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Cover: The Swedish painter and sculptor Olle Baertling (1911-1981)
was born in Halmstad and active in Paris. The area around the Halmstad University campus is called “The Baertling District” and has several
of Baertling’s sculptures and paintings on display. The forms, shapes, and
colors in Baertling’s paintings inspired us to do the cover photo (see example to the right: detail from “Medam”).
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Annual report 2019
Director’s statement

Indeed, 2019 was a great year! It marked the eighth year since we established
CAISR, and we were reviewed by our main sponsor, the Knowledge Foundation. The outcome showed that we are a top-performing research, education
and cooperation center. We received continued center funding to move towards excellence in applied intelligent systems for predictive maintenance for
machines, together with core Swedish export industry partners. We were also
granted projects in cooperation with Region Halland and other partners, with
a focus on what we call predictive maintenance for humans. Our plan to direct
CAISR towards autonomous knowledge creation in predictive maintenance
applications (for both machines and humans) got a kick start.
The Swedish government is investing more into AI and machine learning. As
an example, Sweden’s innovation agency (Vinnova) expects to fund AI-projects
with 200 million Swedish kronor for the years 2020 and onwards1, which
would correspond to a 33% increase from before. This is, however, still only
1/20 of Vinnova’s annual project budget, and AI and machine learning were
not hot topics in Sweden ten years ago when CAISR was planned. An illustration is the government’s investment in twenty strategic research areas in 2009,
none of which were directed at or emphasized AI. Less than ten years later, the
government needs to stress the importance of investing into AI research for
Swedish competitiveness2.
The scientific publication output of Swedish universities show that some of
the young universities have (and have had) a much stronger profile and higher
fraction of their output in AI than the other universities. These are Halmstad
University, Mälardalen University, University of Skövde, and Blekinge Institute of Technology. These are also universities where a vast majority of the
research is done in close cooperation with Swedish industry and the public
sector.
From this, my point should be obvious. When the government wants to invest
in research that is important and relevant for Swedish industry, they should
look closer at environments where there is a commitment to cooperating with
industry in both education and research. CAISR is such a place.
___________________________

1 https://digital.di.se/artikel/ai-pengaregn-over-foretagen-ministern-vi-mastevara-pa-tarna
2 ”Nationell inriktning för artificiell intelligens” https://www.regeringen.se/49a828/
contentassets/844d30fb0d594d1b9d96e2f5d57ed14b/2018ai_webb.pdf

Thorsteinn Rögnvaldsson
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CAISR scientific agenda
The ability to create and transfer knowledge efficiently is a
key competitive advantage for a company or an organization1.
It follows that being able to use computers to automatically,
or autonomously, create transferable knowledge from product
and customer data is a key competitive advantage. Autonomous knowledge creation is the common research vision for
CAISR, and we refer to a system that can autonomously create knowledge as an aware system.
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A good formalism for discussing how to create knowledge is
the Data, Information, Knowledge, and Wisdom (DIKW) hierarchy2, often illustrated with a pyramid (see figure below); the
higher a system reaches on the pyramid, the more aware it can
be. There can be interactions both upwards and downwards
in the pyramid.

The bottom level in the pyramid, data, deals with collecting
and representing data. A key research question here is how
to autonomously select what data to collect. How can a system decide what data are (or will be) relevant, and what representations to use? Can general features be learned that apply
to many problems or transferred from one setting to another?
With endless streams of data (the “internet of things”), it is
impossible and uninteresting to save all data; it is necessary
to save snapshots, compressed, or aggregated representations
of the data. These representations should apply to many different tasks. Also, features that look unimportant today may
end up being important tomorrow. An aware system needs to
be curious, able to explore, and learn.
The information level relates to questions that begin with
“who, what, when, and how many”, creating “events” from
the data in the layer below. This deals with classification, rearranging/sorting, aggregating, performing calculations, and
selection. Much machine learning research (including that
on deep learning models) is devoted to this stage. Important
open research questions here regard autonomous clustering
and categorization of events. Can events be autonomously
grouped for later use?

__________________________
1

Nonaka & Takeuchi. The Knowledge-Creating Company : How Japane-

se Companies Create the Dynamics of Innovation. Oxford University Press

Figure 1. The knowledge pyramid, adapted from Ackoff (1989). ”From
Data to Wisdom”. Journal of Applied Systems Analysis 16: 3–9.

(1995)
2

Rowley, J. (2007), “The wisdom hierarchy: representations of the DIKW

hierarchy”, Journal of Information Science, 33, pp. 163-180.
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The knowledge level is about creating “rules” from the information, which requires combining information from different sources. Is an “event” from one data source associated
with another “event” from another data source? Can such
associations be formulated into rules? An obvious example is
the supervised learning setting, which matches “events” (input) with correct responses (target) provided by an expert. A
very relevant question deals with knowledge representations;
can knowledge be represented so that it can be used better
for reasoning and prediction, or easier to transfer from one
scenario to another? A knowledge structure should evolve
from experience, allowing for learning from data and human
experts, and be capable of taking into account initial domain
knowledge.
The top level, denoted the wisdom level, relates to the question “why” or “what will happen”? It is about the ability to
project into the future and reason back into the past. An
aware system must be capable of extrapolating information
into the future, to evaluate the consequences of actions, and
able to explain why something happened.

AI systems uncover (surprising) knowledge for human experts and to illustrate relations that are not apparent to the
experts. Information-driven healthcare represents a step up
in awareness from data-driven healthcare (although we would
call it “knowledge-driven” rather than “information-driven”
to match with the DIKW hierarchy).
The majority of CAISR publications focus on aware systems
research, and three particularly interesting publications from
2019 are:
•

Aein, Aksoy & Wörgötter, ”Library of actions: Implementing a generic robot execution framework by using
manipulation action semantics”. The International Journal of Robotics Research, 38(8), pp. 910-934. The work
presents a knowledge representation framework for robot
object manipulation. The framework is learned by observing how human operators manipulate objects.

•

Calikus, Nowaczyk, Sant’Anna, Gadd & Werner. “A data-driven approach for discovering heat load patterns in
district heating”. Applied Energy, 252, 113409. In the
paper, they propose a data-driven approach that enables
large-scale automatic analysis of heat load patterns in
district heating networks without requiring prior knowledge. The method has a high potential to be deployed
and used in practice to aid experts to analyze and understand customers’ heat-use habits.

•

Muhammad & Åstrand. “Predicting agent behaviour
and state for applications in a roundabout-scenario autonomous driving”. Sensors, 19(19), 4279. The paper
presents methods for modeling and predicting agent behavior and state in a traffic roundabout.

It is obvious that to do tasks on each of these levels autonomously would be a sought after ability, and even more attractive to merge them into an autonomous knowledge-creating,
or even wisdom-creating, system. Hence, the CAISR scientific vision of aware systems.
Two clear examples where these abilities can be demonstrated are predictive maintenance in machines and for people
(healthcare). Here, the complexity of the problem(s) is so
high that it is difficult for a human expert to grasp it all, but
the amount of data is growing fast and the aim is to have
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CAISR impact
Together with Volvo
HEALTH (Hazard Estimation and Analysis of Lifelong Truck
Histories) is a predictive maintenance project together with
Volvo that ended during 2019. The project results produced
in HEALTH were deployed in the Volvo Trucks production
environment VOSP (Volvo Service Planning tool), for prediction of vehicle component status and breakdown prognosis of
trucks. VOSP is a software developed by Volvo to optimize
the service planning of the trucks, and is used by Volvo authorized workshops.

which allows use of the data for the uptime service. The
deployment is piloted in a few selected markets, and for a specific set of components. The four pilot markets are Sweden,
Switzerland, Finland, and Denmark. The predictive maintenance alerts are used for sophisticated components where a
measurement by a single sensor can not detect the wear or
failure of the component. The selected target components include air compressor, turbocharger, front and rear air bellows,
and alternator.

The deployment is offered as an advanced service for trucks
under so-called gold contracts between Volvo dealers and
customers. This is for a couple of reasons. It is important to
be able to have access to the entire service and maintenance
history of the trucks, and gold contract customers tend to
use only authorized Volvo workshops. Furthermore, there is a
data management agreement in place for gold contract trucks,

The predictive maintenance system produces warning messages that inform the dealer of an increased risk of failure for
a specific component on a specific truck. The system also recommends actions to the dealer; like planning an earlier visit
for the customer to check the component or to consider repairing or replacing the component during the next workshop visit.
The alerts support the service planning
process of the truck. Predicting possible future failures avoids extra visits to
the workshop and potential extra costs
related to unexpected breakdowns like
towing costs or uptime promises. Based
on the prognosis, the workshop staff
can plan the repair process and order
the required spare parts well in advance
and make sure that they have the right
technician available for delivering the
service.

Volvo Flexi-Gold Contract truck
Photo: Volvo Trucks
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CAISR alumnus receives multiple innovation awards
Not only is Siddhartha (Sid) Khandelwal a smart and charming man – he is also a driven entrepreneur who embodies the
innovation driving spirit of CAISR and Halmstad University. He defended his Ph.D. thesis and founded the company
VectorizeMove (https://www.vectorizemove.com/) in 2018
to commercialize his research results. Already by the end of
2018, VectorizeMove was ranked among the twenty best
startup business ideas in the country in competition with 300
contributions in Venture Cup 2018. At the time, we were
very proud that he did so well, but little did we know that
this was just the beginning of a chain of innovation awards
that followed.
In early March 2019, VectorizeMove received a competitive
Innovative Startups grant from Vinnova (the government innovation agency).
Later in March 2019, Sid
and VectorizeMove were
placed on the prestigious
Royal Swedish Academy of
Engineering Science’s top
100 list of the most innovative researchers in Sweden.
In May 2019, VectorizeMove won the best traction award in the Venture
Cup West Sweden for startups. They also received the
JCE accelerator award and
the audience’s special prize,
which meant that VectorizeMove came home with
three out of six awards.

In September 2019, VectorizeMove went on to win the best
traction award in the national finals in Venture Cup West.
The jury commented that “The jury sees a given place in the
market for the company thanks to an exciting mix of access
to the buyer-oriented target group and the unique technical
solution.”
In October 2019, Sid and VectorizeMove were awarded
2019’s Innovation prize at Halmstad business gala. On the
same occasion, VectorizeMove was awarded the prize for the
year’s new digital company in Halmstad, by HMS Industrial
Networks – a company also started and built up by Halmstad
University students.
In November 2019, VectorizeMove was awarded the national
Swedish Embedded Award in the Enterprise class. This meant
that the jury considered them to be the most promising Swedish new company based on products with embedded intelligence.
Also, in November, Sid and VectorizeMove were awarded the
Halland Skapa prize for being the best innovator in Halland
2019.
Sweden is considered a very innovative country1 with excellent strength in the IT sector. Receiving all these awards and
recognition in stiff competition shows the potential of Sid’s
entrepreneurship. Furthermore, one of his final papers in
his Ph.D. thesis has attracted several citations, and he looks
well-positioned to win one of CAISR’s internal awards for
most cited scientific paper in the future, which shows the excellence of his research work.

Siddhartha (Sid) Khandelwal

1 Sweden is ranked number two on the Global Innovation Index
2019, after Switzerland (https://www.globalinnovationindex.org/
gii-2019-report).
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CAISR research futures workshop
In October Professor Mark Dougherty led a research futures
workshop for CAISR. The purpose of the workshop was to
take a long-term perspective about where our research is going. What major research questions, both basic and applied,
do we believe we should be working towards? What resources, investments and collaborative links are needed in order to
reach these goals?

This yields a multi-stage process with several distinct phases:
• Applied research questions
• Basic research questions
• Establishing a timeline
• Identifying required resources
• Prioritisation
Although it’s low-tech, the most convenient way of representing all these concepts is by writing them on Post-it notes of
different colours and sticking them up on the white board.
They can then be easily rearranged from one stage to the next
and regrouped in order to form clusters and so on. One disadvantage is the need to digitize all of the notes afterwards.
Visitors to Mark’s office found a rather colourful and slightly
chaotic scene while this work was underway.
The first two parts involve the use of a modified Johari window and were done in smaller groups. Research questions
were classified according to two binary –dimensions, we are
doing/not doing and activities in the present/future.

Professor Mark Dougherty

What does long term mean in this context? Mark defines it as
one research life cycle for an academic. In other words the average length of time it takes a PhD student to reach the grade
of professor and be responsible for training the next generation of scientists. This is generally of the order of 15-20 years.
In order to try and achieve a reasonable degree of consensus the process was deliberately run as a bottom up process.
Everybody was encouraged to put forward ideas.
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Where analogue meets digital

lt seems intuitively obvious why it is useful to discuss what
we are doing now and might be doing in the future. But it is
also important to discuss what we are not doing, especially in
terms of identifying areas that it can be strategic to stay out
of for various reasons. For example, an area where there are
already several strong competitors or a lack of suitable industry partners.
After the first two stages were completed, all of the Post-it
notes (excluding the activities we are not planning to do)
were repositioned by the entire research team onto a time line
which represents the development of the research group over
the next 15+ years. The horizontal axis is time and the vertical
axis represents growth, both in terms of quantity and quality of research. Applied problems (yellow notes) were placed
above the line and basic research questions (pink notes) below
the line.
Next the team had to identify resources required. These could
be both internal resources such as staffing or equipment (orange notes) and external resources such as cooperations with
specific partners (blue notes).
Having done all of this, the fun could really begin. The team
was given the task of prioritization and asked to remove as
many of the notes as possible. In a heated atmosphere similar to an oriental bazaar, Post-it notes became as valuable as
banknotes! Some notes were removed and placed on a nearby
table, only to be placed back up on the white board by someone else. Others were seen being pulled in different directions
by multiple sets of fingertips. Happily, all of this took place
in a goodhumored spirit and when the dust finally settled the
final time line contained only about half the original number
of notes.
Finally the team were given an even tougher prioritization
task. Four groups were each given four tokens they could
spend on indicating a particularly higher level of priority to
individual notes. These were indicated by placing a dot on an
activity. The teams actually managed to place out a total of 18
dots, two more than they were allocated, but it was decided
not to hold an inquiry into this slight numerical discrepancy!

Four activities each received two priotisation tokens:
• Causality in AI
• Explainable AI
• Federated learning in health
• Interactive anomaly detection
These all land squarely within CAISR and can be seen as logical continuations of both applied and theoretical work currently underway. It seems natural enough that the main thrust
of what we are working on today has a clear long-term goal.
However, one or two of the notes with one prioritization token indicate some interesting ambitions:
• Security aspects of AI
• AI capable of understanding
The aspect of security in AI has perhaps been slightly lacking
in earlier work. But as AI moves into practical applications in
healthcare, transport and so on, security risks are increasing
and need to be addressed. An obvious strategy is to build closer links to CAISR’s sister department CERES, where there is
considerable expertise in security coupled to our educational
activities.
AI capabable of understanding, in other words a self-aware
system, is one of the ultimate goals of AI research. It is exciting that our young researchers want to pursue such an ambitious agenda.
After some debate, the team decided on an overall goal of ”autonomous knowledge creation”. Future CAISR reports will
make an interesting read!
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An excellent review
CAISR reached eight years in 2019 and the end of the first period
with profile funding from the Knowledge Foundation. Therefore, the Knowledge Foundation commissioned an external review
of our development from 2012 to 2019. The review and analysis
were conducted by DAMVAD Analytics, who has reviewed several Knowledge Foundation funded profile centers in Sweden.
The review was based on a site visit with interviews with Halmstad University management and CAISR researchers, various
written documentation like bibliometric data, staff statistics, financial reports, our annual reports, quality assurance systems,
and interviews (using questionnaires) with our industrial partners.
The review looked at three questions.
1.	 Has the research investment contributed to building up a research environment with international impact?
2.	 Has the research been important for the industrial partners?
Has it resulted in economic value for the partners?
3.	 How well has the cooperation between partners worked? Are
there visible synergy effects from the partnership?
The three questions were broken down into three indicators each,
making a total of nine indicators for the overall outcome (see next
page). For each indicator, the result was categorized into three levels:
clear development (very good), some development (neutral), and little or no development (less good).
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In short, the outcome for CAISR was excellent development. Out of nine possible indicators, CAISR was
deemed very good on seven, and neutral on two. No
profile evaluated by DAMVAD has been rated very
good on more than seven indicators. Based on previous evaluations of profiles, CAISR’s performance falls
in the top 10% for Knowledge Foundation profiles1,2,3
DAMVAD summarized the outcome for CAISR in the
following way (translated from Swedish).
Question 1 – building up a research environment
with international impact: The research activities
within the profile have a clear link to Halmstad University’s KK Environment Research for Innovation, where
Health Innovation activities take place as well as Smart
Cities and Communities. The profile has shown a development where the staffing has about doubled 20122019. Publications produced within the environment
are cited somewhat lower than corresponding research
in Sweden and the Nordic countries. However, the citation rate is higher than the average in OECD. Thirteen
percent of the CAISR publications are among the ten
percent most cited within each field, and 16 percent of
the papers are published in the top ten percent ranked
journals. The bibliometric parameters for CAISR are
just below the average for Knowledge Foundation profiles.
__________________________________________
1 Utvärdering av tre forskningsprofiler - COMPCAST,
E2mp-rp och SUMAN”, DAMVAD Analytics, 2017
2 Utvärdering av två forskningsprofiler - ESS-H och
MD3S”, DAMVAD Analytics, 2018
3 Utvärdering av fyra forskningsprofiler - CAISR, Future
Energy, NGBI och SISB”, DAMVAD Analytics, 2019

Question 2 – value for industrial partners: CAISR has
collaborated with many regional companies of smaller size.
A large majority of the industrial partners are interested in
continuing the collaboration with CAISR beyond 2019. They
have established new or deeper partnerships with academic
researchers, increased the scientific level within the company, and gained increased access to materials and competence.
Furthermore, the industrial partners think that the added value from participating in CAISR by far exceeds the costs.
Question 3 – cooperation quality: The collaboration with
the industrial partners has worked well within the framework
of the profile, but some individual subprojects have been limited due to rotation of partners and staffing of the respective
collaboration partners. The degree of co-publication between
academics and industry partners is slightly below the average
for Knowledge Foundation profiles. A partial explanation for
this is that collaboration takes place with smaller companies
that do not prioritize the production of scientific articles. The
industrial partners consider communication with CAISR to
have worked very well. However, relatively few industrial
partners have cooperated with other industrial partners.

DAMVAD also commented that CAISR recruits competitively with other academic institutions and businesses. Artificial
Intelligence and Machine Learning are booming subjects, and
there is a high demand for talent. For example, the demand
for equivalent competence is high among research-intensive
vehicle manufacturers, who can often offer both a qualified
environment and competitive salaries. Other universities in
Sweden are conducting or building up research in the same
fields as CAISR. However, CAISR has in this competition
succeeded in attracting expertise and building up a critical
mass of researchers in the environment. Still, CAISR needs to
continue to grow to stay competitive.
We are, of course, delighted with the outcome of the review.
Seven top grades out of nine possible is a strong feat. Not least
when we also achieved almost all our own goals with CAISR
(reviewed in the annual report for 2018). However, there is
room for improvement and we are focusing on those aspects
in the CAISR+ effort that starts 2020.

Issue 1:
Has the research funding
helped to set up a research environment
with international
impact?

Bibliometric index 0.75-1 in relation to benchmark with
OECD / Nordic region.
Strong staff growth (25% +) in the environment between 2012-2018.

OECD: 1,09 Nordic reg: 0,9

Published in the top 5% of journals, at least 10% of articles
published in top 10% journals.

Top 5%: 3% Top 10%: 16%

Issue 2:
Has the research had
relevance and created
economic added value
for business?

Indication of (i) patents and (ii) process or product development and (iii)
R & D investment.

All three are fulfilled

Average Response of 5+ to survey questions if value added exceeds costs.

Score achieved: 5.9

Issue 3:
How is the collaboration
with the university and
business worked?

Growth: 89% (2012-2018)

75% + of the companies replied that they want to continue their 		 Share: 86%
cooperation within the profile.
Average response of 5+ to the question about how the collaboration
generally has worked with the university.
Average response of 5+ to the question about how the collaboration
generally has worked with other companies.
Percentage of publications published together with authors from
business is 10-33%.

Score achieved: 5,4
Score achieved: 5,5
Share: 15%
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Predictive maintenance in healthcare
The care ecosystem is becoming more complex, and healthcare systems around the globe face new challenges, such as an
increasing demand and resource utilization due to an aging
population and higher prevalence of chronic diseases, and increasing demand for precision healthcare with individualized
diagnosis and treatments. Moving towards information-driven healthcare, utilizing the recent developments in AI and
machine learning, will be important for meeting these challenges.

Information-driven healthcare is more than data-driven
healthcare, and higher in the awareness hierarchy (see the Section on CAISR Scientific Agenda). Information and knowledge enable decision making and taking action. Our collaboration with Region Halland allows real-life (and almost
real-time) studies, and CAISR researchers are employed with
both parties so that they work in the IT environment where
the solutions will be applied, and talk directly to the people
involved in healthcare decisions.

Information-driven healthcare1 provides an extraordinary
opportunity to deliver significant benefits for patients, the
regions, the municipalities, and society. It has the potential
to improve individual care, as well as public health, medical research, and innovation. It can provide earlier diagnoses,
suggest personalized and tailored treatments and medications, empower patients through self-monitoring, intelligent
healthcare management, and so on.

Achieving the vision of information-driven healthcare is not
just about “AI” and making better predictions from data; It
requires the engagement of patients, the public, healthcare
providers, and relevant companies. It requires changing the
way of working in healthcare organizations. Therefore, Halmstad University aims to establish a large scale long-term effort
that involves industry, healthcare organizations, and researchers from health management, health economy, implementation sciences, and AI.

CAISR cooperates with Region Halland to make Halland a
role model for information-driven continuous care in Sweden (and worldwide). The basis is Region Halland’s strategic healthcare analysis and research platform2, which offers
a unique integration of data sources for people in Halland,
from all levels of the care chain including measurements from
primary care, ambulance, emergency care, inpatient care, and
electronic health records together with resource data – it will
soon also include the municipalities’ healthcare data.
This platform has led to international collaboration with very
high profile partners from, e.g., Harvard Medical School and
Brigham Women’s Hospital.

______________________
1 Anderson & Lingman, “Information driven healthcare”, presentation at Lindholmen Applied AI, https://www.youtube.com/
watch?v=Xkwp3onCYIc (2019)
2 Ashfaq et al., ”Data resource profile: Regional healthcare information platform in Halland, Sweden, a dedicated environment
for healthcare research”, International Journal of Epidemiology, doi:
10.1093/ije/dyz262 (2020)
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Vinnova –
Information-driven healthcare
AI Innovation of Sweden coordinates a big project in information-driven healthcare, with the main objective to
establish an innovation environment so that Sweden can
offer a more information-driven, personalized and scalable
healthcare with the use of AI. Halmstad University is responsible for two work packages, one on implementation
and evaluation of information-driven care solutions, and
the other on the implementation of federated machine
learning methods (CAISR manages the latter).
The partners in the project are AI Innovation of Sweden,
SKR (Swedish Association of Local Authorities and Regions), Region Halland, Halmstad University, and Karolinska University Hospital.
https://www.ai.se/en/projects-7/information-drivenhealthcare

Mattias Ohlsson and Kobra Etminani work with the
research projects mentioned in the text.

Within AI and data science, where CAISR’s role is, we work
with precision healthcare, user motivation, distributed data
mining, and explainable AI. Precision healthcare refers to
the idea of delivering the right treatment to the right patient
at the right time. Precision healthcare represents a shift to
more proactive and personalized care that empowers people
to lead more independent healthy lives, propelling them
to use healthcare services everywhere and not restricted to
healthcare centers. We call this “Healthcare as a Service”.
User motivation focuses on “nudging” the user to follow
healthcare advice. In the iMedA project, Halmstad University and Region Halland work together to improve medication adherence directly, and reduced healthcare costs
indirectly, for hypertensive patients through personalized
digital interventions delivered via an AI agent implemented
in a mobile app.
Distributed and anonymized data mining is crucial. Using machine learning to develop tools for clinical decision
support requires plenty of high-quality data. The sensitive
nature of medical data means that the potential gain of
combining medical databases from different organizations
has been difficult to exploit because of privacy restrictions.
However, recent developments in federated machine learning allow utilizing several databases while preserving privacy, and such approaches are explored in the Vinnova funded project for information-driven healthcare (see separate
box).
Explainable AI is how to “open the black box.” AI-based
advice will hardly be accepted unless there is an explanation
accompanying it. This can be achieved by reverse-engineering machine learning models and attach the observed relationships to previous clinical knowledge. CAISR researchers are exploring this in a project together with Linköping
University Hospital and the European DLB consortium
(see separate box).

Swedish Research Council – AIR
The overall aim of the “Artificially Intelligent use of Registers” (AIR) project is to establish an environment for critically assessing how machine learning methods applied on
the Swedish health register infrastructure can contribute
to increased quality and efficiency of healthcare while addressing well-founded ethical and legal concerns related to
the use of complex data-demanding algorithms in clinical
practice. Three specific subprojects within AIR focus on
cardiometabolic diseases, improved diagnosis at the emergency ward, and improved long-term forecasting of patient
outcomes and healthcare needs.
The AIR environment is a collaboration between Lund
University, CAISR and Region Halland.

Vinnova SIP:
MedTech4Health – AIDA-LBD
In this project, we study whether AI algorithms (including
shallow and deep learning algorithms) can be trained to
predict the final clinical diagnoses in patients who have
undergone 18F-FDG PET scans of the brain and, once
trained, how these algorithms compare with the current
standard clinical reading methods in differentiation of patients with final diagnosis of Lewy Body Dementia (LBD)
or no evidence of dementia. The hypothesis is that the AI
algorithms would detect features or patterns that are not
evident on standard clinical review of images (both visual
and quantitatively with the currently available commercial
programs for brain quantification), and thereby allow earlier detection of pathology.
The work is done in collaboration between CAISR,
Linköping University Hospital, and the European DLB
consortium.
https://medtech4health.se/aida/projekt/
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Predictive maintenance for machines

CAISR researchers and industrial partners from Volvo Group and Toyota Material Handling at the kick-off for the CAISR+ project.
The meeting took place at Volvo Group’s “Assar’s Garage” location in Gothenburg.

Predictive maintenance is about predicting when a system
needs to be maintained (e.g., repaired, serviced, parts
replaced, etc.). It builds upon the idea that components
or subsystems can be monitored such that it is possible to
estimate their health status and predict their remaining useful
life. This enables optimization of the maintenance operations.
Predictive maintenance is very different from prescriptive
or time-based maintenance, which has been the industry
standard for a long time.
Predictive maintenance has always been one of the core
research directions in CAISR. It fits our scientific agenda:
the operation and service histories of machines is an excellent
testing ground for knowledge creation algorithms. As more
operation data become available for machines and better data
become available for service histories, it is to be expected that
the combination of predictive maintenance and machine
learning1 (ML) becomes a hot (even hyped) topic. There
are today more than 1000 published scientific papers on the
use of machine learning for diagnostics, condition-based
maintenance, and predictive maintenance for machines. The
figure on the right shows the development of the scientific
publication output in the field, and it is evident that it is
snowballing since 2016.
Many, if not all, multinational companies are investing in
predictive maintenance, and the market grows rapidly. Market
Research Future2 estimates that the predictive maintenance
market increases at a cumulative annual growth rate that
_______________
1 In the term “machine learning” we include neural networks (including deep learning), decision trees, random forest, support vector
machines, and Bayesian belief networks.
2 Market Research Future, “Predictive Maintenance Market Research Report – Forecast to 2022”, https://www.marketresearchfuture.
com/reports/predictive-maintenance-market-2377
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exceeds 25%. IBM claim that using predictive maintenance
could reduce maintenance costs by half3 compared to the
current practice, which is mostly time-based maintenance. At
first, this may sound like a good deal for everyone but becomes
problematic in the perspective that many manufacturing
companies make a lot of money on the maintenance services
(aftermarket). The use of predictive maintenance will affect
not only the maintenance operations but also the business
models for equipment manufacturers. It becomes essential for
equipment manufacturers to be on top of the development in
predictive maintenance technology.
Predictive maintenance is thus very relevant for Sweden,
whose export incomes depend heavily on manufactured
goods. Researchers in CAISR have been active in the field
for 15 years and have noticed the growing importance of
the area, and the increased interest from industry. We have
seen a steadily growing number of projects in this direction,
which has allowed us to recruit a substantial amount of
young and international talent in this field. The subject also
fits the CAISR scientific agenda very well. We, therefore,
focus CAISR even more on predictive maintenance with the
continued center funding from the Knowledge Foundation
(for 2020-2022), with the project CAISR+.
There are four main directions in our continued research
in predictive maintenance: machine activity recognition,
survivability analysis, early failure detection, and deployment
of ML-based algorithms and services on-board machines.
_______________

3 IBM, ”As much as half of every dollar you spend on preventive maintenance is wasted“, https://www.ibm.com/blogs/internet-of-things/as-much-as-half-of-every-dollar-you-spend-on-preventive-maintenance-is-wasted/

Volvo bus B8RLE Euro 6 chassi.
Photo: Volvo Bus Corporation

Machine activity recognition is about labeling and
characterizing the use of machines, using streaming (onboard) data. It is similar to human activity4 recognition ,
which typically uses either external cameras or body-worn
sensors, where deep neural networks are becoming stateof-the-art because of their ability to learn good features
by using unsupervised learning. Comparatively little has
been published on machine activity recognition, but the
work there is also based on inertial sensors mounted on the
equipment or using external cameras. We follow a slightly
different route that however, builds on representation
learning with deep neural networks.
In survival analysis, the objective is to model the expected
duration of time until the occurrence of an event (the endof-life of the equipment). Censoring is what makes survival
analysis more complicated than just using a regression
approach to estimate the event times. Machines in
operation are generally not allowed to run to their end-oflife, which means that the final events are seldom observed.
This is referred to as right censoring, and when censored
events dominate and real failure events are rare, modeling
becomes difficult. We explore the use of deep models
and usage characterization to better model component
survivability.
_______________

Early failure detection builds on our several years’ work
on change detection and predicting time to failure, using
either onboard data or off-board aggregated data. This
work has resulted in our COSMO method and led to
implemented services with our industrial partner (see
Section on impact).
Finally, the deployment of ML algorithms encompasses
the practical aspects of getting a solution to work together
with our industrial partners. A lot of work on ML assumes
a somewhat idealized setting when all the relevant data is
available in the cloud and ready to be processed. In reality,
though, collecting and storing data is costly, and the
challenges begin way before that point. Edge computing,
distributed processing, decentralized computations, and
more are different approaches towards a more holistic view
of data collection and processing, with the right balance
and optimal use of onboard hardware. We do not consider
these aspects to be the core of our scientific research, but
we have to understand them well. The practicalities put
constraints on the algorithms and methods; for the work
to be useful to our industrial partners, it must fit into their
frameworks. Many available methods are not, out of the
box, suitable – which requires significant expertise and
systems-level research from our side.

4 Bulling, A., Blanke, U. and Schiele, B., “A Tutorial on Human Activity Recognition Using Body-Worn Inertial Sensors”,
Scientific papers with ML for diagnostics,
ACM Computing Surveys, 46, Article 33 (2014)
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Figure: Illustration of how the annual number of published scientific papers has developed in the area predictive maintenance,
diagnostics and condition monitoring with the use of machine learning.

CAISR ANNUAL REPORT 2019 | 17

CAISR

ECML/PKDD Workshop
Multiple people from CAISR were involved in organizing
a combined tutorial and workshop on IoT Streams for Data-Driven Predictive Maintenance. It was co-located with one
of the premier machine learning conferences, the European
Conference on Machine Learning and Principles and Practice
of Knowledge Discovery in Databases, ECML PKDD 2019.
This was the 20th edition of that conference, this time held in
Würzburg, Germany.
Sepideh Pashami from CAISR organized the workshop part,
together with João Gama and Rita Ribeiro from Laboratory of Artificial Intelligence and Decision Support, University of Porto, Portugal; Albert Bifet from Telecom-ParisTech,
France; and Anders Holst from RISE SICS, Sweden. Slawomir Nowaczyk from CAISR organized the tutorial part,
together with Moamar Sayed-Mouchaweh from Institut
Mines-Télécom Lille Douai, France and Ricardo Sousa from
Laboratory of Artificial Intelligence and Decision Support,
University of Porto, Portugal. The keynote talk was delivered
by Myra Spiliopoulou from Otto-von-Guericke-University Magdeburg, Germany, who leads the research group on
Knowledge Management and Discovery.
Maintenance is critically important in the industrial context
as the means to avoid high costs and prevent injuries. This
concerns all types of industrial machines, medical equipment,

Commemorative photo after the workshop.
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energy systems, passengers transport vehicles and home appliances, among others. Cost reduction, machine reliability, operation, safety and downtime reduction have been the main
concerns of most organizations. The emerging technologies of
Industry 4.0 have empowered data production and exchange,
leading to new possibilities and methodologies for predictive
maintenance. The intensive research efforts have in recent
years focused on data-driven approaches, producing impressive results.
The main objective of the workshop was to raise awareness
of research trends and promote interdisciplinary discussion
in this field. It was centred on questions such as when to perform a maintenance action? How to estimate components
current and future status? How accurate are the existing
methods? Which data should be used? What decision support tools should be developed for prognostic? How can Data
Mining, Machine Learning, and Artificial Intelligence in general, contribute to answering these questions? This event was
an opportunity to bridge researchers and engineers to discuss
emerging topics and key trends.
Overall, both the tutorial and the workshop were very successful. With over 40 participants we ran out of seats in the
room, but that did not stop people from listening.

Machine learning in China

In May 2019 two teachers from CAISR, Sepideh Pashami
and Slawomir Nowaczyk, went to Northwestern Polytechnical University 西北工业大学 in Xi’an, Shaanxi, China
to deliver a course on “Joint Human-Machine Learning” at
Chang’an Campus. It was attended by 19 Chinese and 7 international students.
ML has proven to be exceptionally successful in extracting
knowledge from data across many important domains, such
as economy, industry, health and media. It is often advertised
as fully automatic, however, in practice, humans almost always play a central role in developing and tuning ML systems. Good performance is only achieved by leveraging human expertise and expectations, and building upon feedback
and demonstrations during the design and evaluation of the
solutions. This essential need for interaction between a human and a learning system goes beyond providing input and
labels. One of the common critiques of ML techniques is the
difficulty of interpreting the results, and the ability to communicate what has been learned to the user is often critical.
This course presented, through a combination of lectures and
lab assignments, different techniques for keeping humans in
the ML loop.
We have provided an overall introduction to Artificial Intelligence with focus on ML and Data Mining, including motivation for “joint human-machine learning”, i.e., why do we
need combined powers of humans and computers to solve
complex problems. We had two lectures on visualization techniques, followed by examples of supervised and unsupervised
methods. Then we moved to interpretable and explainable
ML, presenting approaches like LIME and SHAP.

The course was quite intense, with lectures and labs taking
place almost every day, usually for 3-4 hours straight. Since
we know this kind of schedule can be very challenging for students, we have tried to make the course activities as varied and
interactive as possible. Each course session was divided into
different parts, generally starting with a lecture-like introduction of the topic, followed by a lab-like programming exercise
where students had a chance to try things out on their own,
hands-on. We have also used various multimedia contents a
lot, including movies and visualizations.
In the end, we believe the students liked the course quite a
bit, even if they generally considered it pretty difficult. As
teachers, we also had a great time in China, even though the
busy schedule left us very tired and allowed almost no time
for sightseeing. We are looking forward to giving the course
again in the future.
This course was part of a bigger collaboration between Halmstad University and Northwestern Polytechnical University
that is planned to continue at least in 2020 and 2021. In addition to our course, Wojciech Mostowski has given “Formal
Verification of Imperative Programs with Program Logics and
Interactive Theorem Proving” course, Tony Larsson has given
“Autonomous Driving” course, and Torben Svane has given
“Project Methodology and Agile Methods” course. In addition, both universities are interested in exploring opportunities for broader collaboration on both research and education.
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Podcast course about AI
In 2019, Halmstad University launched a podcast-based
course about AI (Artificial Intelligence). It is mainly targeted towards professionals within digital service innovation, such as UX designers and developers, who want to
know more about AI as design material. The course is also
relevant for individuals who want to understand what AI
is, how it can be used and its ethical aspects.
“We want to make knowledge about AI accessible in an easy
way and contribute to lifelong learning. Halmstad University, as an educational institution, should be relevant to
people throughout their professional lives, not only during
their studies. In addition, we see a great need to concretise
the concept of AI and cut through the hype surrounding the
subject”, says Pontus Wärnestål, Associate Professor in Informatics and project manager for the DAP (Digital design and
Artificial Intelligence Podcast) project in which the podcast
has been produced.

12 episodes – from basic AI knowledge to application
areas and ethics
The podcast is called Human-Centered Machine Learning
and consists of 12 episodes of varying length, most of them
around 40 minutes. The first episodes elaborate on the basic
concepts of AI, followed by episodes describing how AI can
be used when designing services. Examples are given of how
AI as a design method can be applied in the areas of Health
Innovation as well as Smart Cities and Communities, which
are Halmstad University’s two profile areas. The podcast ends
with an ethical and social reflection on AI. The podcast is in
English and each episode is based on a dialogue between two
or three experts. “We have focused on flexible learning at an
individual pace. Many other E-learning initiatives are based

Pontus Wärnestål, Associate Professor in Informatics during the production of the podcast Human-Centered Machine Learning.

on videos, but since we want to offer a more easily accessible
educational material that the recipient can listen to at any
time, we chose a podcast-based course”, says Jeanette Sjöberg,
Senior Lecturer in Pedagogy at Halmstad University and part
of the DAP team.
All episodes of the Human-Centered Machine Learning
podcast can be listened to both on the project’s DAP website and through various podcasting platforms such as Apple
Podcasts, Google Play and Spotify. There is no examination
on the course, and everyone is free to listen to it at any time.
DAP (Digital design and Artificial Intelligence Podcast) is a
project financed by Vinnova for a flexible education for professionals.
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Winner of the Wiman prize 2019
Weather and climate can destroy crops, but Erik
Karlsson has a solution to the problem. His box,
where the roots are surrounded by nutritious water
fog, gives faster results than traditional cultivation.
Erik Karlsson, an electrical engineer from Halmstad University, chose in his thesis to develop a prototype of a culture box
with automated nutrition, temperature and air control. The
technique is called aeroponic cultivation and is based on nutrient-rich water mist surrounding the roots of the plants instead of soil. Erik Karlsson was 2019’s winner of the Wiman
Prize for the best degree project at Swedish engineering programs.

“There is a lot of talk about new cultivation methods in the
industry. But in the supply chain, it is still so cheap for retailers to import vegetables from abroad during the winter
season that there is no incentive for Swedish growers to use
the technology right now, he says.

“I developed the prototype for testing the technology; in reality, the boxes would be smaller and piled up in large warehouses, he says.
That he chose the degree project in aeroponic cultivation was a
coincidence. During a visit to the school incubator with a friend,
they came up with the idea to investigate the technology.
“The technological development in the cultivation industry
has been relatively slow for a long time, he says.

Erik Karlsson in front of his cultivation box with automated nutrient
supply, temperature and air control. Photo: Patrik Leonardsson

The technical part was a significant challenge, with many
variables in the process; it was challenging to find the optimal
levels. Through several test periods, Erik Karlsson navigated
towards ever better results.

Erik Karlsson points out that the LED lamps draw much
power and that further development of the technology is required. He has not continued in the cultivation industry after
his degree project.

“The timing of the water system was tricky, how often it
should spray and what temperature the air around the vegetables should have. The focus was on getting the crops to grow
as much as possible, he says.

“I recently started a new job where I work on 5G development”, says Erik Karlsson.

The prototype was further developed

The thesis work was supervised by Eren Erdal Aksoy and
Cristofer Englund, both researchers at CAISR.

The result showed that the crops grow faster with aeroponic than traditional cultivation. After the degree project, Erik
Karlsson received funding from Sweden’s innovation authority Vinnova to investigate the business potential of the technology. He further developed the prototype and produced a
LED lamp to find optimum brightness and heat.
A market survey was also conducted to explore the demand. The
technology can be used by Swedish growers to grow local produce even during the winter months, but severe price pressure
from abroad means that the interest is not sufficiently high.

Adapted from a Swedish text by Caroline Le Ridou, Ingenjören

The Wiman prize
The Wiman Prize is the Swedish Engineers’ annual prize
for the best degree project at any Swedish engineering degree program. The prize was first awarded in 2000 and is
named after Ernst August Wiman, one of the founders of
the Swedish Inventor Association.
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Eren Erdal Aksoy
If my research turns out a success,
my research will definitely affect
society. I would really like to see my
different scientific theories applied
in the real world. That would make
me quite happy.

Robots that understand,
learn and imitate humans
How to make robots more intelligent.
That is the ultimate question Eren Erdal
Aksoy wants to find the answer to.
“I am not interested in designing the latest version of a human robot with two
legs or two arms. Instead I want to make
them more intelligent. How can they
observe us, pursue us, learn from our
behavior and transform that knowledge
into their own internal system.
Eren Erdal Aksoy, assistant professor at
Halmstad University, got his bachelor degree in electrical and electronics engineering in Turkey. Because of one professor
and his way of approaching problems, he
got inspired enough to decide to stay in
the academic world and focus on robots
and how to build and program them.
I really enjoy when I have programmed
the robots myself, says Eren Erdal, and
then get to see them up and running.
“I get the feeling that everything in front
of me is my creation and I have full authority to change whatever needs changing. I also enjoy teaching the younger
generation how to build and program a
small robot from scratch with electronic
components”.

Several areas of application
There are several different areas of application for this intelligent system. You can
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put it in a robot, a vehicle, a smartphone
or in a pair of glasses. You can design a
robot with two arms and two legs that
will come to your house, says Eren Erdal,
observe you and then imitate you when
you clean and do general house work.
As the number of people over 65 will
threefold over the next decades while the
number of young working age people
will diminish, intelligent service robots
can be useful help to the elderly.
“Your smartphone could use the same
technique. In the grocery store for example, you can use the camera to identify a
tomato, display the weight, colour, size
and price. Your phone could also detect
if a person approaching you is a criminal.
The glasses can be helpful in domestic
situations such as cooking when they can
help guide you through a recipe.

Robots imitate human actions
In his PhD thesis Eren Erdal Aksoy
showed how we can understand human
actions.
“For example, if a human demonstrates
how to make a sandwich, using tomatoes
and cucumber, and the next day uses
cheese and tomatoes – how do we build
a robot that has the capacity to observe
and learn how to use a variation of objects and actions?
Eren Erdal Aksoy has actually already
developed a framework that can capture

variations in objects and actions, enabling robots to understand, learn, and to
some degree imitate what you are doing.
Eren Erdal Aksoy is also part of an artificial intelligence team at Volvo that
currently works to implement intelligent
perception modules for autonomous
trucks. The aim is to make a robot understand the environment enough to go
from A to B without colliding with vehicles or pedestrians.
“Autonomous intelligent systems will
save human lives. Studies show that most
accidents are due to human error.

Applied scientific theories
The dream is to create a robot that can
understand observed human actions,
recall the most similar previously experienced episodes and imitate them, even
in different contexts. If you, for instance,
ask the robot what it remembers about
your food preferences, it might tell you
“I remember you once having pasta, so
let me prepare a pasta dish for you.”
“If my research turns out a success, my
research will definitely affect society. I
would really like to see my different scientific theories applied in the real world.
That would make me quite happy”.

Fernando Alonso-Fernandez

Increased
security with
facial recognition
With the many services available on
smartphones, secure transactions are
essential. Fernando Alonso-Fernandez
wants to develop new AI-solutions for
human identification and the understanding of human behaviour, using for
example, smartphone devices. The goal
is increased security and enhanced user
experience.
“If someone steals your phone or your
computer, private information like banking details and email account details can
leak and security be compromised. You
might even have the credit card number
stored somewhere accessible for someone
else, says Fernando Alonso-Fernandez,
associate professor at Halmstad university.
To validate the identity of a person, we
have traditionally used passports, keys,
cards, identity cards, birth certificates or
a piece of knowledge like a password or
a PIN.
“These things can be lost, copied and forgotten – or stolen and used by a third
party who can potentially get access to
your bank account or car. Another problem is that there are so many passwords
in our lives these days that many end up
using the same one everywhere.

Fingerprints instead of a PIN
One solution to these issues is facial recognition –this constitutes a biometric
technology, recognizing a person based
on body traits – something that you are.
“When measuring biometric characteristics, it’s important that they are unique
and permanent.
They can be of physical character like fingerprints, palmprints, vein pattern, face

or iris but they can also be behavioral,
like a signature, keystroke, voice or the
characteristics of a person’s walk”.
To choose which biometric to use, accuracy is key. Other factors to consider are
if the person is aware of the monitoring
and if it is ethical to use it, what the cost
is, and the willingness to accept the biometric.
“For example, in the past, fingerprints
used to be associated with criminals, but
with the use of fingerprints on the smartphones it has become more accepted
than before”.

Periocular biometrics are superior
Facial cues are the most natural way for
humans to recognize each other. There
are three levels of analyzing the face: at
close level: the iris, at far level: the whole
face, and at an intermediate level: the region around the eye.
In his research, Fernando Alonzo-Fernandez, is focusing on periocular biometrics, the region around the eye.
– If you concentrate on just selected
parts of the face you are less sensitive to
changes of overall expression, downsampling, obscured or partial faces such as
are common in surveillance or forensics.
Periocular biometrics is also superior to
iris recognition in difficult conditions
like entrance ways and with images taken at distance or at low resolution by, for
example, a smartphone.

The technology could be misused
A risk with this technology though, is
that it can create a feeling amongst people of being monitored at all times. There

This collaboration between
academia and industry is
enriching and necessary to
ensure that my research can
be applied in the real world
is an ongoing debate in academia how to
protect people’s privacy whilst simultaneously implementing these solutions.
“What the technology allows us to do is
one thing, but what you should do with
the technology is another. It could be
misused if it ends up in the wrong hands.
Fernando Alonso-Fernandez got his PhD
in Spain in 2008, after which he decided to apply for a post doctoral grant at
Halmstad University, and came here
in 2010. Since he had some experience
both from industry and academia, he
wanted to combine the two and found
Halmstad University where companies
are more aware of the importance of research and the connection with academia
than in Spain.

Applied research is essential
Currently Fernando Alonso-Fernandez is
in Spain, working with a company that
sells security solutions to smart phones.
By taking a selfie with the mobile phone,
the user can identify herself when using
the bank’s mobile application.
“This collaboration between academia
and industry is enriching and necessary
to ensure that my research can be applied
in the real world”, says Fernando Alonso-Fernandez.
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Kobra Etminani

Artificial intelligence could
predict and prevent diseases
She wants to see a healthier society by
using artificial intelligence in the health
care system. Artificial intelligence, AI,
can help doctors diagnose patients, recommending the right treatments and
prognosis.
“I want to take it one step further and
find out how we can predict and prevent different diseases with the help of
AI, says Kobra Etminani, assistant professor at Halmstad University.
Using AI there are a lot of opportunities
for improvements within the healthcare system, especially nowadays when
chronic diseases are the one of the biggest challenges within medicine.
“AI could have a great impact, either
as an assistant or complement, to help
physicians be faster and more accurate,
or as a tool to reveal new knowledge”.

Preventive and prescriptive
healthcare
AI has been successful, using machine
learning techniques, when it comes to
diagnosing and prognosis. Now, physicians want to know more about how
these AI models work. By opening up
the models to medical experts, new areas of knowledge will be revealed.
“Therefore, going beyond prognostic
models to preventive and even prescriptive healthcare is much more likely to
become a reality”.
To be able to predict future diseases,
the researchers in this field need information from the healthcare system, like
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medical records. They also collect data
from individual patients.
“Nowadays we use a lot of smart sensors
in our daily lives and smartphones can
monitor our sleeping pattern, number
of steps and heart rate”.

Involving the patient through
artificial intelligence
To prevent future diseases, it is also
necessary to involve the patient, says
Kobra Etminani, and make them more
responsible for their own care. AI can
help them to get a better understanding
of themselves and their needs.
“We want to empower patients to get
to know more about their health status,
what kind of medication and treatment
they need, how to follow the plan and
what the consequences can be if they
don’t”.

Increase patient motivation
Kobra Etminani is currently working
on a project to improve the adherence
of hypertension patients to their medication regimen. Hypertension is a risk
factor for many other diseases like heart
failure, stroke and kidney disorder, so
she is examining how patients are dealing with their diseases in relation to
that.
These conditions can often be prevented by controlling blood pressure. But
patients with hypertension typically do
not feel sick and therefore are not always motivated to listen to the doctor
and follow adviced treatments. Thus, an

important goal with the research project
is to increase the patient’s motivation.
“For instance, if I get in touch with my
friends and colleagues who have a similar situation to mine, seeing what they
do can have a huge impact on my motivation”, says Kobra Etminani.

Precision healthcare
One way to work with motivation is to
empower patients by raising awareness
on hypertension and a healthy lifestyle
and other aspects that are important to
hypertension patients.
“There are enormous amounts of information about hypertension on the
internet, but no one has the time to
read all of it. Our job is to find the right
sort of intervention for the right person
at the right time, so called precision
healthcare”.
In other words, the information will be
more individualised, since each of us
have different needs. One person might
for example need a reminder to take her
medication and a little bit of information. An older person might have different needs.
Using AI, the healthcare system could
be managed with greater speed and ease,
with less expense and stress and without
the patient even having to visit a doctor.
“Simply by increasing the level of
knowledge from the beginning and having it individualised through the use of
AI, we can prevent a lot of diseases and
societal costs”.

Mohamed-Rafik Bouguelia

Algorithms that
learn how to learn
I believe that this is one step towards true
artificial intelligence – to design algorithms
that allow the machine to learn how to learn.

Mohamed-Rafik Bouguelia is designing
machine learning algorithms that interact with humans. He dreams of AI that
can make decisions at the same level as
the human brain. A machine that can
consciously analyze its decisions and explain them.
“These algorithms are not yet widespread”, says Mohamed-Rafik Bouguelia, assistant professor at Halmstad university.
“We have systems that actively support
you in your decisions, but they are not
yet capable of explaining why they made
a specific decision.”

Detect abnormal behaviour
Today, there are innumerous complex
machines on the market, with a lot of
sensors that collect data continuously
over time. When experts want to monitor these machines, they create special
rules to detect specific faults or failures.
But one cannot always manually design
rules to predict all possible faults that
can occur.
In order to detect failures in the systems
before they happen, Mohamed-Rafik
Bouguelia designs algorithms that are
able to learn, what constitutes a normal
behaviour and what constitutes an abnormal behaviour, from this data.
“If the data is show symptoms that indicate imminent failures, these algorithms
can automatically detect this and raise
an alarm to point out the problem”.

Algorithms that learn over time
The algorithms are interactive, which
means that they can interact with a hu-

man expert during the learning process.
The algorithms improve their own accuracy by integrating the expert feedback
and learn over time to detect new faults
that are more relevant.
Currently Mohamed-Rafik Bouguelia
is involved in several research projects
related to detecting anomalies in complex systems.
“You want methods that indicate the
need for maintaining the machines before they break down in a dangerous
situation.

Human feedback essential
Interactive machine learning algorithms
could be used in many areas, from vehicles to trains to heat-pumps and district
heating substations.
When monitoring district heating
substations, or when monitoring heat
pumps to detect failures, the data that
is collected from those machines sometimes show atypical events that happens,
but they are not necessarily anomalies.
“Without feedback from human experts, the algorithm has no way of
distinguishing between those atypical
events and real anomalies. This is why
it is important to design these interactive machine learning algorithms, that
are able to interact with a human during
their learning process and take the expert feedback into consideration.

“We design algorithms that can pose
questions to the human expert, during
the learning process, and can later explain why they made certain decisions
– this increases trust in the predictions
that these algorithms produce”.
If you, for example, apply your anomaly detection algorithm in a medical domain where you have a decision support
system that helps doctors making decisions, the doctor can not blindly trust
the prediction made by the algorithms.
“If the algorithm predicts that the patient has a certain problem, it also needs
to provide explanations and evidence of
why it made this prediction, so that it is
more interpretable and trustable”.

Letting machines learn how
to learn
Mohamed-Rafik Bouguelia believes
that these intelligent algorithms will be
all around in the future, for instance in
smart homes helping elderly people.
Instead of having cameras, you can place sensors that collect data, wand by
monitoring this data you can detect if
there is a dangerous situation.
The aim is to work more with meta learning.
“I believe that this is one step towards
true AI – to design algorithms that allow the machine to learn how to learn.

Increased trust in predictions
Most companies that apply machine
learning do this without necessarily understanding how they work.
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Data science for social good
The DSSG Fellowship
Data Science For Social Good (DSSG) helps not-for-profit
organisations and government bodies to achieve more with
their data by improving their services, interventions and
outreach so that they can fulfil their mission of bettering
the world and people’s lives.
The programme brings together top-tier data science talent
from all over the world to come up with solutions to real
societal challenges, harnessing the use of machine learning,
big data and data science. During the 12-week programme,
they work in small interdisciplinary teams on projects with
social impact, including areas such as healthcare, education, energy, transport and social services, in collaboration
with government departments and non-profit organisations.
The Alan Turing Institute and the University of Warwick
hosted the 2019 summer program, which ran from early
June to the end of August. A second initiative was run, in
parallel, at Imperial College London.
DSSG Summer Fellows in 2019 at the Turing and Warwick addressed five projects in total. Our project dealt
with the problem of quantifying and reducing inequalities
in transportation in the West Midlands, UK.

The goal of the project was to make transportation access in
the West Midlands region fairer. The partner has indicated
that there is a problem of areas being isolated from public
transport lines, with poor access to private vehicles and have
a congested highway network – this is particularly prevalent
among areas with high minority and low-income populations. Although the partner has an idea on which areas are
experiencing isolation, the volume, scope, and extent of the
problem has not been analyzed and quantified.

Ece Calikus attended the DSSG
Summer Fellows in 2019. The Alan
Turing Institute and the University
of Warwick hosted the program.

The project involved finding a better way to measure equity of
access to transportation services, and creating a data product
that allows policy makers to analyze if and where the disadvantaged people live, if the system currently fails to serve a
particular demographic group, and offer insights on how to
make transport better and fairer.

Our project
Our project partner, West Midlands Combined Authorities
(WMCA), is a cluster of 18 local authorities and four Local
Enterprise Partnerships (LEPs), working collaboratively on
many projects ranging from transport, jobs growth, industrial
strategy, public service reform etc. to deliver their vision of a
more prosperous West Midlands. As the region grows, both
economically and in terms of population, it is becoming increasingly important to ensure high quality and equal access
to transportation.

Team WMCA at the Alan Turing Institute
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Organization
CAISR is managed by the CAISR director, with support from
the academic advisory group, the Industrial Advisory Board,
the Reference Group, and a research coordinator overseeing
details regarding reporting, coproduction, and information
management.
The academic advisory group consists of the professors in
CAISR, the head for the department where CAISR is placed,
the research manager for the school of information technology (ITE), and the dean for the school of information technology (ITE).
The Industrial Advisory Board consists of representatives
from each industrial partner in CAISR. They give advice on
industrial issues and partnerships in CAISR, and participate
at the meetings with the Reference Group and provide their
views on CAISR’s development to the Reference Group.

The industrial partners participated in several workshops in
the fall of 2018, and the outcome from them was used to
formulate the CAISR+ project (see the Section on Predictive
Maintenance for Machines). David Johansson from Tappa
Service was the chairman during 2019 for the Industrial Advisory Board.
We have decided to change the CAISR management structure from 2020, using a broader Industrial Advisory Board
and replacing the Reference Group with a Scientific Advisory
Board.
The final Reference Group Meeting took place in November 2019, and the picture below was taken on that occasion.
Many previous Reference Group members were invited to the
final meeting, to collect perspectives over the full eight years.
Many of the Industrial Advisory Board members were also
able to participate in the photo.

Participants at CAISR final Reference Group meeting in November 2019. The t-shirt colors are supposed to match Olle Baertling’s paintings (Halmstad University is located in the “the Baertling District” in Halmstad, where several sculptures and paintings by him are on display).
Top row from left: Yuantao Fan (CAISR), Fredrik Heintz (Reference Group), Reza Khoshkangini (CAISR), Slawomir Nowaczyk (CAISR and
research manager for ITE), Stefan Byttner (CAISR and head of department), Cristofer Englund (CAISR), Johannes van Esch (CAISR), Sepideh
Pashami (CAISR), Kevin Hernandez Diaz (CAISR), Alexander Galozy (CAISR), Kobra Etminani (CAISR), Magnus Clarin (CAISR and dean
for ITE).
Middle row from left: Lars Niklasson (Reference Group Emeritus), Ervin Omerspahic (Volvo Bus Corporation), Jonas Rahm (Flexlink), Ulf
Bering (NEAT Electronics), Mahmoud Rahat (CAISR), Roland Thörner (CAISR and research coordinator ITE), Pablo Del Moral (CAISR),
Mark Dougherty (CAISR), Catarina Coquand (Reference Group), Peter Berck (CAISR), Awais Ashfaq (CAISR), Alexey Vinel (CAISR), Christer
Fernström (Reference Group), Boris Ahnberg (Toyota Material Handling), Magnus Bergquist (Reference Group Emeritus), Kunru Chen (CAISR).
Bottom row from left: Henrik Arleving (HMS Industrial Networks), Thorsteinn Rögnvaldsson (CAISR), Peyman Mashhadi (CAISR), Ghaith
Altarabichi (CAISR), Fernando Alonso Fernandez (CAISR), Taha Khan (CAISR), Charlotta Falvin (Reference Group), Misha Pavel (Reference
Group), Nicholas Wickström (CAISR), Bob Evans (Reference Group).
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Regional companies apply AI with
the help of researchers
Over the course of a couple of months, three selected companies have learned more about how artificial intelligence
(AI) can be applied to and improve their operations.
“A fantastic opportunity! The project helped us lift our
eyes and innovate our business based on our data assets,
which has been a whole new way for us to develop the
business”, says Victoria Ekman, CEO of CE Produkter.
The aim of the collaboration project AI.m is to increase
the competitiveness of companies in Halland by disseminating knowledge and competence in AI and service design from University researchers and students to the region’s companies.

We want companies to see the benefits and
opportunities that exist with AI and, above
all, how they can utilize this technology to
gain a competitive advantage.
Stefan Byttner
Associate professor at Halmstad University
In the project AI.m, the University’s researchers, together
with the company incubator HighFive in Halmstad, trained
company representatives in AI-based service innovation, for
example, how service design, user experience and interaction
design are affected by the introduction of AI technology.
Three companies in Halland were selected – CE Produkter,
Lagafors and Matpriskollen - to improve their knowledge of
AI through lectures and workshops, thereby increasing their
innovation capacity and competitiveness.
“This project is the first step towards our goal that SMEs in
the region increase their AI competence and become aware
of how data-driven decisions can improve their operations.
We want companies to see the benefits and opportunities that
exist with AI and, above all, how they can utilize this technology to gain a competitive advantage”, says Stefan Byttner,
associate professor at the School of Information Technology
at Halmstad University and researcher in the field of AI.
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The project is being explored
Stefan Byttner and his colleague Pontus Wärnestål, associate professor at the School of Information Technology at
Halmstad University and researcher in interaction and service design, have for many years researched how different AI
methods can be used in both the public sector and the private business sector. They are investigating the AI.m project
in themselves, where the results are, among other things, the
basis for the innovation model presented by Pontus Wärnestål
at the Interaction19 conference in Seattle earlier this year.
“AI.m has proven to be a useful model for putting the research
conducted at the University into practice. Researchers in AI
and service innovation sit down together with companies in
Halland to jointly explore and design how AI can create benefits and value for both companies and their customers”, says
Pontus Wärnestål.
At the same time, these experiences are linked back to new
research projects at the University. One example is the development of a design tool that supports the process of working
with AI-driven service development, where humans are at the
center.

Voices from the participating companies:
“It has been a useful process to just explain our data assets
and our business to outsiders. To be able to look up and
see plenty of opportunities. Now we have a whole list of
possible development areas within AI” says Magnus Elmblad, CEO of Lagafors.
“A fantastic opportunity! The project helped us lift our
eyes and innovate our business based on our data assets,
which has been a whole new way for us to develop the
business” says Victoria Ekman CEO of CE Produkter.
“The service design opportunity and the customer journey
were really good! It helped us understand how the end
product and the end experience would be. We’ve got a
new angle on what we actually have to offer” says Ulf Mazur, CEO of Matpriskollen.
“It is unique and positive to combine UX with AI. It has
really given the group a common picture of where we
want to go with the product” says Ulf Mazur, CEO of
Matpriskollen.

Anna Petersson, business developer at HighFive and project manager for AI.m, Pontus Wärnestål, associate professor at Halmstad University and
researcher in service design, and Stefan Byttner, associate professor at Halmstad University and researcher within AI.

“Another example is the training program Data Analytics and
Service Innovation based on Artificial Intelligence (MAISTR), a so-called Expert Competence Program funded by the
KK Foundation, which we run. The training is aimed at professionals who want to receive further education in both AI
and business and service design based on AI. The program
also includes us exploring “best practices” in AI-based service
design. AI.m has given us a concrete platform for this”, says
Stefan Byttner.

Implement AI methods in business models
The companies’ various data assets were visualized during the
course of the project to see how AI (especially machine learning) can be used to analyze and draw conclusions based on
available data. The next step was to look at how these methods can be implemented in companies’ business models to
increase growth or streamline operations.
“The participating companies have been given inspiration,
skills development, business development, a complete list of
possible AI applications based on their existing processes and
data assets as well as a testable prototype of a priority AI service. Other effects that we have seen in the project, and which
have proven to be important parameters for long-term success, are the development of a strategy for anchoring processes
and decisions in daily operations, getting help from students
to process their data and supporting us to search external
funds for their continued AI journey.
“We hope to continue working with this in the future”, says
Project Manager Anna Petersson, Business Developer HighFive.

”The goal is to establish a regional AI hub
that supports companies”
Pontus Wärnestål
Associate professor at Halmstad University

The goal is a regional AI hub
The plans for the next project, AI.m 2.0, are already underway. It will start in the spring 2020 with a new group of companies and there will be an official website for the hub on the
site: aimhalland.se
”Our long-term goal is to establish a regional AI hub that supports companies to work strategically with AI-driven service
development through the provision of skills from Halmstad
University, business and strategy development from HighFive and exchange of experience between each other. This is
expected to lead to increased competitiveness and growth in
the region’s business sector, among other things through new
service innovations”, says Pontus Wärnestål.

About AI.m
The project group consisted of Anna Petersson, business
developer at HighFive and project manager for AI.m, Pontus Wärnestål, associate professor at Halmstad University
and researcher in service design, Stefan Byttner, associate
professor at Halmstad University and researcher at AI, and
Albin Martinsson, digital designer at Digitalseringsbyrån.
The group has worked with the selected companies and
developed and tested the various tools and models.

CAISR ANNUAL REPORT 2019 | 29

CAISR and Halmstad University
For a modern and young university that desires to play a more
prominent role nationally and internationally, it is necessary
to build a strong reputation and, over time, recruit excellent
faculty and ambitious students. This can be done by establishing well-positioned research and education centers that
attract interest, so that the university can position itself in
strategic international knowledge networks, and develop cooperation with the surrounding community, nationally and
internationally. Halmstad University is such a modern and
young university, and the intention with CAISR was to build
such a well-positioned research and education center.
The plans for CAISR were sketched with the university
vice-chancellor as early as 2006, building upon a small group
of researchers and their conviction that AI would have high
relevance for the Swedish industry and society. Several of the
researchers were international recruitments (from Kaunas
University of Technology, Oregon Graduate Institute, and
the Swiss federal institutes ETH and EPFL). The opportunity
to apply for a substantial long-term grant to build the center
came in 2010-2011, and in 2011 CAISR was awarded the
profile grant from the Knowledge Foundation.

In 2013 the Halmstad University governing board adopted a
vision that expressed that Halmstad University should build a
profile as an Innovation Driving University. This meant that
Halmstad University’s research and education, in addition to
having high quality, should be characterized by stimulating
creativity, innovation, and involvement and responsibility
within the community and society – locally, regionally, and
globally. Halmstad University also established two overarching profile areas to encourage multidisciplinary cooperation
and further focus the research and education: Health Innovation (established 2014) and Smart Cities and Communities
(established 2016).
The development of CAISR has been perfectly in line with the
Halmstad University strategy and vision. The two focus application areas in CAISR where healthcare technology and intelligent vehicles (and machines), and CAISR emphasized both
excellent applied research and value creation, in cooperation
with their industrial partners. Not only were many CAISR
publications published in the top publication channels 20122018, but CAISR researchers were also co-inventors on seven
granted patents together with the industrial partners 20122018. Furthermore, a recent CAISR alumnus started a promising spin-off company from his Ph.D. research.
With these results, CAISR serves as an inspiration and model
for the University’s future research and education environments. The continued development looks very promising.
CAISR is taking off in two directions: predictive maintenance
for machines, and predictive maintenance for humans. The
former through the recently granted CAISR+ project together
with the majority of the Volvo Group companies, and the
latter through cooperation with Region Halland and their
center for information-driven care. The collaboration with
Region Halland also involves other parts of the university; in
health management, health economy, and healthcare implementation science. This broadening of CAISR to involve and
engage more of Halmstad University’s research is a very welcome development, and we expect the two CAISR directions
to be fundaments in our two profile areas.

Catarina Coquand, University Director, member of CAISR Reference
Group
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Catarina Coquand

Funding

For 2019, about 6.7 MSEK were direct research
funds from Halmstad University; the remainder were external funds (mostly research grants
but also some cash contributions from companies). Thus, CAISR had an external funding ratio of about 75%. The major part of the
external funding comes from the Knowledge
Foundation: 3.3 MSEK directly for the CAISR
profile and about 7.6 MSEK for other projects
funded by the Knowledge Foundation, giving a
total of about 11 MSEK from the Knowledge
Foundation. Another very important funder is
Vinnova (Sweden’s Innovation Agency) with
roughly 7 MSEK. The sources of the different
funds to CAISR (on the Halmstad University
side) are illustrated in the pie diagram.
The growth of CAISR has been impressive.
However, on the Halmstad University side,
the economic development for CAISR has
very well followed our plan drawn up in 2011,
which shows how realistic we were. Building
up CAISR has been an effort of almost 165
million kronor in research over eight years,
counting the research funds on the university
side. This has led to CAISR being quite visible
in Sweden. Maintaining the relative strength in
Sweden will, according to the DAMVAD review, require increasing the research volume in
CAISR even more.
_____________________
1 This only covers in-kind specifically to match the
Knowledge Foundation CAISR funding. We have
had other cooperation projects where the total inkind has been at least 30 MSEK during 2012-2019,
so the total in-kind contribution from companies
during this period exceeds 80 MSEK.

Financer
The Knowledge Foundation - CAISR
CAISR Industrial partners in-kind contribution

1

Other external funding

2

Halmstad University
Sum total

Outcome 2019

Total 2012-2019

3 341 562

36 000 000

2 706 058

50 403 570

17 293 603

84 125 323

6 724 283

43 588 250

30 065 506

214 869 502

1 All in kind contributions have been computed using the standard tariff of 800 SEK per
hour.	
2 Funding from other sources (VR, EU, Vinnova, the Knowledge Foundation, companies,...)

Funding on the University side 2019
The Knowledge Foundation
- other funding

Halmstad University

The Knowledge
Foundation - CAISR

Vinnova

The Swedish
Energy Agency
EU
Industry Collaboration
- Cash

The Swedish Research
Council

CAISR total research turnover

Million Swedish kronor

The research turnover 2019 in CAISR was 27.4
MSEK (million Swedish kronor) on the university side (i.e., excluding industrial in-kind
efforts). The industrial matching (in-kind) effort equaled 2.7 MSEK, and the total industrial
matching to CAISR during the period 20122019 exceeds 50 MSEK1.
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PhD Graduation

Hassan
Mashad
Nemati

Data analytics for weak spots
detection in smart distribution
grids

Abstract

This research aims to develop data-driven methods that extract
information from the available data in distribution grids for
detecting weak spots, including the components with degraded
reliability and areas with power quality problems. The results
enable power distribution companies to change from reactive
maintenance to predictive maintenance by deriving benefits
from available data. In particular, the data is exploited for three
purposes: (a) failure pattern discovery, (b) reliability evaluation
of power cables, and (c) analyzing and modeling propagation
of power quality disturbances (PQDs) in low-voltage grids.
To analyze failure characteristics it is important to discover
which failures share common features, e.g., if there are any
types of failures that happen mostly in certain parts of the grid
or at certain times. This analysis provides information about
correlation between different features and identifying the most
vulnerable components. In this case, we applied statistical analysis and association rules to discover failure patterns. Furthermore, we propose a visualization of the correlations between
different factors representing failures by using an approximated
Bayesian Network. We show that the Bayesian Network constructed based on the interesting rules of two items is a good
approximation of the real dataset.
The main focus of reliability evaluation is on failure rate estimation and reliability ranking. In case of power cables, the
limited amount of recorded events makes it difficult to perform failure rate modeling. Therefore, we propose a method
for interpreting the results of goodness-of-fit measures with
confidence intervals, estimated using synthetic data.
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To perform reliability ranking of power cables, in addition to
the age of cables, we consider other factors. Then, we use the
proportional hazard model (PHM) to assess the impact of the
factors and calculate the failure rate of each individual cable. In
reliability evaluation, it is important to consider the fact that
power cables are repairable components. We discuss that the
conclusions about different factors in PHM and cables ranking
will be misleading if one considers the cables as non-repairable
components.
In low-voltage distribution grids, analyzing PQDs is important
as we are moving towards smart grids with the next generation of producers and consumers. Installing Power Quality and
Monitoring Systems (PQMS) at all the nodes in the network,
for monitoring the impacts of the new consumer/producer, is
prohibitively expensive. Instead, we demonstrate that power
companies can utilize the available smart meters, which are
widely deployed in the low-voltage grids, for monitoring power quality events and identifying areas with power quality problems. In particular, several models for propagation of PQDs,
within neighbor customers in different levels of the grid topology, are investigated. The results show that meter data can be
used to detect and describe propagation in low-voltage grids.
The developed methods of (a) failure pattern discovery are applied on data from Halmstad Energi och Miljö (HEM Nät),
Öresundskraft, Göteborg Energy, and Växjö Energy, four different distribution system operators in Sweden. The developed
methods of (b) reliability evaluation of power cables and (c)
analyzing and modeling propagation of PQDs are applied on
data from HEM Nät.

Research for fewer power outages
The results of his research enable power distribution companies to change from reactive to predictive maintenance.
This reduces the risks of long outages annoying the customers as well as costly and time consuming repair actions for
the distribution companies. Hassan Nemati has developed
methods that can extract information from available data in
smart distribution grids.
”The purpose of extracting information as early as possible
from already available data is to detect weak spots in electricity
distribution grids, e.g. areas with power quality problems. The
results of my research enable power distribution companies to,
at a larger scale, apply predictive maintenance of their distribution grids instead of costly and time consuming repairs”, says
Hassan Nemati.
A reduced number of long outages is beneficial both to power
distribution companies and their customers. Less vulnerable
distribution grids are becoming increasingly important also at
community level.

Large benefit to power companies
The aim of Hassan Nemati’s research project was to reduce
the number and duration of electricity outages at the electricity grid at Halmstad Energi och Miljö AB (HEM), which is
the electricity distribution company operating in and around
Halmstad city.
”The method I proposed for failure pattern discovery got attention from other electricity distribution companies in Sweden
such as Öresundskraft, Göteborg Energy, and Växjö Energy.
These companies asked if I could analyze their data as well and,
after receiving the outcomes, the companies claim that the results were very beneficial.”
Alexander Örning, Electrical Engineering alumnus from Halmstad University, has been one of Hassan Nemati’s supervisors at
HEM. He says Hassan Nemati’s research has augmented the
company’s perspective of the complex nature of its task. The
research is also useful in developing the skill to sort data, both
to see what kind of data the company needs more of – and what
kind of data that are irrelevant.
”This will help us making better demands in the future. We also
have a better insight as of how to develop our IT environment
for the years to come. The IT environment is crucial in getting
access to relevant measurements”, says Alexander Örning.

Research developed in sharp projects
Hassan Nemati started his postgraduate research studies in
2014. He has been a doctoral student at the Embedded and
Intelligent Systems Industrial Graduate School (EISIGS),
funded by The Knowledge Foundation, at Halmstad University. At EISIGS the postgraduate students work both at
the University and at an industrial research partner. In Hassan Nemati’s case the research partner is HEM.
In his licentiate thesis from 2017, Hassan Nemati described
how to estimate the reliability of underground power cables
by using historical data and then rank the cables for prioritized maintenance actions.

Mining historical data in different fields
Hassan Nemati’s doctoral thesis focuses on the development
of methods in three different areas. Estimating the reliability
of underground power cables is one of them. Another one is
fault analysis and failure pattern discovery, and the third is
smart meter data analysis.
”Finding patterns in the failure records and summarising
them with quantitative models is a step towards turning data
into information and then information into knowledge. The
results of this analysis facilitate reasoning about different
features associated with faults and can be used by maintenance staff at distribution companies”, says Hassan Nemati.

PhD Defense facts
Title:

Data analytics for weak spots detection in smart
distribution grids
Author

Hassan Mashad Nemati
Supervisors at Halmstad University

Slawomir Nowaczyk and Anita Sant’Anna
Supervisors at Halmstad Energi och Miljö (HEM)

Alexander Örning and Peter Addicksson
Opponent:

Math Bollen, Luleå University of Technolgy
Grading committee:

Anna Fensel, University of Innsbruck, Lina Bertling Tjernberg, KTH Royal Institute of Technology and Ulf Johansson,
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Licentiate exam

Awais Ashfaq
Predicting clinical outcomes via
machine learning on electronic
health records

Abstract

The rising complexity in healthcare, exacerbated by an ageing
population, results in ineffective decision-making, leading to
detrimental effects on care quality and escalating care costs.
Consequently, there is a need for smart decision support systems that can empower clinicians to make better informed
care decisions. Decisions, which are not only based on general
clinical knowledge and personal experience, but also rest on
personalised and precise insights about future patient outcomes. A promising approach is to leverage the ongoing digitization of healthcare that generates unprecedented amounts
of clinical data stored in Electronic Health Records (EHRs)
and link it with modern Machine Learning (ML) toolsets for
clinical decision support, and simultaneously expand the evidence base of medicine. As promising as it sounds, assimilating complete clinical data that provide a rich perspective of
the patient’s health state comes with a multitude of data-science challenges that impede efficient learning of ML models.
This thesis primarily focuses on learning comprehensive patient representations from EHRs. The key challenges of heterogeneity and temporality in EHR data are addressed using
human-derived features appended to contextual embeddings
of clinical concepts and Long-Short-Term-Memory networks,
respectively. The developed models are empirically evaluated
in the context of predicting adverse clinical outcomes such as
mortality or hospital readmissions. We also present evidence
that, surprisingly, different ML models primarily designed for
non-EHR analysis (like language processing and time-series
prediction) can be combined and adapted into a single framework to efficiently represent EHR data and predict patient
outcomes.
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Markus Lingman, MD, PhD at Region Halland and Awais Ashfaq are
working togehter in order to predict outcomes and demands of congestive
heart failure (CHF) patients in Halland using machine learning.

Licentiate exam facts
Title

Predicting clinical outcomes via machine learning on
electronic health records
Author

Awais Ashfaq
Supervisor

Slawomir Nowaczyk, Docent, Halmstad University
Opponent:

Jerker Westin, Docent, Dalarna University
Examiner:

Mark Dougherty, Professor, Halmstad University

Using AI to individualize care for
heart patients in Halland
A growing elderly population puts great demands on our
increasingly complex healthcare system. Ineffective decision-making can lead to a poorer quality of care for the
patients, as well as escalating care costs. By using AI models based on clinical data from patients, doctors can be
better informed about their patients and make fact-based
and individual care decisions. Awais Ashfaq at Halmstad
University is the AI researcher behind these models.
“There is a need for smart decision support systems that can
empower clinician’s to make better informed care decisions.
Decisions, which are not only based on general clinical knowledge and personal experience, but also rest on personalised and
precise insights about future patient outcomes”, says Awais
Ashfaq, a PhD student in Signals and Systems Engineering
at Halmstad University who recently published his licentiate
thesis ”Predicting Clinical Outcomes via Machine Learning on
Electronic Health Records”.
Awais Ashfaq’s research is part of a joint collaboration between
Halmstad University and Region Halland with the aim to predict outcomes and demands of congestive heart failure (CHF)
patients in Halland using machine learning.

What are your research conclusions so far?
“We developed models that leverage expert features from clinical knowledge and raw Electronic Health Record (EHR) data
to predict adverse clinical outcomes such as 30-days post discharge mortality and unplanned hospital readmissions. We provide evidence that the predictive performances of the models
are enhanced when data-driven knowledge is complemented
with domain knowledge and experience from clinical experts.
Accurate prediction models can support clinician’s to make
better informed care decisions about individual patients. We
also exemplify the economic utility of the developed predictive
models if targeted intervention plans are initiated for high-risk
patients.”

Has your research led to any changes in the care?
“The developed models have so far not been introduced in the
real clinical workflow to support clinical decision making. It
would first require a prospective validation study across several sites.”

”Accurate prediction models can support
clinician’s to make better informed care
decisions about individual patients.”
Awais Ashfaq
Are there any surprising research findings that you
can share?
“One of the many qualities of neural networks is their ability
to generalize across multiple application domains. Different
networks primarily designed for non-EHR analysis, for example language processing and time-series prediction, can be
combined and adapted into a single framework to efficiently
represent EHR data and predict patient outcomes. ”
“In the coming years, we would like to answer the research
question: What decides the outcome for a patient?”. While
the developed models can influence clinical decisions for
good, they do not help us solve the root cause of adverse outcomes. This is because we are often unaware of what variables
or groups of variables most affect the prediction score and
how. Put differently, the goal is not limited to accurate prediction of adverse outcomes but also to facilitate restructuring of
care delivery in a way that reduces the number of cases with
adverse outcomes in the future.
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Licentiate exam

Shiraz Farouq
Towards large-scale monitoring
of operationally diverse thermal
energy systems with data-driven
techniques

Abstract

The core of many typical large-scale industrial infrastructures
consists of hundreds or thousands of systems that are similar in their basic design and purpose. For instance, District
Heating (DH) utilities rely on a large network of substations
to deliver heat to their customers. Similarly, a factory may
require a large fleet of specialized robots for manufacturing
a certain product. Monitoring these systems is important for
maintaining the overall efficiency of industrial operations by
detecting various problems due to faults and misconfiguration. However, this can be challenging since a well-understood prior model for each system is rarely available. In most
cases, each system in a fleet or network is fitted with a set of
sensors to measure its state at different time intervals. Typically, a data-driven model for each system can be used for their
monitoring. However, not all factors that can possibly influence the operations of each system in a fleet or network has
an associated sensor. Moreover, sufficient instances of normal,
atypical and faulty behavior are rarely available to train such a
model. These issues can impede the effectiveness of a system
level data-driven model. Alternatively, it can be assumed that
since all the systems in a fleet or network are working on a
similar task, they should all behave in a homogeneous manner. Any system that behaves differently from the majority is
then considered as an outlier. This is referred to as the global
model at the fleet or network level. While the approach is
simple, it is less effective in the presence of non-stationary
working conditions. Hence, both system level and global
modeling approaches have their limitations.
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This thesis investigates system level and fleet or network level
(global) models for large-scale monitoring, and proposes an
alternative way which is referred to as a reference-group based
approach. Herein, the operational monitoring of each system, referred to as a target, is delegated to a reference-group,
which consists of systems experiencing a comparable operating regime along with the target. Thus, the definition of
a normal, atypical or faulty operational behavior in a target
system is described relative to its reference-group. In this
sense, if the target system is not behaving operationally in
accordance with the systems in its reference-group, then it
can be inferred that this is either due to a fault or because of
some atypical operation arising at the target system due to
its local peculiarities. The application area for these investigations is the large-scale operational monitoring of thermal
energy systems: networks of district heating (DH) substations
and fleets of heat pumps. The current findings indicate three
advantages of a reference-group based approach. The first is
that the reference operational behavior of any system in the
fleet or network does not need to be predefined. The second
is that it provides a basis for what a system’s operational behavior should have been and what it is. In this respect, each
system in the reference-group provides an evidence about a
particular behavior during a particular time period. This can
be very useful when the description of a normal, atypical and
faulty operational behavior is not available. The third is that it
can detect potential atypical and faulty operational behavior
quicker compared to global models of outlier detection at the
fleet or network level.

Research for more 							
efficient sustainable heating
District heating is a sustainable alternative for heating
households. In his recently published licentiate thesis
from Halmstad University, doctoral student Shiraz Farouq
presents data-driven methods for more cost-effective and
climate friendly district heating networks.

kraft most of the data for the research comes. In addition to
this collaboration, Shiraz Farouq has also received academic
and technical assistance from the Department of Energy and
Process Engineering at the Norwegian University of Science
and Technology (NTNU).

District heating is one of the most sustainable and cost-effective methods of heating today. This is because it, to a large
extent, reuses heat energy that would otherwise go wasted.
Examples of such energy sources include excess heat from industries and combustion of domestic waste. However, such
energy waste is expected to decrease in the future, both in
quantity and content. This would leave district heating utilities with little room for any energy inefficiency, if they do not
want to compromise their client’s comfort. Thus, the challenge is to make the current district heating networks more
energy efficient, and this is where Shiraz Farouq’s research can
make a difference.

”My research will enable district heating
utilities to use their renewable energy
sources efficiently.”

Collected data creates a pattern
Today, ineffective and incorrect behaviour of substations in
district heating networks leads to substantial energy losses.
Shiraz Farouq has developed models for detecting such substations by identifying various patterns using state-of-the-art
statistical and machine learning algorithms. One of these
models is based on the idea of collective monitoring, where
the behaviour of each substation in a network is tracked by a
group of other similar substations. Any substation that does
not behave in accordance with its tracking group provides a
basis to suspect that something is wrong.
Shiraz Farouq’s research will hopefully lead to more efficient
ways of using district heating by quickly detecting energy
inefficient substations. This contributes to increased sustainability, cost efficiency and the development of future smart
cities. In that context, the research has a positive impact on
the environment, economy and the society.
“My research will enable district heating utilities to use their
renewable energy sources more efficiently”, says Shiraz Farouq.

Collaboration with the heating industry
Shiraz Farouq’s research is done in collaboration with the
Swedish company Öresundskraft. It is also from Öresunds-

In the future, Shiraz Farouq plans to continue his research
towards a doctoral thesis. He wants to continue to improve
the current diagnostic capacity in district heating. Right now,
district heating utilities mostly rely on rule-based thresholds
to detect energy inefficient substations. However, this practice usually leads to a large number of false alarms, which
most district heating utilities find difficult to cope with, both
administratively and technically.
“Today, the majority of diagnostic functions are created by
human experts in a time-consuming and expensive manner.
I will therefore continue my research on improving the efficiency of the district heating networks with the help of intelligent algorithms. In fact, this is also a requirement if we want
to create future smart cities”, says Shiraz Farouq.

Licentiate exam facts
Title

Towards large-scale monitoring of operationally diverse
thermal energy systems with data-driven techniques
Author

Shiraz Farouq
Supervisor

Stefan Byttner, Mohamed-Rafik Bouguelia and Slawomir
Nowaczyk, Halmstad University
Opponent:

Ulf Johansson, Professor, Jönköping University
Examiner:

Mark Dougherty, Professor, Halmstad University

CAISR ANNUAL REPORT 2019 | 37

The Reference Group
The CAISR Reference Group serves the very important function of being our critical friends. The group is designed to
represent different perspectives: international and national industry, as well as international and national academic
research, related to intelligent aware systems. In addition,
Halmstad University has one member in the group, and the
group has a Chairman: Christer Fernström. CAISR owes a lot
to his excellent chairmanship.
Throughout the period 2012-2019, the Reference Group
members have reviewed the CAISR achievements and activities 1-2 times per year, a total of 11 meetings over eight years,
providing advice and feedback on the progress. Each meeting
is two days long, and the last meeting was in November 2019.
We thank the Reference Group very much for the service they
have done to CAISR.

Members (from left)
Catarina Coquand
University Director at Halmstad University. PhD in
Computer Science. Former Dean for the Faculty of
Technology and Society at Malmö University. Before
that head of the Department for Computer Science
and Engineering at Chalmers University of Technology
and University of Gothenburg (a shared department).

Fredrik Heintz
Associate Professor of Computer Science at Linköping
University. Director of the Graduate School for the
Wallenberg AI, President of the Swedish AI Society
(SAIS), and a member of the European Commission
High-Level Expert Group on AI.

The importance of the Reference Group cannot be overstated.
The meetings with them are a sharp deadline when progress
is reviewed and results are reported; this helps to ensure that
the pace is kept and the focus remains. Their advice has been
sharp, and the CAISR researchers have followed up and discussed how to deal with improvement steps in annual CAISR
workshops.

Misha Pavel

The Reference Group members have varied a bit over the
years, but we have always been lucky to get excellent people.
Christer Fernström and Charlotta Falvin are two members
who have been in the Reference Group throughout the eight
years, and they provide a personal reflection on CAISR development on the next page.

Senior software engineer at Google, Mountain View,
California.

Professor at Northeastern University, Boston, Massachusetts. Joint faculty appointment at Khoury College
of Computer Sciences and Bouvé College of Health
Sciences.

Robert Evans

Christer Fernström
Director and consultant at Fernstrom et Associates in
Grenoble, France. Founder and director of Tekomatik.
Chairman for the Reference Group.

Charlotta Falvin
Chairman of the board for the Faculty of Engineering
at Lund University, and for the Lund research park Ideon. Member of the board for several companies.
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Christer Fernström

Charlotta Falvin

It was with great interest I first heard about the plans for
CAISR around 2011. What had been referred to as the “AI
Winter” was slowly coming to an end, and a more general
interest in the various fields of AI was on the rise with topics like data mining and machine learning, which had matured over more than a decade in academia, now started to
attract a lot of attention in various industries. The CAISR
team had a solid scientific background and a long-standing
working relationship with industry, especially in the automotive sector and had now built a coherent and well-articulated research agenda with challenging research goals
of both academic and industrial interest. The newly established Health Technology Centre at the University also
helped to create new opportunities in the health sector.

As a member of the CAISR reference group since its inception, it has been a great pleasure to share the development
from a small team looking for a purpose and direction,
exploring its way forward with enthusiasm and determination, learning some lessons the hard way and others
smoothly, into a highly professional research group with
well founded self-confidence and a clear view of its position in the universe of aware intelligent systems. With
my primarily industrial background, I have particularly
appreciated the efforts to collaborate with relevant industry partners and to build an entrepreneurial culture that
has paid of both in terms of patents, formation of start-ups
and co-production of valuable knowledge together with
multinational corporations engaged in the project.

Becoming a successful research centre with national and international recognition involves a large number of diverse
challenges, of which the ability to attract new researchers
is essential. I think that CAISR has been very successful in
this aspect. The senior research team has shown excellent
leadership and I have been pleased to see how many junior
researchers have matured and managed to establish themselves in the research community with good publication
track records.

Over the years, as PhDs and professors have come and
gone, much as the regular academic flow prescribes, I have
greatly enjoyed getting to know such a wonderfully diverse
team in terms of age, gender, personalities and ethnic background, all united by a common passion for intelligent systems and their applications in the real world. Jointly, these
individuals have not only produced research results, papers
and graduates, but also built a structure that will continue its contributions in this field, adding value, insight and
solutions for society within a field that will most certainly
grow in importance.

While the funding from the KK-foundation was crucial to
creating a critical mass at CAISR, the longer-term objective was of course to build up a capacity to attract funding
from many different sources. CAISR has also been quite
successful in this aspect, and it is both my hope and my
conviction that, despite the KK-profile funding now coming to an end, a bright future lies ahead for the centre.

I look much forward to continue from a distance following the output from the CAISR program, and I take great
pride in having been a part, albeit very small, in its construction.

CAISR ANNUAL REPORT 2019 | 39

CAISR Staff
CAISR Staff Researchers
Bigun, Josef

Vinel, Alexey

Prof., Doctor
Professor signal analysis
josef.bigun@hh.se

Prof., Doctor
Prof. computer communications
alexey.vinel@hh.se

Computer Vision, human vision,
pattern recognition, biometrics,
image processing, signal analysis,
machine learning, AI

Wireless communications, vehicular
networking, smart mobility.

Dougherty, Mark

Alonso-Fernandez,
Fernando

Prof., Doctor
Professor Information Technology
mark.dougherty@hh.se
Acoustic analysis, smart sensors,
medical informatics, decision support systems, forensic science, ethics of AI

Docent, Doctor
Associate professor
fernando.alonso-fernandez@hh.se
Biometrics recognition, image/signal processing, computer vision,
machine learning and pattern recognition.

Nowaczyk, Sławomir

Byttner, Stefan

Prof., Doctor
Professor machine learning
slawomir.nowaczyk@hh.se

Docent, Doctor
Associate professor
stefan.byttner@hh.se

Data Mining, knowledge representation, joint human-machine learning, self-organising anomaly detection, big data.

Self-organizing algorithms, interestingness measures of patterns and
joint human-machine learning.

Ohlsson, Mattias

Wickström, Nicholas

Prof., Doctor
Professor machine learning
mattias.ohlsson@hh.se

Docent, Doctor
Associate professor
nicholas.wickstrom@hh.se

Machine learning, deep learning,
neural networks, medical informatics, medical decision support

Signal analysis of human motion,
incorporateing expert knowledge in
the modelling, and making models
possible to interpret.

Rögnvaldsson, Thorsteinn

Åstrand, Björn

Prof., Doctor
Professor computer science
thorsteinn.rognvaldsson@hh.se

Docent, Doctor
Associate professor
bjorn.astrand@hh.se

Neural networks, self-organizing
models, predictive maintenance.

Mechatronics, perception, mobile
robots, semantic mapping, AGV/
truck safety.

Verikas, Antanas

Wärnestål, Pontus

Honorary Professor, Doctor
Professor pattern recognition
antanas.verikas@hh.se
Classification committees, feature
selection; semi-supervised learning,
fuzzy logic, analysis of pathological
speech.
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Docent, Doctor
Associate Professor
pontus.warnestal@hh.se		
			
Digital Service Innovation, Service Design, UX Design, Informatics,
Human-Computer Interaction.

Aksoy, Eren Erdal
Doctor
Assistant professor
eren.aksoy@hh.se
		
Computer Vision, Cognitive Robotics, Machine Learning, Imitation
Learning, and Autonomous Systems

Berck, Peter
Doctor
Postdoc
peter.berck@hh.se
Predictive maintenance, data mining, machine learning, deep learning.

Bouguelia, MohamedRafik
Doctor
Assistant professor
mohamed-rafik.bouguelia@hh.se
Active learning; classification; data
stream mining; anomaly and novelty detection; big data; predictive
maintenance.

Clarin, Magnus
Doctor
Dean, School of Information
Technology
magnus.clarin@hh.se

Englund, Cristofer
Docent, Doctor
Associate professor
cristofer.englund@hh.se
Machine learning for automated
driving, vehicular behavioral modeling, connected vehicles, situation
awareness.

Etminani, Kobra
Doctor
Assistant professor
kobra.etminani@hh.se		
				
Data Mining, Healthcare informatics, anomaly detection, big data.

Järpe, Eric
Doctor
Senior lecturer
eric.jarpe@hh.se 		
Change-point and outlier detection,
smart homes monitoring,
communication security, cryptology.

Khan, Taha
Doctor
Researcher		
taha.khan@hh.se

Health technology, e-health, data
mining, applied physics, signal analysis.

Computer Vision, image and signal
analysis of human motion, speech
analysis, machine learning, medical informatics.

Cooney, Martin

Khoshkangini, Reza

Doctor
Assistant professor
martin.cooney@hh.se

Doctor
Postdoc
reza.khoshkangini@hh.se

Social robotics, recognition, human-robot interaction, well-being

Artificial intelligence, machine learning, data mining and decision making

Dikmen, Onur

Mashhadi, Peyman

Doctor
Senior Lecturer
onur.dikmen@hh.se

Doctor
Postdoc
peyman.mashhadi@hh.se

Statistical machine learning, changepoint and outlier detection, predictive maintenance, causal inference

Statistical Machine Learning, Deep
Learning, Data Mining, Predictive
Maintenance
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Pashami, Sepideh

de Morais, Wagner
Doctor
Research Engineer 			
wagner.demorais@hh.se

Doctor
Assistant professor
sepideh.pashami@hh.se

Smart environments, ambient intelligence, Ambient Assisted Living,
edge computing, mixed reality

Predictive maintenance, causal inference, representation learning,
machine learning, data mining.

Muhammad, Naveed

Pirasteh, Parivash

Doctor
Postdoc
naveed.muhammad@hh.se

Doctor
Postdoc
parivash.pirasteh@hh.se

Autonomous robot perception and
navigation

Machine learning, data mining,
recommender systems, personalization.

Nemati, Hassan

Rahat, Mahmoud
Doctor
Post Doc
mahmoud.rahat@hh.se

Doctor
hasmas@hh.se 		
Data mining, machine learning,
reliability analysis, power systems.

Machine Learning, Predictive
Maintenance, Natural Language
Processing

Orand, Abbas

Sant’Anna, Anita

Doctor
Researcher
abbas.orand@hh.se

Doctor
Senior lecturer
anita.santanna@hh.se

Biomedical Engineering, Robotics,
Health & Rehabilitation, Machine
Learning, Signal Processing

Wearable sensors, human motion
analysis, tele-monitoring, e-health,
signal processing, data mining, joint
human-machine learning.

The Winning Team in the Code Breaker Competition at Grimeton on September
13: Yuantao Fan, Mark Dougherty, Peyman Mashhadi and Jose Chang.
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PhD Students
Alabdallah, Abdallah

Chen, Kunru

M.Sc.
Doctoral student
abdallah.alabdallah@hh.se

M.Sc.
Doctoral student
kunru.chen@hh.se

Machine Learning, Data Mining,
Survival Analysis, Deep Learning,
Representation Learning, Explainable AI

Fault Detection, Signal Processing,
Usage Analysis, Deep Learning,
Data Mining

Ali Hamad, Rebeen

Cortinhal, Tiago

M.Sc.
Doctoral student
rebeen.ali_hamad@hh.se

M.Sc.
Doctoral student
tiago.cortinhal@hh.se

Transfer Learning, manifold learning, human behavior patterns, smart
homes.

Computer Vision, Sensor Fusion,
Adversarial Networks, Scene Understanding

Altarabichi, Mohammed
Ghaith

David, Jennifer

M.Sc.
Doctoral student
mohammed_ghaith.altarabichi@
hh.se
Machine Learning, Transfer Learning, Representation Learning, Reinforcement

M.Sc.
Doctoral student
jennifer.david@hh.se
Mobile robotics, intelligent vehicles, multi-robots, path planning,
task scheduling.

Ashfaq, Awais

del Moral, Pablo

M.Sc.
Lic.Tech
awais.ashfaq@hh.se

M.Sc.
Doctoral student
pablo.del_moral@hh.se

Descriptive, predictive and prescriptive analytics on EHRs, medical image processing, neural networks and
deep learning.

Machine learning, predictive maintenance, survival analysis, time series analysis, data stream mining.

Calikus, Ece

Galozy, Alexander

M.Sc.
Doctoral student
ece.calikus@hh.se 		

Dipl.-Ing(FH), M.Sc.
Doctoral Student
alexander.galozy@hh.se

Data Mining, big data, predictive
maintenance, deviation detection,
joint human-machine learning.

Data mining, machine learning, reinforcement learning, deep neural
networks, predictive health

Chang, Jose Ramon

Fan, Yuantao

M.Sc
Guest researcher
		

Doctor (PhD grad. 2020-01-31)
Postdoc
yuantao.fan@hh.se		

Artificial intelligence,
Deep learning

Anomaly detection, unsupervised
learning, data mining, predictive
maintenance.
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Farouq, Shiraz
Lic.Tech
Doctoral student
shiraz.farouq@hh.se

Recena Menezes,
Maria Luiza

Machine learning, signal processing,
artificial intelligence.

M.Sc.
Doctoral student
maria.menezes@hh.se
Intelligent systems, smart homes,
BCI, affective computing, signal
analysis, data mining, machine
learning.

Hernandez Diaz, Kevin

Taghiyarrenani, Zahra

M.Sc.
Doctoral student
kevin.hernandez-diaz@hh.se

M.Sc.
Doctoral student
zahra.taghiyarrenani@hh.se		

Computer Vision, biometrics, pattern recognition, machine learning,
image processing, signal analysis

Predictive Maintenance, Transfer
Learning, Neural Networks

Lecturers, technical and
administrative personnel
Carlsson, Roger

Munther, Thomas

Research Engineer
nils_roger.carlsson@hh.se

M.Sc.
Lecturer
thomas.munther@hh.se

Neural networks, Machine Learning

Electronics, Electronics Design and
Implementation, Control Theory,
Electrical Power Systems, Electrical Machines and Drives

Engström, Arianna

Salomonsson, Tommy

M.Sc.
Research Engineer

M.Sc.
Lecturer
tommy.salomonsson@hh.se

Data mining, public health,
machine learning, e-health

Mechatronics with focus on embedded systems and actuators. Autonomous mechatronic systems.

van Esch, Johannes

Thörner, Roland

B.Sc.
Research Engineer
johannes.van_esch@hh.se

M.Sc.
Coordinator
roland.thorner@hh.se

Data management, Software
Development, Intelligent systems,
smart homes, embedded systems

Research support; Internal and external relations, funding, agreements, reports.

44 | CAISR ANNUAL REPORT 2019

CAISR Publications 2012–2019
JOURNAL PAPERS
2019
Abiri, N., Linse, B., Edén, P., & Ohlsson, M. (2019). Establishing strong imputation performance of a denoising
autoencoder in a wide range of missing data problems. Neurocomputing, 365, 137-146. https://doi.org/10.1016/j.neucom.2019.07.065
Aein, M. J., Aksoy, E. E., & Wörgötter, F. (2019). Library of
actions: Implementing a generic robot execution framework
by using manipulation action semantics. The International
Journal of Robotics Research, 38(8), 910-934. https://doi.
org/10.1177/0278364919850295
Amadeo, M., Campolo, C., Molinaro, A., Harri, J., Rothenberg, C. E., & Vinel, A. (2019). Enhancing the 3GPP V2X
Architecture with Information-Centric Networking. Future
Internet, 11(9), 199. https://doi.org/10.3390/fi11090199
Ashfaq, A., Sant’Anna, A., Lingman, M., & Nowaczyk, S.
(2019). Readmission prediction using deep learning on electronic health records. Journal of biomedical informatics, 97,
103256. https://doi.org/10.1016/j.jbi.2019.103256
Blom, M. C., Ashfaq, A., Sant’Anna, A., Anderson, P. D.,
& Lingman, M. (2019). Training machine learning models
to predict 30-day mortality in patients discharged from the
emergency department: a retrospective, population-based
registry study. BMJ open, 9(8), e028015. http://dx.doi.
org/10.1136/bmjopen-2018-028015.
Bocharova, I., Kudryashov, B., Rabi, M., Lyamin, N., Dankers, W., Frick, E., & Vinel, A. (2019). Characterizing Packet
Losses in Vehicular Networks. IEEE Transactions on Vehicular Technology, 68(9), 8347-8358.
Bocharova, I., Kudryashov, B., Lyamin, N., Frick, E., Rabi,
M., & Vinel, A. (2019). Low Delay Inter-Packet Coding in
Vehicular Networks. Future Internet, 11(10), 212.
Calikus, E., Nowaczyk, S., Sant’Anna, A., Gadd, H., &
Werner, S. (2019). A data-driven approach for discovering
heat load patterns in district heating. Applied Energy, 252,
113409. https://doi.org/10.1016/j.apenergy.2019.113409
Campolo, C., Molinaro, A., Berthet, A. O., & Vinel, A. (2019). On latency and reliability of road hazard warnings over the cellular V2X sidelink interface.
IEEE Communications Letters, 23(11), 2135-2138.

Gonzalez-Sosa, E., Vera-Rodriguez, R., Fierrez, J., Alonso-Fernandez, F., & Patel, V. M. (2019). Exploring Body
Texture From mmW Images for Person Recognition. IEEE
Transactions on Biometrics, Behavior, and Identity Science,
1(2), 139-151. https://10.1109/TBIOM.2019.2906367
Haglund, E., Sant’Anna, A., Andersson, M., Bremander, A.,
& Aili, K. (2019). Dynamic joint stability measured as gait
symmetry in people with symptomatic knee osteoarthritis.
Annals of the Rheumatic Diseases, Vol. 78, no Suppl. 2, p.
-1458.
http://dx.doi.org/10.1136/annrheumdis-2019-eular.4648
Khan, T., Lundgren, L. E., Järpe, E., Olsson, M. C., &
Viberg, P. (2019). A Novel Method for Classification of Running Fatigue Using Change-Point Segmentation. Sensors,
19(21), 4729. https://doi.org/10.3390/s19214729
Lien, S. Y., Kuo, Y. C., Deng, D. J., Tsai, H. L., Vinel, A.,
& Benslimane, A. (2018). Latency-optimal mmwave radio
access for v2x supporting next generation driving use cases.
IEEE Access, 7, 6782-6795.
Lyamin, N., Kleyko, D., Delooz, Q., & Vinel, A. (2019). Real-time jamming DoS detection in safety-critical V2V C-ITS
using data mining. IEEE Communications Letters, 23(3),
442-445.
Mendoza-Palechor, F., Menezes, M. L., Sant’Anna, A., Ortiz-Barrios, M., Samara, A., & Galway, L. (2019). Affective
recognition from EEG signals: an integrated data-mining
approach. Journal of Ambient Intelligence and Humanized
Computing, 10(10), 3955-3974. https://doi.org/10.1007/
s12652-018-1065-z
Muhammad, N., & Åstrand, B. (2019). Predicting agent
behaviour and state for applications in a roundabout-scenario autonomous driving. Sensors, 19(19), 4279. https://doi.
org/10.3390/s19194279
Nemati, H. M., Sant’Anna, A., Nowaczyk, S., Jürgensen, J.
H., & Hilber, P. (2019). Reliability evaluation of power cables considering the restoration characteristic. International
Journal of Electrical Power & Energy Systems, 105, 622-631.
https://doi.org/10.1016/j.ijepes.2018.08.047

CAISR ANNUAL REPORT 2019 | 45

Orand, A., Erdal Aksoy, E., Miyasaka, H., Weeks Levy, C.,
Zhang, X., & Menon, C. (2019). Bilateral tactile feedback-enabled training for stroke survivors using microsoft Kinect.
Sensors, 19(16), 3474. https://doi.org/10.3390/s19163474

degrees of freedom while maintaining human hand grasping
functions. Proceedings of the Institution of Mechanical Engineers, Part H: Journal of Engineering in Medicine, 233(2),
279-292. https://doi.org/10.1177/0954411918819114

Polymeri, E., Sadik, M., Kaboteh, R., Borrelli, P., Enqvist,
O., Ulén, J., ... & Hoilund Carlsen, P. F. (2019). Deep learning based quantification of PET/CT prostate gland uptake:
association with overall survival. Clinical Physiology and
Functional Imaging. https://doi.org/10.1111/cpf.12611

Zhang, K., Mao, Y., Leng, S., Maharjan, S., Vinel, A., &
Zhang, Y. (2019). Contract-theoretic approach for delay constrained offloading in vehicular edge computing networks.
Mobile Networks and Applications, 24(3), 1003-1014.
https://doi.org/10.1007/s11036-018-1032-0

Ribeiro, E., Uhl, A., & Alonso-Fernandez, F. (2019). Iris super-resolution using CNNs: is photo-realism important to
iris recognition?. IET Biometrics, 8(1), 69-78. http://dx.doi.
org/10.1049/iet-bmt.2018.5146

2018
Ribeiro, E., Uhl, A., and Alonso-Fernandez, F. (2018) “Iris
Super-Resolution using CNNs: is Photo-Realism Important
to Iris Recognition?”, IET Biometrics, Volume 8, Issue 1, January 2019, p. 69-78 (digital publication 2018).

Teng, X., Zhang, X., Fan, Y., & Zhang, D. (2019). Evaluation of cracks in metallic material using a self-organized
data-driven model of acoustic echo-signal. Applied Sciences,
9(1), 95. https://doi.org/10.3390/app9010095
Thunberg, J., Lyamin, N., Sjöberg, K., & Vinel, A. (2019).
Vehicle-to-Vehicle Communications for Platooning: Safety
Analysis. IEEE Networking Letters, 1(4), 168-172.
Borrelli, P., Enqvist, O., Polymeri, E., Ohlsson, M., & Edenbrandt, L. (2019). Prognostic value of automatically acquired
biomarkers using artificial intelligence in 18F-Choline PET/
CT in high-risk prostate cancer. Journal of Nuclear Medicine,
60(supplement 1), 1592-1592.
Ortiz Barrios, M., Nugent, C., Cleland, I., Donnelly, M., &
Verikas, A. (2019). Selecting the most suitable classification
algorithm for supporting assistive technology adoption for
people with dementia: A multicriteria framework. Journal of
Multi Criteria Decision Analysis. https://doi.org/10.1002/
mcda.1678
Cooney, M., & Leister, W. (2019). Using the engagement
profile to design an engaging robotic teaching assistant for
students. Robotics, 8(1), 21. https://doi.org/10.3390/robotics8010021
Pejner, M. N., de Morais, W. O., Lundström, J., Laurell, H.,
& Skärsäter, I. (2019). A Smart Home System for Information Sharing, Health Assessments, and Medication Self-Management for Older People: Protocol for a Mixed-Methods
Study. JMIR research protocols, 8(4), e12447. https://doi.
org/10.2196/12447
Miyasaka, H., Takeda, K., Ohnishi, H., Orand, A., & Sonoda, S. (2019). Effect of Sensory Loss on Improvements of
Upper-Limb Paralysis Through Robot-Assisted Training: A
Preliminary Case Series Study. Applied Sciences, 9(18), 3925.
https://doi.org/10.3390/app9183925
Zarzoura, M., del Moral, P., Awad, M. I., & Tolbah, F. A.
(2019). Investigation into reducing anthropomorphic hand

46 | CAISR ANNUAL REPORT 2019

Alonso-Fernandez, F., Farrugia, R.A., Bigun, J, Fierrez, J.,
and Gonzalez-Sosa, E. (2018), “A Survey of Super-Resolution
in Iris Biometrics with Evaluation of Dictionary-Learning”,
IEEE Access, vol. 7, pp. 6519-6544, 2019. doi: 10.1109/ACCESS.2018.2889395 (digital publication 2018)
Krish, R.P., Fierrez, J., Ramos, D., Alonso-Fernandez, F., and
Bigun, J. (2018), “Improving Automated Latent Fingerprint
Identification using Extended Feature Sets”, Information
Fusion, Volume 50, p. 9-19, 2019. ISSN 1566-2535. doi:
10.1016/j.inffus.2018.10.001 (digital publication 2018)
Medved, D., Ohlsson, M., Höglund, P., Andersson, B.,
Nugues, P., and Nilsson, J. (2018), “Improving prediction
of heart transplantation outcome using deep learning techniques”, Scientific Reports 8, 3613 (2018)
Gholami Shahbandi, S., & Magnusson, M. (2018). 2D Map
Alignment with Region Decomposition. Autonomous Robots. Epub ahead of print. https://doi.org/10.1007/s10514018-9785-7
Bouguelia, M.-R., Nowaczyk, S., Santosh, K. C., & Verikas,
A. (2018). Agreeing to disagree?: active learning with noisy
labels without crowdsourcing. International Journal of Machine Learning and Cybernetics, 9(8), 1307–1319. https://
doi.org/10.1007/s13042-017-0645-0
Bouguelia, M.-R., Nowaczyk, S., & Payberah, A. H. (2018).
An adaptive algorithm for anomaly and novelty detection
in evolving data streams. Data Mining and Knowledge Discovery, 32(6), 1597–1633. https://doi.org/10.1007/s10618018-0571-0
Cooney, M., & Menezes, M. L. R. (2018). Design for an
Art Therapy Robot?: An Explorative Review of the Theoretical Foundations for Engaging in Emotional and Creative
Painting with a Robot. Multimodal Technologies Interact.
Special Issue Emotions in Robots: Embodied Interaction
in Social and Non-Social Environments. Basel. https://doi.
org/10.3390/mti2030052

Ericson, S. K., & Åstrand, B. (2018). Analysis of two visual
odometry systems for use in an agricultural field environment. Biosystems Engineering, 166, 116–125. https://doi.
org/10.1016/j.biosystemseng.2017.11.009
Rimavicius, T., Gelžinis, A., Verikas, A., Vaiciukynas, E.,
Bacauskiene, M., & Šaškov, A. (2018). Automatic benthic
imagery recognition using a hierarchical two-stage approach.
Signal, Image and Video Processing, 12(6), 1107–1114.
https://doi.org/10.1007/s11760-018-1262-4
Rothfuss, J., Ferreira, F., Aksoy, E., Zhou, Y., & Asfour, T.
(2018). Deep Episodic Memory?: Encoding, Recalling, and
Predicting Episodic Experiences for Robot Action Execution.
IEEE Robotics and Automation Letters, 3(4), 4007–4014.
https://doi.org/10.1109/LRA.2018.2860057
Chen, L., & Englund, C. (2018). Every Second Counts?: Integrating Edge Computing and Service Oriented Architecture
for Automatic Emergency Management. Journal of Advanced
Transportation, 13. https://doi.org/10.1155/2018/7592926
Gonzalez-Sosa, E., Fierrez, J., Vera-Rodriguez, R., & Alonso-Fernandez, F. (2018). Facial Soft Biometrics for Recognition in the Wild?: Recent Works, Annotation and
Evaluation. IEEE Transactions on Information Forensics
and Security, 13(8), 2001–2014. https://doi.org/10.1109/
TIFS.2018.2807791
Ploeg, J., Englund, C., Nijmeijer, H., Semsar-Kazerooni, E.,
Shladover, S. E., Voronov, A., & van de Wouw, N. (2018).
Guest Editorial Introduction to the Special Issue on the 2016
Grand Cooperative Driving Challenge. IEEE Transactions
on Intelligent Transportation Systems (Print), 19(4), 1208–
1212. https://doi.org/10.1109/TITS.2018.2815103
Muhammad, N., & Åstrand, B. (2018). Intention Estimation
Using Set of Reference Trajectories as Behaviour Model. Sensors, 18(12). https://doi.org/10.3390/s18124423
Vaiciukynas, E., Ulicný, M., Pashami, S., & Nowaczyk, S.
(2018). Learning Low-Dimensional Representation of Bivariate Histogram Data. IEEE Transactions on Intelligent Transportation Systems (Print), 19(11), 3723–3735. https://doi.
org/10.1109/TITS.2018.2865103
Bouguelia, M.-R., Karlsson, A., Pashami, S., Nowaczyk, S., &
Holst, A. (2018). Mode tracking using multiple data streams.
Information Fusion, 43, 33–46. https://doi.org/10.1016/j.
inffus.2017.11.011
Rosenstatter, T., & Englund, C. (2018). Modelling the Level
of Trust in a Cooperative Automated Vehicle Control System. IEEE Transactions on Intelligent Transportation Systems (Print), 19(4), 1237–1247. https://doi.org/10.1109/
TITS.2017.2749962
Gholami Shahbandi, S., Magnusson, M., & Iagnemma, K.
(2018). Nonlinear Optimization of Multimodal Two-Di-

mensional Map Alignment with Application to Prior Knowledge Transfer. IEEE Robotics and Automation Letters, 3(3),
2040–2047. https://doi.org/10.1109/LRA.2018.2806439
Khandelwal, S., & Wickström, N. (2018). Novel methodology for estimating Initial Contact events from accelerometers
positioned at different body locations. Gait & Posture, 59,
278–285. https://doi.org/10.1016/j.gaitpost.2017.07.030
Calikus, E., Nowaczyk, S., Pinheiro Sant’Anna, A., & Byttner, S. (2018). Ranking Abnormal Substations by Power Signature Dispersion. Energy Procedia, 149, 345–353. https://
doi.org/10.1016/j.egypro.2018.08.198
Rögnvaldsson, T., Nowaczyk, S., Byttner, S., Prytz, R., &
Svensson, M. (2018). Self-monitoring for maintenance of vehicle fleets. Data Mining and Knowledge Discovery, 32(2),
344–384. https://doi.org/10.1007/s10618-017-0538-6
Mashad Nemati, H., Laso, A., Manana, M., Pinheiro
Sant’Anna, A., & Nowaczyk, S. (2018). Stream Data Cleaning for Dynamic Line Rating Application. Energies, 11(8).
Parker, J., & Lundgren, L. (2018). Surfing the Waves of the
CMJ?: Are There between-Sport Differences in the Waveform Data? Sports, 6(4), 1–12. https://doi.org/10.3390/
sports6040168
Aramrattana, M., Detournay, J., Englund, C., Frimodig, V.,
Jansson, O. U., Larsson, T., Mostowski, W., Rodríguez, V.D.,
Rosenstatter, T., and Shahanoor, G. (2018). Team Halmstad
Approach to Cooperative Driving in the Grand Cooperative
Driving Challenge 2016. IEEE Transactions on Intelligent
Transportation Systems (Print), 19(4), 1248–1261. https://
doi.org/10.1109/TITS.2017.2752359
2017
Andersson, J., Habibovic, A., Klingegård, M., Englund, C. &
Malmsten-Lundgren, V. (2017). Hello human, can you read
my mind? ERCIM News. Sophia Antipolis Cedex: European
Research Consortium for Informatics and Mathematics (ERCIM). Retrieved from http://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-35488
Bouguelia, M.-R., Gonzalez, R., Iagnemma, K. & Byttner,
S. (2017). Unsupervised classification of slip events for planetary exploration rovers. Journal of Terramechanics, 73, 95–
106. https://doi.org/10.1016/j.jterra.2017.09.001
Cooney, M. & Bigun, J. (2017). PastVision+: Thermo-visual
Inference of Unobserved Recent Events, Frontiers in Robotics
and AI Computational Intelligence: Intentions in HRI, 2017.
Cooney, M. & Sant’Anna, A. (2017). Avoiding Playfulness
Gone Wrong: Exploring Multi-objective Reaching Motion
Generation in a Social Robot. International Journal of Social
Robotics, 9(4), 545–562. https://doi.org/10.1007/s12369017-0411-1

CAISR ANNUAL REPORT 2019 | 47

Englund, C., Estrada, J., Jaaskelainen, J., Meisner, J., Satyavolu, S., Serna, F. & Sundararajan, S. (2017). Enabling
Technologies for Road Vehicle Automation. In Road Vehicle Automation 4 (pp. 177–185). Leiden: VSP. https://doi.
org/10.1007/978-3-319-60934-8_15
Gelzinis, A., Verikas, A., Vaiciukynas, E. & Bacauskiene, M.
(2017). Parkinson’s disease detection from speech using convolutional neural networks, Lecture Notes of the Institute for
Computer Sciences, Social Informatics and Telecommunications Engineering (LNICST), 2017, 1-10.
Khandelwal, S. & Wickström, N. (2017). Evaluation of the
performance of accelerometer-based gait event detection algorithms in different real-world scenarios using the MAREA gait database. Gait & Posture, 51, 84–90. https://doi.
org/10.1016/j.gaitpost.2016.09.023
Manasa, J., Varghese, V., Kosakovsky Pond, S., Rhee, S.-Y.,
Tzou, P., Fessel, J., Jang, K., White, E., Rögnvaldsson, T.,
Katzenstein, D. & Shafer, R. (2017) “Evolution of gag and
gp41 in Patients Receiving Ritonavir-Boosted Protease Inhibitors”, Scientific Reports, https://www.nature.com/srep/
Minelga, J., Verikas, A., Vaiciukynas, E., Gelzinis, A. &
Bacauskiene, M. (2017). A Transparent Decision Support
Tool in Screening for Laryngeal Disorders Using Voice and
Query Data. Applied Sciences, 7(10), 1–15. https://doi.
org/10.3390/app7101096
Ranftl, A., Alonso-Fernandez, F., Karlsson, S. & Bigun, J.
(2017). A Real-Time AdaBoost Cascade Face Tracker Based
on Likelihood Map and Optical Flow. IET Biometrics, 6(6),
468–477. https://doi.org/10.1049/iet-bmt.2016.0202
Ražanskas, P., Verikas, A., Viberg, P.-A. & Olsson, M. C.
(2017). Predicting physiological parameters in fatiguing bicycling exercises using muscle activation timing. Biomedical Signal Processing and Control, 35, 19–29. https://doi.
org/10.1016/j.bspc.2017.02.011
Recena Menezes, M. L., Samara, A., Galway, L., Sant’Anna,
A., Verikas, A., Alonso-Fernandez, F., Bond, R. & Wang, H.
(2017). Emotion recognition in virtual environments - Feature extraction and modelling using EEG data, Personal and
Ubiquitous Computing, Special Issue on Virtual Environments and Applications, Springer, 2017.
Vaiciukynas, E., Verikas, A., Gelzinis, A. & Bacauskiene, M.
(2017). Detecting Parkinson’s disease from sustained phonation and speech signals. PLoS ONE, 12(10). https://doi.
org/10.1371/journal.pone.0185613
Verikas, A., Parker, J., Bacauskiene, M. & Olsson, M. C.
(2017). Exploring relations between EMG and biomechanical data recorded during a golf swing. Expert Systems
with Applications, 88, 109–117. https://doi.org/10.1016/j.
eswa.2017.06.041

48 | CAISR ANNUAL REPORT 2019

2016
Alonso-Fernandez, F. & Bigun, J. (2016). A survey on periocular biometrics research. Pattern Recognition Letters, 82,
part 2, 92-105.
Chen, L. & Englund, C. (2016). Cooperative Intersection
Management: A Survey. IEEE transactions on intelligent
transportation systems (Print), 17(2), 570-586.
Englund, C., Chen, L., Ploeg, J., Semsar-Kazerooni, E., Voronov, A., Hoang Bengtsson, H. & Didoff, J. (2016). The
Grand Cooperative Driving Challenge 2016: Boosting the
Introduction of Cooperative Automated Vehicles. IEEE wireless communications, 23(4), 146-152.
Fan, Y., Aramrattana, M., Shahbandi, S. G., Nemati, H. M.
& Åstrand, B. (2016). Infrastructure Mapping in Well-Structured Environments Using MAV. Lecture Notes in Computer
Science, 9716, 116-126.
Camelo, G. A., Recena Menezes, M. L., Sant’Anna, A., Vicari, R. M., Pereira, C. E., (2016). Control of Smart Environments Using Brain Computer Interface Based on Genetic Algorithm. Lecture Notes in Computer Science, 9622, p
773-781.
Hofbauer, H., Alonso-Fernandez, F., Bigun, J. & Uhl, A.
(2016). Experimental Analysis Regarding the Influence of
Iris Segmentation on the Recognition Rate. IET Biometrics,
5(3), 200-211.
Khandelwal, S. & Wickström, N. (2016). Gait Event Detection in Real-World Environment for Long-Term Applications: Incorporating Domain Knowledge into Time-Frequency Analysis. IEEE transactions on neural systems and
rehabilitation engineering, 24(12), 1363-1372.
Lundström, J., Järpe, E. & Verikas, A. (2016). Detecting and
exploring deviating behaviour of smart home residents. Expert systems with applications, 55, 429-440.
Mashad Nemati, H., Fan, Y. & Alonso-Fernandez, F. (2016).
Hand Detection and Gesture Recognition Using Symmetric
Patterns. Studies in Computational Intelligence, 642, 365375.
Midtiby, H. S., Åstrand, B., Jørgensen, O. & Jørgensen, R.
N. (2016). Upper limit for context-based crop classification
in robotic weeding applications. Biosystems Engineering,
146, 183-192.
Mühlfellner, P., Bürki, M., Bosse, M., Derendarz, W.,
Philippsen, R. & Furgale, P. (2016). Summary Maps for Lifelong Visual Localization. Journal of Field Robotics, 33(5),
561-590.

Olenina, I., Vaiciukynas, E., Sulcius, S., Paskauskas, R., Verikas, A., Gelzinis, A., Olenin, S. (2016). The dinoflagellate
Prorocentrum cordatum at the edge of the salinity tolerance:
The growth is slower but cells are larger. Estuarine, Coastal
and Shelf Science, 168(5), 71-79.
Spinsante, S., Angelici, A., Lundström, J., Espinilla, M.,
Cleland, I. & Nugent, C. D. (2016) A Mobile Application
for Easy Design and Testing of Algorithms to Monitor Physical Activity in the Workplace. Mobile Information Systems,
Hindawi Publishing, 2016. 1-17
Vaiciukynas, E., Verikas, A., Gelzinis, A., Bacauskiene, M.,
vicius, K., Uloza, V., Ciceliene, J. (2016). Fusing Various Audio Feature Sets for Detection of Parkinson’s Disease from
Sustained Voice and Speech Recordings. Lecture Notes in
Computer Science, 9811, 328-337.
Verikas, A., Vaiciukynas, E., Gelzinis, A., Parker, J. & Olsson, M. C. (2016). Electromyographic Patterns during Golf
Swing: Activation Sequence Profiling and Prediction of Shot
Effectiveness. Sensors, 16(4), Article ID 592.
Zeng, Y., Chad, R., Taha, W., Duracz, A., Atkinson, K.,
Philippsen, R., O’Malley, M. (2016). Modeling Electromechanical Aspects of Cyber-Physical Systems. Journal of Software Engineering for Robotics, 7(1), 100-119.
2015
Gelzinis, A. Verikas, A., Vaiciukynas, E. & Bacauskiene, M.
(2015). A novel technique to extract accurate cell contours
applied to analysis of phytoplankton images. Machine Vision
and Applications, 26(2-3), 305-315.
Alonso-Fernandez, F. & Bigun, J. (2015). Near-infrared and
visible-light periocular recognition with Gabor features using
frequency-adaptive automatic eye detection. IET Biometrics,
4(2), 74-89.
Fan, Y., Nowaczyk, S. & Rögnvaldsson, T. (2015). Evaluation
of Self-Organized Approach for Predicting Compressor Faults
in a City Bus Fleet. Paper presented at INNS Conference on
Big Data, San Francisco, CA, USA, 8-10 August, 2015. Procedia Computer Science, 53, 447-456.
Fan, Y., Nowaczyk, S. & Rögnvaldsson, T. (2015). Incorporating Expert Knowledge into a Self-Organized Approach for
Predicting Compressor Faults in a City Bus Fleet. Paper presented at The 13th Scandinavian Conference on Artificial Intelligence (SCAI), Halmstad University, Halmstad, Sweden,
5-6 November, 2015. Frontiers in Artificial Intelligence and
Applications, 278, 58-67.
Gelzinis, A., Verikas, A., Vaiciukynas, E., Bacauskiene, M.,
Šulčius, S., Staniulis, J. & Paškauskas, R. (2015). Automatic
detection and morphological delineation of bacteriophages in
electron microscopy images. Computers in Biology and Medicine, 64, 101-116.

Krish, R. P., Fierrez, J., Ramos, D., Ortega-Garcia, J. &
Bigun, J. (2015). Pre-registration of latent fingerprints based
on orientation field. IET Biometrics, 4(2), 42-52.
Prytz, R., Nowaczyk, S., Rögnvaldsson, T. & Byttner, S.
(2015). Predicting the need for vehicle compressor repairs using maintenance records and logged vehicle data. Engineering
applications of artificial intelligence, 41, 139-150.
Razanskas, P., Verikas, A., Olsson, C. & Wiberg, P.-A. (2015).
Time Domain Features of Multi-channel EMG Applied to
Prediction of Physiological Parameters in Fatiguing Bicycling
Exercises. Frontiers in Artificial Intelligence and Applications,
278, 118-127.
Ražanskas, P., Verikas, A., Olsson, C. & Wiberg, P.-A. (2015).
Predicting Blood Lactate Concentration and Oxygen Uptake
from sEMG Data during Fatiguing Cycling Exercise. Sensors,
15(8), 20480-20500.
Rögnvaldsson, T., You, L. & Garwicz, D. (2015). State of the
art prediction of HIV-1 protease cleavage sites. Bioinformatics, 31(8), 1204-1210.
Uloza, V., Padervinskis, E., Uloziene, I., Saferis, V. & Verikas,
A. (2015). Combined Use of Standard and Throat Microphones for Measurement of Acoustic Voice Parameters and
Voice Categorization. Journal of Voice, 29(5), 552-559.
Uloza, V., Padervinskis, E., Vegiene, A., Pribuisiene, R., Saferis, V., Vaiciukynas, E., Verikas, A. (2015). Exploring the
feasibility of smart phone microphone for measurement of
acoustic voice parameters and voice pathology screening. European Archives of Oto-Rhino-Laryngology, 272(11), 33913399.
Vaiciukynas, E., Verikas, A., Gelzinis, A., Bacauskiene, M.,
Minelga, J., Hållander, M., Uloza, V. (2015). Fusing voice
and query data for non-invasive detection of laryngeal disorders. Expert systems with applications, 42(22), 8445-8453.
Vaiciukynas, E., Verikas, A., Gelzinis, A., Bacauskiene, M. &
Olenina, I. (2015). Exploiting statistical energy test for comparison of multiple groups in morphometric and chemometric data. Chemometrics and Intelligent Laboratory Systems,
146, 10-23.
Verikas, A., Gelzinis, A., Bacauskiene, M., Olenina, I. & Vaiciukynas, E. (2015). An Integrated Approach to Analysis of
Phytoplankton Images. IEEE Journal of Oceanic Engineering, 40(2), 315-326.
Verikas, A., Gelzinis, A., Vaiciukynas, E., Bacauskiene, M.,
Minelga, J., Hållander, M., Padervinskis, E. (2015). Data
dependent random forest applied to screening for laryngeal
disorders through analysis of sustained phonation: Acoustic
versus contact microphone. Medical Engineering and Physics, 37(2), 210-218.

CAISR ANNUAL REPORT 2019 | 49

2014
Ourique de Morais, W., Lundström, J. & Wickström, N.
(2014). Active In-Database Processing to Support Ambient
Assisted Living Systems. Sensors, 14(8), 14765-14785.

Lidström, K., Sjöberg, K., Holmberg, U., Andersson, J.,
Bergh, F., Bjäde, M. & Mak, S. (2012). A modular CACC
system integration and design. IEEE transactions on intelligent transportation systems (Print), 13(3), 1050-1061.

Vachkov, G., Byttner, S. & Svensson, M. (2014). Detection
of Deviation in Performance of Battery Cells by Data Compression and Similarity Analysis. International Journal of Intelligent Systems, 29(3), 207-222.

Magnenat, S., Philippsen, R. & Mondada, F. (2012). Autonomous construction using scarce resources in unknown environments: Ingredients for an intelligent robotic interaction
with the physical world. Autonomous Robots, 33(4), 476485.

Vaiciukynas, E., Verikas, A., Gelzinis, A., Bacauskiene, M.,
Kons, Z., Satt, A. & Hoory, R. (2014). Fusion of voice signal
information for detection of mild laryngeal pathology. Applied Soft Computing, 18 (May 2014), 91-103.
2013
Kalsyte, Z. & Verikas, A. (2013). A novel approach to exploring company’s financial soundness: Investor’s perspective.
Expert systems with applications, 40(13), 5085-5092.
Kalsyte, Z., Verikas, A., Bacauskiene, M. & Gelzinis, A.
(2013). A novel approach to designing an adaptive committee
applied to predicting company’s future performance. Expert
systems with applications, 40(6), 2051-2057.
Lundström, J. & Verikas, A. (2013). Assessing print quality
by machine in offset colour printing. Knowledge-Based Systems, 37, 70-79.

Stasiunas, A., Verikas, A., Bacauskiene, M. & Miliauskas, R.
(2012). An adaptive panoramic filter bank as a qualitative
model of the filtering system of the cochlea: The peculiarities
in linear and nonlinear mode. Medical Engineering and Physics, 34(2), 187-194.
Vaiciukynas, E., Verikas, A., Gelzinis, A., Bacauskiene, M. &
Uloza, V. (2012). Exploring similarity-based classification of
larynx disorders from human voice. Speech Communication,
54(5), 601-610.
Verikas, A., Bacauskiene, M., Gelzinis, A., Vaiciukynas, E. &
Uloza, V. (2012). Questionnaire- versus voice-based screening for laryngeal disorders. Expert systems with applications,
39(6), 6254-6262.

Lundström, J., Verikas, A., Tullander, E. & Larsson, B.
(2013). Assessing, exploring, and monitoring quality of offset
colour prints. Measurement, 46(4), 1427-1441.

Verikas, A., Gelzinis, A., Bacauskiene, M., Olenina, I.,
Olenin, S. & Vaiciukynas, E. (2012). Automated image analysis- and soft computing-based detection of the invasive dinoflagellate Prorocentrum minimum (Pavillard) Schiller. Expert
systems with applications, 39(5), 6069-6077.

Sentis, L., Petersen, J. & Philippsen, R. (2013). Implementation and stability analysis of prioritized whole-body compliant controllers on a wheeled humanoid robot in uneven
terrains. Autonomous Robots, 35(4), 301-319.

Verikas, A., Gelzinis, A., Bacauskiene, M., Olenina, I., Olenin,
S. & Vaiciukynas, E. (2012). Phase congruency-based detection of circular objects applied to analysis of phytoplankton
images. Pattern Recognition, 45(4), 1659-1670.

2012
Alonso-Fernandez, F., Fierrez, J. & Ortega-Garcia, J. (2012).
Quality Measures in Biometric Systems. IEEE Security and
Privacy, 10(6), 52-62.

CONFERENCES WITH FULL-PAPER REVIEW

Bacauskiene, M., Verikas, A., Gelzinis, A. & Vegiene, A.
(2012). Random forests based monitoring of human larynx
using questionnaire data. Expert systems with applications,
39(5), 5506-5512.
Englund, C. & Verikas, A. (2012). A novel approach to estimate proximity in a random forest: An exploratory study.
Expert systems with applications, 39(17), 13046-13050.
Galbally, J., Alonso-Fernandez, F., Fierrez, J. & Ortega-Garcia, J. (2012). A High Performance Fingerprint Liveness Detection Method Based on Quality Related Features. Future
generations computer systems, 28(1), 311-321.

50 | CAISR ANNUAL REPORT 2019

2019
Alonso-Fernandez, F., Bigun, J., & Englund, C. (2018, November). Expression Recognition Using the Periocular Region: A Feasibility Study. In 2018 14th International Conference on Signal-Image Technology & Internet-Based Systems
(SITIS) (pp. 536-541). IEEE.
Ashfaq, A., & Nowaczyk, S. (2019). Machine learning in
healthcare--a system’s perspective. Proceedings of the ACM
SIGKDD Workshop on Epidemiology meets Data Mining
and Knowledge Discovery (epiDAMIK), 2019, p. 14-17
Bocharova, I., Kudryashov, B., Rabi, M., Lyamin, N., Dankers, W., Frick, E., & Vinel, A. (2019, July). Modeling packet
losses in communication networks. In 2019 IEEE International Symposium on Information Theory (ISIT) (pp. 10121016). IEEE.

Calikus, E., Fan, Y., Nowaczyk, S., & Sant’Anna, A. (2019,
February). Interactive-cosmo: Consensus self-organized models for fault detection with expert feedback. In Proceedings of
the Workshop on Interactive Data Mining (pp. 1-9).
Chen, K., Pashami, S., Fan, Y., & Nowaczyk, S. (2019, September). Predicting air compressor failures using long short
term memory networks. In EPIA Conference on Artificial
Intelligence (pp. 596-609). Springer, Cham.
David, J., Mostowski, W., Aramrattna, M., Fan, Y., Varshosaz, M., Karlsson, P., ... & Andersson, E. (2019). Design and
Development of a Hexacopter for the Search and Rescue of a
Lost Drone. In IROS 2019-Workshop on Challenges in Vision-based Drones Navigation, Macau, China, November 8,
2019.
Galozy, A., Nowaczyk, S., & Sant’Anna, A. (2019). Towards
Understanding ICU Treatments Using Patient Health Trajectories. In Artificial Intelligence in Medicine: Knowledge
Representation and Transparent and Explainable Systems(pp.
67-81). Springer, Cham.
Heikkilä, M., Jälkö, J., Dikmen, O., & Honkela, A. (2019).
Differentially Private Markov Chain Monte Carlo. In Advances in Neural Information Processing Systems (pp. 41154125).
Hernandez-Diaz, K., Alonso-Fernandez, F., & Bigun, J.
(2019). Cross spectral periocular matching using resnet features. In 12th IAPR International Conference on Biometrics,
Crete, Greece, June 4-7, 2019.
Holst, A., Bouguelia, M. R., Görnerup, O., Pashami, S.,
Al-Shishtawy, A., Falkman, G., ... & Nowaczyk, S. (2019).
Eliciting structure in data. In 2019 Joint ACM IUI Workshops, ACMIUI-WS 2019, 20 March 2019 (Vol. 2327).
CEUR-WS.
Holst, A., Bae, J., Karlsson, A., & Bouguelia, M. R. (2019,
February). Interactive clustering for exploring multiple data
streams at different time scales and granularity. In Proceedings of the Workshop on Interactive Data Mining (pp. 1-7).
Holst, A., Pashami, S., & Bae, J. (2019, February). Incremental causal discovery and visualization. In Proceedings of the
Workshop on Interactive Data Mining (pp. 1-6).
Khoshkangini, R., Pashami, S., & Nowaczyk, S. (2019, September). Warranty Claim Rate Prediction Using Logged Vehicle Data. In EPIA Conference on Artificial Intelligence (pp.
663-674). Springer, Cham.
Khoshkangini, R., Pini, M. S., & Rossi, F. (2019, December). Constructing CP-Nets from Users Past Selection. In
Australasian Joint Conference on Artificial Intelligence (pp.
130-142). Springer, Cham.

Najmeh, A., & Ohlsson, M. (2019). Variational auto-encoders with Student’s t-prior. In 27th European Symposium on
Artificial Neural Networks, Computational Intelligence and
Machine Learning (ESANN 2019), Bruges, Belgium, April
24-26, 2019 (pp. 415-420).
Pirasteh, P., Nowaczyk, S., Pashami, S., Löwenadler, M.,
Thunberg, K., Ydreskog, H., & Berck, P. (2019, February).
Interactive feature extraction for diagnostic trouble codes in
predictive maintenance: A case study from automotive domain. In Proceedings of the Workshop on Interactive Data
Mining (pp. 1-10).
Ribeiro, E., Uhl, A., & Alonso-Fernandez, F. (2019, January).
Super-Resolution and Image Re-projection for Iris Recognition. In 2019 IEEE 5th International Conference on Identity,
Security, and Behavior Analysis (ISBA) (pp. 1-7). IEEE.
Said, A., Parra, D., Bae, J., & Pashami, S. (2019, January).
IDM-WSDM 2019: Workshop on Interactive Data Mining.
In Proceedings of the Twelfth ACM International Conference
on Web Search and Data Mining (pp. 846-847).
Englund, C., Torstensson, M., & Duran, B. (2019). Using
Recurrent Neural Networks for Action and Intention Recognition of Car Drivers. In 8th International Conference on
Pattern Recognition Applications and Methods (pp. 232242).
Cooney, M., Ong, L., Pashami, S., Järpe, E., & Ashfaq, A.
(2019). Avoiding improper treatment of dementia patients by
care robots. In The Dark Side of Human-Robot Interaction:
Ethical Considerations and Community Guidelines for the
Field of HRI. HRI Workshop, Daegu, South Korea, March
11, 2019.
2018
Aramrattana, M., Patel, R., Englund, C., Härri, J., Jansson,
J., Bonnet, C. (2018), Evaluating Model Mismatch Impacting CACC Controllers in Mixed Traffic using a Driving Simulator. In: Intelligent Vehicles. Available from http://www.
eurecom.fr/fr/publication/5537/download/comsys-publi-5537_1.pdf
Henriksson, J., Borg, M., Englund, C. (2018), Automotive safety and machine learning: Initial results from a
study on how to adapt the ISO 26262 safety standard. In:
SEFAIAS. Available from https://ieeexplore.ieee.org/document/8452730
Holst, A., Pashami, S., Bae, J., and Nowaczyk, S. (2018). An
Invariant Bayesian Conditional Independent Test for more
Sensitive Causal Discovery, Causal-ML Workshop at IJCAI2018, Stockholm, Sweden, July 15, 2018.
Pashami, S., Holst, A., Bae, J., and Nowaczyk, S. (2018).
Causal discovery using clusters from observational data,
Causal-ML Workshop at IJCAI 2018, Stockholm, Sweden,
July 15, 2018.

CAISR ANNUAL REPORT 2019 | 51

Torstensson, M., Duran, B., Englund, C (2018), Using recurrent neural networks for action and intention recognition
of car drivers. In: International Conference on Pattern Recognition Applications and Methods - ICPRAM, Prague, Czech
Republic. Available from http://www.insticc.org/Primoris/
Resources/PaperPdf.ashx?idPaper=76825
Varytimidis, D., Alonso-Fernandez, F., Englund, C., & Duran, B. (2018). Action and intention recognition of pedestrians in urban traffic. In 2018 14th International Conference
on Signal-Image Technology &amp; Internet-Based Systems
(SITIS). Piscataway, N.J.
Menezes, M. L. R., Pinheiro Sant’Anna, A., Pavel, M., Jimison, H., & Alonso-Fernandez, F. (2018). Affective Ambient
Intelligence?: from Domotics to Ambient Intelligence. In
A2IC 2018: Artificial Intelligence International Conference?:
Book of Abstract (pp. 25–25).
Alonso-Fernandez, F., Bigun, J., & Englund, C. (2018). Expression Recognition Using the Periocular Region?: A Feasibility Study. Presented at the The 14th International Conference on Signal Image Technology & Internet Based Systems,
SITIS 2018, Las Palmas de Gran Canaria, Spain, 26-29 November, 2018.
Femling, F., Olsson, A., & Alonso-Fernandez, F. (2018).
Fruit and Vegetable Identification Using Machine Learning
for Retail Application. Presented at the The 14th International Conference on Signal Image Technology & Internet based
Systems, Las Palmas de Gran Canaria, Spain, 26-29 November, 2018.
Menezes, M. L. R., Pinheiro Sant’Anna, A., & Alonso-Fernandez, F. (2018). Methodology for Subject Authentification
and Identification through EEG signal?: equipment’s and positioning artifacts. In A2IC 2018: Artificial Intelligence International Conference?: Book of Abstract (pp. 37–37).
Nowaczyk, S., Pinheiro Sant’Anna, A., Calikus, E., & Fan,
Y. (2018). Monitoring equipment operation through model and event discovery. In Intelligent Data Engineering and
Automated Learning – IDEAL 2018?: 19th International Conference, Madrid, Spain, November 21–23, 2018,
Proceedings, Part II (Vol. 11315, pp. 41–53). https://doi.
org/10.1007/978-3-030-03496-2_6
Vaiciukynas, E., Gelzinis, A., Verikas, A., & Bacauskiene,
M. (2018). Parkinson’s Disease Detection from Speech Using Convolutional Neural Networks. In Smart objects and
technologies for social good?: Third International Conference, GOODTECHS 2017, Pisa, Italy, November 29-30,
2017, Proceedings (Vol. 233, pp. 206–215). https://doi.
org/10.1007/978-3-319-76111-4_21
Hernandez-Diaz, K., Alonso-Fernandez, F., & Bigun, J.
(2018). Periocular Recognition Using CNN Features Offthe-Shelf. Presented at the International Conference of the
Biometrics Special Interest Group (BIOSIG), Darmstadt,
Germany, Sept. 26-29, 2018.

52 | CAISR ANNUAL REPORT 2019

Cooney, M., Pashami, S., Pinheiro Sant’Anna, A., Fan, Y.,
& Nowaczyk, S. (2018). Pitfalls of Affective Computing?:
How can the automatic visual communication of emotions
lead to harm, and what can be done to mitigate such risks?
In WWW ’18 Companion Proceedings of the The Web Conference 2018 (pp. 1563–1566). New York, NY. https://doi.
org/10.1145/3184558.3191611
Ali Hamad, R., Järpe, E., & Lundström, J. (2018). Stability
analysis of the t-SNE algorithm for human activity pattern
data. Presented at the The 2018 IEEE International Conference on Systems, Man, and Cybernetics (SMC2018), Miyazaki, Japan, Oct. 7-10, 2018.
Cooney, M., Yang, C., Arunesh, S., Padi Siva, A., & David,
J. (2018). Teaching Robotics with Robot Operating System
(ROS)?: A Behavior Model Perspective. Presented at the
Workshop on ‘Teaching Robotics with ROS’, European Robotics Forum 2018, Tampere, Finland, March 15, 2018.
Farouq, S., Byttner, S., & Gadd, H. (2018). Towards understanding district heating substation behavior using robust first difference regression. In Energy Procedia (Vol.
149, pp. 236–245). Amsterdam. https://doi.org/10.1016/j.
egypro.2018.08.188
2017
Alonso-Fernandez, F., Farrugia, R. A. & Bigun, J. (2017).
Improving Very Low-Resolution Iris Identification Via Super-Resolution Reconstruction of Local Patches. In 2017
International Conference of the Biometrics Special Interest Group (BIOSIG) (Vol. P-270). Bonn. https://doi.
org/10.23919/BIOSIG.2017.8053512
Alonso-Fernandez, F., Farrugia, R. A. & Bigun, J. (2017).
Iris Super-Resolution Using Iterative Neighbor Embedding.
In 2017 IEEE Conference on Computer Vision and Pattern Recognition Workshops (pp. 655–663). Los Alamitos.
https://doi.org/10.1109/CVPRW.2017.94
Alonso-Fernandez, F., Farrugia, R. & Bigun, J. (2017).
Learning-Based Local-Patch Resolution Reconstruction of
Iris Smartphone Images. Presented at the IEEE/IAPR International Joint Conference on Biometrics, IJCB, Denver, Colorado, USA, October 1-4, 2017. Retrieved from http://urn.
kb.se/resolve?urn=urn:nbn:se:hh:diva-34687
Alonso-Fernandez, F., Raja, K. B., Busch, C. & Bigun, J.
(2017). Matcher Fusion for Improved Cross-Sensor Smartphone Periocular Recognition. Presented at the 2017 25th
European Signal Processing Conference (EUSIPCO 2017),
Kos Island, Greece, August 28 - 2 September, 2017. Retrieved
from http://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-34740
Aramrattana, M., Larsson, T., Englund, C., Jansson, J. &
Nåbo, A. (2017). Simulation of Cut-In by Manually Driven
Vehicles in Platooning Scenarios. In 2017 IEEE 20th International Conference on Intelligent Transportation Systems
(ITSC) (pp. 315–320). Retrieved from http://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-35734

Ashfaq, A. & Adler, J. (2017). A modified fuzzy C means algorithm for shading correction in craniofacial CBCT images.
In CMBEBIH 2017 : Proceedings of the International Conference on Medical and Biological Engineering 2017 (Vol.
62, pp. 531–538). Singapore. https://doi.org/10.1007/978981-10-4166-2_81
Bellone, M. & Qutteineh, J. (2017). Extension of Trajectory Planning in Parameterized Spaces to Articulated Vehicles.
In Proceedings of the 2017 22nd IEEE International Conference on Emerging Technologies and Factory Automation.
Retrieved from http://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-34852
Bentes, J., Khandelwal, S., Carlsson, H., Kärrman, M.,
Svensson, T. & Wickström, N. (2017). Novel System Architecture for Online Gait Analysis. Presented at the 39th Annual International Conference of the IEEE Engineering in
Medicine and Biology Society (EMBC), Jeju Island, South
Korea, July 11-15, 2017. Retrieved from http://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-34302
Bouguelia, M.-R., Pashami, S. & Nowaczyk, S. (2017). Multi-task Representation Learning. 30th Annual Workshop of
the Swedish Artificial Intelligence Society SAIS. pp. 53-59.
ISBN 978-91-7685-496-9. Linköping University Electronic
Press.
Carpatorea, I., Nowaczyk, S., Rögnvaldsson, T. & Lodin, J.
(2017). Features extracted from APPES to enable the categorization of heavy-duty vehicle drivers. Presented at the Intelligent Systems Conference (IntelliSys 2017), London, United
Kingdom, 7-8 September, 2017. Retrieved from http://urn.
kb.se/resolve?urn=urn:nbn:se:hh:diva-33232
Chen, L. & Englund, C. (2017). Choreographing services for smart cities : smart traffic demonstration. In
Vehicular Technology Conference (VTC Spring), 2017
IEEE 85th. Sydney, Australia. https://doi.org/10.1109/
VTCSpring.2017.8108625
Cooney, M. & Bigun, J. (2017). PastVision: Exploring ‘Seeing’ into the Near Past with Thermal Touch Sensing and Object Detection – For Robot Monitoring of Medicine Intake by
Dementia Patients (pp. 30–38). Presented at the 30th Annual
Workshop of the Swedish Artificial Intelligence Society SAIS
2017, May 15–16, 2017, Karlskrona, Sweden, Linköping.
Retrieved from http://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-35045
David, J. Valencia, R., Philippsen, R., & Iagnemma, K.
(2017). Local Path Optimizer for an Autonomous Truck in
a Harbour Scenario. Presented at the 11th Conference on
Field and Service Robotics (FSR), Zürich, Switzerland, 1215 September, 2017. Retrieved from http://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-34850

David, J., Valencia, R., Philippsen, R. & Iagnemma, K.
(2017). Trajectory Optimizer for an Autonomous Truck in
Container Terminal. ICRA 2017 Workshop on Robotics and
Vehicular Technologies for Self-driving cars. Retrieved from
http://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-34754
David, J., Valencia, R., Philippsen, R., Bosshard, P. & Iagnemma, K. (2017). Gradient Based Path Optimization Method
for Autonomous Driving. Presented at the IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS),
Vancouver CB, Canada, Sept. 24-28, 2017. Retrieved from
http://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-34851
Durán, B., Englund, C., Habobovic, A. & Andersson, J.
(2017). Modeling vehicle behavior with neural dynamics.
In Future Active Safety Technology - Towards zero traffic
accidents. Nara, Japan. Retrieved from http://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-35480
Englund, C., Didoff, J. & Wahlström, B. (2017). A new
method for ground vehicle access control and situation
awareness : experiences from a real-life implementation at an
airport. Presented at the 24th World Congress on Intelligent
Transportation Systems (ITS WC 2017), 29 October - 2 November, 2017, Montréal, Canada. Retrieved from http://urn.
kb.se/resolve?urn=urn:nbn:se:hh:diva-35487
Habibovic, A., Andersson, J., Malmsten-Lundgren, V.,
Klingegård, M. & Englund, C. (2017). External vehicle interfaces for communication with other road users. In Automated Vehicle Symposium. Retrieved from http://urn.kb.se/
resolve?urn=urn:nbn:se:hh:diva-35481
Magnusson, M., Kucner, T. P., Gholami Shahbandi, S., H
Andreasson, H. & Lilienthal, A. J. (2017) “Semi-Supervised
3D Place Categorisation by Descriptor Clustering”, accepted
for 2017 IEEE/RSJ International Conference on Intelligent
Robots and Systems (IROS 2017), Vancouver, Canada, 2017.
Ribeiro, E., Uhl, A., Alonso-Fernandez, F. & Farrugia, R. A.
(2017). Exploring Deep Learning Image Super-Resolution for
Iris Recognition. In 2017 25th European Signal Processing
Conference (EUSIPCO 2017) (pp. 2240–2244). Retrieved
from http://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-34739
Sequeira, A. F., Chen, L., Ferryman, J., Wild, P., Alonso-Fernandez, F., Bigun, J., Raja, K. B., Raghavendra, R., Busch,
C., Freitas Pereira, T., Marcel, S., Sangeeta Behera, S., Gour,
M. & Kanhangad, V. (2017). Cross-Eyed 2017 : Cross-Spectral Iris/Periocular Recognition Database and Competition.
Presented at the IEEE/IAPR International Joint Conference
on Biometrics, IJCB, Denver, Colorado, USA, October 1-4,
2017. Retrieved from http://urn.kb.se/resolve?urn=urn:nbn:se:hh:diva-34688
Svensson, O., Thelin, S., Byttner, S. & Fan, Y. (2017). Indirect Tire Monitoring System - Machine Learning Approach.
In IOP Conference Series: Materials Science and Engineering (Vol. 252). Bristol. https://doi.org/10.1088/1757899X/252/1/012018

CAISR ANNUAL REPORT 2019 | 53

Vaiciukynas, E., Ulicny, M., Pashami, S. & Nowaczyk, S.
(2017). Low-dimensional Multi-task Representation of
Bivariate Histogram Data from Truck On-board Sensors.
KnowME workshop, ECML/PKDD, 2017.
Vaske, C., Weckstén, M. & Järpe, E. (2017). Velody - a novel
method for music steganography, 3rd International Conference on Frontiers of Signal Processing (ICFSP 2017), September 6-8, 2017, Paris, France.
2016
Taha W, Hedstrom LG, Xu F, Duracz A, Bartha FA, Zeng
Y, David J, Gunjan G. (2016) Flipping a first course on cyber-physical systems: an experience report. In Proceedings of
the 2016 Workshop on Embedded and Cyber-Physical Systems Education, Oct 1 (p. 8).
Alonso-Fernandez, F., Farrugia, R. & Bigun, J. (2016). Very
Low-Resolution Iris Recognition Via Eigen-Patch Super-Resolution and Matcher Fusion. In: 2016 IEEE 8th International Conference on Biometrics Theory, Applications and Systems (BTAS).
Alonso-Fernandez, F., Mikaelyan, A. & Bigun, J. (2016).
Compact Multi-scale Periocular Recognition Using SAFE
Feature. 23rd International Conference on Pattern Recognition, ICPR, Cancún, Mexico, 4-8 December, 2016.
Carpatorea, I., Nowaczyk, S., Rögnvaldsson, T., Elmer, M. &
Lodin, J. (2016). Learning of aggregate features for comparing drivers based on naturalistic data. In: Proceedings: 2016
IEEE 14th International Conference on Machine Learning
and Applications, ICMLA 2016.
David, J., Valencia, R. & Iagnemma, K. (2016). Task Assignment and Trajectory Planning in Dynamic environments for
Multiple Vehicles. Paper presented at RSS 2016 Workshop
on Task and Motion Planning, Ann Arbor, Michigan, USA,
June 19, 2016.
Fan, Y., Nowaczyk, S., Rögnvaldsson, T. & Antonelo, E. A.
(2016). Predicting Air Compressor Failures with Echo State
Networks. In: Ioana Eballard, Anibal Bregon (Ed.), PHME
2016: Proceedings of the Third European Conference of the
Prognostics and Health Management Society 2016.
Gangwar, A., Joshi, A., Singh, A., Alonso-Fernandez, F. &
Bigun, J. (2016). IrisSeg: A Fast and Robust Iris Segmentation Framework for Non-Ideal Iris Images. In: 9th IAPR
International Conference on Biometrics, Halmstad, Sweden,
June 13-16, 2016.
Gonzalez, R., Byttner, S. & Iagnemma, K. (2016). Comparison of Machine Learning Approaches for Soil Embedding
Detection of Planetary Exploration Rovers. In: Proceedings
of the 8th ISTVS Americas Conference, Detroit, September
12-14, 2016.

54 | CAISR ANNUAL REPORT 2019

Helldin, T., Riveiro, M., Pashami, S., Falkman, G., Byttner,
S. & Slawomir, N. (2016). Supporting Analytical Reasoning:
A Study from the Automotive Industry. In: Sakae Yamamoto
(Ed.), Human Interface and the Management of Information:
Applications and Services: 18th International Conference,
HCI International 2016: Toronto, Canada, July 17-22, 2016.
Lundström, J., De Morais, W., Menezes, M., Anita Sant’Anna, A., Bentes, J., Synnott, J., Nugent, C., & Gabrielli, C.
(2016) Halmstad Intelligent Home - Capabilities and Opportunities. In: The 3rd EAI International Conference on IoT
Technologies for HealthCare, October 18-19, 2016, Västerås,
Sweden. Volume 187 of the series Lecture Notes of the Institute for Computer Sciences, Social Informatics and Telecommunications Engineering, 9-15.
Mair, J., Cleland, I., Nugent, C., Rafferty, J. & Sant’Anna,
A. (2016) Sensorized Workplaces for Monitoring Sedentary
Behavior. In: 38th Annual International Conference of the
IEEE Engineering in Medicine and Biology Society, August
17-20, 2016, Walt Disney World Resort, Orlando, FL, USA,
2016, 1-6.
Mashad Nemati, H., Gholami Shahbandi, S. & Åstrand, B.
(2016). Human Tracking in Occlusion based on Reappearance Event Estimation. In: Oleg Gusikhin, Dimitri Peaucelle
& Kurosh Madani (Ed.), ICINCO 2016: 13th International
Conference on Informatics in Control, Automation and Robotics: Proceedings, Volume 2.
Mashad Nemati, H., Sant´Anna, A. & Nowaczyk, S. (2016).
Bayesian Network Representation of Meaningful Patterns in
Electricity Distribution Grids. Paper presented at 2016 IEEE
International Energy Conference (ENERGYCON), 4-8
April, Leuven, Belgium, 4-8 april, 2016.
Nugent, C., Synnott, J., Gabrielli, C., Zhang, S., Espinilla,
M., Calzada, A., Lundstrom, J., Cleland, I., Synnes, K., Hallberg, J., Spinsante, S., & Ortíz, M. A. (2016) Improving the
quality of user generated data sets for activity recognition In:
10th International Conference on Ubiquitous Computing
and Ambient Intelligence UCAmI 2016, (IWAAL & AmIHEALTH included), Canary Islands, (Spain). November, 29
- December 2, 2016. Lecture Notes in Computer Science,
Volume 10070, 104-110.
Sequeira, A. F., Chen, L., Wild, P., Ferryman, J., Alonso-Fernandez, F., Bigun, J., Busch, C. (2016). Cross-Eyed:
Cross-Spectral Iris/Periocular Recognition Database and
Competition. Paper presented at 15th International Conference of the Biometrics Special Interest Group, BIOSIG,
Darmstadt, Germany, 21-23 September, 2016.
Synnott, J., Nugent, C. D., Zhang, S., Calzada, A., Cleland,
I., Espinilla, M., Javier, M. & Lundström, J. (2016) Environment Simulation for the Promotion of the Open Data
Initiative. In: 2016 IEEE International Conference on Smart
Computing, May 18-20, 2016, St. Louis, Missouri, USA,
2016, 1-6.

Teng, X., Fan, Y. & Nowaczyk, S. (2016). Evaluation of Micro-flaws in Metallic Material Based on A Self-Organized Data-driven Approach. Paper presented at 2016 IEEE International Conference on Prognostics and Health Management,
Carleton University, Ottawa, ON, Canada, June 20-22,
2016. IEEE conference proceedings.

Gholami Shahbandi, S., Åstrand, B. & Philippsen, R. (2015).
Semi-Supervised Semantic Labeling of Adaptive Cell Decomposition Maps in Well-Structured Environments. Paper presented at 7th European Conference on Mobile Robots 2015,
Lincoln, United Kingdom, 2-4 September, 2015. Piscataway,
NJ: IEEE Press.

Uličný, M., Lundström, J. & Byttner, S. (2016). Robustness
of Deep Convolutional Neural Networks for Image Recognition. Paper presented at First International Symposium,
ISICS 2016, Mérida, México, March 16-18 2016 (pp. 1630). Cham: Springer, 597.

Gottschlich, C., Mikaelyan, A., Olsen, M. A., Bigun, J. &
Busch, C. (2015). Improving Fingerprint Alteration Detection. Paper presented at 9th International Symposium on Image and Signal Processing and Analysis, Zagreb, Croatia, September 7-9, 2015 (pp. 83-86). Zagreb: University of Zagreb.

Yu, T., Edén, J., Englund, C. & Larsson, T. (2016). Traffic
Situation Estimator for Adaptive Cruise Control. Paper presented at 17th WoWMoM 2016, International Symposium
on a World of Wireless, Mobile and Multimedia Networks,
Coimbra, Portugal, 21-24 June, 2016. Piscataway, NJ: IEEE,
Article ID 7523567.

Lundström, J., Ourique de Morais, W. & Cooney, M. (2015).
A Holistic Smart Home Demonstrator for Anomaly Detection and Response. Paper presented at SmartE: Closing the
Loop – The 2nd IEEE PerCom Workshop on Smart Environments, St. Louis, Missouri, USA, March 23-27, 2015 (pp.
330-335). Piscataway, NJ: IEEE Press.

2015
Alonso-Fernandez, F., Farrugia, R. A. & Bigun, J. (2015).
Eigen-Patch Iris Super-Resolution For Iris Recognition Improvement. Paper presented at 23rd European Signal Processing Conference, EUSIPCO, Nice, France, 31 August–4
September, 2015 (pp. 76-80).

Lundström, J., Synnott, J., Järpe, E. & Nugent, C. (2015).
Smart Home Simulation using Avatar Control and Probabilistic Sampling. Paper presented at SmartE: Closing the Loop
– The 2nd IEEE PerCom Workshop on Smart Environments,
St. Louis, Missouri, USA, March 23-27, 2015 (pp. 336-341).
Piscataway, NJ: IEEE Press.

Alonso-Fernandez, F., Farrugia, R. A. & Bigun, J. (2015).
Reconstruction of Smartphone Images for Low Resolution
Iris Recognition. Paper presented at 7th IEEE International Workshop on Information Forensics and Security, WIFS,
Rome, Italy, 16-19 November, 2015.

Mashad Nemati, H., Sant’Anna, A. & Nowaczyk, S. (2015).
Reliability Evaluation of Underground Power Cables with
Probabilistic Models. Paper presented at The 11th International Conference on Data Mining (DMIN’15), Las Vegas,
Nevada, USA, July 27-30, 2015 (pp. 37-43).

Wonneberger, S., Mühlfellner, P., Ceriotti, P., Graf, T., Ernst, R. (2015). “Parallel feature extraction and heterogeneous
object-detection for multi-camera driver assistance systems”.
25th International Conference on Field Programmable Logic
and Applications (FPL 2015).

Ranftl, A., Alonso-Fernandez, F. & Karlsson, S. (2015). Face
Tracking Using Optical Flow: Development of a Real-Time
AdaBoost Cascade Face Tracker. In: Paper presented at 14th
International Conference of the Biometrics Special Interest
Group, BIOSIG, Darmstadt, Germany, 9-11 September,
2015.

Alonso-Fernandez, F., Mikaelyan, A. & Bigun, J. (2015).
Comparison and Fusion of Multiple Iris and Periocular
Matchers Using Near-Infrared and Visible Images. Paper
presented at 3rd International Workshop on Biometrics and
Forensics, IWBF 2015, Gjøvik, Norway, 3-4 March, 2015
(pp. Article number: 7110234). Piscataway, NJ: IEEE Press.
Aramrattana, M., Larsson, T., Jansson, J. & Englund, C.
(2015). Dimensions of Cooperative Driving, ITS and Automation. Paper presented at 2015 IEEE Intelligent Vehicles
Symposium, Seoul, South Korea, June 28 - July 1, 2015 (pp.
144-149). Piscataway, NJ: IEEE Press.
Cooney, M. & Karlsson, S. M. (2015). Impressions of
Size-Changing in a Companion Robot. Paper presented at
2nd International Conference on Physiological Computing
Systems, PhyCS 2015, ESEO, Angers, Loire Valley, France,
11-13 February, 2015 (pp. 118-123). SciTePress.

Taha, W., Duracz, A., Zeng, Y., Atkinson, K., Bartha, F. Á.,
Brauner, P., Grante, C. (2015). Acumen: An Open-source
Testbed for Cyber-Physical Systems Research. Paper presented at EAI International Conference on CYber physiCaL
systems, iOt and sensors Networks (CYCLONE ’15), Rome,
Italy, October 26, 2015.
Vaiciukynas, E., Verikas, A., Gelzinis, A., Bacauskiene, M.,
Minelga, J., Hållander, M., Uloza, V. (2015). Towards Voice
and Query Data-based Non-invasive Screening for Laryngeal
Disorders. In: Nikos E. Mastorakis & Imre J. Rudas (Ed.),
Proceedings of the 14th International Conference on Artificial Intelligence, Knowledge Engineering and Data Bases (AIKED ‘15): Tenerife, Canary Islands, Spain, January 10 -12,
2015, (pp. 32- 39), Athens: WSEAS Press.

CAISR ANNUAL REPORT 2019 | 55

Weman Josefsson, K., Ebbesson, E., Halila, F., Johnson, U.,
Lund, J., Wickström, N. & Wärnestål, P. (2015). Application of self-determination theory in the e-health industry –
promoting sustainable exercise motivation. Paper presented
at 14th European Congress of Sport Psychology, FEPSAC
2015, Bern, Switzerland, July 14-19th, 2015 (pp. 372-372).
Bern: University of Bern.
Weman Josefsson, K., Halila, F., Johnson, U., Wickström,
N. & Wärnestål, P. (2015). Digital interventions in self-determined exercise motivation – interdisciplinary innovations.
Paper presented at ISBNPA 2015 - Conference for International Society for Behavioral Nutrition and Physical Activity,
Advancing Behavior Change Science, 3rd - 6th June, 2015,
Edinburgh, Scotland (pp. 592-592).
Weman-Josefsson, K. A., Halila, F., Johnson, U., Wickström,
N. & Wärnestål, P. (2015). Digital Innovations and Self-determined exercise motivation: an interdisciplinary approach.
Paper presented at The 6th International Multi-Conference
on Complexity, Informatics and Cybernetics: IMCIC 2015,
Orlando, Florida, United States, March 10-13, 2015.
2014
Alonso-Fernandez, F. & Bigun, J. (2014). Exploting Periocular and RGB Information in Fake Iris Detection. In: Petar
Biljanovic, Zeljko Butkovic, Karolj Skala, Stjepan Golubic,
Marina Cicin-Sain, Vlado Sruk, Slobodan Ribaric, Stjepan
Gros, Boris Vrdoljak, Mladen Mauher & Goran Cetusic
(Ed.), 2014 International Convention on Information and
Communication Technology, Electronics and Microelectronics (MIPRO): 26 – 30 May 2014 Opatija, Croatia: Proceedings.
Alonso-Fernandez, F. & Bigun, J. (2014). Eye Detection by Complex Filtering for Periocular Recognition. In:
2nd International Workshop on Biometrics and Forensics
(IWBF2014): Valletta, Malta (27-28th March 2014).
Alonso-Fernandez, F. & Bigun, J. (2014). Fake Iris Detection:
A Comparison Between Near-Infrared and Visible Images.
In: Workshop on Insight on Eye Biometrics, IEB, in conjunction with the International Conference on Signal Image
Technology & Internet Based Systems, SITIS, Marrakech,
Morocco, 23-27 November, 2014.
Alonso-Fernandez, F. & Bigun, J. (2014). Best Regions for
Periocular Recognition with NIR and Visible Images. In:
2014 IEEE International Conference on Image Processing
(ICIP): Paper presented at IEEE International Conference on
Image Processing, ICIP, Paris, France, 27-30 October, 2014
(pp. 4987-4991). Piscataway, NJ: IEEE Press.
Carpatorea, I., Nowaczyk, S., Rögnvaldsson, T. & Elmer, M.
(2014). APPES Maps as Tools for Quantifying Performance
of Truck Drivers. Paper presented at The 10th International
Conference on Data Mining, DMIN´14, July 21-24, Las Vegas, Nevada, USA (pp. 10-16). USA: CSREA Press.

56 | CAISR ANNUAL REPORT 2019

Fan, Y., Nowaczyk, S. & Rögnvaldsson, T. (2014). Using Histograms to Find Compressor Deviations in Bus Fleet Data.
In: Paper presented at The Swedish AI Society (SAIS) Workshop 2014, Stockholm, Sweden, May 22-23, 2014.
Gelzinis, A., Verikas, A., Vaiciukynas, E., Bacauskiene, M.,
Minelga, J., Hållander, M., Padervinskis, E. (2014). Exploring sustained phonation recorded with acoustic and contact
microphones to screen for laryngeal disorders. Paper presented at CICARE 2014 – 2014 IEEE Symposium on Computational Intelligence in Healthcare and e-health, Orlando, Florida, USA, December 9-12, 2014 (pp. 125-132). Piscataway,
NJ: IEEE Press.
Gholami Shahbandi, S. & Åstrand, B. (2014). Modeling of a
Large Structured Environment: With a Repetitive Canonical
Geometric-Semantic Model. In: Michael Mistry, Aleš Leonardis, Mark Witkowski & Chris Melhuish (Ed.), Advances
in Autonomous Robotics Systems: 15th Annual Conference,
TAROS 2014, Birmingham, UK, September 1-3, 2014.
Gholami Shahbandi, S., Åstrand, B. & Philippsen, R. (2014).
Sensor Based Adaptive Metric-Topological Cell Decomposition Method for Semantic Annotation of Structured Environments. Paper presented at 13th International Conference on
Control, Automation, Robotics and Vision, ICARCV 2014,
Marina Bay Sands, Singapore, December 10-12, 2014.
Hofbauer, H., Alonso-Fernandez, F., Wild, P., Bigun, J. &
Uhl, A. (2014). A Ground Truth for Iris Segmentation. Paper
presented at 22nd International Conference on Pattern Recognition, ICPR, Stockholm, Sweden, August 24-28, 2014
(pp. 527-532). Los Alamitos: IEEE Computer Society.
Carpatorea, I., Nowaczyk, S., Rögnvaldsson, T. & Elmer,
M. (2014). Towards Data Driven Method for Quantifying
Performance of Truck Drivers. Paper presented at 28th Annual workshop of the Swedish Artificial Intelligence Society
(SAIS), Stockholm, Sweden, May 22-23, 2014.
Khandelwal, S. & Wickström, N. (2014). Identification of
Gait Events using Expert Knowledge and Continuous Wavelet Transform Analysis. Paper presented at 7th International
Conference on Bio-inspired Systems and Signal Processing
(BIOSIGNALS 2014), Angers, France, March 3-6, 2014 (pp.
197-204). [S.l.]: SciTePress.
Khandelwal, S. & Wickström, N. (2014). Detecting Gait
Events from Outdoor Accelerometer Data for Long-term
and Continuous Monitoring Applications. Paper presented
at 13th International Symposium on 3D Analysis of Human
Movement (3D-AHM 2014), 14–17 July, 2014, Lausanne,
Switzerland (pp. 151-154).
Krish, R. P., Fierrez, J., Ramos, D., Ortega-Garcia, J. & Bigun,
J. (2014). Partial Fingerprint Registration for Forensics using
Minutiae-generated Orientation Fields. Paper presented at
IWBF 2014 – 2nd International Workshop on Biometrics
and Forensics 2014, Valletta, Malta, 27-28th March, 2014.
Piscataway, NJ: IEEE Press.

Krish, R. P., Fierrez, J., Ramos, D., Ortega-Garcia, J. &
Bigun, J. (2014). Pre-registration for Improved Latent Fingerprint Identification. Paper presented at 22nd International
Conference on Pattern Recognition, Stockholm, Sweden, August 24-28, 2014 (pp. 696-701). Los Alamitos: IEEE Computer Society.

Ourique de Morais, W., Mayr, M., Wickström, N. &
Philippsen, R. (2014). Ambient Intelligence and Robotics:
complementing one another to support Ambient Assisted
Living. Paper presented at 13th International Conference Intelligent Autonomous Systems, Padova & Venice, Italy, 15-19
July, 2014.

Mashad Nemati, H., Sant’Anna, A. & Nowaczyk, S. (2014).
Overview of Smart Grid Challenges in Sweden. Paper presented at 28th annual workshop of the Swedish Artificial Intelligence Society (SAIS), Stockholm, Sweden, May 22-23,
2014. Stockholm.

Ourique de Morais, W. & Wickström, N. (2014). A lightweight method for detecting sleep-related activities based on
load sensing. In: Paper presented at IEEE 3rd International
Conference on Serious Games and Applications for Health
(SeGAH 2014), Rio de Janeiro, Brazil, May 14-16, 2014.

Masood, J., Philippsen, R., Duracz, J., Taha, W., Eriksson,
H. & Grante, C. (2014). Domain Analysis for Standardised
Functional Safety: A Case Study on Design-Time Verification of Automatic Emergency Breaking. Paper presented at
International Federation of Automotive Engineering Societies
2014 World Automotive Congress, Maastricht, The Netherlands, 2-6 June, 2014. Hague: FISITA.

Rögnvaldsson, T., Norrman, H., Byttner, S. & Järpe, E.
(2014). Estimating p-Values for Deviation Detection. Paper
presented at SASO 2014 - Eighth IEEE International Conference on Self-Adaptive and Self-Organizing Systems, Imperial
College, London, United Kingdom, September 8-12, 2014
(pp. 100-109). Los Alamitos, CA: IEEE Computer Society.

Mikaelyan, A., Alonso-Fernandez, F. & Bigun, J. (2014). Periocular Recognition by Detection of Local Symmetry Patterns.
Paper presented at Workshop on Insight on Eye Biometrics
(IEB) in conjunction with The 10th International Conference on Signal Image Technology & Internet Based Systems
(SITIS), Marrakech, Morocco, 23-27 November, 2014.
Mikaelyan, A. & Bigun, J. (2014). Symmetry Assessment by
Finite Expansion: application to forensic fingerprints. Paper
presented at 2014 International Conference of the Biometrics
Special Interest Group (BIOSIG), Darmstadt, Germany, 1012 September, 2014 (pp. 87-98).
Mikaelyan, A. & Bigun, J. (2014). SAFE features for matching fingermarks by neighbourhoods of single minutiae. Paper
presented at 14th International Symposium on Communications and Information Technologies (ISCIT 2014), Incheon,
South Korea, September 24-26, 2014 (pp. 181-185). Piscataway, N.J.: IEEE Press.
Minelga, J., Gelzinis, A., Vaiciukynas, E., Verikas, A., Bacauskiene, M., Padervinskis, E. & Uloza, V. (2014). Comparing Throat and Acoustic Microphones for Laryngeal Pathology Detection from Human Voice. Paper presented at
ECT 2014 – The 9th International Conference on Electrical
and Control Technologies, Kaunas, Lithuania, 8-9 May, 2014
(pp. 50-53). Kaunas: Kaunas University of Technology.
Nemati, H. & Åstrand, B. (2014). Tracking of People in Paper
Mill Warehouse Using Laser Range Sensor. Paper presented
at 2014 UKSim-AMSS 8th European Modelling Symposium, EMS 2014, Pisa, Italy, 21-23 October, 2014 (pp. 52-57).
Piscataway, NJ: IEEE Communications Society.

Sant’Anna, A. (2014). Activity monitoring as a tool for person-centered care: preliminary report. Paper presented at
2014 IEEE International Conference on Bioinformatics and
Biomedicine, Belfast, United Kingdom, 2-5 November, 2014
(pp. 48-51). Piscataway, NJ: IEEE Press.
Sant’Anna, A. & Bass, R. (2014). A New Two-Degree-ofFreedom Space Heating Model for Demand Response. Paper
presented at 3rd International Conference on Smart Grids
and Green IT Systems - SMARTGREENS 2014, Barcelona,
Spain, 3-4 April, 2014 (pp. 5-13). [S. l.]: SciTePress.
Taheri, T. & Sant’Anna, A. (2014). Non-Invasive Breathing
Rate Detection Using a Very Low Power Ultra-wide-band
Radar. Paper presented at 2014 IEEE International Conference on Bioinformatics and Biomedicine, Belfast, United
Kingdom, 2-5 November, 2014 (pp. 78-83). Piscataway, NJ:
IEEE Press.
Weman-Josefsson, K. A., Halila, F., Johnson, U., Lindwall,
M., Wickström, N. & Wärnestål, P. (2014). Digital innovations and self-determined exercise motivation: a person-centred perspective. Paper presented at Vitalis - Nordens ledande
eHälsomöte 2014, Göteborg, Sverige, 8-10 april, 2014 (pp.
22-25). Göteborg: Vitalis & Sahlgrenska akademin, Göteborgs universitet.
Zhang, M., Liu, J., Sun, Z., Tan, T., Su, W., Alonso-Fernandez, F., Joshi, A. (2014). The First ICB Competition on Iris
Recognition. Paper presented at IJCB-2014, IEEE/IAPR
International Joint Conference on Biometrics, Clearwater
(Tampa), FL, 29 Sept – 2 Oct, 2014.
2013
Alonso-Fernandez, F. & Bigun, J. (2013). Quality Factors
Affecting Iris Segmentation and Matching. Paper presented
at ICB-2013, The 6th IAPR International Conference on Biometrics, Madrid, Spain, June 4-7, 2013 (pp. Article number
6613016). Piscataway, N.J.: IEEE conference proceedings.

CAISR ANNUAL REPORT 2019 | 57

Aue, J., Schmid, M.R., Graf, T., Effertz, J., and Muehlfellner,
P. (2013). “Object Tracking from Medium Level Stereo Camera Data Providing Detailed Shape Estimation Using Local
Grid Maps”. Paper presented at IEEE Intelligent Vehicles
Symposium, June 23-26, 2013, Gold Cost, Australia (pp. 5762). Piscataway, NJ: IEEE Operations Center.

Muehlfellner, P., Furgale, P. T., Derendarz, W. & Philippsen,
R. (2013). Evaluation of Fisheye-Camera Based Visual Multi-Session Localization in a Real-World Scenario. Paper presented at IEEE Intelligent Vehicles Symposium, June 23-26,
2013, Gold Cost, Australia (pp. 57-62). Piscataway, NJ: IEEE
Operations Center.

Byttner, S., Nowaczyk, S., Prytz, R. & Rögnvaldsson, T.
(2013). A field test with self-organized modeling for knowledge discovery in a fleet of city buses. Paper presented at 10th
IEEE International Conference on Mechatronics and Automation, IEEE ICMA 2013, Takamastu, Japan, 4-7 August,
2013 (pp. 896-901). Piscataway, NJ: IEEE Press.

Nowaczyk, S., Prytz, R., Rögnvaldsson, T. & Byttner, S.
(2013). Towards a Machine Learning Algorithm for Predicting Truck Compressor Failures Using Logged Vehicle Data.
Paper presented at 12th Scandinavian Conference on Artificial Intelligence, Aalborg, Denmark, November 20–22, 2013
(pp. 205-214). Amsterdam: IOS Press.

Furgale, P., Schwesinger, U., Rufli, M., Derendarz, W., Grimmett, H., Mühlfellner, P., Wonneberger, S., Timpner, J.,
Rottmann, S., Li, B., Schmidt, B., Nguyen, T.N., Cardarelli, E., Cattani, S., Brüning, S., Horstmann, S., Stellmacher,
M., Mielenz, H., Köser, K., Beermann, M., Häne, C., Heng,
L., Lee, G.H., Fraundorfer, F., Iser, R., Triebel, R., Posner, I.,
Newman, P., Wolf, L., Pollefeys, M., Brosig, S., Effertz, J.,
Pradalier, C., Siegwart, R. (2013). Toward automated driving in cities using close-to-market sensors: An overview of the
v-charge project. Paper presented at IEEE Intelligent Vehicles
Symposium, June 23-26, 2013, Gold Cost, Australia (pp. 5762). Piscataway, NJ: IEEE Operations Center.

Ourique de Morais, W. & Wickström, N. (2013). A ”Smart
Bedroom” as an Active Database System. Paper presented at
9th International Conference on Intelligent Environments,
IE 2013, Athens, Greece, 18-19 July, 2013 (pp. 250-253).
Los Alamitos, CA: IEEE Computer Society.

Gelzinis, A., Verikas, A., Bacauskiene, M. & Vaiciukynas, E.
(2013). Learning Accurate Active Contours. Paper presented
at 14th International Conference, EANN 2013, Halkidiki,
Greece, September 13-16 (pp. 396-405). Berlin Heidelberg:
Springer Berlin/Heidelberg.
Kalsyte, Z., Verikas, A., Bacauskiene, M. & Gelzinis, A.
(2013). A Novel Technique to Design an Adaptive Committee of Models Applied to Predicting Company’s Future Performance. Paper presented at 5th International Conference
on Computer Research and Development (ICCRD 2013),
Ho Chi Minh City, Vietnam, February 23-24, 2013 (pp. 6570). New York, NY: ASME Press.
Khandelwal, S. & Chevallereau, C. (2013). Estimation of
the Trunk Attitude of a Humanoid by Data Fusion of Inertial Sensors and Joint Encoders. Paper presented at The 16th
International Conference on Climbing and Walking Robots
and the Support Technologies for Mobile Machines (CLAWAR 2013), Sydney, Australia, 14-17 July, 2013 (pp. 822830). Singapore: World Scientific.
Mikaelyan, A. & Bigun, J. (2013). Frequency and ridge estimation using structure tensor. Paper presented at Biometric
Technologies in Forensic Science (BTFS 2013), Nijmegen,
Netherlands, October 14-15, 2013 (pp. 58-59). Nijmegen:
Radboud University Nijmegen.

58 | CAISR ANNUAL REPORT 2019

Prytz, R., Nowaczyk, S., Rögnvaldsson, T. & Byttner, S.
(2013). Analysis of Truck Compressor Failures Based on
Logged Vehicle Data. Paper presented at 9th International
Conference on Data Mining, Las Vegas, Nevada, USA, July
22–25, 2013. CSREA Press.
Taha, W., Cartwright, R., Philippsen, R. & Zeng, Y. (2013).
A First Course on Cyber Physical Systems. Paper presented at
2013 Workshop on Embedded and Cyber-Physical Systems
Education (WESE), Montreal, Canada, October 3, 2013.
Vaiciukynas, E., Verikas, A., Gelzinis, A., Bacauskiene, M.,
Sulcius, S., Paskauskas, R. & Olenina, I. (2013). Prototype-Based Contour Detection Applied to Segmentation of
Phytoplankton Images. Paper presented at 3rd World Conference on Information Technology (WCIT-2012), 14-16 November 2012, University of Barcelon, Barcelona, Spain (pp.
1285-1292).
Zeng, Y., Rose, C., Brauner, P., Taha, W., Masood, J.,
Philippsen, R., Cartwright, R. (2013). Modeling Basic Aspects of Cyber-Physical Systems, Part II. In: Christian
Schlegel, Ulrik Pagh Schultz, Serge Stinckwich (Ed.), Proceedings DSLRob 2013: Paper presented at 4th International
Workshop on Domain-Specific Languages and models for
ROBotic systems (DSLRob-13).
2012
Alonso-Fernandez, F. & Bigun, J. (2012). Iris Boundaries
Segmentation Using the Generalized Structure Tensor: A
Study on the Effects of Image Degradation. Paper presented
at The IEEE Fifth International Conference on Biometrics:
Theory, Applications and Systems (BTAS 2012), Washington
DC, September 23-26, 2012 (pp. 426-431). Piscataway, N.J.:
IEEE Press.

Alonso-Fernandez, F. & Bigun, J. (2012). Periocular Recognition Using Retinotopic Sampling and Gabor Decomposition. Paper presented at International Workshop “What’s in
a Face?” WIAF, in conjunction with the 12th European Conference on Computer Vision, ECCV 2012, Florence, Italy,
7-13 October, 2012 (pp. 309-318). Berlin: Springer.

Sant’Anna, A., Wickström, N., Eklund, H. & Tranberg, R.
(2012). A wearable gait analysis system using inertial sensors
Part II: Evaluation in a clinical setting. Paper presented at International Conference on Bio-inspired Systems and Signal
Processing, BIOSIGNALS 2012, Vilamoura, Algarve, 1-4
February, 2012 (pp. 5-14). [S. l.]: SciTePress.

Andreasson, H., Bouguerra, A., Åstrand, B. & Rögnvaldsson,
T. (2012). Gold-fish SLAM: An application of SLAM to localize AGVs. Paper presented at The 8th International Conference on Field and Service Robotics, Matsushima, Miyagi,
Japan, July 16-19, 2012 (pp. 585-598). Heidelberg: Springer.

Sant’Anna, A., Wickström, N., Zügner, R. & Tranberg, R.
(2012). A wearable gait analysis system using inertial sensors
Part I: Evaluation of measures of gait symmetry and normality against 3D kinematic data. Paper presented at International Conference on Bio-inspired Systems and Signal Processing, BIOSIGNALS 2012, Vilamoura, Algarve, 1-4 February,
2012 (pp. 180-188). [S. l.]: SciTePress.

Brorsson, S., Gelzinis, A., Tonkonogi, M. & Verikas, A.
(2012). Differences in the muscle activities in the forearm
muscles in healthy men and women. Paper presented at
XIXth Congress of the International Society of Electrophysiology & Kinesiology, Brisbane, Australia, 19-21 July 2012
(pp. 437-437). Brisbane, Australia.
Gelzinis, A., Vaiciukynas, E., Bacauskiene, M., Verikas, A.,
Sulcius, S., Paskauskas, R. & Oleninaz, I. (2012). Boosting
performance of the edge-based active contour model applied
to phytoplankton images. Paper presented at 13th IEEE International Symposium on Computational Intelligence and
Informatics (CINTI2012), November 20-22, Budapest,
Hungary (pp. 273-277). Piscataway: IEEE Press.
Kalsyte, Z., Verikas, A. & Vasiliauskaite, A. (2012). Predicting trends of financial attributes by an adaptive committee of
models. Paper presented at The 7th International Conference
on Electrical and Control Technologies, ECT-2012, Kaunas,
Lithuania, May 3-4, 2012 (pp. 48-53). Kaunas, Lithuania:
Kaunas University of Technology.
Karginova, N., Byttner, S. & Svensson, M. (2012). Data-driven methods for classification of driving styles in buses. In:
Paper presented at SAE 2012 World Congress & Exhibition,
Cobo Center, Detroit, Michigan, USA, April 24-26, 2012.
Warrendale, PA: SAE International.
Karlsson, S. M. & Bigun, J. (2012). Lip-motion events analysis and lip segmentation using optical flow. Paper presented
at 2012 IEEE Computer Society Conference on Computer
Vision and Pattern Recognition Workshops, CVPRW 2012,
16-21 June, 2012, Rhode Island, USA (pp. 138-145). Piscataway, N.J.: IEEE Press.
Mikaelyan, A. & Bigun, J. (2012). Ground truth and evaluation for latent fingerprint matching. Paper presented at 2012
IEEE Computer Society Conference on Computer Vision
and Pattern Recognition (CVPR), Providence, Rhode Island,
June 16-21, 2012 (pp. 83-88). Piscataway, NJ: IEEE Computer Society.
Nowaczyk, S., Byttner, S. & Prytz, R. (2012). Ideas for Fault
Detection Using Relation Discovery. Paper presented at The
27th annual workshop of the Swedish Artificial Intelligence
Society (SAIS), 14–15 May 2012, Örebro, Sweden (pp. 1-6).
Linköping: Linköping University Electronic Press.

Sentis, L., Petersen, J. G. & Philippsen, R. (2012). Experiments with Balancing on Irregular Terrains using the Dreamer Mobile Humanoid Robot. Paper presented at Robotics:
Science and Systems VIII, University of Sydney, Sydney,
NSW, Australia, July 09-13, 2012.
Taha, W. & Philippsen, R. (2012). Modeling Basic Aspects of
Cyber-Physical Systems. In: 3rd International Workshop on
Domain-Specific Languages and models for ROBotic systems
(DSLRob-12): Paper presented at 3rd International Conference on Simulation, Modeling, and Programming for Autonomous Robots (SIMPAR-2012), Tsukuba, Japan, November
5-8, 2012.
Vachkov, G., Byttner, S. & Svensson, M. (2012). Battery aging detection based on sequential clustering and similarity
analysis. Paper presented at 6th IEEE International Conference Intelligent Systems, IS 2012, Sofia, Bulgaria, 6-8 September 2012, Category number: CFP12802-PRT, Code:
94030 (pp. 42-47). Piscataway, N.J.: IEEE Press.

OTHER CONFERENCE PAPERS
Chen, L., Englund, C. (2018), Future autonomous airports: a
system-of-systems approach. In Axelsson, J., ed.: Proceedings
of the Third Swedish Workshop on the Engineering of Systems-of-Systems (SWESoS2018), Linköping, Sweden, RISE,
pp. 11–13
Cooney, M., Pashami, S., and Lilienthal, A. J. (2017).
Breath-Sensing Robots: Looking Toward a Person using a Gas
Sensor. Conference: 5th Swedish Workshop on Data Science
(SweDS 2017), December 12.
Cooney, M., Pashami, S., Fan, Y., Sant’Anna, A., Ma, Y.,
Zhang, T., Zhao, Y., Hotze, W., Heyne, J., Englund, C., Lilienthal, A.J., and Ziemke, T. (2017) Exploring interactive capabilities for home robots via medium fidelity prototyping.
arXiv:1710.01541
Alonso-Fernandez, F., Mikaelyan, A, and Bigun, J. (2017),
“Compact Multi-scale Periocular Recognition Using SAFE
Features”, Proc. Swedish Symposium on Image Analysis,
SSBA (Linköping, Sweden), March 13-15 2017

CAISR ANNUAL REPORT 2019 | 59

Nemati, H., Fan, Y., and Alonso-Fernandez, F. (2016),
“Hand Detection and Gesture Recognition Using Symmetric Patterns”, Proc. Swedish Symposium on Image Analysis,
SSBA (Uppsala, Sweden), March 14-16 2016 (Oral)

Alonso-Fernandez F., Fierrez J., Bigun J. (2015) Quality
Measures in Biometric Systems. In: Li S.Z., Jain A.K. (eds)
Encyclopedia of Biometrics. Springer, Boston, MA, https://
doi.org/10.1007/978-1-4899-7488-4_9129

Alonso-Fernandez, F. and Bigun, J. (2016), “Periocular Biometrics: Databases, Algorithms and Directions”, Proc. Swedish Symposium on Image Analysis, SSBA (Uppsala, Sweden),
March 14-16 2016 (Oral)

Alonso-Fernandez F., Fierrez J. (2015) Fingerprint Databases and Evaluation. In: Li S.Z., Jain A.K. (eds) Encyclopedia of Biometrics. Springer, Boston, MA, https://doi.
org/10.1007/978-1-4899-7488-4_61

Hedenberg, K. & Åstrand, B. (2015). 3D Sensors on Driver-less Trucks for Detection of Overhanging Objects in the
Pathway. In: Paper presented at ICRA 2015 Workshop on
Autonomous Industrial Vehicles: From the Laboratory to the
Factory Floor, Seattle, WA, USA, 30 May, 2015.

Andreasson, H., Bouguerra, A., Åstrand, B. & Rögnvaldsson,
T. (2014). Gold-Fish SLAM: An Application of SLAM to Localize AGVs. In: Yoshida, Kazuya; Tadokoro, Satoshi (Ed.),
Field and Service Robotics: Results of the 8th International
Conference (pp. 585-598). Heidelberg, Germany: Springer
Berlin/Heidelberg, 92.

Alonso-Fernandez, F. & Bigun, J. (2013). Biometric Recognition Using Periocular Images. In: Paper presented at Swedish
Symposium on Image Analysis 2013 (SSBA 2013), Gothenburg, 14-15 March.
Eriksson, H., Isaksson, A. & Lundström, J. (2013). Technology and trust: Social and technical innovation in elderly care.
Paper presented at Equality, Growth and Innovation - In
Theory and Practice, Luleå University of Technology, Luleå,
Sweden, 9-10 October, 2013 (pp. 17-18).
Weman-Josefsson, K. A., Wärnestål, P., Johnson, U., Halila, F. & Wickström, N. (2013). An interdisciplinary project
plan on Digital Innovations and Self-determined Exercise
Motivation. Paper presented at CVHI Research School ”Entrepreneurship and Health”, 2nd Open Seminar, ”Entrepreneurship, Health, and Innovation”, Halmstad University,
Halmstad, Sweden, November 12th, 2013.

Ourique de Morais, W., Lundström, J. & Wickström, N.
(2013). A Database-Centric Architecture for Home-Based
Health Monitoring. In: Christopher Nugent, Antonio Coronato, José Bravo (Ed.), Ambient Assisted Living and Active
Aging: 5th International Work-Conference, IWAAL 2013,
Carrillo, Costa Rica, December 2-6, 2013, Proceedings (pp.
26-34). Heidelberg, Germany: Springer, 8277.
Sant’Anna, A. & Wickström, N. (2013). Symbolic Approach
to Motion Analysis: Framework and Gait Analysis Case Studies (1ed.). In: Fei Hu (Ed.), Telehealthcare Computing and
Engineering: Principles and Design (pp. 561-606). Boca Raton: CRC Press.

Alonso-Fernandez, F. & Bigun, J. (2012). Iris Segmentation
Using the Generalized Structure Tensor. Paper presented at
SSBA Symposium 2012 (SSBA2012), Stockholm, Sweden,
8-9 mars, 2012.

Sant’Anna, A., Wickström, N., Eklund, H., Zügner, R. &
Tranberg, R. (2013). Assessment of Gait Symmetry and Gait
Normality Using Inertial Sensors: In-Lab and In-Situ Evaluation. In: Joaquim Gabriel et al. (Ed.), Biomedical Engineering Systems and Technologies: 5th International Joint
Conference, BIOSTEC 2012, Vilamoura, Portugal, February
1-4, 2012, Revised Selected Papers (pp. 239-254). Heidelberg: Springer Berlin/Heidelberg.

BOOK CHAPTERS

PATENTS

Alonso-Fernandez, F., Farrugia, R. A., Fierrez, J., & Bigun, J.
(2019). Super-resolution for selfie biometrics: Introduction
and application to face and iris. In Selfie Biometrics (pp. 105128). Springer, Cham.
Alonso-Fernandez, F., and Bigun, J. (2017) “An Overview of
Periocular Biometrics”, in Iris and Periocular Biometric Recognition, (C. Busch, C. Rathgeb, Eds.), pp. 29-54, IET 2017,
ISBN: 978-1-78561-168-1
Hedenberg, K. and Åstrand, B., (2016) “3D Sensors on Driverless Trucks for Detection of Overhanging Objects in the
Pathway,” Autonomous Industrial Vehicles: From the Laboratory to the Factory Floor, ASTM STP1594, R. Bostelman
and E. Messina, Eds., ASTM International, West Conshohocken, PA, pp. 41–56, doi:10.1520/STP1594201500513

60 | CAISR ANNUAL REPORT 2019

Derendarz, W.W, Mühlfellner, P., Grysczyk, S., Junge, L.,
Waldmann, R., Wonneberger, S., Holleis, T., Brüning, S.,
Horstmann, S., Brummer, C., Bartholomaeus, M., Stellmacher, M., Nicklas, M., Pucks, F., Last, C. (2018). Method for the automated driving of a vehicle, in particular of a
motor vehicle, in order to approach a parking position. US
Patent Application 2018/0281859 A1 (priority date 2015 in
Germany - partly a result of Peter Mühlfellner’s work as industrial PhD student at VW 2012-2015)
Derendarz, W.W., Mühlfellner, P., Grysczyk, S., Junge, L.,
Waldmann, R., Wonneberger, S., Holleis, T., Brüning, S.,
Horstmann, S., Brummer, C., Bartholomaeus, M., Stellmacher, M., Nicklas, M., Pucks, F., Last, C. (2018) Method
and Device for Carrying Out an Automatic Drive of a Vehicle. US Patent Application 2018/0265130 A1 (priority date
2015 in Germany - partly a result of Peter Mühlfellner’s work
as industrial PhD student at VW 2012-2015)

Karlsson, N., Svensson, M., Prytz, R., Nowaczyk, S., Byttner,
S., Rögnvaldsson, T. (2018). Method for monitoring the operation of a sensor. US Patent 10,109,118 B2
Teferi Lemma, D. & Bigun, J. (2014). Method and apparatus for encoding and reading optical machine-readable data
codes. US patent 8,757,490 B2.
Verikas, A., Viberg, P., Razanskas, P. (2014). A method for
detection of muscle fatigue during dynamic work in EMG
signals and means for obtaining and processing said signal. Swedish national patent application number 92562
20141204.
Holmberg, U., Petersson, D., Salomonson, T., Johansson,
J. (2014). Power assisting system and method. EP2248501
(B1).
Hansson, J., Svensson, M., Rögnvaldsson, T. & Byttner, S.
(2013). Remote diagnosis modelling. US patent 8,543,282
B2.

PhD theses
Mashad Nemati, H. (2019). Data Analytics for Weak Spot
Detection in Power Distribution Grids. Doctoral thesis.
Khandelwal, S. (2018). Gait Event Detection in the Real
World. Doctoral thesis.
Gholami Shahbandi, S. (2018). Interpretation and Alignment of 2D Indoor Maps?: Towards a Heterogeneous Map
Representation. Doctoral thesis.

Licentiate theses
Farouq, S. (2019). Towards large-scale monitoring of operationally diverse thermal energy systems with data-driven techniques. Licentiate thesis.
Ashfaq, A. (2019). Using AI to Individualise Care for Heart
Patients in Halland. Licentiate thesis.
Mashad Nemati, H. (2017). Data-Driven Methods for Reliability Evaluation of Power Cables in Smart Distribution
Grids. Licentiate thesis
Carpatorea, I. (2017). Methods to quantify and qualify truck
driver performance. Licentiate thesis
Fan, Y. (2016). A Self-Organized Fault Detection Method for
Vehicle Fleets. Licentiate thesis.
Gholami Shahbandi, S. (2016). Semantic Mapping in Warehouses. Licentiate thesis.
Hedenberg, K. (2014). Obstacle Detection for Driverless
Trucks in Industrial Environments. Licentiate thesis.
Prytz, R. (2014). Machine learning methods for vehicle predictive maintenance using off-board and on-board data. Licentiate thesis.
Lundström, J. (2012). Understanding Offset Print Quality:
A Computational Intelligence-based Approach. Studies from
the School of Science and Technology 26, Örebro University.
Licentiate thesis

Mühlfellner, P. (2015). Lifelong visual localization for automated vehicles. Doctoral thesis.
Mikaelyan, A. (2015). Compact orientation and frequency
estimation with applications in biometrics: Biometrics on the
orientation express. Doctoral thesis.
Ourique de Morais, W. (2015). Architecting Smart Home
Environments for Healthcare: A Database-Centric Approach.
Doctoral thesis.
Lundström, J. (2014). Situation Awareness in Colour Printing and Beyond. Doctoral thesis.
Sant’Anna, A. (2012). A Symbolic Approach to Human Motion Analysis Using Inertial Sensors: Framework and Gait
Analysis Study. Doctoral thesis.

CAISR ANNUAL REPORT 2019 | 61

Thanks to:
Our main funder

The Knowledge Foundation
CAISR partners
Affecto Sweden
AI Innovation of Sweden
Alfa Laval
CGI
EasyServ Sweden
European DLB Consortium
FacePhi Biometria Ltd.
Getinge
Halmstad municipality
HEM - Halmstad Energi och Miljö
High Five
HMS Industrial Networks
HotSwap Norden
Karolinska Institute
Kollmorgen Automation
Linköping University Hospital
Lund University
NEAT Electronics
Novartis
Region Halland
Region Skåne
RISE (Research Institutes of Sweden)
SKR (Swedish Association of Local Authorities and Regions)
Stena Recycling
Swedish Adrenaline
Sydpumpen
Tappa Service
Toyota Material Handling Europe
Videquus
Viscando
Volvo Technology / Volvo Group Trucks Technology
Volvo Bus Corporation
Öresundskraft

62 | CAISR ANNUAL REPORT 2019

The Knowledge Foundation funds research and competence development at Sweden’s new universities. The
Foundation was established by the Swedish government in
1994, and the Foundation’s overall mission is to strengthen Sweden’s competitiveness.
The Knowledge Foundation has the following objectives:
•

to support the exchange of knowledge and skills between the business sector on one hand, and universities, higher education institutions (HEIs), and research institutes on the other.

•

to fund research at smaller and mid-sized HEIs and
Sweden’s new universities (founded after the foundation was formed) in special profile areas.

•

to promote information technology.

The Knowledge Foundation achieves these objectives by
helping young universities build internationally competitive research environments, work long-term on strategic
profiling and increase the cooperation between academia, industry and institutes. The Foundation funding programs are all characterized by a long-term perspective and
requirements for co-production with industrial partners.
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CAISR
CAISR, the Center for Applied Intelligent Systems Research, is a long-term
research program on intelligent systems established by Halmstad University.
The program is funded by the University and the Knowledge Foundation with
support from Swedish Industry.
The subject expertize in the center is in signal analysis, machine learning and
mechatronics. Several industrial partners are collaborating with researchers
from the University in joint projects, and take an active part in the development of CAISR. The key application areas that the center does research in are
intelligent vehicles and health technology. The industrial partners include
multinational companies as well as research-based growing companies.

Visiting Address: Kristian IV:s väg 3
P O Box 823, SE 301 18 Halmstad
Telephone: +46 35 16 71 00
E-mail: registrator@hh.se
www.hh.se

Halmstad University, School of Information Technology, March 2020

The mission of CAISR is to serve and promote the development of industry
and society. It is a center for industrially motivated research on the future
technologies for and application opportunities with aware intelligent systems.
CAISR will serve as a partner for industry´s own research and development,
as a recruitment base for those who seek staff with state-of-the-art knowledge
in intelligent systems technologies, and as a competence resource for industry
and society. All research is conducted within different research projects.

