair of the review panel for ICM research education review, 2021

Raphaela Heil, Nadezhda Koriakina, Elisabeth Wetzer

• Editors, SSBAktuellt, the newsletter of the Swedish Society for Automated Image Analysis
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In this thesis, we develop methods 
for visualization and haptic 

rendering of isosurfaces in volume 
image data, and show applications 

of these methods to medical 
visualization and virtual surgery 
planning. We further develop 

methods for modeling surgical 
guides and plates for cranio-

maxillofacial surgery, and integrate 
them into our system for haptics-
assisted surgery planning called 

HASP. This system is now installed 
at the department of surgical 

sciences, Uppsala University, and is 
being evaluated for use in clinical research.

In this thesis, an image analysis 

workflow is presented for processing 

and analysing images acquired with 

in situ sequencing protocols, aiming 

to extract and decode molecular 

features. This thesis also presents 

computational methods to explore 

and analyse the decoded spatial 

gene expression. And lastly, this 

thesis presents an unsupervised 

computational method that 

leverages advanced deep learning 

techniques on graphs to model the 

spatial gene expression at cellular 

and subcellular resolution. 

This thesis presents methods for image 
and data analysis. We identified protein 

expression coming from consecutive 
tissue sections and fused images using 

registration to quantify protein co-
expression. We used ensembles of 

machine learning models to perform cell 
classification, both increasing 

performance over a single model and to
get a measure of confidence of the 

predictions. Finally, the work leading to 
interactive visualization tool, 

TissUUmaps, it visualizes millions of data 
points from in situ sequencing 

experiments and enable contextual study 
of gene expression directly in the tissue 
at cellular and sub-cellular resolution.
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